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CHAPTER 1

Tumours of the Lung
With more than 1.1 million deaths annually worldwide, lung
cancer is the most frequent and one of the most deadly cancer
types. In men, 85-90% of cases can be attributed to tobacco
smoking. Some Western countries in which the smoking habit
took off about 100 years ago, tobacco control programmes
have led to a significant decline in mortality. Unfortunately, the
habit has now spread to many newly industrialized countries,
particularly in Asia, and in Europe, there is a worrying trend of
increasing smoking prevalence in young women. The prognosis of lung cancer is still poor, with 5-years survival rates of
approximately 10% in most countries. Thus, primary prevention
by not starting or by stopping smoking remains the most promising approach.
The association between smoking and lung cancer is not solely based on epidemiological studies. Lung tumours of smokers
frequently contain a typical, though not specific, molecular fingerprint in the form of G:C > T:A mutations in the TP53 gene
which are probably caused by benzo[a]pyrene, one of the
many carcinogens in tobacco smoke.

WHO histological classification of tumours of the lung
Malignant epithelial tumours
Squamous cell carcinoma
Papillary
Clear cell
Small cell
Basaloid

8070/3
8052/3
8084/3
8073/3
8083/3

Small cell carcinoma
Combined small cell carcinoma

8041/3
8045/3

Adenocarcinoma
Adenocarcinoma, mixed subtype
Acinar adenocarcinoma
Papillary adenocarcinoma
Bronchioloalveolar carcinoma
Nonmucinous
Mucinous
Mixed nonmucinous and mucinous or indeterminate
Solid adenocarcinoma with mucin production
Fetal adenocarcinoma
Mucinous (“colloid”) carcinoma
Mucinous cystadenocarcinoma
Signet ring adenocarcinoma
Clear cell adenocarcinoma

8140/3
8255/3
8550/3
8260/3
8250/3
8252/3
8253/3
8254/3
8230/3
8333/3
8480/3
8470/3
8490/3
8310/3

Large cell carcinoma
Large cell neuroendocrine carcinoma
Combined large cell neuroendocrine carcinoma
Basaloid carcinoma
Lymphoepithelioma-like carcinoma
Clear cell carcinoma
Large cell carcinoma with rhabdoid phenotype

8012/3
8013/3
8013/3
8123/3
8082/3
8310/3
8014/3

Adenosquamous carcinoma

8560/3

Sarcomatoid carcinoma
Pleomorphic carcinoma
Spindle cell carcinoma
Giant cell carcinoma
Carcinosarcoma
Pulmonary blastoma

8033/3
8022/3
8032/3
8031/3
8980/3
8972/3

Carcinoid tumour
Typical carcinoid
Atypical carcinoid

8240/3
8240/3
8249/3

Salivary gland tumours
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Epithelial-myoepithelial carcinoma

8430/3
8200/3
8562/3

Mesenchymal tumours
Epithelioid haemangioendothelioma
Angiosarcoma
Pleuropulmonary blastoma
Chondroma
Congenial peribronchial myofibroblastic tumour
Diffuse pulmonary lymphangiomatosis
Inflammatory myofibroblastic tumour
Lymphangioleiomyomatosis
Synovial sarcoma
Monophasic
Biphasic
Pulmonary artery sarcoma
Pulmonary vein sarcoma
Benign epithelial tumours
Papillomas
Squamous cell papilloma
Exophytic
Inverted
Glandular papilloma
Mixed squamous cell and glandular papilloma
Adenomas
Alveolar adenoma
Papillary adenoma
Adenomas of the salivary gland type
Mucous gland adenoma
Pleomorphic adenoma
Others
Mucinous cystadenoma
Lymphoproliferative tumours
Marginal zone B-cell lymphoma of the MALT type
Diffuse large B-cell lymphoma
Lymphomatoid granulomatosis
Langerhans cell histiocytosis
Miscellaneous tumours
Harmatoma
Sclerosing hemangioma
Clear cell tumour
Germ cell tumours
Teratoma, mature
Immature
Other germ cell tumours
Intrapulmonary thymoma
Melanoma

9133/1
9120/3
8973/3
9220/0
8827/1
8825/1
9174/1
9040/3
9041/3
9043/3
8800/3
8800/3

8052/0
8052/0
8053/0
8260/0
8560/0
8251/0
8260/0
8140/0
8940/0
8470/0

9699/3
9680/3
9766/1
9751/1

8832/0
8005/0
9080/0
9080/3
8580/1
8720/3

Metastatic tumours

Preinvasive lesions
8070/2
Squamous carcinoma in situ
Atypical adenomatous hyperplasia
Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia

__________
1
Morphology code of the International Classification of Diseases for Oncology (ICD-O) {6} and the Systematized Nomenclature of Medicine (http://snomed.org).
Behaviour is coded /0 for benign tumours, /3 for malignant tumours, and /1 for borderline or uncertain behaviour.
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TNM classification of the lung
TNM classification of carcinomas of the lung {738,2045}
T – Primary Tumour
TX
Primary tumour cannot be assessed, or tumour proven by the pres
ence of malignant cells in sputum or bronchial washings but not
visualized by imaging or bronchoscopy
T0
No evidence of primary tumour
Tis
Carcinoma in situ
T1

Tumour 3 cm or less in greatest dimension, surrounded by lung
or visceral pleura, without bronchoscopic evidence of invasion
more proximal than the lobar bronchus, i.e., not in the main
bronchus (1)
T2
Tumour with any of the following features of size or extent:
• More than 3 cm in greatest dimension
• Involves main bronchus, 2 cm or more distal to the carina
• Invades visceral pleura
• Associated with atelectasis or obstructive pneumonitis that
extends to the hilar region but does not involve the entire lung
T3
Tumour of any size that directly invades any of the following:
chest wall (including superior sulcus tumours), diaphragm,
mediastinal pleura, parietal pericardium; or tumour in the main
bronchus less than 2 cm distal to the carina1 but without
involvement of the carina; or associated atelectasis or obstructive
pneumonitis of the entire lung
T4
Tumour of any size that invades any of the following:
mediastinum, heart, great vessels, trachea, oesophagus,
vertebral body, carina; separate tumour nodule(s) in the same
lobe; tumour with malignant pleural effusion (2)
Notes: 1. The uncommon superficial spreading tumour of any size with its
invasive component limited to the bronchial wall, which may
extend proximal to the main bronchus, is also classified as T1.
2. Most pleural effusions with lung cancer are due to tumour.
In a few patients, however, multiple cytopathological examinations
of pleural fluid are negative for tumour, and the fluid is non-bloody
and is not an exudate. Where these elements and clinical judgment
dictate that the effusion is not related to the tumour, the effusion
should be excluded as a staging element and the patient should be
classified as T1, T2, or T3.

N – Regional Lymph Nodes##
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph
nodes and intrapulmonary nodes, including involvement by direct
extension
N2
Metastasis in ipsilateral mediastinal and/or subcarinal
lymph node(s)
N3
Metastasis in contralateral mediastinal, contralateral hilar,
ipsilateral or contralateral scalene, or supraclavicular
lymph node(s)

M – Distant Metastasis
MX Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis, includes separate tumour nodule(s) in a
different lobe (ipsilateral or contralateral)

Stage Grouping
Occult carcinoma
Stage 0
Stage IA
Stage IB
Stage IIA
Stage IIB
Stage IIIA
Stage IIIB
Stage IV

TX
Tis
T1
T2
T1
T2
T3
T1, T2
T3
Any T
T4
Any T

N0
N0
N0
N0
N1
N1
N0
N2
N1, N2
N3
Any N
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M1

__________
A help desk for specific questions about the TNM classification is available at http://www.uicc.org/tnm/
##
The regional lymph nodes are the intrathoracic, scalene, and supraclavicular nodes.

TNM classification
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Lung cancer epidemiology
and etiology
Geographical differences
Lung cancer is the most common cancer
in the world today (12.6% of all new cancers, 17.8% of cancer deaths). There
were an estimated 1.2 million new cases
and 1.1 million deaths in 2000; the sex
ratio (M:F) is 2.7. Lung cancer is relatively more important in the developed than
developing countries as it accounts for
22% versus 14.6% of cancer deaths,
respectively. In developed countries,
geographic patterns are very much a
reflection of past exposure to tobacco
smoking {505}.
In men, the areas with the highest incidence and mortality are Europe (especially Eastern Europe), North America,
Australia/New Zealand, and South
America. The rates in China, Japan and
South East Asia are moderately high,
while the lowest rates are found in southern Asia (India, Pakistan), and subSaharan Africa. In certain population subgroups (e.g. US blacks, New Zealand
Maoris), incidence is even higher, and
with current incidence rates, men in these
two groups have about a 13% chance of
developing a lung cancer before the age
of 75.

In women, the geographic pattern is
somewhat different, chiefly reflecting different historical patterns of tobacco
smoking. Thus, the highest incidence
rates are observed in North America and
North West Europe (U.K., Iceland,
Denmark) with moderate incidence rates
in Australia, New Zealand and China.
Differences by histology
Almost all lung cancers are carcinomas
(other histologies comprise well under
1%). In the combined data from the
series published in Cancer Incidence in
Five Continents {1554}, small cell carcinomas comprise about 20% of cases
and large cell /undifferentiated carcinomas about 9%. But for the other histological types, the proportions differ by sex:
squamous cell carcinomas comprise
44% of lung cancers in men, and 25% in
women, while adenocarcinomas comprise 28% cases in men and 42% in
women. Incidence rates, and the estimated rates by histological subtype have
been reported for 30 populations for
which a relatively high proportion of
cases had a clear morphological diagnosis {1554}. Figure 2 shows overall inci-

Fig. 1.01 Estimates of the male incidence rates of lung cancer in different world regions, adjusted to the
world standard age distribution (ASR). From Globocan 2000 {572A}.
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dence rates, and the estimated rates by
histological subtype for 30 populations
for which a relatively high proportion of
cases had a clear morphological diagnosis {1554}. Among men, only in certain
Asian populations (Chinese, Japanese)
and in North America (USA, Canada)
does the incidence of adenocarcinoma
exceed that of squamous cell carcinoma.
In women, however, adenocarcinoma is
the dominant histological type almost
everywhere, except for Poland and
England where squamous cell carcinomas predominate, and Scotland where
small cell carcinoma is the most frequent
subtype {1554}. Adenocarcinomas are
particularly predominant in Asian
females (72% cancers in Japan, 65% in
Korea, 61% in Singapore Chinese). The
differences in histological profiles are
strongly influenced by the evolution of
the epidemic of smoking-related lung
cancer over time (see below).
Time trends
Because tobacco smoking is such a
powerful determinant of risk, trends in
lung cancer incidence and mortality are a
reflection of population-level changes in
smoking behaviour, including dose, duration, and type of tobacco used {685,
1206}. Study of time trends in lung cancer
incidence or mortality by age group
shows that the level of risk is closely related to birth cohort; in the U.K. and U.S.
cohort-specific incidence is related to the
smoking habits of the same generation
{228,1152}. Thus, in men, the countries
where smoking was first established were
first to see a diminution in smoking prevalence, followed, in the same generations
of men, by a decline in risk. Changes are
first seen among younger age groups
{1396}, and as these generations of men
reach the older age groups, where lung
cancer is most common, a decline in
overall incidence and mortality is seen.
The U.K. was the first to show this incidence/mortality falling since 1970-74, followed by Finland, Australia, The
Netherlands, New Zealand, the U.S.A.,
Singapore and, more recently, Denmark,
Germany, Italy and Sweden {221}. In

A

C

B

Fig. 1.02 Trends in male lung cancer mortality. A In some countries with early, high rates, a substantial reduction in mortality began in the 1970s (UK) or 1980s
(Belgium, Netherlands, Australia). B In other countries (Italy, USA, Canada), the decline started in the 1990s. C Failure to achieve a significant reduction in tobacco consumption until recently has in some countries caused rising lung cancer mortality without apparent levelling off in males at ages 55-74. From R. Peto et al.
{1589A}.

most other countries there is a continuing
rise in rates, and this is most dramatic in
some countries of Eastern and Southern
Europe (i.e. Hungary, Spain) {223,2042}.
In women, the tobacco habit has usually
been acquired recently, or not at all. Thus,
the most common picture in western populations is of rising rates, while in many
developing countries (where female
smoking generally remains rare), lung
cancer rates remain very low. A few countries, where prevalence of smoking in
women is declining, already show
decreasing rates in younger women; in
the U.K., where this trend is longest
established, there is already a decline in

A

overall incidence and mortality since
about 1990 {221,2042}.
There are, however, clear differences in
time trends by histological type. In the U.S.
{487,2027} squamous cell carcinoma
reached maximum incidence in men in
1981, but the incidence of adenocarcinoma continued to rise (until about 1987 in
black males, around 1991 in whites). As a
result, adenocarcinoma is now the most
frequent form of lung cancer in men in
USA, while it had only constituted a small
minority of cases (around 5%) in the 1950s
{2027,2029}. In contrast, the incidence of
both histological types has continued to
increase in females, though there is a sug-

gestion that the incidence of squamous
cell carcinomas had reached its maximum
by 1990. These changes were related to
specific birth cohorts, with maximum incidence in men in the 1925-29 cohort for
squamous cell carcinomas and 1935-39
for adenocarcinomas, and in women some
10-20 years later {487,2241}. Somewhat
similar observations (increasing adenocarcinoma and decreasing squamous cell
carcinoma) have been reported from the
Netherlands {923}, Japan {1843} and the
U.K. {779}. While part of this differential
trend may be due to artefact (changes in
classification and coding, improved diagnostic methods for peripheral tumours), the

B

Fig. 1.03 A Although cigarette smoking carries the greatest risk of lung cancer, the differences among tobacco products are small when adjusted to similar amounts
of tobacco consumption. Adapted from Boffetta et al. {191}. B All lung carcinomas are strongly associated with tobacco smoking, the risk being highest for squamous cell carcinoma, followed by small cell carcinoma and adenocarcinoma. Adapted from J.H. Lubin and W.J. Blot {1211} and {2250}.
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long-term quitters {884}. Thus, smoking
cessation is beneficial at all ages.

incidence of adenocarcinomas is truly rising. In part, it may be due to an everincreasing proportion of ex-smokers in the
population, since the decline in risk of lung
cancer on smoking cessation is faster for
squamous cell tumours than for small cell
carcinomas and adenocarcinomas {927,
1211}. It seems probable, too, that
changes in cigarette composition, to low
tar, low nicotine, filtered cigarettes, are also
responsible, as switching to these “safer”
brands results (in addicted smokers) to
more intense smoking (more puffs, deeper
inhalation), and hence greater exposure to
these carcinogens in the peripheral lung
where adenocarcinomas are more common {336,2177}.
Tobacco smoking
There is overwhelming evidence that
tobacco smoking is the major cause of
lung cancer in most human populations
{884}. The smoke inhaled by smokers of
cigarettes and other tobacco products
contains numerous carcinogens, as well
as agents that cause inflammation.
An increased risk of lung cancer in smokers has been demonstrated in epidemiological studies conducted during the
1950s in the United States {2176} and
United Kingdom {504}, and the causal
role of smoking has been recognized by
public health and regulatory authorities
since the mid-1960s. The geographical
and temporal patterns of lung cancer
today largely reflect tobacco consumption dating from two or three decades
back. Because of the strong carcinogenic potency of tobacco smoke, a
major reduction in tobacco consumption
would result in the prevention of a large
fraction of human cancers, including
lung cancer {2155}.

Relative risk (RR)
The risk among smokers relative to the
risk among never-smokers is in the order
of 8-15 in men and 3-10 in women. For
those who smoke without quitting, recent
relative risk estimates are as high as 20
to 30. The overall relative risk reflects the
contribution of the different aspects of
tobacco smoking: average consumption,
duration of smoking, time since quitting,
age at start, type of tobacco product and
inhalation pattern {192}.
Risk attributed to tobacco smoking
The proportion of lung cancer cases due
to tobacco smoking has been estimated
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Fig. 1.04 The effects of stopping smoking at different ages on the cumulative risk (%) of death from
lung cancer up to age 75. From R. Peto et al.
{1588A}.

by comparing incidence (or mortality)
rates in different areas, with the rates in
non-smokers observed in large cohort
studies {1553,1589}. Based on the worldwide incidence rates estimated for 2000.
Worldwide, 85% of lung cancer in men
and 47% of lung cancer in women is estimated as being the consequence of
tobacco smoking.

Dose and duration
Several large cohort and case-control
studies have provided detailed information on the relative contribution of duration and amount of cigarette smoking in
excess lung cancer risk. Duration of
smoking is the strongest determinant of
risk, but this also increases in proportion
to the number of cigarettes smoked
{884}. The strong role of duration of
smoking explains the observation that
early age of starting is associated with a
morbid lung cancer risk later in life.
Effect of cessation of smoking
An important aspect of tobacco-related
lung carcinogenesis is the effect of cessation of smoking. The excess risk
sharply decreases in ex-smokers after
approximately 5 years since quitting; in
some studies the risk after 20 or more
years since cessation approaches that of
never-smokers. However an excess risk
throughout life likely persists even in

Type of cigarettes and inhalation
Some studies show a lower lung cancer
risk among smokers of low-tar and lownicotine cigarettes than among other
smokers {192}, but recent evidence suggests that low tar cigarettes are not less
harmfull, and may be worse. A similar
effect has been observed among longterm smokers of filtered cigarettes, or
compared to smokers of unfiltered cigarettes. Smokers of black (air-cured)
tobacco cigarettes are at two- to threefold higher relative risk of lung cancer
than smokers of blond (flue-cured)
tobacco cigarettes. Tar content, presence of filter and type of tobacco are
interdependent; high-tar cigarettes tend
to be unfiltered and, in regions where
black and blond tobacco are used, more
frequently made of black tobacco.
A 1.5- to 3-fold difference in relative risk
of lung cancer has been observed in
several studies between smokers who
deeply inhale cigarette smoke and smokers of comparable amounts who do not
inhale or inhale slightly.
Type of tobacco products
Although cigarettes are the main tobacco
product smoked in western countries, a
dose-response relationship with lung
cancer risk has been shown also for
cigars, cigarillos and pipe, with a similar
carcinogenic effect of these products
{191}. A stronger carcinogenic effect of
cigarettes than of cigars and pipe in
some studies might arise due to different
inhalation patterns or composition of
cigars {902}.
An increased risk of lung cancer has also
been shown with the bidis widely
smoked in India and water pipes in China
{884}. Adequate epidemiological data
are not available on lung cancer risk following consumption of other tobacco
products, such as narghile in western
Asia and northern Africa, and hooka in
India.
Lung cancer type
Tobacco smoking increases the risk of all
major histological types of lung cancer,
but appears to be strongest for squamous cell carcinoma, followed by small
cell carcinoma and adenocarcinomama.
The association between adenocarcinoma and smoking has become stronger

over time, and adenocarcinoma has
become the most common type in many
Western countries.

Impact of sex and ethnicity
Whilst earlier studies have suggested a
difference in risk of lung cancer between
men and women who have smoked a
comparable amount of tobacco, more
recent evidence does not support this
notion: the carcinogenic effect of smoking on the lung appears to be similar in
men and women.
The higher rate of lung cancer among
Blacks in the United States as compared
to other ethnic groups is likely explained
by higher tobacco consumption {486}.
Indeed, there is no clear evidence of ethnic differences in susceptibility to lung
carcinogenesis from tobacco.
Involuntary smoking
The collective epidemiologic evidence
and biologic plausibility lead to the conclusion of a causal association between
involuntary tobacco smoking and lung
cancer risk in non-smokers {884}. This
evidence has been challenged on the
basis of possible confounding by active
smoking, diet or other factors, and of
possible reporting bias. However, when
these factors were taken into account,
the association was confirmed {884}.
Several large-scale studies and metaanalyses consistently reported an increased risk of lung cancer in the order of
20–25% {190,603,754}.
Additional evidence of a carcinogenic
effect of involuntary smoking comes from
the identification in people exposed to
involuntary smoking of nicotine-derived
carcinogenic nitrosamines such as NNK,
of haemoglobin adducts of 4-aminobyphenyl, a carcinogen in tobacco
smoke and of albumin adducts of polycyclic aromatic hydrocarbons {884}. The
comparison of levels of cotinine, the main
metabolite of nicotine, suggests that
exposure to involuntary smoking entails

Table 1.01
Occupational agents and exposure circumstances classified by the IARC Monographs Programme
(http://monographs.iarc.fr), as carcinogenic to humans, with the lung as target organ.
Agents, mixture, circumstance

Main industry, use

Arsenic and arsenic compounds
Asbestos
Beryllium and beryllium compounds
Bis(chloromethyl)ether and
Chloromethyl methyl ether
Cadmium and cadmium compounds
Chromium[VI] compounds
Dioxin (TCDD)
Nickel compounds
Plutonium-239
Radon-222 and its decay products
Silica, crystalline
Talc containing asbestiform fibers
X- and gamma-radiation
Coal-tar pitches
Coal-tars
Soots

Glass, metals, pesticides
Insulation, filters, textiles
Aerospace
Chemical intermediate
Dye/pigment
Metal plating, dye/pigment
Chemical industry
Metallurgy, alloy, catalyst
Nuclear
Mining
Stone cutting, mining, glass, paper
Paper, paints
Medical, nuclear
Construction, electrodes
Fuel
Pigments

Exposure circumstances
Aluminum production
Coal gasification
Coke production
Haematite mining (underground)
with exposure to radon
Iron and steel founding
Painter (occupational exposure)

an exposure equivalent of 0.1-1.0 cigarettes per day: the extrapolation of the
relative risk found in light smokers is consistent with the relative risk detected in
people exposed to involuntary tobacco
smoking.
Occupational exposure
The important role of specific occupational exposures in lung cancer etiology
is well established in reports dating back
to the 1950s {192}. The table lists the
occupational agents recognized as lung
carcinogens by the International Agency
for Research on Cancer (IARC). The
most important occupational lung carcinogens include asbestos, crystalline

silica, radon, mixtures of polycyclic aromatic hydrocarbons and heavy metals.
Welding and painting were consistently
associated with increased risk of lung
cancer. However, the exact agent(s) in
these jobs have not yet been identified.
Although their contribution to the global
burden of lung cancer is relatively small,
occupational carcinogens are responsible for an important proportion of
tumours among exposed workers. For
most known occupational carcinogens,
some synergism has been shown with
tobacco smoking.
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Clinical features and staging
Signs and symptoms
Patients with lung cancer present with
progressive shortness of breath, cough,
chest pain/oppression, hoarseness or
loss of voice, haemoptysis (mostly with
squamous cell carcinoma). Pneumonia
(often recidivant) is the presenting feature in many patients. Relative to other
forms of non small cell lung cancer, adenocarcinoma is more often asymptomatic, being more frequently identified in
screening studies or as an incidental
radiologic finding {5,391}. Patients with
small cell lung cancer (SCLC) differ in
many ways from those with non-small cell
lung cancer (NSCLC), in that they often
present with symptoms referable to distant metastases (see below). About 10%
of patients with SCLC present with supe-

F.R. Hirsch
B. Corrin
T.V. Colby

rior vena cava syndrome. Stridor and
haemoptysis are rare symptoms in
patients with SCLC. Symptoms related to
disseminated disease include weight
loss, abdominal pain due to involvement
of the liver, adrenals and pancreas, and
pain due to bone (marrow) metastases.
At presentation brain metastases are
identified in 5-10% of patients with SCLC
and neurological symptoms occur, but
CNS involvement develops during the
course of the disease in many patients
and multiple lesions are usually found in
autopsy in patients with CNS involvement
{848,1048,1493}.
Paraneoplastic symptoms
Paraneoplastic symptoms are common
in lung cancer. Endocrine and paraneo-

plastic syndromes are less common in
adenocarcinoma than in other histologic
types of lung cancer. SCLC is characterized by neuroendocrine activity and
some of the peptides secreted by the
tumour mimic the activity of pituitary hormones. About 10% have abnormal ACTH
like activity. Latent diabetes may become
symptomatic but a Cushing syndrome is
rare, probably because of short latency.
Some SCLCs (15%) produce antidiuretic
hormone (ADH) (Inappropriate ADH syndrome, Schwartz-Bartter syndrome)
leading to water retention with oedema.
The patients feel clumsy, tired and weak,
and the plasma sodium is low. This is
associated with an inferior prognosis
{1523,1849}. Cerebrospinal metastases
or meningeal seeding may cause neurological symptoms. Neurological symptoms may also be a paraneoplastic phenomenon, which might include sensory,
sensorimotor, and autoimmune neuropathies and encephalomyelitis. The

Table 1.02
Signs and symptoms of lung carcinoma. Approximately 5-20% of cases are clinically occult. Modified, from T.V. Colby et al. {391}
Systemic symptoms
Weight loss, loss of appetite, malaise, fever
Local /direct effects
From endobronchial growth and/or invasion of adjacent structures
including chest wall and vertebral column
Cough, dyspnoea, wheeze, stridor, haemoptysis
Chest pain/back pain
Obstructive pneumonia (+/- cavitation)
Pleural effusion
Extension to mediastinal structures
Nerve entrapment : recurrent laryngeal nerve (hoarseness), phrenic
nerve (diaphragmatic paralysis), sympathetic system (Horner syndrome), brachial plexopathy from “superior sulcus” tumours
Vena cava obstruction: superior vena cava syndrome
Pericardium: effusion, tamponade
Myocardium: arrythmia, heart failure
Oesophagus: dysphagia, bronchoesophageal fistula
Mediastinal lymph nodes: pleural effusion
Metastatic disease
Direct effects related to the organ(s) involved
Paraneoplastic syndromes
Dermatomyositis/polymyositis
Clubbing
Hypertrophic pulmonary osteoarthropath
Encephalopathy
Peripheral neuropathies
Myasthenic syndromes (including Lambert-Eaton)
Transverse myelitis
Progressive multifocal leukoencephalopathy
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Endocrine syndromes
Parathormone-like substance: hypercalcemia
Inappropriate antidiuretic hormone: hyponatremia
ACTH: Cushing syndrome, hyperpigmentation
Serotonin: carcinoid syndrome
Gonadotropins: gynecomastia
Melanocyte-stimulating hormone: increased pigmentation
Hypoglycemia, hyperglycemia
Hypercalcitonemia
Elevated growth hormone
Prolactinemia
Hypersecretion of vasoactive intestinal polypeptide (VIP): diarrhea
Hematologic/coagulation defects
Disseminated intravascular coagulation
Recurrent venous thromboses
Nonbacterial thrombotic (marantic) endocarditis
Anemia
Dysproteinemia
Granulocytosis
Eosinophilia
Hypoalbuminemia
Leukoerythroblastosis
Marrow plasmacytosis
Thrombocytopenia
Miscellaneous (very rare)
Henoch-Schönlein purpura
Glomerulonephritis, Nephrotic syndrome
Hypouricemia, Hyperamylasemia
Amyloidosis
Lactic acidosis
Systemic lupus erythematosus

symptoms may precede the primary
diagnosis by many months, and might in
some cases be the presenting complaint. They may also be the initial sign of
relapse from remission. A specific example is the Lambert-Eaton myasthenic
syndrome resulting in proximal muscular
weakness that improves with continued
use and hypoflexia and dysautonomy.
Characteristic electromyographic findings confirm the diagnosis. This syndrome may also occur months before the
tumour is disclosed {1497}. The weakness will often improve when the tumour
respond on therapy. Hypercalcemia is
rare in SCLC, and almost pathognomic
for squamous cell carcinoma.
Relevant diagnostic procedures
Fiberoptic bronchoscopy allows macroscopic examination of the respiratory
tree up to most of the subsegmental
bronchi and biopsies associated to
bronchial aspiration and brushing.
Biopsies of bone, liver, lymph node
(mediastinoscopy), skin and adrenal
gland may also be used for diagnosis if
they are metastatically involved. Pulmo-

Table 1.03
Tumour markers found in the serum of patients
with lung carcinoma. From refs {5,13,391}.
Hormones
Adrenocorticotropic hormone (ACTH)
Melanocyte-stimulating hormone (MSH)
Human chorionic gonadotropin (hCG)
Human placental lactogen (HPL)
Human growth hormone (HGH)
Parathyroid hormone (PTH)
Calcitonin
Antidiuretic hormone (ADH)
Prolactin
Bombesin (gastrin-releasing peptide)
5-Hydroxytryptophan (serotonin)
Oestradiol
Hypoglycemic factor
Renin, Erythropoietin
Glucagon, Insulin
Neuron-specific enolase (NSE)
ß-Endorphin, Gastrin, Secretin
Serum proteins
Alpha fetoprotein (AFP)
Carcinoembryonic antigen (CEA)
Placental alkaline phosphatase (PAP)
Histaminase
L-dopa decarboxylase
Anti-Purkinje cell antibodies
Antineuronal nuclear antibodies (ANNA)
Ferritin

nary function tests are performed if surgery seems possible. Serum tumour
markers are not routinely recommended.
Because of its central location squamous
cell carcinoma is readily diagnosed by
bronchoscopic biopsy and/or brush
and/or sputum cytology {532}. Fluorescence bronchoscopy may be useful for
assessing the extent of associated
intraepithelial neoplasia. For peripheral
lesions transthoracic CT guided fine needle aspiration biopsy is now generally
preferred.
Due to common central location, small
cell carcinoma is often diagnosed via
bronchoscopically retrieved histologic
and cytologic samples and to a lesser
extent sputum cytology.
Small peripheral lesions are often subjected to fine needle aspiration biopsy,
transbronchial biopsy, or sometimes
wedge resection for initial diagnosis.
Staging of NSCLC
The internationally accepted TNM staging system is recommended. The stage
of the disease is important for prognosis
and treatment planning. Pathologic stag-

ing is based on the pathologic evaluation of sampled tissues according to the
TNM system. For patients in whom surgical resection is attempted, there are surgical protocols for sampling the lymph
node stations, including superior mediastinal nodes (numbered 1-4), aortic
nodes (numbered 5 and 6), inferior
mediastinal nodes (numbered 7-9) and
nodes associated with the lobectomy
specimen labeled “N1” nodes (numbered 10-14).
Staging of SCLC
The TNM staging classification is generally not utilized in SCLC, as it does not
predict well for survival. SCLC is usually
staged as either limited or extensive disease. The consensus report of the
International Association for the Study of
Lung Cancer (IASLC) modified the older
VALG classification in accordance with
the revised TNM system:

Limited disease
Disease restricted to one hemithorax with
regional lymph node metastases including:

Table 1.04
Imaging techniques in lung cancer staging.
From T.V. Colby et al. {391}.
Conventional
radiographs

Primary detection/characterization of parenchymal tumour
Assessment of main bronchi/tracheal involvement
Detection of chest wall invasion
Assessment of hilar and mediastinal invasion/adenopathy
Detection of obstructive atelectasis/pneumonitis
Detection of pleural effusion

CT

Assessment of main bronchi/tracheal involvement
Detection of chest wall invasion
Assessment of hilar and mediastinal invasion/adenopathy
Detection of liver, adrenal, brain metastases

MRI

Detection of chest wall invasion (particularly superior
sulcus [tumours])
Detection of mediastinal or spinal canal invasion
Assessment of hilar and mediastinal adenopathy in patients
with equivocal CT examinations or contraindications to
intravenous contrast media
Characterization of isolated adrenal masses

Ultrasound

Detection of pleural effusion/guidance for thoracentesis
Guidance for biopsy of peripheral lung or mediastinal mass

Gallium-67
scan

Detection of hilar and mediastinal adenopathy
Detection of distal metastases

Pulmonary
angiography

Evaluation of central pulmonary artery invasion

Clinical features and staging
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Table 1.05
Chest radiographic findings at presentation according to histologic type of lung carcinoma. From ref {391}.
Radiographic
Feature

Squamous Cell
Carcinoma

Adenocarcinoma

Small Cell
Carcinoma

Large Cell
Carcinoma

Nodule <or= 4 cm

14%

46%

21%

18%

Peripheral location

29%

65%

26%

61%

Central location

64%

5%

74%

42%

Hilar/perihilar mass

40%

17%

78%

32%

Cavitation

5%

3%

0%

4%

Pleural/chest wall
involvement

3%

14%

5%

2%

Hilar adenopathy

38%

19%

61%

32%

5%

9%

14%

10%

Mediastinal adenopathy

> Hiliar ipsilateral and contralateral
> Mediastinal ipsilateral and contralateral
> Supraclavicular ipsilateral and contralateral
> Ipsilateral pleural effusion (independent of cytology)
Limited disease is equivalent to stage IIII of the TNM system.

Extensive disease
All patients with sites of disease beyond
the definition of limited disease, equivalent to stage IV in the TNM system.
Staging Procedures
The staging procedures have the primary goal to distuingish patients who are
candidate for surgery, those with locoregional disease, and those with
metastatic disease.
Standard procedures include chest Xray, general physical examination, bronchoscopy and blood samples. If findings
at these procedures do not preclude surgery or radiotherapy, staging proceeds

with a CT-scan of chest and upper
abdomen. Staging stops here if the CT
scan shows definitive signs of inoperable
disease such as tumour invasion of the
mediastinum or distant metastases to the
liver or the adrenals. If, however, surgery
seems possible, lymph nodes in the
mediastinum must be examined for
metastatic deposits. If none of the lymph
nodes are enlarged (greatest diameter
>1.5 cm) and the tumour is proven to be
of the squamous cell type, lymph node
biopsies can be omitted; otherwise a
preoperative mediastinoscopy with biopsies is recommended. In recent years
this invasive procedure has been
enhanced by PET scan, although the
accuracy (diagnostic sensitivity and
specificity) of this imaging procedure has
not yet been fully validated in lung cancer. If PET is not available, ultrasonography is still a very helpful procedure and
allows fine needle biopsies from suspect
lesions in abdominal sites plus other
deeply located structures such as axil-

Table 1.06
Stage of lung carcinoma at presentation by histologic subtype. SEER data 1983-1987.
Modified, from reference {192}.
Stage

Squamous

Adenocarcinoma

Localized

21.5%

22.2%

8.2%

15.2%

Regional

38.5%

33.1%

26.1%

31.5%

Distant

25.2%

35.9%

52.8%

40.3%

Unstaged

14.8%

8.8%

12.8%

12.9%
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Small cell

Large cell

Table 1.07
Stage and survival in NSCLC*. Modified, from {232}.
Stage

Survival (%)
3 yr
5 yr

Clinical stage
cIA (n = 687)
cIB (n = 1189)
cIIA (n = 29)
cIIB (n = 357)
cIIIA (n = 511)
cIIIB (n = 1,030)
cIV (n = 1,427)

71
46
38
33
18
7
2

61
38
34
24
13
5
1

Pathologic stage
pIA (n = 511)
pIB (n = 549)
pIIA (n = 76)
pIIB (n = 375)
pIIIA (n = 399)

80
67
66
46
32

67
57
55
39
23

lary lymph nodes and the thyroid gland.
SCLC is characterized by a rapid dissemination to extrathoracic organs.
Autopsy studies performed 1 month after
surgical resection showed that 63% (12
of 19 patients) with SCLC had distant
metastases compared to 14-40% of
patients with NSCLC {848}.
Staging of SCLC includes bronchoscopy,
chest X-ray, chest CT scan, upper
abdominal CT scan or ultrasonography
plus a bone marrow examination and/or
a bone scintigram. Bone scintigrams are
still used but this procedure will probably
be left with the increasing availability of
PET scanners. Finally, magnetic resonance imaging (MRI) scans are useful if
bone metastases or central nervous system metastases are suspected. Patients
with neurological symptoms should have
a cranial CT or MR scan.
Staging of SCLC will prove extensive
stage disease in about 65% of the
patients due to metastases to one or
more of the following sites: the contralateral lung (10%), skin or distant lymph
nodes (10%), brain (10%), liver (25%),
adrenals (15%), bone marrow (20%),
retroperitoneal lymph nodes (5%), or
pancreas (5%). Osteolytic bone metastases and hypercalcaemia are rarely
seen, but are almost pathognomonic for
squamous cell carcinoma. Enlarged
adrenals might represent metastases but
can also be a glandular hypertrophy due
to ectopic ACTH secretion from the
tumour, which is observed in about 10%
of patients with SCLC {780,847,887,
1849}.

Tissue collection and interpretation
Optimal tissue collection is important for
a precise classification of lung tumours.
Several diagnostic approaches are available, including sputum cytology, bronchoalveolar lavage, bronchoscopic biopsy, brushing and washing, thoracoscopic
biopsy, resected surgical material and
needle biopsies as well as pleural cytology.
Rapid fixation and minimal trauma are
important. Small specimens may not
show differentiation when the tumour is
excised; it is, therefore, advisable to limit
categorization to SCLC and NSCLC. The
current classification is largely based on
standard H&E sections. Some lung carcinomas remain unclassified. They usually
fall into the “non-small cell carcinoma”
category or are cases where small biopsy or cytology specimens preclude
definitive histologic typing.

Histologic heterogeneity
Lung cancers frequently show histologic
heterogeneity, with variation in appearance and differentiation from microscopic field to field and from one histologic
section to the next {1676}. Almost 50% of
lung carcinomas exhibit more than one of
the major histologic types. This fact has
important implications for lung tumour
classification and must be kept in mind,
especially when interpreting small biopsies.
The designation of a minimum requirement such as 10% for the adenocarcinoma and squamous cell carcinoma components of adenosquamous carcinoma
or the spindle and/or giant cell carcinoma component of pleomorphic carcinomas set in the 1999 WHO classification
are maintained in this classification, recognizing that they are an arbitrary criterion since the extent of histologic sampling

The concept of pulmonary
neuroendocrine tumours
Tumours with neuroendocrine morphology
Neuroendocrine tumours of the lung are
a distinct subset of tumours, which share
morphologic, ultrastructural, immunohistochemical and molecular characteristics and although these tumours are
classified into different morphologic categories within the WHO classification,
certain concepts relating specifically to
neuroendocrine tumours merit discussion. The major categories of morphologically identifiable neuroendocrine
tumours are small cell carcinoma
(SCLC), large cell neuroendocrine carcinoma (LCNEC), typical carcinoid (TC),
and atypical carcinoid (AC). Historical
terms such as well-differentiated neuroendocrine carcinoma, neuroendocrine
carcinoma (grade 1-3), intermediate cell
neuroendocrine carcinoma, malignant
carcinoid and peripheral small cell carcinoma resembling carcinoid, should be
avoided {1999}.
With regard to nomenclature, the terms
typical and atypical carcinoid are preferred for a number of reasons.
Clinicians are familiar with these diagnostic terms and the tumours share a

W.D. Travis

distinctive basic microscopic appearance, resembling carcinoids found at
other body sites. Spindle cell, oncocytic
and melanocytic patterns and stromal
ossification occur in both typical and
atypical carcinoids. Patients with typical
and atypical carcinoids are also significantly younger than those with SCLC
and LCNEC. Within the high-grade neuroendocrine tumours, LCNEC and SCLC
are morphologically distinct and it has
not been proven that chemotherapy
used for SCLC is effective for patients
with LCNEC.
With regard to distinguishing the four
main types of neuroendocrine tumours,
all show varying degrees of neuroendocrine morphologic features by light
microscopy including organoid nesting,
palisading, a trabecular pattern, and
rosette-like structures, with the cardinal
distinguishing features being mitotic
activity and the presence or absence of
necrosis. For mitotic activity, Arrigoni, et
al. {75} originally proposed that atypical
carcinoids had between 5-10 mitoses
per 10 high power fields. However, the
mitotic range for atypical carcinoid was
recently modified to 2-10 mitoses per

will influence classification of such
tumours {584,2024}. Although these
tumours may be suspected on small
specimens such as bronchoscopic or
needle biopsies, a definitive diagnosis
requires a resected specimen. If this
problem arises in a resected tumour,
additional histologic sections may be
helpful. Nevertheless, defining a specific
percentage for a histologic component
can be a useful criterion for entities such
as adenosquamous carcinoma and pleomorphic carcinoma.

2 mm2 (10 high power fields – see below
for mitosis counting method) {2028}. The
presence of necrosis also distinguishes
atypical from typical carcinoid. Cytologic
atypia is unreliable as a diagnostic feature.
A mitotic count of 11 or more mitoses per
2 mm2 (10 high power fields) is the main
criterion for separating LCNEC and
SCLC from atypical carcinoid {2028}.
LCNEC and SCLC usually have very
high mitotic rates, with an average of 7080 per 2 mm2 (10 high power fields in
some microscope models). LCNEC and
SCLC also generally have more extensive necrosis than atypical carcinoid.
LCNEC are separated from SCLC using
a constellation of criteria, which include
larger cell size, abundant cytoplasm,
prominent nucleoli, vesicular or coarse
chromatin, polygonal rather than
fusiform shape, less prominent nuclear
molding and less conspicuous deposition of hematoxylin-stained material
(DNA) in blood vessel walls. LCNEC
cells more closely resemble those of a
large cell carcinoma than a carcinoid
tumour. Mitoses should be counted in
the areas of highest mitotic activity and
the fields counted should be filled with
as many viable tumour cells as possible.
Since the area viewed in a high power
field varies considerably depending on
the microscope model, we define the
mitotic range based on the area of viable
Concept of neuroendocrine tumours
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tumour examined. These criteria were
established on a microscope with a 40X
objective, an eyepiece field of view number of 20 and with no magnification
changing devices. With this approach
the area viewed in one high power field is
0.2 mm2 and 10 high power fields = 2
mm2. If microscopes with other objective
and eyepiece field of view numbers are
used, the area in a high power field
should be measured to allow calibration
to cover a 2 mm2 area.
There is substantial reproducibility
(kappa statistic of .70) for this subclassification scheme. The greatest reproducibility is seen with SCLC and typical
carcinoid. The most common disagreements involve LCNEC vs SCLC, followed
by typical carcinoid vs atypical carcinoid, and atypical carcinoid vs LCNEC.
Additional research on atypical carcinoid
and LCNEC is needed to better define
their clinical characteristics and optimal
therapy.
Interestingly, despite separation into four
main groups, there is increasing evidence that TC and AC are more closely
associated to each other than to LCNEC
and SCLC. Clinically, approximately 2040% of patients with both typical and
atypical carcinoids are non-smokers

while virtually all patients with SCLC and
LCNEC are cigarette smokers. In contrast to SCLC and LCNEC, both typical
and atypical carcinoids can occur in
patients with Multiple Endocrine
Neoplasia (MEN) type I {464}. In addition, neuroendocrine cell hyperplasia
with or without tumourlets is relatively frequent in both typical and atypical carcinoids but not in LCNEC or SCLC.
Histologic heterogeneity with other major
histologic types of lung carcinoma
(squamous cell carcinoma, adenocarcinoma, etc.) occurs with both SCLC and
LCNEC but not with typical or atypical
carcinoids {2024}. In contrast to large
cell neuroendocrine carcinoma, most
typical and atypical carcinoids are readily diagnosed by light microscopy without
the need for immunohistochemistry or
electron microscopy. There are also
genetic data indicating that SCLC is
closer to LCNEC than to the TC and AC,
in that abnormalities in many genetic
markers such as p53 {1516,1622},
bcl2/bax {217}, cyclin D1 {746}, RB loss
and LOH at 3p {726} are seen in a high
percentage of both SCLC and LCNEC
with minimal and intermediate percentages of TC and AC showing abnormalities, respectively (see below).

Table 1.08
Criteria for diagnosis of neuroendocrine tumours.
From W.D. Travis et al. {2024}
Typical carcinoid
A tumour with carcinoid morphology and less than 2 mitoses per 2 mm2 (10 HPF), lacking necrosis and
0.5 cm or larger
Atypical carcinoid
A tumour with carcinoid morphology with 2-10 mitoses per 2 mm2 (10 HPF) OR necrosis (often punctate)
Large cell neuroendocrine carcinoma
1. A tumour with a neuroendocrine morphology (organoid nesting, palisading, rosettes, trabeculae)
2. High mitotic rate: 11 or greater per 2 mm2 (10 HPF), median of 70 per 2 mm2 (10 HPF)
3. Necrosis (often large zones)
4. Cytologic features of a non-small cell carcinoma (NSCLC): large cell size, low nuclear to
cytoplasmic ratio, vesicular, coarse or fine chromatin, and/or frequent nucleoli. Some
tumours have fine nuclear chromatin and lack nucleoli, but qualify as NSCLC because of large
cell size and abundant cytoplasm.
5. Positive immunohistochemical staining for one or more NE markers (other than neuron
specific enolase) and/or NE granules by electron microscopy.
Small cell carcinoma
Small size (generally less than the diameter of 3 small resting lymphocytes)
1. Scant cytoplasm
2. Nuclei: finely granular nuclear chromatin, absent or faint nucleoli
3. High mitotic rate (11 or greater per 2 mm2 (10 HPF), median of 80 per 2 mm2 (10 HPF)
4. Frequent necrosis often in large zones
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Non-small cell carcinomas with neuroendocrine differentiation
Some lung carcinomas, which do not
show neuroendocrine morphology by
light microscopy, demonstrate immunohistochemical and/or ultrastructural evidence of neuroendocrine differentiation.
Neuroendocrine differentiation can be
shown by immunohistochemistry in 1020% of squamous cell carcinomas, adenocarcinomas, and large cell carcinomas. It is seen most often in adenocarcinomas. These tumours are collectively
referred to as NSCLC with neuroendocrine differentiation (NSCLC-ND).
While this issue has drawn much interest,
there is controversy over whether these
tumours have worse or better survival
and whether they are more or less
responsive to chemotherapy than
NSCLC lacking neuroendocrine differentiation. Therefore these tumours require
further study before they are included as
a separate category in a histologic classification. They should be classified
according to the conventional typing
herein, with neuroendocrine differentiation noted {2024}.

Table 1.09
The spectrum of neuroendocrine (NE) proliferations and neoplasms. From W.D. Travis et al. {2024}
Neuroendocrine cell hyperplasia
and tumourlets
NE cell hyperplasia
NE cell hyperplasia with fibrosis
and/or inflammation
NE cell hyperplasia adjacent to
carcinoid tumours
Diffuse idiopathic NE cell hyperplasia
with or without airway fibrosis
Tumourlets
Tumours with NE morphology
Typical carcinoid
Atypical carcinoid
Large cell neuroendocrine carcinoma
Small cell carcinoma
Non-small cell carcinomas with
NE differentiation
Other tumours with NE properties
Pulmonary blastoma
Primitive neuroectodermal tumour
Desmoplastic round cell tumour
Carcinomas with rhabdoid phenotype
Paraganglioma

Genetic and molecular
alterations

Molecular and pathological diversity
of lung cancers
Lung cancers result from complex,
genetic and epigenetic changes characterized by stepwise malignant progression of cancer cells in association with
accumulation of genetic alterations. This
process, referrred to as multistep carcinogenesis, develops through the clonal
evolution of initiated lung cells. Initiation
consists in the acquisition of defined
genetic alterations in a small number of
genes that confer a proliferative advantage that facilitates progression towards
invasive carcinoma. Many environmental
carcinogens present in tobacco smoke
or in industrial pollutants can act as initiators for bronchial or bronchiolar-alveolar epithelial cells {807,2145}. These carcinogens often have a global effect on
the entire bronchial tree, resulting in the
frequent occurrence of several primary
lesions within the same, exposed organ.
This observation has led to the concept
of field carcinogenesis.
Over the past 25 years, evidence has
accumulated for stepwise accumulation
of genetic changes in all major histological types of lung cancers. These
changes include allelelic losses (LOH),
chromosomal instability and imbalance,
mutations in oncogenes and tumor suppressor genes, epigenetic gene silencing through promoter hypermethylation
and aberrant of expression of genes
involved in the control of cell proliferation
{564,687,1235,1323,2209}.
Although
many of these genetic changes occur
independently of histological type, their
frequency and timing of occurrence with
respect to cancer progression is different
in small cell lung carcinomas (SCLC),
that may originate from epithelial cells
with neuro-endocrine features, and nonsmall cell lung carcinomas (NSCLC), that
originate from bronchial or alveolar
epithelial cells. Furthermore, a number of
genetic and epigenetic differences have
been identified between squamous cell
carcinoma (SCC), that arises from
bronchial epithelial cells through a squamous metaplasia/dysplasia process),
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and adenocarcinoma (ADC), that derives
from alveolar or bronchiolar epithelial
cells {2017,2209}.
Genetic changes frequent in all major
histological types
Invasive lung carcinoma display multiple
genetic alterations, such as LOH at many
different loci including 3p14-23 {220,
1210,1446}, 8q21-23 {2159}, 9p21
{670,1299}, 13q, 17q, 18q and 22p {687,
1268,1996,2209}. However, three frequent aberrations emerge as common
changes in all histological types of lung
cancers.

TP53 mutations
The most frequent one is mutation in the
tumor suppressor gene TP53, encoding
the p53 protein that plays multiple, antiproliferative roles, in particular in
response to genotoxic stress {881,1947}.
Inactivating TP53 mutations (mostly missense mutations) are detected in up 50%
of NSCLC and in over 70% of SCLC
{1591}. In both SCC and ADC, there is
evidence that mutation can occur very
early in cancer progression and that their
prevalence increases from primary, in
situ lesions to advanced, metastatic carcinomas.
Retinoblastoma pathway
The second most common alteration is
inactivation of the pathway controlling
RB1 (retinoblastoma gene, 13q11), a
suppressor gene encoding the Rb protein that acts as a “gatekeeper” for the
G1 to S transition of cell cycle {215,
2209}. The most common mechanisms
for inactivation of this pathway are loss of
RB1 expression, silencing of INK4 (also
termed CDKN2a, encoding p16) through
LOH (9p21) and promoter hypermethylation, and overexpression of CCND1
(encoding cyclin D1), sometimes consecutive to gene amplification (11q13)
{189,215}. These three genes act in a
sequential manner within the signalling
cascade that controls Rb inactivation by
phosphorylation. There is a constant
inverse correlation between loss of Rb

protein, inactivation of p16 and overexpression of cyclin D1, consistent with the
notion that these events have essentially
similar functional consequences {215}.
Interestingly, the mechanism by which
this pathway is altered differs between
NSCLC and SCLC. Loss of Rb protein
expression is detectable in over 80100% of high grade neurorendocrine
tumors, most of them retaining normal
p16 and cyclin D1 expression {189,670}.
In contrast, loss of Rb protein is less
common in NSCLC (15%) but inactivation of INK4 is present in up to 70% of the
cases, whereas amplification of CCDN1
is detectable in a significant proportion of
SCC (10%) {215,2209}. It should also be
noted that the INK4 gene locus contains
a reading frame encoding another protein, p14arf, which is different from p16
but also plays roles in growth suppression. Initial studies suggested that the
expression of p14arf is often lost in
SCLC, suggesting that alterations of the
INK4 locus may have functional consequences other than deregulation of the
cascade controlling RB1 {669}. Recent
reports indicate that p14arf methylation
does not play a role of in the development of SCLC and NSCLC {1550,1746}.

LOH 3p
The third common genetic event that
occurs in all lung cancers irrespective of
their histological type is LOH on chromosome 3p, detectable in up to 80% of
NSCLC as well as SCLC {220,1210,
1446}. This region encompasses several
potential tumor suppressor genes,
including FHIT, RASSF1 and SEMA3B
{1167,1183,2209}. The FHIT gene
(Fragile Histidine Triad) is located in a
highly fragile chromosomal site where it is
particularly prone to partial deletion as a
result of direct DNA damage by carcinogens present in tobacco smoke {895}.
FHIT encodes a protein with ADP hydrosylase activity that has been proposed to
have various intracellular functions,
including regulation of DNA replication
and signalling stress responses {112}.
RASSF1 encodes a protein involved in
the control of the activity of members of
the RAS family of oncogenes. SEMA3B
encodes semaphorin 3B, a member of a
family of genes encoding secreted proteins with critical roles in development of
neuronal and epithelial tissues. The contributions of these genes to the development of lung cancers is still poorly underGenetic and molecular alterations
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plays a role in squamous differentiation
and its presence may be required for the
development of SCC. As there is no
squamous epithelium in the normal lung,
deregulation of p63 expression may be a
fundamental event in the pathogenesis of
the metaplasia that precedes SCC.

Fig. 1.05 Genetic models for the development non-small cell lung carcinomas (NSCLC) and of small cell lung
carcinoma (SCLC). From J. Yokota and T. Kohno {2209}.

stood. Their expression is frequently lost
in tumors, despite the presence of residual, apparently intact alleles. This observation has led to the hypothesis that several genes in chromosome 3p are common targets for epigenetic abnormalities
through mechanisms that are not yet fully
elucidated {560}.
Genetic changes in histological types
of lung cancer
Among the less common changes
observed in lung cancers, some appear
to be more frequent in specific histological types. For example, mutations at
codon 12 in KRAS are found in 30 to 40%
of ADC but are extremely rare in other
forms of NSCLC or in SCLC {402,1669}.
KRAS mutation is detected in a significant proportion of atypical alveolar
hyperplasias, indicating that this lesion is
a potential pre-invasive lesion for ADC
{2126}. In contrast, mutational activation
of the beta-catenin gene is rare {1502}
but has been identified in different histological types of lung cancer {1801,1904}.
Mutations of the APC gene, another component of the Wnt pathway, have been
identified in up to 5% of squamous cell
and small cell lung cancer {1502}.
Amplifications of MYC (8q21-23) are
found only in a minority of advanced
NSCLC (less than 10%) but are common
in pre-invasive stages SCLC (30%).
Similarly, LOH on chromosome 5q are
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frequent at early stages of SCLC but are
infrequent in non-metastatic NSCLC
{2209}. The target gene on chromosome
5q is still not identified.
The gradual increase of molecular
abnormalities along the spectrum of neuroendocrine lung tumours strongly supports the grading concept of typical carcinoid as low grade, atypical carcinoid
as intermediate grade and large cell
neuroendocrine carcinoma and small
cell lung carcinoma as high-grade neuroendocrine lung tumours. MEN1 gene
mutation and LOH at the MEN1 gene
locus 11q13 was recently demonstrated
in 65% of sporadic atypical carcinoids
{463} and was not found in high grade
neuroendocrine tumours {464}.
Although epigenetic silencing of genes,
mainly through promoter hypermethylation, is widespread in all forms of lung
cancers, the methylation profile of tumors
varies with histological type. SCLC, carcinoids, SCC and ADC have unique profiles of aberrantly methylated genes. In
particular, the methylation rates of APC,
CDH13 and RARb are significantly higher in ADC than in SCC {2017}.
Several striking differences also exist at
the level of gene expression. The p63
protein, encoded by TP63, a member of
the TP53 gene family located on chromosome 3q, is highly expressed and sometimes amplified in SCC but not in other
histological types {826}. This protein

DNA adducts and mutagen fingerprints
About 90% of lung cancers in Western
countries, and a rapidly growing number
of cancers in non-western countries, are
caused by smoking. Tobacco smoke is a
mixture of over 4800 chemicals, including over 60 that were classified as carcinogens by the International Agency for
Research on Cancer. They belong to various classes of chemicals, including
polycyclic aromatic hydrocarbons (PAH),
aza-arenes, N-nitrosamines, aromatic
amines, heterocyclic aromatic amines,
aldehydes, volatile hydrocarbons, nitro
compounds, miscellaneous organic
compounds, and metals and other inorganic compounds {807,1591}. Although
the dose of each carcinogen per cigarette is quite small, the cumulative dose
in a lifetime of smoking can be considerable. In target cells, most of these carcinogens are converted to intermediates
compounds by Cytochrome P450
enzymes, which catalyze the addition of
an oxygen to the carcinogen, increasing
its water solubility. The resulting metabolites are readily converted to excretable
soluble forms by glutathione S-transferase, providing an efficient detoxification mechanism. However, during this
process, electrophilic (electron-deficient)
intermediates are formed, that are highly
reactive with DNA, resulting in the formation of DNA adducts {2145}.
Cells are equipped with elaborate systems to eliminate DNA adducts from the
genome, including the nucleotide excision repair pathway (NER, that preferentially eliminates so-called bulky DNA
adducts consisting of large chemical
groups covalently attached to DNA), the
base excision repair systems (BER), that
removes DNA bases altered by attachment of small chemical groups or fragmented by ionizing radiation or oxidation,
as well as a specialized, direct repair
system that acts through the enzyme O6methylguanine DNA methyltransferase
(O6MGMT), which repairs the miscoding
methylated base O6-methylguanine.
Many of these enzymes are polymorphic

in the human population. Thus, the balance between metabolic activation,
detoxification and repair varies among
individuals and is likely to affect cancer
risk {1570,1970}.
Carcinogens can damage DNA in specific ways depending upon their chemical
nature {881}. TP53 mutations are more
frequent in lung cancers of smokers than
in non-smokers {1591,2058}. Studies of
data compiled in the IARC TP53 mutation
database (see www.iarc.fr) have shown
that the pattern of TP53 mutations in lung
cancers of smokers is unique, with an
excess of transversions at G bases (G to
T, 30%) that are uncommon in non-tobacco-related cancers (9%). In lung cancers
of non-smokers, the overall prevalence of
G to T transversions is 13%. In subjects
with the highest reported exposure to
tobacco, G to T transversions represent
almost 50% of all mutations. These transversions preferentially occur at a limited
number of codons (157, 158, 245, 248,
273) that have been experimentally identified as sites of adduction for metabolites of benzo(a)pyrene, one of the major
PAH in tobacco smoke {477,1591}.
Mutations at these codons can be found
in histologically normal lung tissues adjacent to cancers in smokers, as well as in
lung tissues of smokers without lung cancers {880}. This observation provides
direct evidence that some tobacco compounds can act as carcinogens in lung
cells. Comparisons between histological
types reveal an excess of G to T transversions for all histological types in
smokers, implying a general, causal
effect of tobacco carcinogens {1591}.
However, there are considerable differences in TP53 mutation patterns according to histological type and, significantly,
gender. Interestingly, the vast majority of
lung cancers with TP53 mutations in nonsmokers are adenocarcinomas occurring
in women {1588,2020}. Thus, the difference in G to T transversions between
smokers and non-smokers is mainly due
to female non-smokers having a low frequency of these transversions compared
to female smokers.
Several other genes also show different
rates of alterations in smokers and nonsmokers. These genes include mutations in KRAS, that are more frequent in
smokers (30%) than in non-smokers
(5%), as well as hypermethylation of
INK4 and FHIT genes {1236, 2017,2058,
2162}.

Fig. 1.06 Mutational hotspots for G to T transversions in lung cancers of smokers: concordance with positions of DNA adducts in the TP53 gene in primary bronchial cells exposed to benzo(a)pyrene in vitro. Codon
numbers are indicated. Adapted from G.P. Pfeifer et al. {1591}.

Fig. 1.07 Pattern of TP53 mutations in lung carcinomas. Note the high frequency of G:C>T:A mutations in
tumours of smokers, probably due to benzo(a)pyrene or related tobacco carcinogens. Adapted from G.P.
Pfeifer et al {1591}.

Impact of genetic studies on lung
cancer therapy
Despite accumulating knowledge on the
specificity of the genetic pathways leading to different histological types of lung
cancers, there is still little understanding
of how these events cooperate with each
other in cancer progression. One of the
main challenges remains the identification of events that are predictive of the
rate of progression towards metastatic
cancer. However, the identification of a
limited number of genes that are often
altered at early stages of lung cancers
(such as methylation of INK4 or of genes
on 3p, mutations in TP53 and in KRAS)
represent an interesting opportunity for
developing approaches for early detec-

tion, for example using material from
bronchial lavages and expectorations
{1322}. In the future, many of these alterations may provide interesting targets for
designing new, alternative therapeutic
strategies.
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Genetic susceptibility

The risk of lung cancer in subjects with a
family history of this tumour is about 2.5
{1781}. Given the strong link between
exposure to carcinogens (mostly tobacco smoke) and lung cancer, the study of
genetic polymorphisms as possible risk
modifiers has focused on enzymes
involved in Phase I/II-xenobiotic metabolism, DNA-repair and the effects on nicotine addiction.
Phase I
CYP1A1 bioactivates polycyclic aromatic
hydrocarbons (PAH). Several variant alleles are known (http://www.imm.ki.se/
CYPalleles/cyp1a1.htm). Two closely
linked polymorphisms, MspI at 6235 nt
and I462V, have been extensively studied in relation to lung cancer, yielding
inconsistent results. In a pooled analysis
an OR of 2.36 (95% confidence interval
(CI) 1.16 - 4.81) for the MspI homozygous variant genotype in Caucasians
was found {2086}. The OR was not significant for this variant in a meta-analysis
including both Caucasians and Asians
{870}. The frequencies of CYP1A1 allelic
variants are substantially lower in
Caucasians than in Asians and the functional significance has not been convincingly shown. PAH-exposed individuals
with variant CYP1A1 alleles had higher
levels of PAH-DNA adducts in WBC and
lung tissue {37}, particularly in conjunction with GSTM1 null.
CYP1B1 present in lung, bioactivates
many exogenous procarcinogens including PAH and also estrogens. There is
polymorphic inducibility in lymphocytes
{2004}. Five SNPs result in amino acid
substitutions, of which 2 are located in
the heme binding domain {1998}. Ser119
has been shown to be associated with
SCC in Japanese {2111}. Ethnic variation
in allelic frequency has been demonstrated.
CYP2D6 metabolizes clinically important
drugs and also the tobacco specific
nitrosamine, NNK (poor substrate).
Among at least 40 SNPs and different
allelic variants, many lead to altered
CYP2D6 activity. The much-studied
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association between lung cancer and
polymorphic expression of CYP2D6 has
remained inconsistent: A meta-analysis
reported a small decrease in lung cancer
risk for the poor metaboliser phenotype,
which the genotype analysis could not
confirm {1696}.
CYP2A13, a highly polymorphic gene, is
expressed in the human lung and efficiently bioactivates NNK. Among several
variant alleles, only one SNP is located in
the coding region, leading to an A257C
amino acid change; the 257C variant
was less active than the wild-type protein. Inter-ethnic differences in allelic
variant frequencies have been found
{2239A}. CYP2A6 is also important for
the bioactivation of NNK. There are several polymorphisms for this gene, with
some positive studies in Japanese {73}
and Chinese {1968}, but overall the data
are conflicting {1208,1642}.
The microsomal epoxide hydrolase
(MEH3) may affect lung cancer risk
based on pooled analysis of 8 studies
(His/His OR = 0.70, CI = 0.51-0.96),
which was not observed in a meta-analysis of the same studies {1154}. There are
some positive studies for MEH4 {1303,
2175,2240}.
Phase II
Glutathione-S-transferases (GST) detoxify tobacco carcinogens such as PAH by
conjugation. Individuals lacking GSTM1
(null polymorphism e.g. in 50% of
Caucasians) appear to have a slightly
elevated risk of lung cancer: A metaanalysis of 43 studies found an OR of
1.17 (CI 1.07 - 1.27) for the null genotype. When the original data from 21
case-control studies (9500 subjects)
were analysed no evidence of increased
lung cancer risk among null carriers, nor
an interaction between GSTM1 genotype
and smoking was found {144}. A basesubstitution polymorphism in GSTM1
seems to affect squamous cell cancer
risk in non-smokers {1228}. GSTM1
genotype affects internal carcinogen
dose levels: DNA adduct levels were
higher in lung tissue and white blood
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cells from GSTM1 null individuals
exposed to PAH {37}. Because adduct
levels are affected by a range of genetic
polymorphisms {697} results from all
GSTM1 studies were not consistent.
Among two GST-Pi polymorphisms studied, one in exon 6 has been associated
with lung cancer risk {1891,2106},
although other studies did not {944,
1447}. Studies of environmental tobacco
smoke further support a role of this polymorphism in lung cancer {1312}. Studies
on a deletion polymorphism in GST-T1
are mostly negative {944,1447,1891} or
contradictory for the “at-risk” allele {869}.
A role for younger persons with lung cancer has been suggested {1943}.
N-Acetyltransferases (NAT) 1 and 2 with
distinct but overlapping substrate specificities activate and/or detoxify aromatic
amines. From 11 studies on lung cancer
ORs, fast acetylation vs. slow NAT2
ranged from 0.5 – 3.0; most studies
found no significant association, but in
some, fast NAT2 acetylators were at
increased risk {2243}. The NAT1*10
allele, (a putative fast allele) has inconsistently been associated with an
increased risk for lung cancer.
Myeloperoxidase (MPO): 11 Lung cancer
case-control studies have reported ORs
from 0.54 - 1.39 for the G/A genotype,
0.20 - 1.34 for the A/A genotype and 0.58
- 1.27 for the (G/A + A/A) genotypes. A
large study did not find the A-allele to be
protective for lung cancer, while a metaanalysis (excluding this study) showed
marginally significant inverse correlations of the A/A and/or G/A genotype
prevalence and lung cancer risk {576}.
Carriers of the A-allele had a significantly reduced capacity to bioactivate B(a)P
into its epoxide in coal tar treated skin
{1678}.
DNA repair genes
DNA repair genes are increasingly studied, for example PADPRP (193bp deletion), XPD (Codons 751, 312), AGT
(Codons 143, 160), XRCC3 (Codon 241),
and XRCC1 (codons 194, 280 or 399).
As most study sizes were small, only a

few were statistically significant, including an OR of 1.86 (CI 1.02 - 3.4) for XPD
codon 312 (genotype AA) {260}, an OR
of 1.8 (1.0 - 3.4) for XRCC1 codon 280
(AA+AG) {1641}, and an OR of 2.5 (1.1 5.8) for XRCC1 Codon 399 (AA) {500A}.
In the latter study there was inconsistency among ethnic groups (Caucasians
OR 3.3, 1.2 - 10.7; Hispanics OR 1.4, 0.3
- 5.9). In one study {744} a strong effect
of PADPRP (193bp deletion) was
observed only in African-Americans (OR
30.3, 1.7 - 547) and in Hispanics (OR 2.3,
1.22 - 4.4), but not in Caucasians (OR
0.5, 0.1 - 1.9); the biological plausibility is
hard to assess {160, 161}.
hOGG1, which repairs oxidative DNA
damage (8-oxo-dG) {1045} has been
studied. Functional effects of the variants
and a few positive lung cancer associations have been reported {914,1145,
1899}.
In the p53 gene there is a genetic polymorphism in codon 72, and several haplotypes are known. A functional effect by
these variants has not been described,
but an association with lung cancer risk
was found {169,554,978,1193}. The risk
was more elevated in persons, when
combined with GSTM1 null {1193,2003}
and GST Pi {1313} variants. Also, an
interaction with CYP1A1 has been reported {978}.
Phenotypic DNA repair studies found
consistently an increased risk of lung

cancer associated with putative impaired
repair functions {160,161}.
Smoking behaviour and addiction
Evidence for a genetic component for
nicotine addiction (an obvious risk factor
for lung cancer) comes from twin studies
{291,805,806}. Most polymorphism studies have focused on dopamine neuronal
pathways in the brain, including genes
coding for dopamine receptors,
dopamine transporter reuptake (SL6A3)
and dopamine synthesis. Many of these
polymorphic genes result in altered protein function, but the data for any specific candidate polymorphism are not consistent {396,1163-1166,1482,1715,1800,
1864}.

p53 and GST genotypes {978,1193,
2003}, might be more important in younger
persons {1313}.
Conclusions
Studies on genetic polymorphisms and
lung cancer risk have identified a number of candidate genes involved in xenobiotic metabolism, DNA repair and possibly nicotine addiction. Certain variants of
these genes and combinations thereof
were shown to modify the risk of tobacco
related lung cancer. Their influence varied by ethnicity, by histological lung
tumour types, by exposure and by other
host-/life-style factors. Due to this complexity, to date lung cancer risk cannot
be predicted at an individual level.

Combinations
The risk modifying effect of any one SNP
may be more pronounced when it occurs
in combination with other ‘at risk’ genotypes of biotransformation and repair
enzymes implicated in pathways of a
given carcinogen. The combined genotypes for CYPs and GSTs have shown an
enhanced effect on lung cancer risk and
an impact on intermediate end-points (e.g.
DNA adduct level and mutations)
{117,260}. Gene-gene interactions for a
combination of GST polymorphisms
{944,1006,1024,1891} are known and
prospective studies confirmed the
increased risk {1570}. An interaction for

Genetic susceptibility

25

Squamous cell carcinoma

Definition
Squamous cell carcinoma (SCC) is a
malignant epithelial tumour showing keratinization and/or intercellular bridges
that arises from bronchial epithelium.
ICD-O code
Squamous cell carcinoma
Papillary carcinoma
Clear cell carcinoma
Small cell carcinoma
Basaloid carcinoma

8070/3
8052/3
8084/3
8073/3
8083/3

Synonym
Epidermoid carcinoma
Epidemiology - Etiology
Over 90% of squamous cell lung carcinomas occur in cigarette smokers
{1860}. Arsenic is also strongly associated with squamous cell carcinoma and
other causes are summarized in Table 1.
Sites of involvement
The majority of squamous cell lung carcinomas arise centrally in the mainstem,
lobar or segmental bronchi {2007}.
Imaging
Radiography. In central SCC, lobar or
entire lung collapse may occur, with shift
of the mediastinum to the ipsilateral side
{263,264,614,1676}. Central, segmental
or subsegmental tumours can extend
into regional lymph nodes and appear as
hilar, perihilar or mediastinal masses with
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or without lobar collapse {264}.
Peripheral tumours present as solitary
pulmonary nodules (< 3 cm) or masses
(> 3 cm). Squamous cell carcinoma is
the most frequent cell type to cavitate
giving rise to thick walled, irregular cavities with areas of central lucency on the
chest film. When located in the superior
sulcus of the lung, they are called
Pancoast tumours and are frequently
associated with destruction of posterior
ribs and can cause Horner’s syndrome.
The chest radiograph may be normal in
small tracheal or endobronchial tumours
{1820}. Hilar opacities, atelectasis or
peripheral masses may be associated
with pleural effusions, mediastinal
enlargement or hemidiaphragmatic elevation.
CT and spiral CT. The primary tumour
and its central extent of disease is usually best demonstrated by CT scan {614}.
Spiral CT may assess better the thoracic
extension of the lesion, reveal small primary or secondary nodules invisible on
chest radiograph, and exhibit lymphatic
spread.
PET scan. This is now the method of
choice to identify metastases (excluding
brain metastases which may require
MRI) {195,614,2061}. Bone metastases
are typically osteolytic.
Cytology
The cytologic manifestations of squamous cell carcinoma depend on the
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degree of histologic differentiation and
the type of sampling {673,936}. In a
background of necrosis and cellular
debris, large tumour cells display central, irregular hyperchromatic nuclei
exhibiting one or more small nucleoli with
an abundant cytoplasm. Tumour cells are
usually isolated and may show bizarre
shapes such as spindle-shaped and tadpole-shaped cells. They may appear in
cohesive aggregates, usually in flat
sheets with elongated or spindle nuclei.
In well-differentiated squamous cell carcinoma keratinized cytoplasm appears
robin’s egg blue with the Romanowsky
stains, whereas with the Papanicolaou
stain, it is orange or yellow. In exfoliative
samples, surface tumour cells predominate and present as individually dispersed cell with prominent cytoplasmic
keratinization and dark pyknotic nuclei.
In contrast, in brushings, cells from
deeper layers are sampled, showing a
much greater proportion of cohesive
aggregates.
Macroscopy and localization
The tumours are usually white or grey
and, depending on the severity of fibrosis, firm with focal carbon pigment
deposits in the centre and star-like retractions on the periphery. The tumour may
grow to a large size and may cavitate.
Central tumours form intraluminal polypoid masses and / or infiltrate through the
bronchial wall into the surrounding tis-

C

Fig. 1.08 Squamous cell carcinoma (SCC) cytology. A SCC with keratinization. Sheets of dysplastic and malignant cells. Isolated pleomorphic malignant cells with
several squamous ghosts. Bronchial brushing. Papanicolaou stain. B SCC without keratinization. Clusters of malignant cells with variation in nuclear shape, distinct nuclear chromatin and high nuclear:cytoplasmic ratio. Bronchial brushing. Papanicolaou stain. C SCC without keratinization, fine needle aspiration cytology.
Gaps between cells and distinct cell borders in this sheet of tumor cells identify the tumor as a squamous cell carcinoma. Papanicolaou stain.
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sues and may occlude the bronchial
lumen resulting in stasis of bronchial
secretions, atelectasis, bronchial dilatation, obstructive lipoid pneumonia and
infective bronchopneumonia. A minority
of cases may arise in small peripheral airways. This may be changing since a
recent study reported 53% of squamous
cell carcinomas were found in the peripheral lung {640}.
Tumour spread and staging
Central squamous cell carcinoma is
characterized by two major patterns of
spread: intraepithelial (in situ) spread
with or without subepithelial invasion,
and endobronchial polypoid growth
{391,1220}. Extensive intraepithelial
spreading is common in major bronchi,
and the epithelia of bronchial glands or
ducts may often be involved. Two patterns of early invasive squamous cell
carcinoma have been described: One
grows laterally along the bronchial
mucosa replacing surface epithelium,
with submucosal microinvasion and
involvement of the glandular ducts
(“creeping type”); the other appears as
small polypoid mucosal lesions with
downward invasion (“penetrating type”)
{1424}. Direct involvement of hilar mediastinal tissue including lymph nodes may
be encountered in advanced cases.
Peripheral squamous cell carcinoma
characteristically forms a solid nodule,
commonly with intrabronchiolar nodular
growth, intraepithelial extension, or both
{640}. In advanced cases, peripheral
squamous cell carcinoma may involve
the chest wall or diaphragm directly
through the pleura.
Staging is usually performed according to
the TNM system {738,2045}. In general,
squamous cell carcinoma tends to be
locally aggressive involving adjacent
structures by direct contiguity. Metastases to distant organs is much less frequent than in adenocarcinoma or other
histologic types of primary lung cancer
{1629}. For peripheral tumours less than 2
cm in diameter, regional lymph node
metastases are exceptional {77}. Tumours
with poorly differentiated histology may
metastasize early in their clinical course to
organs such as the brain, liver, adrenals,
lower gastrointestinal tract, and lymph
nodes. Locoregional recurrence after surgical resection is more common in squamous cell carcinoma than in other cell
types {276}.
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Fig. 1.09 Squamous cell carcinoma (SCC). A Peripheral SCC showing expansile growth, central necrosis
and pleural puckering. B Marked cavitation of an SCC arising in an 18 year-old male with HPV11 infection
and papillomatosis. C Central SCC arising in a lobar bronchus with bronchial and parenchymal invasion and
central necrosis. D Cenral bronchogenic squamous carcinoma with extensive distal obstructive changes,
including bronchiectasis.

Histopathology
Squamous cell carcinoma shows keratinization, pearl formation and/or intercellular bridges. These features vary with

A

degree of differentiation, being prominent in well-differentiated tumours and
focal in poorly differentiated tumours.

B

Fig. 1.10 Squamous carcinoma (SCC). A The endobronchial component of this SCC shows a papillary surface while the tumour has invaded through the bronchial wall superficially into the surrounding lung. Note
the postobstructive bronchiectasis. B Central bronchogenic SCC arising in the proximal left lower lobe
bronchus. Contiguous intralobar lymph node invasion, obstructive lipoid pneumonia and mucopurulent
bronchiectasis in the basal segments.
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Fig. 1.11 Squamous cell carcinoma (SCC). A Invasion of fibrous stroma. Squamous cell differentiation is evident by the keratin pearls and prominent keratinization.
Cytologic atypia with hyperchromatic nuclei indicates cytologic malignancy. B Squamous differentiation in these cytologically malignant cells, is manifest by the
squamous pearl and distinct intercellular bridges. C The squamous differentiation reflected by layers of keratin. From Travis et al. {2024}.

Papillary variant of SCC. This may show
exophytic and endobronchial growth in
some proximal tumors. Sometimes there
may be a very limited amount of intraepithelial spread without invasion; but invasion is seen in most cases {218,519}.
Clear cell variant of SCC is composed
predominantly or almost entirely of cells
with clear cytoplasm {634,971}. This variant requires separation from large cell
carcinoma, adenocarcinoma of the lung
with extensive clear cell change and
metastatic clear cell carcinoma from kidney.
Small cell variant is a poorly differentiated squamous cell carcinoma with small
tumour cells that retain morphologic
characteristics of a non-small cell carcinoma and show focal squamous differentiation. This variant must be distinguished from combined small cell carcinoma in which there is a mixture of squamous cell carcinoma and true small cell
carcinoma. The small cell variant lacks
the characteristic nuclear features of
small cell carcinoma having coarse or
vesicular chromatin, more prominent
nucleoli, more cytoplasm and more distinct cell borders. Focal intercellular
bridges or keratinization may be seen
{214,372,767,2024}.
Basaloid variant shows prominent
peripheral palisading of nuclei. Poorly
differentiated lung carcinomas with an
extensive basaloid pattern but lacking
squamous differentiation are regarded as
the basaloid variant of large cell carcinoma {604,1892,2024}.
Alveolar space-filling type of peripheral
SCC was recently described in which the
tumor cells fill alveolar spaces without
causing destruction of the alveolar
framework; this contrasts with an
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expanding type which causes destruction of the alveolar framework and the
lung architecture {640}. This type
appears to comprised only approximately 5% of peripheral SCCs {640}. Rare
non-keratinizing squamous cell carcinomas resemble a transitional cell carcinoma.

Electron microscopy
Squamous cell carcinomas show cytoplasmic intermediate keratin filaments,
which frequently aggregate to form
tonofilaments. The less well-differentiated carcinomas show few desmosomes
and lesser amounts of cytoplasmic filaments.
Immunohistochemistry
The majority of squamous cell carcinomas express predominantly high molecular weight keratin (34ßE12), cytokeratins
5/6, and carcinoembryonic antigen
(CEA). Many express low molecular
weight keratin (35ßH11) and very few
express thyroid transcription factor-1
(TTF-1) or cytokeratin 7 (CK7) {352,367,
634,1757}.
Differential diagnosis
Separation from large cell carcinoma is
based on the presence of squamous differentiation. Focal intracellular mucin can
be present. Even though invasive growth is
not identified, papillary SCC can be diagnosed if there is sufficient cytologic atypia.
Small biopsy specimens that show very
well differentiated papillary squamous
epithelium should be interpreted with caution since separation of a papillary squamous carcinoma from a papilloma can be
difficult. The pattern of verrucous carcinoma is very rare in the lung and is included
under papillary squamous carcinoma.
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Massive involvement of the anterior
mediastinal tissue can make differential
diagnosis from thymic squamous cell
carcinoma difficult and requires careful
correlation with operative and radiologic
findings. In the lung parenchyma, squamous cell carcinoma may entrap alveolar
pneumocytes, which sometimes results
in histological misinterpretation as
adenosquamous carcinoma {391}.
Squamous metaplasia with cytologic
atypia in diffuse alveolar damage (DAD)
may also raise concern for squamous
carcinoma. The presence of overall features of DAD such as hyaline membranes, diffuse alveolar septal connective tissue proliferation with pneumocyte
hyperplasia and bronchiolocentricity of
the squamous changes would favor a
metaplastic process.
Somatic genetics
Cytogenetics and CGH
Several differences have been found
between lung squamous cell carcinomas
and adenocarcinomas. Squamous cell
carcinoma of the lung is either a near
diploid or hyperdiploid-aneuploid neoplasm with mean chromosome numbers
in the triploid range {104,1582}.
Detection of aneuploidy by DNA measurement has been shown to be predictive for bad prognosis {1581}. Cytogenetics and CGH indicated a multitude
of alterations with amplifications of the
telomeric 3q region being most characteristic for the squamous carcinoma phenotype {1582}. Gain of 3q24-qter is present in the majority of squamopus cell carcinomas and in a minority of adenocarcinomas {104,176}. While the gene in the
amplicon has not been identified with
certainty, one candidate is the PIK3CA
gene, which encodes the catalytic sub-

A

B

Fig. 1.12 A Exophytic, endobronchial SCC with papillary growth pattern. B Squamous cell carcinoma, papillary variant. The well-differentiated squamous carcinoma is growing in a papillary pattern. From Travis et al. {2024}.

unit of phosphatidylinositol-3 kinase, an
essential component of many cell signaling pathways {104}. Deletions on the
short arm of chromosome 3 are also frequent. Additional recurrent alterations
are deletions on chromosomes 4q, 5q,
8p, 9p, 10q, 11p, 13q, 17p, 18q and 21q
along with overrepresentations of chromosomes 5p, 8q, 11q13 and 12p {104,
125,898,1301,1330,1582}. The number
of chromosomal imbalances accumulates during progression {370,1584}.
Small interstitial deletions have a tendency to increase in size resulting into a
deletion pattern similar to small cell carcinoma. In contrast, overrepresentations
of entire chromosome arms may condense into smaller amplicons. Specific
alterations, in particular deletions of
3p12-p14, 4p15-p16, 8p22-p23, 10q,
21q and overrepresentation of 1q21-q25,
8q11-q25 have been associated with the
metastatic phenotype {1584}.

A

Molecular genetics
Squamous cell carcinoma commonly
shows distinct molecular genetic characteristics. ErbB (EGFR, HER2/neu, KRAS)
pathway abnormalities are common in
non-small cell carcinoma but absent in
SCLC. An average of 84% of squamous
cell carcinomas are EGFR positive {608}.
Lung cancers with detectable levels of
epidermal growth factor receptor protein
are significantly more frequent among
squamous cell carcinomas than among
other types of lung tumour {152}.
HER2/neu expression, while relatively
frequent in adenocarcinoma, is relatively
rare in squamous cell carcinoma {845}.
While activating mutations of the KRAS
gene are frequent (~30%) in adenocarcinoma, they are rare in squamous cell
carcinoma.
Disruption of normal p53 gene function,
usually by point mutations, is frequent in
all types of lung cancers. Mutations,

while more frequent in SCLC, occur in
the majority of NSCLC tumours including
squamous cell carcinomas.
Disruption of the RB gene pathway is universal in lung cancers {981}. While mutations of the RB gene are the usual method
of disruption in SCLC, they are rare in
NSCLC. In NSCLC the mechanism of disruption is via the upstream pathway. In
particular, inactivation of p16Ink4 as
demonstrated by immunohistochemistry,
occurs via epigenetic or genetic mechanisms (homozygous deletions, mutations,
methylation), while cyclin D1 and E are
overexpressed {215}.
Most squamous cell carcinomas demonstrate large 3p segments of allelic loss,
whereas most adenocarcinomas and preneoplastic/preinvasive lesions have smaller chromosome areas of 3p allele loss
{2158} One well studied gene is FHIT
(fragile histidine triad) at chromosome
3p14.2, by deletions or by a combination

B

Fig. 1.13 A Squamous cell carcinoma. Difference histogram between metastatic and non-metastatic squamous cell carcinoma determined by CGH. Each tumor
group consist of 25 cases. The chromosomal imbalances determined by CGH are shown as incidence curves along each ideogram. Left side loss, right side gains
{1584}. B Squamous cell carcinoma, basaloid variant. The nests of tumour cells have prominent peripheral palisading of cells with less cytoplasm and more hyperchromatic nuclei than the tumour cells situated more centrally that have more abundant cytoplasm and prominent keratinization. From Travis et al. {2024}.
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of deletion and promoter region methylation {1855}. The status of another gene
located at 3p21.3, the RASSF1A gene,
while more frequently inactivated in
SCLC, does not demonstrate differences
in the methylation frequencies between
NSCLC types {238}.

Epigenetic gene silencing
The major mechanism is methylation,
although histone deacetylation plays an
important co-operative role. Most
silenced genes are known or suspected
tumour suppressor genes. The methylation profile varies with the tumour type
and the methylation rates of APC, CDH13
and RAR-beta are significantly higher in
adenocarcinomas than in squamous cell
carcinomas {2017}.
Gene expression profiles
Squamous cell lung carcinoma is characterized by high-level expression of keratin
genes and histologic evidence of keratinization. Markers of squamous cell lung
carcinoma have been analyzed using
oligonucleotide and cDNA microarray
hybridisation {163,661} and serial analysis of gene expression or SAGE
{623,1420}. When results are compared
across experimental platforms, significant overlap can be seen. Genes for keratin 5, 6, 13, 14, 16, 17, and 19 are prominent among the gene expression markers
for squamous cell lung carcinoma. Other
genes found as squamous cell lung carcinoma markers in more than one data
set include collagen VII alpha 1, galectin
7, the ataxia-telangiectasia group Dassociated protein, the s100 calcium
binding protein A2, and bullous pemphigoid antigen 1. In addition, squamous
cell lung carcinomas are characterized
by over-expression of the p53-related
gene p63. Using gene expression profile
generated by SAGE, a transcriptome
map integrating the gene expression profile along each arm of the human chromosomes has been generated {623}.
This transcriptome map revealed known
chromosome regions and a novel locus
with significantly altered gene expression
patterns in squamous cell carcinoma.
The identification of these molecular
changes may provide potential markers
for lung cancer.
Prognosis and predictive factors
Stage for stage, survival rate for squamous cell carcinoma is significantly bet-
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ter than for adenocarcinoma. Approximately 80% of patients with resected stage
1 (T1 N0 M0) squamous cell carcinoma
are alive at five years after diagnosis
compared to approximately 70% of similarly staged adenocarcinomas. Similar
differences are seen in the rate of survival between stage 2 squamous cell
carcinoma and stage 2 adenocarcinoma.
Histologic factors important in prognosis
are difficult to determine, although neoplasms that exhibit a great deal of necrosis are thought to be associated with a
worse prognosis than those neoplasm
that do not show necrosis.

Clinical criteria
Although clinical staging generally
underestimates the extent of the lesions,
the cTNM classification represents the
main prognostic factor with clear-cut survival difference between the surgical
cases and the rest (70% of the patients).
In non-surgical cases weight loss, poor
performance status and metastasis-related symptoms convey an adverse prognosis. In resectable tumours, advanced
age is a cause of increased post operative morbidity. The female gender is a
favourable factor in overall lung cancer
survival, but it is mainly clinically significant in adenocarcinoma and less in
squamous cancer. Race is not a prognosis factor when it can be separated from
socio-economic factors which affect the
outcome. Many biological tests have
been published, such as elevation of
Lactate Dehydrogenase (LDH) or serum
tumour markers, but they are not independent prognostic factors of cTNM
and/or weight loss in most cases.
Histopathological criteria
Currently, the stage of disease and the
performance status at diagnosis remain
the most powerful prognostic indicators
for survival for primary squamous cell
carcinoma. Nevertheless, histologic
subtyping carries independent prognostic information. For example, welldifferentiated squamous cell carcinoma
tends to spread locally within the chest
directly involving adjacent mediastinal
structures. Poorly differentiated squamous cell carcinoma tends to metastasize early and to distant sites. The alveolar space-filling pattern of peripheral
squamous cell carcinoma appears to
carry a more favourable prognosis
{641}
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Genetic predictive factors
Prognostic biomarkers of nonsmall cell
lung carcinoma (NSCLC) have been
identified, but not ultimately confirmed,
including the diminished expression of
cyclin-dependent kinase inhibitors, e.g.,
p16INK4A, p21WAF1, and p27KIP1, the
overexpression of cyclins, e.g., cyclin E,
members of growth factor signal transduction pathways, e.g., HER2 and
insulin-like growth factor-binding protein3, and the inactivation of tumour suppressor genes, e.g., Rb, and FHIT, and p53
{146,251,279,332,348,836,875,1007,
1327,1406,1432,1817,1856,2012}. P53
inactivation is not of prognostic significance in squamous cell carcinoma
{1331}. Epigenetic mechanisms such as
DNA methylation transcriptional silencing
of p16INK4A and genetic mutations of
p53 are examples of the different molecular mechanisms responsible for their
inactivation. p53 and FHIT mutations and
epigenetic transcriptional silencing of
p16INK4A are more frequent in squamous cell carcinomas compared to adenocarcinomas and in smokers compared
to never smokers {1007,1856,2012}.
Because most studies have examined a
relatively small number of NSCLC, they
have limited statistical power to compare
squamous cell carcinoma with the other
histological types. One strategy has been
to perform a meta-analysis of multiple
reports. For example, a meta-analysis of
43 articles revealed that p53 mutations
and/or accumulation predicted poor
prognosis of patients with adenocarcinoma, but not squamous cell carcinoma
{1331}. Loss of Rb predicts poor survival
of patients with squamous cell carcinoma
or adenocarcinoma {279}, whereas the
nuclear localization of the transcription
factor YB-1 is a prognostic factor only for
squamous cell carcinoma {1799}.

Small cell carcinoma

Definitions
Small cell carcinoma of the lung (SCLC)
A malignant epithelial tumour consisting
of small cells with scant cytoplasm, illdefined cell borders, finely granular
nuclear chromatin, and absent or inconspicuous nucleoli. The cells are round,
oval and spindle-shaped. Nuclear molding is prominent. Necrosis is typically
extensive and the mitotic count is high.

Combined small cell carcinoma
Small cell carcinoma combined with an
additional component that consists of
any of the histologic types of non-small
cell carcinoma, usually adenocarcinoma,
squamous cell carcinoma or large cell
carcinoma but less commonly spindle
cell or giant cell carcinoma.
ICD-O code
Small cell carcinoma
Combined small cell
carcinoma

8041/3
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carcinoma, intermediate cell type, and
mixed small cell/large cell carcinoma but
these are no longer recognised.
Clinical features
Signs and symptoms
Symptoms reflect central location and
locoregional spread, although stridor
and haemoptysis are comparatively rare
while hoarsness and vocal cord paralysis
are more common, when compared to
locoregional spread of squamous cell
carcinoma. However, clinical symptoms
more often reflect disseminated disease
(e.g bone marrow and liver metastases).
At the time of primary diagnosis, brain
metastases are diagnosed in a minority
of patients, but tend to develop during
the course of disease {568,933,1797}.
Paraneoplastic syndromes are also common in association with small cell carcinoma.

Fig. 1.15 Cluster of cells with scant cytoplasm,
nuclear molding and finely granular chromatin.
Absence of nucleoli.Incipient rosette formation.

not detected on radiographic studies. CT
depicts mediastinal nodal involvement
and superior vena caval obstruction with
greater detail than the chest radiograph.
Peripheral small cell carcinomas are
radiographically indistinguishable from
other pulmonary neoplasms.

8045/3

Synonyms
Previous classifications used terms such
as oat cell carcinoma, small cell anaplastic carcinoma, undifferentiated small cell
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Imaging
Small cell carcinomas appear as hilar or
perihilar masses often with mediastinal
lymphadenopathy and lobar collapse
{263,614}. Often, the primary tumour is

B

Fig. 1.14 Small cell carcinoma. A Central tumor extending toward the lung periphery in a sheath-like fashion around bronchovascular bundles. B Small cell carcinoma spreading along peribronchial lymphatics and
interlobular septa.

Cytology
Cytologic specimens show loose and
irregular or syncytial clusters, as well as
individual tumour cells frequently
arranged in a linear pattern {673,
936,2231}. Within cohesive aggregates,
nuclear moulding is well developed.
Mitoses are easily seen. Each neoplastic
cell has a high nuclear/cytoplasmic ratio
with an ovoid to irregular nuclear contour.
Well-preserved cells feature finely granular and uniformly distributed chromatin,
yielding the classic “salt and pepper”
quality, while poorly preserved cells have
a very dark blue structureless chromatin.
Conspicuous nucleoli are absent or rare
{1410,2099,2231}. Due to the fragility of
the malignant nuclei, chromatin streaks
are commonly seen in smears of all
types, but especially in aspiration biopsies and brushings. In addition, the
smear background often contains apoptotic bodies and granular necrotic
debris.
Macroscopy and localization
Tumours are typically white-tan, soft, friable perihilar masses that show extensive necrosis and frequent nodal involveSmall cell carcinoma
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Fig. 1.16 Small cell carcinoma. A Tumour cells are densely packed, small, with scant cytoplasm, finely granular nuclear chromatin and absence of nucleoli. Mitoses are frequent. B The fusiform (spindle cell) shape
is a prominent feature. The nuclear chromatin is finely granular and nucleoli are absent. C In this example,
cells are somewhat larger and show some cytoplasm as well as a few inconspicuous nucleoli. D Small cell
carcinoma with extensive necrosis. E Combined small cell carcinoma and adenocarcinoma. A malignant
gland is present within the small cell carcinoma. F Combined small cell and large cell carcinoma. The large
cell component has more cytoplasm and prominent nucleoli.

ment. Within the lung the tumour typically spreads along bronchi in a submucosal and circumferential fashion, often
involving lymphatics. Approximately 5%
of SCLC present as peripheral coin
lesions {427}.

A

Tumour spread and staging
The tendency for widespread dissemination at presentation has led to small cell
carcinoma being staged as limited versus extensive disease rather than using
the TNM system {1871}.

B

Fig. 1.17 Small cell carcinoma. A Many tumour cells show a cytoplasm staining with antibody to chromogranin. B CD56 immunoreactivity with a membranous staining pattern.
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Histopathology (including variants)
Architectural patterns include nesting,
trabeculae, peripheral palisading, and
rosette formation as shared by other neuroendocrine tumours. Sheet-like growth
without these neuroendocrine morphologic patterns is common. Tumour cells
are usually less than the size of three
small resting lymphocytes and have
round, ovoid or spindled nuclei and
scant cytoplasm. Nuclear chromatin is
finely granular and nucleoli are absent or
inconspicuous. Cell borders are rarely
seen and nuclear moulding is common.
There is a high mitotic rate, averaging
over 60 mitoses per 2mm2. The tumour is
by definition high grade, thus grading is
inappropriate. No in-situ phase is recognized. In larger specimens, the cell size
may be larger and scattered pleomorphic, giant tumour cells, dispersement of
nuclear chromatin prominent nucleoli,
extensive necrosis, brisk apoptotic activity, and crush artifact with encrustation of
basophilic nuclear DNA around blood
vessels (Azzopardi effect) may all be
seen {1470,2024}.
The combined small cell carcinoma variant refers to the admixture of non-small
cell carcinoma elements including squamous cell, adeno- and large cell carcinoma and less commonly spindle cell or
giant cell carcinoma. For combined small
cell and large cell carcinoma there
should be at least 10% large cells present {1470}.

Immunohistochemistry
While small cell carcinoma is a light
microscopic
diagnosis,
electron
microscopy shows neuroendocrine granules approximately 100 nm in diameter in
at least two-thirds of cases and immunohistochemistry is positive for CD56, chromogranin and synaptophysin in most
cases {1470}. Less than 10% of SCLC
are negative for all neuroendocrime
markers {750}. Small cell carcinoma is
also positive for TTF-1 in up to 90% of
cases {600,975}.
Differential diagnosis 10314
The differential diagnosis includes lymphoid infiltrates, other neuroendocrine
tumours, other “small round blue cell
tumours” (SRBCT), and primary or
metastatic non-small cell carcinomas.
Crush artifact can occur not only with
small cell carcinomas, but also carcinoids, lymphocytes of inflammation or

lymphomas and poorly differentiated
non-small cell carcinomas. In crushed
specimens some preserved tumour cells
must be seen for a SCLC diagnosis.
Immunohistochemical staining for cytokeratin vs leukocyte common antigen as
well as neuroendocrine markers and
TTF-1 may be helpful. Carcinoid
tumours, typical and atypical, do not
show the degree of necrosis, mitotic and
apoptotic activity of small cell carcinomas {1470,2024}. Other SRBCTs including primitive neuroectodermal tumours
(PNET) are less mitotically active than
SCLC but also mark for MIC-2 (CD99)
and not for cytokeratin or TTF-1 {765,
1214}. Positive staining for Cytokeratin
20, but not for Cytokeratin 7 or TTF-1 distinguishes Merkel cell carcinoma from
SCLC {326,351}.
Morphologic separation of SCLC from
NSCLC can be difficult {846,1240,1470,
2024,2089}. Examination of a good quality H&E stained section of well-fixed tissue is essential. The distinction does not
rest on a single feature but incorporates
cell size, nuclear: cytoplasmic ratio,
nuclear chromatin, nucleoli, and nuclear
molding. Corresponding cytology specimens may show much better-preserved
tumour cell morphology.
Histogenesis
While the precise cell of origin is not
known for SCLC, there is likely to be a
pluripotent bronchial precursor cell that
can differentiate into each of the major
histologic types of lung cancer. However,
within the spectrum of neuroendocrine
tumours, there is closer morphologic and
genetic similarity between large cell neuroendocrine carcinoma and small cell
carcinoma than either typical or atypical
carcinoid.
Somatic genetics
Cytogenetics and CGH
SCLCs are invariably aneuploid neoplasms although DNA cytometry frequently suggests a near diploid chromosome content. Cytogenetics and CGH
revealed a characteristic pattern of chromosomal imbalances with a high incidence of deletions on chromosomes 3p,
4, 5q, 10q, 13q and 17p along with DNA
gains on 3q, 5p, 6p, 8q, 17q, 19 and 20q
{104}. Chromosome 3p deletions are
present in nearly 100% of cases and are
often associated with a 3q isochromosome formation. Amplification of chromo-

A
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Fig. 1.18 Small cell carcinoma. Comparative genomic hybridization (CGH). A Chromosomal imbalances are
shown as incidence curves along each chromosome. Areas on the left side of the chromosome ideogram
correspond to loss of genetic material, those on the right side to DNA gains. B CGH analysis of the primary
tumour (C) and the metastasis (D) reveals a clonal relationship as evidenced by the high number of common
changes. Red, DNA losses. Green, DNA gains.

somal subregions occurs particularly
during tumour progression and in pretreated patients. DNA gain of chromosome 17q24-q25 is a potential marker for
brain metastasis formation {1583}.

Molecular genetic alterations
SCLC and pulmonary carcinoids are
classic neuroendocrine (NE) tumours
and they reflect all of the characteristic
features of NE cells. However while
SCLC is highly associated with smoking,
carcinoids are not. While these two NE
tumours share certain molecular abnormalities {269,727,1516}, there are also
differences. SCLC tumours have a higher rate of p53 mutations {1516} while car-

cinoids are characterized by mutations in
the menin gene {463}. There are similarities and differences in the genetic profiles of SCLC and NSCLC {269,727,
2244}. Most of these differences are relative. The absolute differences between
these two major divisions of lung cancer
are relatively few and include the presence of Ras gene mutations {1668} and
Cox-2 {827,1248} over expression in
NSCLC, while amplification of MYC {931}
and methylation of caspase-8 {1814}, a
key antiapoptotic gene, are characteristic of SCLC. While loss of cell cycle controls is a hallmark of cancers, the mechanism by which the two major types of
lung cancer achieve this aim are very difSmall cell carcinoma
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Table 1.10
Limited versus extensive staging system for small cell lung cancer (SCLC) {1796}.
Limited stage SCLC
> Patients with disease restricted to one hemithorax with regional lymph node metastases, including
hilar, ipsi-, and contralateral mediastinal, or supraclavicular nodes.
> Patients with contralateral mediastinal lymph nodes and supraclavicular lymph nodes since the
prognosis is somewhat better than that of distant metastatic sites.
> Patients with ipsilateral pleural effusion (benign or malignant)
Extensive stage disease
> All patients with disease who cannot be included in the limited stage.

ferent. Inactivation of the retinoblastoma
(RB) gene and overexpression of E2F1
are almost universal in SCLC {549,981}.
SCLC but rarely NSCLC, show more frequent inactivation of the 14-3-3 sigma
and p14arf, two important G2 checkpoint
genes {551,1471,1520}.
Most small cell lung carcinomas and
squamous cell carcinomas demonstrate
large 3p segments of allele loss, whereas most of the adenocarcinomas and
preneoplastic/preinvasive lesions have
smaller chromosome areas of 3p allele
loss {2158}. Because these regions are
gene rich, and the genes seldom demonstrate mutations, identification of the
TSGs took nearly two decades. Putative
TSGs have been identified at four widely
separated
regions,
3p12-13
(ROBO1/DUTT1), 3p14.2 (FHIT), 3p21.3
(multiple genes including RASSF1A,
FUS1, HYAL2, BAP1, Sema3B, Sema3F,
and beta-catenin at 3p21.3), and 3p24-6
(VHL and RAR-beta) {2228}. Of these,
the FHIT, RASSF1A and RAR-beta genes
are the best studied.
Mutations of the p53 gene are the most
frequent genetic abnormality identified in
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human cancers, and are more common
in SCLC than in NSCLC. Mutations are
the most common mechanism of deregulation of gene activity. The frequency,
type, and pattern of mutations in lung
cancer are strongly related to cigarette
smoking, with G to T transversions being
more common in smokers (especially
women) than in never smokers {1666}.
Multiple other changes occur frequently
in SCLC, including upregulation of the
proapoptotic molecule Bcl-2, activation
of autocrine loops (bombesin like peptides, c-kit/stem cell factor), upregulation
of telomerase, loss of laminin 5 chains
and inhibitors of matrix matalloproteinases, and expression of vascular growth
factors. In contrast to inactivation of
TSGs (most often by epigenetic phenomena, especially methylation), the genes
involved at sites of chromosomal gains
have seldom been identified (with the
exception of the MYC family). SCLC specific preneoplastic changes have not
been identified and little is known about
the molecular changes preceeding this
tumour, although frequent allelic losses
have been identified in histologically nor-
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mal or hyperplastic bronchial epithelium
adjacent to invasive tumours {2160}.

Gene expression profiles
Gene expression analysis can readily
identify markers for small cell lung carcinoma. Given the histological and
immunohistochemical features of neuroendocrine differentiation, it is not surprising that many of the gene expression
markers are neuroendocrine genes
including chromogranin B, chromogranin
C, and l-aromatic amino acid decarboxylase. Experimental studies of gene
expression in SCLC include analysis of
primary tumours by oligonucleotide
arrays {163}, analysis of primary tumours
with cDNA arrays {661}, and analysis of
cell lines with oligonucleotide arrays
{1901}. Strikingly, the three studies identify sets of overlapping genes. All three
studies identified insulinoma-associated
gene 1 (IA-1) and the human achaetescute homolog 1 (hASH1) as SCLC
markers. Two of the three studies identified forkhead box g1b (FOXG1B), the
Isl1 transcription factor, thymosin beta,
and tripartite motif-containing 9.
Prognosis and predictive factors
Adverse clinical prognostic factors
include ‘extensive’ stage of disease,
poor performance status, elevated
serum LDH or alkaline phosphatase, low
plasma albumin and low plasma sodium
levels {1523,1849}. No histologic or
genetic factors are predictive of prognosis {1470}. A small percentage of low
stage tumours may be successfully
resected.

Adenocarcinoma

Definition
A malignant epithelial tumour with glandular differentiation or mucin production,
showing acinar, papillary, bronchioloalveolar or solid with mucin growth patterns or a mixture of these patterns.
ICD-O codes
Adenocarcinoma
8140/3
Adenocarcinoma mixed
subtype
8255/3
Acinar adenocarcinoma 8550/3
Papillary adenocarcinoma 8260/3
Bronchioloalveolar
carcinoma
8250/3
Nonmucinous
8252/3
Mucinous
8253/3
Mixed nonmucinous and
mucinous or indeterminate 8254/3
Solid adenocarcinoma
with mucin production
8230/3
Variants
Fetal adenocarcinoma
8333/3
Mucinous (“colloid”) carcinoma
8480/3
Mucinous cystadenocarcinoma
8470/3
Signet ring adenocarcinoma
8490/3
Clear cell adenocarcinoma
8310/3
Epidemiology
Adenocarcinoma has surpassed squamous carcinoma as the most common
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histologic subtype of lung cancer in
many countries {391}. Although most
cases are seen in smokers, it develops
more frequently than any other histologic
type of lung cancer in individuals (particularly women) who have never smoked
{391,1002}.
Imaging
Compared to other lung cancers, adenocarcinomas are most frequently peripheral nodules under 4.0 cm in size {391,
614}. They infrequently present in a central location as a hilar or perihilar mass
and only rarely show cavitation. Pleura
and chest wall involvement is seen in
approximately 15% of cases and this is
more frequent than with other forms of
lung cancer. Hilar adenopathy is less frequent with adenocarcinoma than with
other forms of lung cancer.
Adenocarcinomas account for the majority of small peripheral cancers identified
radiologically. By CT screening, adenocarcinoma is often distinct from the other
histologic subtypes of lung cancer. Solid
nodules (solid-density), ground glass
opacities (non-solid, air-containing) and
mixed solid/ground glass (part solid,
subsolid) opacities are all recognized
patterns of adenocarcinoma {817,1050,
1425,1952}.
Increased use of CT has lead to
increased identification of small peripheral nodules, many of which prove to be
adenocarcinomas. The larger the propor-
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tion of solid compared to ground glass
component in a lung adenocarcinoma,
the greater the likelihood of invasive
growth and a less favorable outcome.
Cytology
Diagnosis of adenocarcinoma by cytology is based on a combination of individual cell cytomorphology and architectural features of cell clusters {673,
936,1826}. Adenocarcinoma cells may
be single or arranged in three-dimensional morulae, acini, pseudopapillae,
true papillae with fibrovascular cores
and/or sheets of cells. Borders of cell
clusters are typically sharply delineated.
Cytoplasm varies in volume but is usually relatively abundant. It is typically
cyanophilic and more translucent in
comparison with squamous cell carcinoma. In most cells the cytoplasm is distinctly homogeneous or granular and in
others is foamy due to abundant small
indistinct vacuoles. A single large mucinfilled vacuole may be prominent and, in
some cases, distends the cytoplasm and
compresses the nucleus to one margin,
forming a so-called signet-ring cell.
Nuclei are usually single, eccentric and
round to oval with relatively smooth contours and minimal nuclear irregularity.
Chromatin tends to be finely granular
and evenly dispersed in better-differentiated tumours and coarse and irregularly
distributed or hyperchromatic in poorly
differentiated tumours. In most tumours,

C

Fig. 1.19 A. Bronchioloalveolar carcinoma. High-resolution CT of a part-solid nodule in the right upper lobe in a 71 year-old women. Solid components are centrally located, surrounded by non-solid component. B Adenocarcinoma. This peripheral tumor consists of a lobulated white mass with central anthracosis and scarring. At the periphery there is a yellow area of bronchioloalveolar carcinoma with preservation of airspaces. C Adenocarcinoma. A predominantly bronchioloalveolar pattern prevailed histologically (alveolar spaces can just be seen on the tumour cut surface); the white and solid foci showed invasive disease.
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Fig. 1.20 Adenocarcinoma of mixed subtypes in a nonsolid nodule which developed a solid component. A High-resolution CT of a nonsolid nodule in the right middle lobe in a 76 year-old woman. B High resolution CT four years later shows the development of a solid component without any increase in the overall size of the
nodule. C One year later the solid component has increased.

nucleoli are prominent and characteristically they are single, macronucleoli,
varying from smooth and round to irregular.
Cytologic pleomorphism reflects histologic grade and has recently been
reported to be related, in part, to tumour
size. Morishita et al {1388} concluded
that cells from BAC less than 2 cm in
diameter are relatively small and round to
ovoid when compared with other smallsized adenocarcinomas (invasive adenocarcinoma).
Although certain cytologic features have
been proposed to favor a diagnosis of
BAC over other adenocarcinoma patterns {1218,1607}, the diagnosis of BAC
requires thorough histologic evaluation to
exclude the presence of invasive growth.
Mucinous BAC may be suggested based
on the cytologic features in the appropriate radiologic setting. BAC cells in washings and bronchoalveolar lavage tend to
be homogeneous with uniform, round,
smooth, pale nuclei and inconspicuous
nucleoli. BAC often shows clusters of uniform cells that display a three-dimensional “depth of focus”, especially with the

A

mucinous type, presumably due to their
abundant cytoplasm. Tissue fragments
in aspiration specimens may show histologic features such as growth along
intact alveolar septal surfaces {1218},
but this does not exclude an unsampled
invasive component. On occasion, individual BAC cells resembling alveolar
macrophages are dispersed in a smear
but can be recognized because nuclei
are rounder and larger than macrophage
nuclei and a few cohesive clusters are
usually present.
Currently, there are no established criteria for diagnosing AAH on cytology and
to distinguish it from nonmucinous BAC.
Anecdotally there is apparent overlap of
the cytologic features. The Early Lung
Cancer Action Project (ELCAP) has a
cytology protocol, which includes a category of lesions designated “atypical
bronchioloalveolar cell proliferation”
when the findings are suspicious for, but
not diagnostic of BAC {817,818}. The
designation applies to lesions, which,
when resected, may prove to be either
atypical adenomatous hyperplasia (AAH)
or BAC.

B

Macroscopy and localization
Pulmonary adenocarcinomas may be
single or multiple and have a wide range
in size. The vast majority of pulmonary
adenocarcinomas present with one of six
macroscopic patterns and these all have
corresponding radiologic correlates.
Combinations of these patterns may also
occur.
The most common pattern is a peripheral tumour {1809}. Gray-white central
fibrosis with pleural puckering may be
apparent. The central area underlying
pleural puckering is often a V-shaped
area of desmoplastic fibrosis associated
with anthracotic pigmentation. Invasion,
when present histologically, is identified
in areas of fibrosis and may be accompanied by necrosis, cavitation, and hemorrhage. The edges of the tumour may
be lobulated or ill defined with stellate
borders. In small tumours with a contiguous nonmucinous BAC pattern some
alveolar structure may be grossly apparent at the edge of the solid portion of the
nodule corresponding to the ground
glass opacity noted radiologically in
these lesions. Some peripheral adeno-

C

Fig. 1.21 Adenocarcinoma cytology. A Three-dimensional, large cluster of uniform malignant cells with distinct nuclear structure, nucleoli and finely vacuolated
cytoplasm. Bronchial brushing. Liquid Based Cytology. Papanicolaou stain. B Cohesive three-dimensional cluster with papillary pattern. Fine needle aspiration, conventional cytology. Papanicolaou stain. C This cluster of malignant cells lacks definite cytoplasmic borders but shows vacuolization. Pale nuclei have small but distinct nucleoli. Fine needle aspiration, conventional cytology. Papanicolaou stain.
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Fig. 1.22 Adenocarcinoma. A The malignant nuclei are ovoid with delicate smooth membranes and finely reticulated, evenly dispersed chromatin with small nucleoli and a single large nuclear pseudoinclusion. Cytoplasm is delicate and contains secretory vacuoles some of which contain mucin. Diff-Quik. B A cluster of tumor
cells is present in this sputum sample from a patient with a bronchioloalveolar carcinoma cells, mucinous type. The cells have relatively small bland nuclei with
smooth outlines, fine even chromatin, and inconspicuous nucleoli. The nuclear-to-cytoplasmic ratios are low as cytoplasmic mucin vacuoles occupy most of the
cellular volume. Papanicolaou stain. C This bronchial washing demonstrates the alveolar macrophage pattern of bronchiolalveolar carcinoma. Neoplastic cells are
individually dispersed. They have relatively low nuclear-to-cytoplasmic ratios and delicate, vacuolated cytoplasm. However, compared to the adjacent
macrophages, the nuclei are larger and hyperchromatic. Papanicolaou stain.

carcinomas may have a gelatinous quality due to abundant mucin production.
A second pattern of adenocarcinoma is a
central or endobronchial tumour {1042}.
The neoplasm may grow as a plaque or
in polypoid fashion with preservation of
the overlying mucosa. With increasing
degrees of bronchial luminal obstruction,
the distal parenchyma may show
obstructive “golden” (lipoid) pneumonia.
The third pattern is a diffuse pneumonialike, lobar consolidation with preservation
of underlying architecture, typical of
mucinous BAC.
A fourth pattern consists of diffuse bilateral lung disease. In some cases this
manifests as widespread nodules (varying from tiny to large) involving all lobes;
in other cases the appearance suggests
an interstitial pneumonia due to widespread lymphangitic spread of carcinoma.
In the fifth pattern, the tumour preferentially invades and extensively disseminates along the visceral pleura, resulting
in a rind-like thickening mimicking malignant mesothelioma (pseudomesotheliomatous carcinoma) {1060}.
Finally adenocarcinoma may develop in
the background of underlying fibrosis,
either a localized scar or diffuse interstitial fibrosis {391} Adenocarcinoma arising in association with a focal scar is
quite rare, in contrast to the relatively
common central secondary scarring that
develops in localized peripheral adenocarcinomas.
Tumour spread and staging
Adenocarcinoma spreads primarily by
lymphatic and hematogenous routes.

Aerogenous dissemination commonly
occurs in bronchioloalveolar carcinoma
and is characterized by spread of tumour
cells through the airways forming lesions
separate from the main mass.
Aerogenous dissemination can include
involvement of the same lobe or different
lobes in the ipsilateral and/or contralateral lung resulting in the multicentricity
seen in bronchioloalveolar cell carcinoma. Peripheral adenocarcinomas occasionally spread over the pleural surfaces
mimicking mesothelioma.
Approximately one fifth of newly diagnosed adenocarcinomas present with
distant metastases. Brain, bone, adrenal
glands and liver are the most common
metastatic sites {1629}. Isolated local
recurrence after resection is less common in adenocarcinoma than in other
non-small cell types {276}.
Adenocarcinomas are staged according
to the international TNM system {738,
2045}.
Histopathology
Adenocarcinomas mixed subtype. These
are the most frequent subtype, representing approximately 80% of resected
adenocarcinomas {1993}. In addition to
the mixture of histologic subtypes, different degrees of differentiation (well, moderate, poor) and cytologic atypia (mild,
moderate, marked) are typically encountered, varying from field to field and
block to block. Any of the histologic subtypes may have a component with a loss
of cellular cohesion with individual
tumour cells filling alveolar spaces.
The major individual histologic patterns/subtypes are acinar, papillary,

bronchioloalveolar, and solid adenocarcinoma with mucin production {2024}.
Adenocarcinomas consisting purely of
one of these histologic subtypes are
uncommon compared to the mixed histologic subtype, especially in larger
tumours. Well, moderate, and poorly differentiated histologies are recognized
among the acinar and papillary tumours.
The bronchioloalveolar pattern is virtually
always moderately or well differentiated.
The acinar pattern is characterized by
acini and tubules composed of cuboidal
or columnar cells which may be mucin

Fig. 1.23 Adenocarcinoma, summary of macroscopic growth patterns. Pattern 1 is the most common type: peripheral adenocarcinoma with desmoplastic fibrosis retracting the overlying pleura.
Pattern 2 is the central or endobronchial adenocarcinoma. Pattern 3 is the diffuse pneumonia-like
consolidation often associated with bronchioloalveolar or papillary growth. Pattern 4 represents the diffuse pleural thickening seen in
‘pseudomesotheliomatous carcinoma’ (see red
line). Pattern 5 is the adenocarcinoma arising in the
background of underlying fibrosis.
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Fig. 1.24 Acinar adenocarcinoma. A This tumour forms irregular-shaped glands with cytologically malignant
cells exhibiting hyperchromatic nuclei in a fibroblastic stroma. B Positive immunohistochemical staining for
TTF-1 in an acinar adenocarcinoma. The nuclear staining varies.

Fig. 1.25 Papillary adenocarcinoma. Tumour cells
show a complex papillary glandular proliferation
along fibrovascular cores. From Travis et al. {2024}.

mon in bronchioloalveolar carcinomas,
particularly the non-mucinous variant.
When there is marked alveolar collapse
with increase in elastic tissue in the thickened alveolar septa, distinction between
sclerosing BAC and early invasive adenocarcinoma may be difficult. Invasion is
generally characterized by significant
increase in cytologic atypia, a fibroblastic stromal reaction, and usually an acinar pattern of growth.
The non-mucinous variant of BAC typically shows Clara cell and/or type II cell
differentiation {2024}. Clara cells are recognized as columnar with cytoplasmic
snouts and pale eosinophilic cytoplasm.
Nuclei may be apical in location. Type II
cells are cuboidal or dome-shaped with
fine cytoplasmic vacuoles or clear to
foamy cytoplasm. Intranuclear eosinophilic inclusions may be present. In nonmucinous BAC there is no known clinical
significance in distinguishing Clara from
type II cells.
Mucinous BAC is by definition low grade,
composed of tall columnar cells with

basal nuclei and pale cytoplasm, sometimes resembling goblet cells, with varying amounts of cytoplasmic mucin and
typically showing mucin production with
mucus pooling in the surrounding alveolar spaces {2024}. Cytologic atypia is
generally minimal. Aerogenous spread is
characteristic and satellite tumours surrounding the main mass are typical.
Extensive consolidation is common,
sometimes with a lobar and/or pneumonic pattern. By convention small lesions,
even those a few millimeters in size,
showing this histology are considered
mucinous BAC.
Rarely BACs are composed of a mixture
of
mucinous
and
non-mucinous
cells.Mucinous and nonmucinous BAC
may be solitary lesions, multifocal or consolidative (eg lobar) and the latter two
are interpreted as aerogenous spread.
Most solitary BACs encountered are of
the nonmucinous subtype.
Solid adenocarcinoma with mucin is
composed of sheets polygonal cells
lacking acini, tubules, and papillae but

producing and resemble bronchial gland
or bronchial lining epithelial cells, including Clara cells {2024}.
The papillary pattern is characterized by
papillae with secondary and tertiary papillary structures that replace the underlying lung architecture {2024}. Necrosis
and lung invasion may be present.
Bronchioloalveolar carcinomas that have
simple papillary structures within intact
alveolar spaces are excluded from this
definition. The lining cells in papillary
adenocarcinoma may be cuboidal to
columnar, mucinous or non-mucinous
and some cases may mimic papillary
carcinoma of the thyroid. Some evidence
suggests a micropapillary pattern of adenocarcinoma, in which papillary tufts lack
a central fibrovascular core, may be
prognostically unfavourable {1335}.
A bronchioloalveolar carcinoma (BAC)
pattern shows growth of neoplastic cells
along pre-existing alveolar structures
(lepidic growth) without evidence of stromal, vascular, or pleural invasion {2024}.
Septal widening with sclerosis is com-
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Fig. 1.26 A,B Invasive adenocarcinoma. Central area of invasion in an adenocarcinoma that at the periphery consisted of a non-mucinous bronchioloalveolar carcinoma. Invasion is associated with a significant increase in cytologic atypia and myofibroblastic stroma.
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Fig. 1.27 Chest x-ray from an 18-year-old nonsmoking woman who presented with bilateral non-mucinous bronchioloalveolar carcinoma.

Fig. 1.28 Bronchioloalveolar carcinoma, non-mucinous subtype. Fine needle aspiration cytology
shows a cohesive cell group with variable nuclear
size, prominent nucleoli and perinucleolar clearing.

Fig. 1.29 Bronchioloalveolar carcinoma, non-mucinous. Cuboidal to columnar shaped cells grow
along alveolar walls in a lepidic fashion.

with mucin present in at least 5 tumour
cells in each of two high power fields
confirmed with histochemical stains for
mucin {2024}. Squamous carcinomas
and large cell carcinomas of the lung
may show rare cells with intracellular
mucin production, but this does not indicate classification as adenocarcinoma.
Adenocarcinoma with mixed histologic
patterns is an invasive tumour in which
there is a mixture of histologic subtypes.
The pathologic diagnosis of adenocarcinoma with mixed histologic patterns
should include the histologic subtype
with a comment about the pattern(s)
identified: for example “adenocarcinoma
with acinar, papillary and brochioloalveolar patterns”. The extent of the stromal
inflammation and fibrosis varies {391}.
Small tumours (<2 cm.) with a BAC component should be histologically sec-

tioned entirely to search for foci of invasion and to measure the size of fibrotic
scars. Complete sampling is required for
a diagnosis of localized nonmucinous
BAC. In tumours that exhibit a component of nonmucinous BAC, the size and
extent of invasion and scarring should be
noted, as these may have prognostic
importance. Tumours with localized fibrosis less than 5 mm. in diameter (regardless of the presence or absence of invasion) appear to have a 100% 5-year survival similar to localized BAC {1484,
1929,1993,2208} This localized fibrosis
differs from the mild alveolar septal sclerosis and elastosis that is common in
nonmucinous BAC. Central scars typically present as alveolar collapse with
dense elastosis or active fibroblastic proliferation; when invasive carcinoma is
present it is usually identified in regions

of active fibroblastic proliferation and
associated with increased atypia of the
neoplastic cells. In some cases the distinction between elastotic sclerosis with
trapping of airspaces lined by atypical
cells from foci of fibroblastic proliferation
with invasion may be difficult. In the setting of underlying diffuse interstitial fibrosis (from a variety of causes) there is significant fibrosis with honeycomb
changes. However, all histologic types of
lung cancer, not just adenocarcinoma,
may arise in this setting {91}.
Multifocal invasive adenocarcinomas
may be encountered. If a component of
nonmucinous BAC can be confirmed
contiguous with the invasive carcinoma,
a presumptive diagnosis of a primary
carcinoma can be made. Separate primary adenocarcinomas should be distinguished from satellite lesions that may be

A

B

Fig. 1.30 Bronchioloalveolar carcinoma, non-mucinous, subtype. A Cuboidal to columnar tumor cells grow
along alveolar walls. The monotony and crowding of the cells exclude a metaplastic process. From Travis
et al. {2024}. B Immunohistochemistry for surfactant apoprotein A.

Fig. 1.31 Bronchioloalveolar carcinoma, mucinous
subtype. There is a monotonous proliferation of
well-differentiated mucinous epithelium growing
along alveolar walls in a lepidic fashion with an
abrupt transition from tumor to normal alveolar
walls.
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Fig. 1.32 Bronchioloalveolar carcinoma, mucinous subtype. A Computed tomography of a mucinous bronchioloalveolar carcinoma that presented as diffuse bilateral lung disease. B Macroscopy of mucinous bronchioloalveolar carcinoma, producing consolidation of a lobe without discrete mass formation. C Closer view of
the macroscopy of another mucinous bronchioloalveolar carcinoma shows multiple tiny nodules.

encountered adjacent to the main
tumour. Histologic disimilarity between
the tumours also favors separate primaries. A definitive diagnosis of multifocality
requires proof of molecular/genetic differences between the tumours, but such
studies are often not feasible. Whether a
tumour is classified as a separate primary or an intrapulmonary metastasis
has implications regarding staging.

Fetal adenocarcinoma
Synonyms: well differentiated fetal adenocarcinoma, pulmonary adenocarcinoma of fetal type, pulmonary endodermal
tumour resembling fetal lung.
This is a distinctive adenocarcinoma
variant consisting of glandular elements
composed of tubules of glycogen-rich,
non-ciliated cells that resemble fetal lung
tubules. Subnuclear and supranuclear
glycogen vacuoles give the tumour an
endometrioid appearance. Rounded
morules of polygonal cells with abundant
eosinophilic and finely granular cytoplasm are common {2024} (and resemble squamous morules in endometrioid
adenocarcinomas). Some cases show a

A

clear cell pattern. Rarely, fetal adenocarcinomas are associated with other histologic types of lung cancer including
other subtypes of adenocarcinoma. Most
fetal adenocarcinomas are well differentiated; Nakatani, et al {1436} has recently
described a variant designated poorly
differentiated fetal adenocarcinoma.
When fetal adenocarcinoma is associated with a sarcomatous primitive blastemal stroma the tumour is classified as
pulmonary blastoma.

Mucinous (“colloid”) adenocarcinoma
A lesion identical to their counterparts in
the gastrointestinal tract, with dissecting
pools of mucin containing islands of neoplastic epithelium {2024}. The epithelium
in such cases may be extremely well differentiated and sometimes tumour cells
float within the pools of mucin.
Mucinous cystadenocarcinomas
A circumscribed tumour that may have a
partial fibrous tissue capsule. Centrally
there is cystic change with mucin pooling
and the neoplastic mucinous epithelium
grows along alveolar walls.

B

Fig. 1.33 A Solid adenocarcinoma with mucin formation. This poorly differentiated subtype of adenocarcinoma shows a substantial number of intracytoplasmic mucin droplets as seen on this periodic acid Schiff
stain after diastase digestion. B Well-differentiated fetal adenocarcinoma, growing in glands with
endometrioid morphology, including squamoid morules. Tumour cells are columnar, with clear cytoplasm
that often has subnuclear vacuoles similar to endometrial glands. From Travis et al. {2024}.
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Signet ring adenocarcinoma
Signet ring adenocarcinoma in the lung
is usuallly a focal pattern associated with
other histologic subtypes of adenocarcinoma. Exclusion of a metastasis, particularly from the gastrointestinal tract is
important.
Clear cell adenocarcinoma.
This morphological feature is most often
focal, but rarely it may be the major component of the tumour (clear cell adenocarcinoma) and it may occur in any of the
major patterns of adenocarcinoma {391,
2024}. Metastatic renal cell carcinoma is
an important consideration in such
cases.
Immunohistochemistry
The immunohistochemical features of
adenocarcinomas vary somewhat with
the subtype and the degree of differentiation. Expression of epithelial markers
(AE1/AE3, CAM 5.2, epithelial membrane
antigen, and carcinoembryonic antigen)
is typical {391}. CK7 is more frequently
expressed than CK20 {1702}. TTF-1
staining is usually present, especially in
better-differentiated tumours {1137,
2201}. In TTF-1 positive cases, a negative
thyroglobulin helps to exclude metastatic
thyroid carcinoma. Staining for surfactant
apoprotein is seen less frequently than
TTF-1 but is more problematic due to
potential absorption of surfactant by
metastatic tumour cells from the surrounding lung {14}. Mucinous tumours,
especially mucinous BAC may represent
exceptions, being TTF-1 negative and
positive for CK7 and frequently CK20
{1136,1790}.
Differential diagnosis
The differential diagnosis includes
metastatic adenocarcinoma, mesothe-
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Fig. 1.34 A Mucinous (“colloid”) adenocarcinoma.This subpleural tumor has a lobulated gelatinous tan-white surface. B Mucinous (“colloid”) adenocarcinoma.
The tumour consists of pools of mucin flooding airspaces and spreading in a permeative fashion into adjacent alveolar tissue. At low power microscopy the neoplastic cells are difficult to discern. C Mucinous (“colloid”) adenocarcinoma. There is abundant mucin within alveolar spaces. Scattered clusters of tumour cells
are present within the pools of mucin. Columnar mucinous epithelial cells line fibrotically thickened alveolar walls. D Signet ring adenocarcinoma. Tumour cells
contain abundant cytoplasmic mucin that pushes the nucleus to the periphery. Stromal invasion adjacent to bronchial cartilage (left). From Travis et al. {2024}.

lioma, AAH, and reactive pneumocyte
atypia associated with scars or organizing alveolar injury.
Patients with metastatic adenocarcinoma
usually have a history of primary carcinoma and present with multiple lesions in
the lung. Obtaining the histologic slides
from the primary carcinoma for comparison with the histology of the lung lesion
can be very informative. If the lesion in
the lung is solitary, differentiation
between primary and metastatic carcinoma may be more difficult. The presence
of heterogeneity of histologic subtypes is
characteristic of lung adenocarcinoma
and this feature may be helpful in separating pulmonary primary from metastatic adenocarcinomas, since the latter
tend to be more homogeneous. The
presence of a bronchioloalveolar carcinoma (BAC) component favours primary
adenocarcinoma of the lung over a

metastasis. However, some metastatic
adenocarcinomas may rarely spread
along the alveolar septa and mimic bronchioalveolar carcinoma.
Adenocarcinomas of the lung often show
differentiation toward Type II cells or
Clara cells and express markers found
normally in these cell types. Up to 60% of
pulmonary adenocarcinomas express
surfactant proteins (SP-A, pro-SP-B, proSP-C) {138}. Thyroid transcription factor
1 (TTF-1), a transcription factor that plays
an important role in the lung specific
expression of surfactant proteins, is
expressed in up to 75% of pulmonary
adenocarcinomas {2232}. Metastatic
adenocarcinomas with the exception of
carcinomas of thyroid origin are negative
for TTF-1. Negative mucin stains and
positive staining for thyroglobulin help
separate metastatic thyroid carcinoma
from an adenocarcinoma of the lung.

This topic is discussed in more detail
below in the section on metastases.
Cytokeratin (CK) 7 and CK20 may also
be useful in differentiating primary versus
metastatic adenocarcinoma {1702}. Most
pulmonary adenocarcinomas have a
CK7
positive,
CK20
negative
immunophenotype. One exception is
mucinous BAC, which is usually positive
for CK20 and negative with TTF-1. The
differentiation of mucinous BAC from
metastatic colonic adenocarcinoma,
which is also typically CK20 positive, is
aided with positive staining for the CDX2
homeobox gene {110,2124}. Prostate
specific antigen, prostatic acid phosphatase and gross cystic disease fluid
protein 15 may identify metastatic adenocarcinomas of prostate and breast origin, respectively {403,1780}.
Differentiation between pulmonary adenocarcinoma and epithelioid malignant
Adenocarcinoma
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mesothelioma should include clinical,
macroscopic and microscopic, as well
as immunohistochemical and/or electron
microscopic analysis. This is addressed
in detail in the pleural chapter. A typical
workup should include a mucin stain,
pan cytokeratin, and at least 2 general
adenocarcinoma markers (e.g. CEA,
CD15, or MOC 31), a marker specific for
pulmonary adenocarcinoma (TTF-1) and
2 mesothelioma markers (e.g. calretinin,
cytokeratin 5/6) {286,395}. When examined under the electron microscope,
microvilli of malignant mesothelioma are
more slender than those of pulmonary
adenocarcinoma. In malignant mesothelioma, the ratio of length to diameter often
exceeds 10 {2107}.
The separation of a small peripheral nonmucinous BAC from AAH may be difficult. No single criterion suffices and this
distinction must be based on a constellation of features. Nonmucinous bronchioalveolar carcinoma is typically >5
mm. size with marked cellular stratification, high cell density and marked overlapping of nuclei, coarse nuclear chromatin and the presence of nucleoli,
columnar cell change with cellular
crowding, and micropapillary tufting.
AAH usually shows no more than one of
these features. Marked pneumocyte
atypia may be encountered adjacent to
lung scars and associated with organizing alveolar injury. In the latter situation a
history of pneumonia or prior chemotherapy or radiation is very helpful. In both
situations the presence of a heterogeneous population of metaplastic cells,
including ciliated cells, and a relative
lack of cellular crowding and cytologic
monotony (which favor adenocarcinoma)
are important.
Prominent bronchiolar metaplasia in
fibrotic lesions such as usual interstitial
pneumonia may be confused with adenocarcinoma. The presence of papillary
or invasive growth and abundant intracytoplasmic mucin favors adenocarcinoma.
Grading
Histological grading is a qualitative
assessment of tumour differentiation and
is an important component of the pathology report. Grading of pulmonary adenocarcinomas is based on conventional
histological criteria, including the extent
to which the architectural pattern of the
tumour resembles normal lung tissue,
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Fig. 1.35 Adenocarcinoma. Chromosomal imbalances of 30 primary lung adenocarcinomas. The chromosomal imbalances are shown as incidence curves along each chromosome. Areas on the left side of the chromosome ideogram correspond to loss of genetic material, those on the right side to DNA gains. The frequency of the alterations can be determined from the 50% and 100% incidence lines depicted parallel to the
chromosome ideograms. DNA changes with 99% significance are coloured in blue, additional changes with
95% significance are depicted in green. The proportion of pronounced DNA imbalances are visualised in
red. They are most likely to represent high copy amplifications or multi copy deletions.

and cytologic atypia. The amount of each
component should be considered.
Typically, three grades are used. Well
(grade 1), moderate (grade 2), and poorly differentiated (grade 3) tumours are
recognized among acinar and papillary
adenocarcinomas. The bronchioloalveolar pattern is virtually always well or moderately differentiated, whereas solid adenocarcinomas are poorly differentiated. If
there is evidence of more than one grade
of differentiation in a tumour, the least differentiated component should be recorded as the histological grade.
Histogenesis
Attempts to identify the cell of origin for
lung adenocarcinomas has been frustrated by the diversity of epithelial cell types
lining the airways, the propensity of lung
adenocarcinomas to undergo phenotypic shifts during tumour progression, and
the consequent morphologic heterogeneity among different lung adenocarcinomas and even within individual
tumours. The phenotypic expression is
influenced by anatomic location.
Centrally located tumours arising from
the large bronchi typically consist of a
combination of columnar cells and mucinous cells. These central adenocarcinomas likely arise from the bronchial
epithelium or bronchial glands. The
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absence of a recognized preinvasive
lesion for these central adenocarcinomas
has handicapped efforts to trace their
origin to a specific progenitor cell.
Most adenocarcinomas develop in the
lung periphery. By light microscopy,
electron microscopy, immunohistochemistry and gene expression analysis, these
peripheral adenocarcinomas are composed of cells that closely resemble type
II pneumocytes and Clara cells {163,481,
661,800} and these cells are identified as
the likely cells of origin {1021,1377,
1521}. AAH is recognized as a preinvasive lesion for peripheral lung adenocarcinomas (particularly non-mucinous
bronchioloalveolar carcinomas) {2125}.
In AAH, the epithelial cells consist mostly of type II pneumocytes; Clara cells are
more likely to be seen in bronchioloalveolar carcinomas than in AAH {481,800,
1022}.
Somatic genetics
Cytogenetics and CGH
Lung adenocarcinoma may be near
diploid with only simple numerical chromosome changes, in particular loss of
the Y chromosome and gains of autosomes 1 and 7. Alternatively, they may
be hyperdiploid but also, even less commonly, hypodiploid, particularly the latter
state being associated with extensive

numerical and structural aberrations. The
mean chromosome number is near the
triploid range {104,1330}. The most frequent chromosomal imbalance is 1q
overrepresentation {1582}. It is probably
responsible for the inherent higher
capacity of adenocarcinoma for hematogenous dissemination compared to
squamous cell cancer because gain of
the centromeric 1q region is also associated with metastasis formation {698}.
Other frequently observed imbalances
are deletions on chromosomes 3p, 4q,
5q, 6q, 8p, 9, 13q and gains on 5p, 8q,
20q {104,125,698,898,1301,1330,1582}.
The CGH pattern can be helpful in the
differentiation from squamous cell carcinoma {1582} and in particular mesothelioma {178,1075}.

Molecular genetics
The genetic alterations in adenocarcinoma include point mutations of dominant
oncogenes, such as the K-ras gene, and
tumour suppressor genes such as p53
and p16Ink4. K-ras mutations occur in
approximately 30% of adenocarcinomas
{1837} but are rare in other lung cancers.
Most mutations are in codon 12, with
smaller numbers in codon 13 and rarely
in codon 61. They are more common in
cancers arising in smokers. Mutations
result in constant downstream signaling
resulting in proliferative stimuli. Mutations
have also been described in the putative
precursor lesion, atypical adenomatous
hyperplasia. p53 mutations are also a
negative prognostic factor for limited
stage adenocarcinoma {432,1331}.
Increased expression of p27, one of the
cell cycle regulators, correlates with better tumour differentiation and more
favourable prognosis {2200}. p16Ink4
inactivation by multiple mechanisms
occurs frequently in adenocarcinomas
and may be smoking related {1300}.
LKB1/STK11, the gene responsible for
Peutz-Jeghers syndrome, is reported to
be frequently inactivated in adenocarcinoma of the lung {1733}. Other important
changes frequent in adenocarcinomas,
but also present in smaller numbers of
other non-small cell carcinomas, are
over-expression of the HER2/Neu and
COX-2 genes.
Expression profiles
Recently, using the microarray technique, several genome-wide analyses
have been reported. For example, using

gene expression profiling, lung carcinomas have been subdivided into several
groups and it has been possible to discriminate primary cancers from metastases of extrapulmonary origin {163,661,
1332,1638,2147}. The abnormal expression of genes involved in maintaining the
mitotic spindle checkpoint and genomic
stability contributes to the molecular
pathogenesis and tumour progression of
tobacco smoke-induced adenocarcinoma of the lung {1332}. Alterations in cell
cycle genes have also been identified in
lung adenocarcinoma using gene
expression profiling {1830}.
Gene expression profiles revealed by
microarray analyses have been found to
be of prognostic significance in adenocarcinomas. Two studies have focused
on classifying lung adenocarcinomas
{163,661} using hierarchical clustering
{535} to identify sub-classes in an unbiased fashion. Two of these subclasses
are highlighted below. One adenocarcinoma subgroup is comprised of tumours
that express neuroendocrine markers,
such as l-aromatic amino acid decarboxylase, the human achaete-scute
homolog 1 (hASH1), and insulinomaassociated 1. This expression pattern
was associated with a significant
decrease in patient survival when compared to other adenocarcinomas {163}.
Adenocarcinoma group 1 of the cDNA
microarray expression study {661}
shared significant patterns of relatively
high-level gene expression with adenocarcinoma group C4 in the oligonucleotide array study {163}. These studies
identified a subset of adenocarcinoma
that appeared to express markers of
alveolar type II pneumocytes {661}. High
relative expression levels of surfactant
protein genes and several other shared
genes, including BENE, cytochrome b5,
and selenium-binding protein 1, characterize these two groups. These samples
were often diagnosed as bronchioloalveolar carcinomas {163} and appear to
form a clear and distinct branch within
the adenocarcinomas. More recently, a
risk index compiling the relative expression of 50 genes was developed to identify high or low risk groups of Stage I adenocarcinomas that correlated inversely
with patient survival {133} Using an independent, non-selective gene expression
analysis method, serial analysis of gene
expression or SAGE {623,1420} demonstrated that lung adenocarcinoma

exhibits distinct molecular characteristics as observed by the oligonucleotide
microarray {163}. Furthermore, SAGE
analyses also identified the down regulation of several p53 regulated genes and
the over expression of immuno-related
genes in lung adenocarcinoma {1420}.
Matrix-assisted laser desorption/ionisation mass spectrometry has been utilized
to classify lung tumors based on their
proteomic profile. In one study, proteomic spectra were obtained for 79 lung
tumors and 14 normal lung tissues
{2194}. More than 1600 protein peaks
were detected from histologically selected 1 mm diameter regions of single
frozen sections from each tissue. Classprediction models based on differentially
expressed peaks enabled the classification of lung cancer histologies, distinction between primary tumors and metastases to the lung from other sites, and
classification of nodal involvement with
85% accuracy {2194}.
Prognostic and predictive factors
Radiologic features
Lesions with a component of ground
glass opacity found in the context of CT
screening, when resected, were found to
be 1) atypical adenomatous hyperplasia,
if very small, and when larger either 2)
bronchioloalveolar carcinoma or 3)
mixed adenocarcinoma with BAC and
other patterns {819,1324,1425}. Kodama
et al. {1039} showed that the groundglass component correlates with the
bronchioloalveolar carcinoma component in the histologic specimen.
CT screening which started in 1993 in
Japan, showed long-term survival of
patients with nodules to be associated
with ground glass opacity {1038,1039,
2112,2192}. All of these studies show a
more favourable prognosis for patients
with tumours having a larger groundglass component than a solid component, with long-term survival rates of up
to 100%. Suzuki {1926} showed that
none of the 69 cases of lung cancer
found in sub-solid nodules had lymph
node metastases and all were alive with
a median follow-up time of 35 months.
Takashima et al found that the presence
of air bronchograms was an independent
predictor of prognosis {1951}.

Histopathological criteria
Histological grading has prognostic
implications. In general, patients with
Adenocarcinoma
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poorly differentiated adenocarcinomas
have more local recurrences and lymph
node metastases than patients with well
or moderately differentiated tumours
{371}. However, histological grade may
not be of prognostic importance in
peripheral T1 adenocarcinoma {408}.
The papillary pattern, including cases
with a micropapillary pattern, appears to
represent an unfavorable prognostic
finding {1335,1484,1825}.
Histologic parameters that correlate with
unfavourable prognosis include high histologic grade and vascular invasion
{391}. Also considered promising, as
unfavourable prognostic indicators are
increased mitotic activity, relatively few
tumour infiltrating lymphoid cells, and
extensive tumour necrosis {391,1934}.
Histologic assessment that relates to
stage (pleural invasion, evaluation of
resection margins, assessment of sampled lymph nodes, search for intrapulmonary metastases) are all important
and should be carefully evaluated in
each case.
The diagnosis of bronchioloalveolar adenocarcinoma (BAC) is restricted to cases
showing no pleural, vascular, or stromal
invasion. In some series this applies to
up to 20% of resected adenocarcinomas
{1993}. The 5-year survival for localized
resected BAC is 100% {1484,1929,1993,
2208} Recent studies {1929,1993,2208}
suggest that adenocarcinomas with a
predominant BAC pattern and central
scarring less than 0.5 cm in tumours of 3
cm or less in diameter or p-T1 tumors,
(regardless of the issue of invasion) have
a similar, very favourable prognosis. Up
to 30% of resected adenocarcinomas
may be in this category {1993}.
In a study by Maeshima et al small adenocarcinomas (less than 2.0 cm) showing a bronchioloalveolar pattern without a
central desmoplastic reaction showed
100% survival at ten years. The prognostic effect of the stromal reaction in small
adenocarcinomas is important. Cases
with central scars less than 0.5 cm in
diameter (even if stromal invasion is
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Fig. 1.36 Kaplan-Meier curves of lung adenocarcinoma subgroups based on cDNA microarray gene
expression profiling. Group 3 carcinomas with the
worst prognosis shared with large cell carcinomas
the expression of genes involved in tissue remodeling. Reproduced from Garber et al. 2001 {661}.

present in this focus) have a very
favourable prognosis {1222,1929,1993,
2208}.
These data, the radiologic studies above
{1038,1039,1952,2112,2192}, and other
recent studies {912} suggest that limited
resection (eg. wedge resection) may be
reasonable for small (< 2 cm., with good
CT correlation, and entirely sectioned
histologically) noninvasive peripheral
tumours lacking active central fibrosis.
Additional prospective confirmatory
studies are necessary. This approach
would render the distinction between
AAH and BAC less critical for small
lesions that have been entirely removed.
Ishiwa et al. {912} showed that 13 of 54
patients (24%) with adenocarcinomas <2
cm. lacking fibroblastic proliferation and
invasion (BAC) had no lymph node
metastases on routine sectioning and
with cytokeratin staining looking for
micrometastases.
Bronchioloalveolar differentiation and
never-smoking history predicts sensitivity
to IRESSA in advanced non-small cell
lung carcinoma {1321}.

Genetic predictive factors
There are no universally accepted genetic factors predictive of prognosis that
have become part of routine clinical
practice at the present time. Some prom-

Tumours of the lung - Malignant epithelial tumours

ising preliminary studies have appeared.
K-ras oncogene activation by point mutation correlates with poor survival and is
also associated with the effect of
chemotherapy at advanced stage
{1670}. Another important prognostic
factor is p53 gene mutation. The negative prognostic effect of p53 alteration is
highly significant especially in adenocarcinoma both at the protein and DNA level
{1331}. Also predictive of poor survival is
the overexpression of p185neu (c-erbB2
oncogene-encoded protein) {1451}.
Mutations in the EGFR gene have been
found in patients who respond to the inhibor of the EGFR signaling pathway IRESSA (gefinitib) {1217,1530}.
Testing 3 molecular markers — c-Ki-ras,
p53, and c-erbB2 – appears to improve
the estimation of prognosis {1767}. In
addition to these gene alterations, prognostic significance has been reported in
many genes, although this is still controversial. For example, while expression of
p21WAF1 is associated with favourable
prognosis, expressions of cyclin D and
bcl-2, and inactivation of retinoblastoma
and p16 genes are associated with poor
prognosis {589,1012,1479,2092}
Several studies using gene expression
profiling have begun to identify prognostically significant subsets of lung adenocarcinoma {163,661,715}.
Loss of heterozygosity at chromosomes
2q, 9p, 18q, and 22q occurs frequently in
advanced non-small cell lung carcinoma
(NSCLC) plays an important role in the
progression of NSCLC and predicts poor
survival {1813}. Although reports of functional losses of the repair genes in adenocarcinoma have been infrequent, there
have been reports that allelic imbalances
at 9p and 22q with p53 alteration corre
lates with shortened survival {2011}.

Large cell carcinoma

Definition
Large cell carcinoma is an undifferentiated non-small cell carcinoma that lacks
the cytologic and architectural features
of small cell carcinoma and glandular or
squamous differentiation.
ICD-O codes
Large cell carcinoma

8012/3

Large cell neuroendocrine carcinoma
8013/3
Combined large cell neuroendocrine carcinoma
8013/3
Basaloid carcinoma
8123/3
Lymphoepithelioma-like
carcinoma
8082/3
Clear cell carcinoma
8310/3
Large cell carcinoma with
rhabdoid phenotype
8014/3
Synonyms
Large cell carcinoma has previously
been called large cell anaplastic carcinoma and large cell undifferentiated carcinoma. Before the description of large
cell neuroendocrine carcinoma terms
such as large cell neuroendocrine
tumour {769}, neuroendocrine carcinoma
with intermediate differentiation {2109},
atypical endocrine tumour of the lung
{1283}, and large cell carcinoma of the
lung with neuroendocrine differentiation
{2135} were used for tumours that we
now call large cell carcinoma with neuroendocrine differentiation. LCNEC was
described in 1991 {2026}; basaloid car-
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cinoma was described in 1992 {216} and
both tumours were recognized as distinct
clinicopathological entities by the WHO
in the 1999 classification {2024}.
Epidemiology
Large cell carcinoma accounts for
approximately 9% of all lung cancers
{2029} in most studies {916,1957}. Large
cell
neureoendocrine
carcinoma
accounts for about 3% of lung cancer
{916}. All types predominate in smokers,
except lymphoepithelioma-like carcinoma. Average age at diagnosis is about
60 and most patients are male {216,916,
1390,2026}. Lymphoepithelioma-like carcinoma (LELC) is a very rare tumour, but
represents 1% of lung tumours in China,
affects younger, mostly female patients
(mean age 57) and only 40% are smokers {324,331,340,770,771,2168}.
Clinical features
Signs and symptoms
Symptoms are common with those of
other NSCLC. Most tumours are peripheral except basaloid carcinoma. Ectopic
hormone production is uncommon in
LCNEC {475}.

Relevant diagnostic procedures
Large cell carcinomas have no particular
distinguishing radiological features. The
appearance depends on the site of the
tumour {614}. Large cell carcinomas,
except basaloid carcinoma, occur pref-

B

Fig. 1.37 A Peripheral LCC with cream-white foci of necrosis, central scar and anthracotic pigmentation.
The periphery shows a homogeneous grey cut surface. B Large tumour cells have abundant cytoplasm with
large nuclei, vesicular nuclear chromatin and prominent nucleoli. No glandular or squamous differenciation. From Travis et al. {2024}.

Fig. 1.38 Large cell carcinoma. In this bronchial
brushing specimen, a loose syncytial aggregate of
obviously malignant cells is present. The nuclei
have thick very irregular membranes, coarsely
granular and dark chromatin, and prominent and
irregular nucleoli. No evidence of specific differentiation is apparent. Papanicolaou stain.

erentially in the lung periphery, so that
tumours may be accessible by transthoracic fine needle aspiration biopsy as
well at bronchoscopy. Specific diagnosis
of LCC and variants can only be reliably
achieved on surgical material.
Cytology
Most cases of LCC do not have specific
discriminating cytologic features. Most
cytologic samples show cellular aggregates; less often cells are dispersed.
Cellular borders are indistinct so syncytia
form haphazardly {673,936,1826}. Nuclei
vary from round to extremely irregular
{255} with irregular chromatin distribution. Nucleoli are generally very prominent. Cytoplasm is basophilic, usually
scant with a high nuclear-to-cytoplasmic
(N/C) ratio.
LCNEC shows neuroendocrine features
(nuclear palisading and molding), but
are distinguished from SCLC by the
presence of prominent nucleoli and

Large cell carcinoma

45

A

B

C

D

Fig. 1.39 Large cell neuroendocrine carcinoma. A Note numerous rosettes. B Palisading at the periphery
of the nests of tumour cells and rosettes can been seen. Necrosis is present and mitoses are numerous
From Travis et al. {2024}. C High magnification shows details of rosettes and nuclei with vesicular chromatin. D Palisading and rosette-like formations. Numerous mitoses. The nuclear chromatin is vesicular and
many cells have prominent nucleoli. From Travis et al. {2024}.

nuclei larger than 3 times the diameter of
a small resting lymphocyte. {2132,2197}.
Basaloid carcinoma in smears consists
of both individual tumour cells and cohesive aggregates. Well developed nuclear
palisading can be discerned at the
periphery of some cellular aggregates.
Lymphoepithelioma-like
carcinomas
show cohesive flat syncytia {364}.
Spindle-shaped tumour cells have solitary large nuclei with huge nucleoli, intimately admixed with numerous small
lymphocytes.
Macroscopy and localization
Large cell carcinomas typically present
as large, peripheral masses, frequently
identified on chest radiographs, but

A

which may also involve subsegmental or
large bronchi. The tumour often invades
visceral pleura, chest wall, or adjacent
structures. Sectioning reveals a soft,
pink-tan tumour with frequent necrosis,
occasional hemorrhage and rarely, cavitation.
Large cell neuroendocrine carcinomas
are often peripheral. In contrast basaloid
carcinomas characteristically show exophytic bronchial growth {216}.
Tumour spread and staging
The pattern of spread of large cell carcinoma is similar to other non-small cell
lung carcinomas. Metastases occur most
frequently to hilar or mediastinal nodes
followed by metastases to the pleura,

B

A

B
Fig. 1.40 A Ultrastructural aspect of neuroendocrine cells in a large cell neuroendocrine carcinoma. Numerous dense core neurosecretory granules are present in the cytoplasm. B Ultrastructural
features in a combined large neuroendocrine carcinoma showing within the same cell acinus formation with apical microvilli and typical neurosecretory granules.

liver, bone, brain, abdominal lymph
nodes
and
pericardium
{1875}.
Micrometastases detected in hilar nodes
have no significant impact on prognosis
in otherwise stage I tumours {703}.
Specific subtypes of large cell carcinoma differ in their pattern of spread,
response to therapy and ultimate prognosis. Large cell neuroendocrine carcinoma {916,1272,1957,2028} combined
large cell neuroendocrine carcinoma
{1709}, large cell carcinoma with rhabdoid phenotype {304,350,1803} and
basaloid carcinoma {216,1390} have a
worse prognosis than classic large cell
carcinoma. Recent studies have report-

C

Fig. 1.41 Large cell neuroendocrine carcinoma. A Chromogranin immunostaining shows a granular cytoplasmic pattern. B NCAM (CD56) immunostaining with typical membrane pattern. C TTF1 (thyroid transcription factor one) immunoreactivity with a typical nuclear pattern.
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ed both a better prognosis and better
response by lymphoepithelial like carcinoma to both chemotherapy and radiation therapy {302,324,331,340,770}. The
clinical behavior of clear cell carcinoma
is similar to typical large cell carcinomas
{971}.
Stage distribution for LCC at diagnosis is
as seen in other NSCLC. Large cell neuroendocrine carcinomas are often stage
III-IV at diagnosis. Basaloid carcinoma is
frequently operable at presentation but
prognosis is worse than that of other
NSCLC and brain metastases are more
frequent {1390}.
Histopathology

Large cell carcinomas
These are, by definition, poorly differentiated tumours. It is a diagnosis of exclusion made after ruling out the presence
of a component of squamous cell carcinoma, adenocarcinoma or small cell carcinoma. They consist of sheets or nests
of large polygonal cells with vesicular
nuclei with prominent nucleoli, and a
moderate amount of cytoplasm.
Ultrastructurally minimal squamous or
glandular differentiation is common.
Large cell neuroendocrine
carcinoma
Large cell neuroendocrine carcinoma
(LCNEC) shows histological features
such as organoid nesting, trabecular
growth, rosettes and perilobular palisading patterns, suggesting neuroendocrine
differentiation {2024,2026} The tumour
cells are generally large, with moderate

A

Fig. 1.42 This large cell neuroendocrine carcinoma is combined with an acinar adenocarcinoma. From
Travis et al. {2024}.

to abundant cytoplasm. Nucleoli are frequent, prominent and their presence
facilitates separation from small cell carcinoma. Mitotic counts are typically 11 or
more (average 75) per 2 mm2 of viable
tumour. Large zones of necrosis are
common. Confirmation of neuroendocrine differentiation is required using
immunohistochemical markers such as
chromogranin,
synaptophysin
and
NCAM (CD56) {1128}. One positive
marker is enough if the staining is
clearcut. Around 50% of LCNEC express
TTF-1 {1216,1892,1894}, but expression
of CK 1, 5, 10, 14, 20 (34ßE12) is uncommon {1892,1893}.

Combined large cell neuroendocrine carcinoma
A large cell neuroendocrine carcinoma
with components of adenocarcinoma,
squamous cell carcinoma, giant cell carcinoma and/or spindle cell carcinoma.
Like small cell carcinoma, a small percentage of large cell neuroendocrine
carcinomas are histologically heterogeneous. In view of the many shared clinical, epidemiologic, survival, and neuroendocrine properties between large
cell neuroendocrine carcinoma and
small cell carcinoma, we have arbitrarily
chosen to classify these tumours as
combined large cell neuroendocrine car-

B

Fig. 1.43 Combined large neuroendocrine carcinoma. A NCAM (CD56) immunostaining in the large cell neuroendocrine component. Note the typical cell membrane
pattern. B Combined large neuroendocrine carcinoma associated with an adenocarcinoma. The large neuroendocrine carcinoma is immunostained with chromogranin antibody.
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foamy cytoplasm. Tumour cells may or
may not contain glycogen.

Fig. 1.44 Basaloid carcinoma at high magnification showing peripheral palisading and monomorphic cells
with dense chromatin and unconspicuous nucleoli.

cinoma until future studies better define
their biologic behavior. Combinations
with small cell carcinoma also occur, but
such tumours are classified as combined
variants of small cell carcinoma.

Basaloid carcinoma
This tumour shows a solid nodular or
anastomotic trabecular invasive growth
pattern, with peripheral palisading.
Tumour cells are relatively small,
monomorphic, cuboidal fusiform, with
moderately hyperchromatic nuclei, finely
granular chromatin and absent or focal
nucleoli. Cytoplasm is scant but nuclear
molding is absent. Mitotic rate is high
(15-50 per 2 mm2). Squamous differentiation is absent. Most basaloid carcinoma
have hyalin or mucoid degeneration in
the stroma. Frequent small cystic spaces
are seen. Comedo type necrosis is common. Rosettes are seen in one third of
cases. Immunohistochemical stains for
neuroendocrine markers are geneally
negative. In 10% of cases, one neuroendocrine marker may be positive in less
than 20% of tumour cells. Cytokeratin

A

expression is as seen in NSCLC, and
includes CK 1, 5, 10, and 14 (34ßE12),
markers. Basaloid carcinoma does not
express TTF-1 {1892}.

Lymphoepithelioma-like carcinoma
Pulmonary lymphoepithelial-like carcinoma is characterized by a syncytial
growth pattern, large vesicular nuclei,
prominent eosinophilic nucleoli, and
heavy lymphocytic infiltration {302,324,
331,340,770} It has predominantly pushing border, infiltrating in the form of diffuse sheets. The prominent lymphoid
reaction consists of mature lymphocytes
often admixed with plasma cells and histiocytes with occasional neutrophils or
eosinophils. The lymphoid component is
seen even in metastatic sites. In rare
cases, there is intratumoural amyloid
deposition. EBER-1 RNA is present in the
nuclei of the large undifferentiated neoplastic cells.
Clear cell carcinoma
Clear cell carcinomas have large polygonal tumours cells with water-clear or

B

Large cell carcinoma with rhabdoid
phenotype
In large cell carcinoma with rhabdoid
phenotype, at least 10% of the tumour
cell population must consist of rhabdoid
cells, characterized by eosinophilic cytoplasmic globules {304}, consisting of
intermediate filaments, which may be
positive for vimentin and cytokeratin
{304,1803}. Pure large cell carcinomas
with a rhabdoid phenotype are very rare.
Small foci of adenocarcinoma {1803},
and positive neuroendocrine markers
may be seen. Ultrastruscturally the
eosinophilic inclusions are composed of
aggregates of large intra cytoplasmic
paranuclear intermediate filaments. Cells
with rhabdoid features may be seen
focally in other poorly differentiated
NSCLC.
Differential diagnosis
The differential diagnosis of large cell
carcinoma (NOS) includes poorly differentiated squamous cell carcinoma in
which foci of keratinization and/or intercellular bridges are present and solid
type adenocarcinoma, where a minimum
of 5 mucinous droplets are present in at
least 2 high power fields. The major differential diagnosis for LCNEC is atypical
carcinoids (AC) and basaloid carcinoma.
LCNEC is distinguished from atypical
carcinoid primarily by a higher mitotic
index (11 or more per 2mm2) and usually
more extensive necrosis. Differential
diagnosis between LCNEC and basaloid
carcinoma is more difficult on H&E morphology alone and is usually achieved
using neuroendocrine markers, since
both tumours disclose palisading and
one third of basaloid carcinoma show
rosettes. Cytokeratins 1, 5, 10, 14 are

C

Fig. 1.45 Basaloid carcinoma. A Palisading is conspicuous at the periphery of the nests of tumour cells which are hyperchromatic, with relatively scant cytoplasm
{2024}. B Lobular pattern with peripheral palisading, comedo type necrosis and some rosettes. C 34ßE12 immunostaining for cytokeratins 1, 5, 10, 14.
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A
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Fig. 1.46 Lymphoepithelioma-like carcinoma. A Large tumour cells intermixed with a lymphoid infiltrate. Note the abundant cytoplasm, vesicular chromatin and
prominent nucleoli. From Travis et al. {2024}. B Epstein-Barr virus-encoded small RNA (EBER RNA) expression in the nuclei of large undifferentiated neoplastic cells
but not in the surrounding lymphocytic infiltrate. In situ hybridization.

expressed (34ßE12) in other NSCLC but
are typically negative in LCNEC
{1892,1893}. Basaloid carcinoma must
be distinguished from poorly differentiated squamous carcinoma. Although initially described with 2 forms, one pure
and one mixed, the latter is now considered as the basaloid variant of squamous
cell carcinoma. Occurrence of even focal
squamous differentiation favors the diagnosis of basaloid variant of squamous
carcinoma. Small cell carcinoma enters
the differential diagnosis of basaloid carcinoma due to their small cell size and
high mitotic rate, but nuclear to cytoplasmic ratio is higher in SCLC and nuclear
chromatin is vesicular rather than finely
granular.
The prominent inflammatory cell infiltrate,
which characterises lymphoepitheliomalike carcinoma, may lead to considera-

A

tion of inflammatory pseudotumour,
malignant lymphoma {1262}, or primary
lymphoid hyperplasia of the lung. A
panel of immunohistochemical stains
allows recognition of the malignant
epithelial cells, characteristically patchy
in distribution, as well as CD8+ expression by the lymphocytic infiltrate.
Clear cell carcinoma of the lung resembles metastatic clear cell carcinomas
arising in organs such as the kidney, thyroid and salivary gland. If squamous or
glandular differentiation is seen, the
tumour is classified as a clear cell variant
of squamous cell or adenocarcinoma,
respectively.
Precursor lesions
There is no precursor lesion identified for
large cell carcinoma except for basaloid
carcinoma. Adjacent squamous dyspla-

sia in one third of basaloid carcinoma,
their pattern of infiltration, and both their
immunophenotype and ultrastructure
characteristic of bronchial reserve cells
{216,222,1281}, supports an origin from
bronchial preneoplastic lesions. Lymphoepithelioma-like carcinoma is characterised by the presence of EBV viral
sequences, reflecting viral (EBER1)
dependent transformation of lung epithelial cells.
Histogenesis
These tumours originate from a common
pluripotent progenitor cell capable of
multidirectional differentiation {1282,
2024}. Neuroendocrine differentiation in
LCNEC does not imply origin from a specific neuroendocrine cell. In contrast to
carcinoid tumours, LCNEC is not associated with diffuse neuroendocrine hyper-

B

Fig. 1.47 A Rhabdoid type large cell carcinoma. Tumour cells have large globular eosinophilic cytoplasmic inclusions. The nuclear chromatin is vesicular and nucleoli are prominent. From Travis et al. {2024}. B Clear cell carcinoma with numerous tumour cells showing clear cytoplasm.
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contrast with lymphoepithelioma-like carcinoma, which present at extended
stage but have better prognosis than
NSCLC. A direct correlation between
larger tumour size and high stage and
titre of EBV serology has been demonstrated in lymphoepithelioma-like carcinoma {331}. There is no significant difference in the prognosis between LCNEC
and SCLC after stratification by stage.
There is a significantly shorter survival for
stage I LCNEC as compared with stage I
NSCLC {1957} and stage I large cell carcinoma {916}. The outcome of carefully
staged LCNEC may be better than prrevious studies have indicated {2229}.

Fig. 1.48 DNA copy number changes in 18 classical (non-neuroendocrine) large cell carcinomas detected
by CGH. Areas on the left side of the chromosome ideogram reflect loss of genetic material, those on the
right side to DNA gains. DNA changes with 99% significance are coloured in blue, additional changes with
95% significance are depicted in green. The proportion of pronounced DNA imbalances are visualised in
red; they typically represent high copy amplifications or multiple copy deletions.

plasia, tumourlets or MEN1 mutations
{464} Cells of basaloid carcinoma display the immunohistochemical and ultrastructural phenotype of reserve suprabasal bronchial cells. {216,222, 1281}
Clear cell and rhabdoid variants of LCC
probably reflectf the pluripotent capacity
of the LC progenitor cell.
Somatic genetics
Cytogenetics and CGH
Large cell carcinoma of the lung is mostly an aneuploid neoplasm with the highest mean chromosome number and DNA
content of all lung cancer types being in
the near triploid range or above {1581}.
Accordingly, the karyotypes are complex
and indicate a high chromosomal instability {1330} of which the major biological
effect is probably the generation of DNA
copy number changes. The CGH pattern
of classical, non-neuroendocrine large
cell carcinoma shows similarities to lung
adenocarcinoma and squamous cell carcinoma like overrepresentations on 1q
and 3q {178,898}. In particular, the
tumours harbour imbalances that have
been associated with progression and
metastasis formation, e.g. amplifications
of 1q21-q22, 8q and deletion of 3p12p14, 4p, 8p22-p23, 21q. Large cell neuroendocrine carcinoma may carry very
similar chromosomal imbalances as
small cell lung carcinoma {898,2051,
2052}.
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Molecular genetics
Large cell carcinomas share the molecular and genetic alterations commonly
seen in NSCLC, since it is a poorly differentiated tumour issued from the same
stem cells, exposed to the same carcinogens. K-ras mutations, P53 mutations
and Rb pathway alteration (loss of
P16INK4, hyperexpression of cyclin D1
or E) occurs with the same frequency as
in other NSCLC. Large cell neuroendocrine carcinomas have P53 and Rb
mutational patterns in addition to inactivation pathways similar to SCLC {212,
215,217,1516,1622}: a high frequency of
P53 mutation, of bcl2 overexpression,
lack of bax expression {217}, high telomerase activity, but lower frequency of Rb
/ P14ARF loss of protein, and of E2F1
overexpression than SCLC {549,550}.
They display a low frequency of P16 loss,
cyclin D1 and cyclin E overexpression,
and lack MEN1 mutation and allelic deletion. Fas is downregulated but its ligand
FasL is strongly upregulated {2083}.
Prognosis and predictive factors
Clinical criteria
Clinical prognostic criteria are not different from other NSCLC. The major criterion is performance status at diagnosis
and the disease extension reflected by
the TNM and stage. Although most basaloid carcinomas present as stage I-II
tumours, they bear a dismal prognosis in
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Histopathological criteria
It is controversial whether the presence
of neuroendocrine differentiation demonstrated by immunohistochemistry has
any prognostic signficance in NSCLC
(NSCLC-NED). Some studies indicate a
worse prognosis {841,916,1566}, others
a better prognosis {289,1759} and others
show no difference in survival {651,1833,
1905}. In addition studies have suggested NSCLC-NED have a better prognosis
{735} or no difference in response to
chemotherapy {1448}.
Genetic predictive factors
The genetic predictive factors of large
cell carcinoma should correspond to
those of general primary lung carcinoma.
However, one variant of large cell carcinoma – large cell neuroendocrine carcinoma (LCNEC) – has specific genetic
characters similar to SCLC: allelic losses
of 3p21, FHIT, 3p22-24, 5q21, 9p21, and
the RB gene. All of these markers correlate with poor prognosis in neuroendocrine carcinoma including LCNEC.
Both p53 gene loss and point mutation
also correlate with poor survival {1516}.

Adenosquamous carcinoma

Definition
A carcinoma showing components of
both squamous cell carcinoma and adenocarcinoma with each comprising at
least 10% of the tumour.
ICD-O Code

8560/3

Clinical features
Signs and symptoms
The frequency of adenosquamous carcinoma is between 0,4-4% of lung carcinomas {586,909,1445,1867,1950,2203}.
Their incidence might be rising parallel to
the increase of adenocarcinoma {1868}.
The majority of patients are smokers.
Clinical presentation and behavior is similar to adenocarcinoma.

Imaging and relevant diagnostic procedures
Since most tumours are peripheral their
diagnosis can be assessed by bronchoscopy in segmental or subsegmental
bronchi, or by transthoracic needle biopsy. However their recognition is sampling
dependent, the likelihood of identifying
both components in small samples is
small, and diagnosis is more definitive on
surgical samples. Radiographic features
are not different from those of non-small
cell carcinoma; peripheral tumours may
show central scarring and indentation or
puckering of the overlying pleura. Some
may display a rim of ground glass opacity.

Histopathology
As there is a continuum of histological
heterogeneity with both squamous cell
and adenocarcinoma, the criterion of
10% for each component is arbitrary.
Since some squamous cell carcinomas
show focal mucin on histochemical
stains the adenocarcinoma component is
more easily defined if it shows an acinar,
papillary or bronchioloalveolar pattern.
Well-defined squamous cell carcinoma
and adenocarcinoma are evident on light
microscopy, the squamous cell carcinoma showing unequivocal keratin or intracellular bridges and the adenocarcinoma
showing acini, tubules or papillary structures. The diagnosis of an adenocarcinoma component is difficult if it is confined
to a solid pattern with mucin formation.
More than 5 mucin droplets per high
power field are then required for a diagnosis of adenocarcinoma. The two components may be separate or may merge
and mingle. The squamous or the glandular component may be predominant or
may be seen in equal proportion. The
degree of differentiation of each component is not interdependent and is vari-
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able. A component of large cell carcinoma may be present in addition to the 2
other components but does not change
the diagnosis. The same stromal features
with or without inflammation occur as in
other non-small cell lung carcinomas.
Cases with amyloid-like stroma have
been described {2217}, as seen in salivary
gland
type
neoplasms.
Ultrastructural features are those of
squamous carcinoma and adenocarcinoma. By electron microscopy features
of both cell types are common but
tumour classification is based on light
microscopy. Immunohistochemical findings also recapitulate both squamous
and adenocarcinoma characteristics.
They express cytokeratins with a wide
molecular weight range including
AE1/AE3, CAM 5.2, KL1, and CK7 but
usually not CK20. EMA is positive and
TTF-1 positivity is confined to the adenocarcinoma component.
Differential diagnosis
The differential diagnosis includes
entrapment of alveolar or bronchiolar acinar structures within a squamous cell

Macroscopy and localization
Adenosquamous carcinomas are usually
located in the periphery of the lung and
may contain a central scar. They are
grossly similar to other non-small cell
carcinomas.
Tumour spread and staging
Metastases usually show the same combination of squamous and glandular differentiation as the primary. The spread of
adenosquamous carcinoma is similar to
other non-small cell carcinomas. They
show early metastases and a poor prognosis {84}.

Fig. 1.49 Adenosquamous carcinoma. The tumour consists of squamous cell carcinoma (left) and papillary
adenocarcinoma (right). From Travis et al. {2024}.
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carcinoma. This should not be mistaken
for glandular differentiation of the cancer.
Similarly, adenocarcinoma may be associated with squamous metaplasia of
entrapped bronchiolar structures.
Mucoepidermoid carcinoma enters the
differential diagnosis. Arising from
bronchial glands, low-grade mucoepidermoid carcinoma are centrally located
and show histologic features identical to
their salivary gland counterpart, with mixture of mucinous glands, intermediate or
squamoid cells, with no or mild atypia.
High grade mucoepidermoid carcinoma
is more difficult to differentiate from
adenosquamous carcinoma. In favour of
mucoepidermoid carcinoma is the characteristic admixture of mucinous and
squamoid cells, a proximal exophytic
endobronchial location, areas of classic
low grade mucoepidermoid carcinoma,
absence of keratinisation or squamous
pearl formation without overlying in situ
squamous cell carcinoma {2217,2221},
or tubular, acinar, and papillary growth
pattern. These two lung tumours cannot
be distinguished reliably in all cases
{1348}.
Histogenesis
The cell of origin is believed to be a
pluripotential bronchial reserve cell. It
has been proposed that adenocarcinomas according to their central (bronchial)
or peripheral (alveolar parenchyma)
location arise from two distant stem cells,
bronchial epithelial and Clara cell type
respectively {402} with different mutational patterns. Since most adenocarcinomas have mixed patterns combining
both central (acinar, solid) and peripheral (bronchioloalveolar, papillary) adenocarcinoma patterns, it is likely they originate, like adenosquamous carcinoma,
from a common intermediate bronchialClara type II cell type.
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Fig. 1.50 Adenosquamous carcinoma showing a squamous cell lobule on the left, adjacent to an acinar adenocarcinoma on the right.

Somatic genetics
There is no information specifically available on adenosquamous carcinoma with
regard to cytogenics and CGH, expression profile and proteomics. The molecular genetic alterations of each component are those characteristic of squamous and adenocarcinoma respectively.
They may display Ras mutations similar
to peripheral adenocarcinoma.
Prognosis and predictive factors
The histologic criteria for the diagnosis in
these studies vary, and should be kept in
mind when comparing results. They have
a poor prognosis with a 5-year survival
rate after resection of 62.5% for localized
disease and 35% for resectable cases
{909}. The prognosis is poorer than that
of stage I-II squamous carcinoma or adenocarcinoma, and this histological type
was shown to be an independent prognostic determinant at limited stage. The
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SEER results report an overall 21%
5-year survival.

Genetic predictive factors
There are no specific studies reported for
adenosquamous carcinoma, although
they have been included in non-small
cell lung carcinomas. Ras and P53 mutations might be an unfavorable prognostic
factor in stage I tumours.

Sarcomatoid carcinoma

Definition
Sarcomatoid carcinomas are a group of
poorly differentiated non-small cell lung
carcinomas that contain a component of
sarcoma or sarcoma-like (spindle and/or
giant cell) differentiation. Five subgroups
representing a morphologic continuum
are currently recognized: Pleomorphic
carcinoma:, spindle cell carcinoma, giant
cell carcinoma, carcinosarcoma and pulmonary blastoma.
ICD-O codes
Pleomorphic carcinoma
Spindle cell carcinoma
Giant cell carcinoma
Carcinosarcoma
Pulmonary blastoma

8022/3
8032/3
8031/3
8980/3
8972/3

Synonyms
An alternative classification recognizing
monophasic and biphasic varieties with
the latter further classified as homologous or heterologous {2138} is not currently recommended.

for the upper lobes has been reported
{443,584,1430,1695}. Pleomorphic carcinomas are often large peripheral
tumours with a tendency to invade the
chest wall {584}.
Clinical features
Signs and symptoms
Signs and symptoms are related to
tumour localization {443,584,1430,1440,
1695,1857}. Since central endobronchial
tumours tend to protrude into the lumina
of large airways, patients often present
with cough, haemoptysis, and progressive dyspnoea or fever due to recurrent
pneumonia. Peripheral tumours, especially pleomorphic carcinoma, grow to
large sizes and often present with chest
pain due to pleural or chest wall invasion.

Relevant diagnostic procedures
Due to sampling issues and histologic
heterogeneity the diagnosis of virtually all
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sarcomatoid carcinomas requires a surgical specimen. Based on cytology or a
small biopsy specimens one might rarely
suspect a diagnosis of pleomorphic,
spindle cell or giant cell carcinoma, however it would be impossible to make a
definitive diagnosis.
Cytology
Pleomorphic carcinoma consists of
malignant giant and/or spindle cells and
epithelial components such as squamous or adenocarcinoma in smears
{582,878}. The spindle and/or giant cells
occur as cohesive aggregates of tumour
cell, generally lacking any glandular or
squamous differentiation. The neoplastic
spindle cells are pleomorphic and elongated, singly or in loose clusters, bundles or tissue fragments. Nuclei are solitary, large and spindled, with prominent
nucleoli. Nuclear-to-cytoplasmic ratios
are high. Fragments of myxoid matrix

Epidemiology
These tumours are rare, accounting for
approximately only 0.3-1.3% of all lung
malignancies {584,1430,1695,2023,2029}.
The average age at diagnosis is 60 years,
and the male to female ratio is almost 4 to
1 {218,330,337,443,1440, 1857}. Biphasic
blastomas are exceptional in that they
afflict men and women equally with an
average age in the fourth decade
{1064,1665}.
Etiology
The factors implicated in the etiology of
sarcomatoid carcinomas are similar to
those involved in conventional histotypes. Tobacco smoking is the major factor; more than 90% of patients with pleomorphic carcinoma are heavy cigarette
smokers
{443,584,1430,1440,2029}.
Some cases may be related to asbestos
exposure {557,584}.
Localization
Sarcomatoid carcinomas can arise in the
central or peripheral lung. A predilection

A

B

Fig. 1.51 Pleomorphic and sarcomatous carcinoma. A Huge individual neoplastic cells some of which have
ovoid nuclei and one or two tails of basophilic cytoplasm. Several cells are multinucleated. Note the abnormal mitotic figure. Cohesion is distinctly lacking (Diff-Quik stain). B Solitary, huge multinucleated tumour
giant cell in an aspiration biopsy of a giant cell carcinoma. The cell has multiple fused nuclei with coarse
chromatin and distinct nucleoli (Diff-Quik stain).
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Fig. 1.52 A Pleomorphic carcinoma. Biphasic tumour with a clear-cut non-small cell carcinomatous component closely intermingled with a spindle cell carcinomatous component. B Mixed spindle cell carcinoma (SCC) and giant cell carcinoma (GCC). C Pleomorphic carcinoma consisting of a squamous cell carcinoma
with a spindle cell component. D Pleomorphic carcinoma consisting of a mucinous adenocarcinoma (left) and spindle cell carcinoma (right). From Travis et al {2024}.

material may also be identified, as may
malignant tumour giant cells. Both cell
types are usually positive for cytokeratins
in cell blocks.
Spindle cell carcinoma features malignant spindle cells with nuclear hyperchromasia and irregular, distinct nucleoli.
Cohesion is generally better preserved
than with true sarcomas, but isolated
spindled epithelial cells may also be
seen.
Giant cell carcinoma is cellular in cytological preparations and is characterized
by a marked lack of intercellular cohesion {420,1489}. Accordingly, numerous
individual multinucleated neoplastic
giant cells are present. The nuclei vary
from round and smooth to highly irregular
with large nucleoli, which are often multiple, and coarse darkly stained chromatin
granules. Cytoplasm may be abundant in
these cells. Another characteristic feature is the smear background, which
includes granular necrotic material and
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neutrophil
leukocytes.
Neutrophil
emperipolesis is also characteristic.
When the malignant epithelial component is not evident within the smears, it
could be difficult or impossible to distinguish a spindle cell or a giant cell carcinoma from a primary or metastatic spindle cell or pleomorphic sarcoma, respectively, based solely on cytomorphology
{626,2182}. Here, immunocytochemistry
performed on the smears or cell blocks,
or obtaining an additional sample may
be helpful.
In carcinosarcoma, and blastoma the
cytologic smears contain heterologous
sarcomatous elements, such as malignant cartilage, bone, or skeletal muscle,
in addition to obvious carcinoma.
Macroscopy
Peripheral tumours are usually greater
than 5 cm, well circumscribed and feature grey, yellow or tan creamy, gritty,
mucoid and/or hemorrhagic cut surfaces
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with significant necrosis. Sessile or
pedunculated endobronchial tumours
are smaller and often infiltrate underlying
lung parenchyma {265,584,1213,1430,
1440,1442,1695}. Peripheral pulmonary
blastomas are significantly larger than
most NSCLC with a mean diameter of 10
cm.
Tumour spread and staging
These very aggressive tumours metastasize widely to the same sites as NSCLC,
including unusual sites such as the
esophagus, jejunum, rectum and kidney
{154,265,330,584,1430}.
Peripheral
tumours usually present at a more
advanced stage than central lesions. In
general, stage at diagnosis is similar to
that reported for the other non-small cell
lung cancers {443,584,1213,1430,1440,
1695}.

nucleoli. Specific patterns of adenocarcinoma, squamous cell, giant cell or large
cell carcinoma are not seen. Scattered
and focally dense lymphoplasmacytic
infiltrates surround and percolate
through the tumoural mass. Rare cases
with prominent inflammatory infiltrates
may resemble inflammatory myofibroblastic tumour.

A

B

Fig. 1.53 Spindle cell carcinoma. Immunoreactivity for A TTF-1 and B cytokeratin 7.

Histopathology
Pleomorphic carcinoma
A poorly differentiated non-small cell carcinoma, namely squamous cell carcinoma, adenocarcinoma or large cell carcinoma containing spindle cells and/or
giant cells or, a carcinoma consisting
only of spindle and giant cells. The spindle or giant cell component should comprise at least 10% of the tumour and
while the presence of adenocarcinoma
or squamous cell carcinoma should be
documented, foci of large cell carcinoma
need not be mentioned.
Histologic sections demonstrate conventional non-small cell carcinoma, namely
adeno-, squamous cell or large cell subtypes, intimately associated with at least
10% malignant spindle cells and/or giant
cells. Mitotically active spindle cells
arranged haphazardly in a fascicular or
storiform growth pattern have varying
morphologic appearances ranging from
epithelioid to mesenchymal sometimes
with occasional smooth muscle features.

The stroma may be fibrous or myxoid.
Dyscohesive malignant giant cells are
polygonal, uni- or multinucleated, and
have dense eosinophilic cytoplasm and
pleomorphic nuclei. Emperipolesis is
often present and large vessel invasion
along with extensive necrosis are commonly seen. Rarely squamous cell carcinomas have an angiosarcomatoid component that has been called pseudoangiosarcomatous carcinoma. This is characterized by anastomosing channels
lined by anaplastic, epithelioid cells
focally aggregated in pseudopapillae
and forming spaces filled with erythrocytes {1441,1442,1662}.

Spindle cell carcinoma
This variant is defined as a non-small cell
carcinoma consisting of only spindleshaped tumour cells. Identical to the
spindle cell component of pleomorphic
carcinoma, cohesive nests and irregular
fascicles of overtly malignant cells feature nuclear hyperchromasia and distinct

Fig. 1.54 Giant cell carcinoma. Numerous, often multinucleated giant cells. Prominent infiltrate of neutrophils, some of which permeate the tumour cell cytoplasm (emperipolesis). From Travis et al. {2024}.

Giant cell carcinoma
A non-small cell carcinoma composed of
highly pleomorphic multi- and/or
mononucleated tumour giant cells.
Identical to the giant cell component of
pleomorphic carcinoma, this tumour is
composed entirely of giant cells and
does not have specific patterns of either
adenocarcinoma, squamous cell or large
cell carcinoma. This tumour consists of
very large, multinucleated and bizarre
cells. Nuclei are pleomorphic, and often
multilobed. The tumour cells are discohesive and tend to dissociate from each
other {19,20,88,218,584,686,1695,2023,
2024}. There is generally a rich inflammatory infiltrate, usually of neutrophils,
which frequently invade the tumour cells.
This phenomenon was initially thought to
represent phagocytosis by the tumour
cells, but more probably reflects
emperipolesis (active penetration of the
leukocytes into the tumour cells) {934}.
By electron microscopy, aggregates of
paranuclear filaments and tonofibrils
may be observed both in spindle cell and
giant cell carcinomas {19,20,124,337,
584,1440,1664,1909,2023}. In giant cell

Fig. 1.55 TTF-1 expression in giant cell carcinoma
(GCC).
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carcinoma, only very occasional desmosomes are seen.

Carcinosarcoma
This variant is defined as a malignant
tumour with a mixture of carcinoma and
sarcoma containing differentiated sarcomatous elements, such as malignant cartilage, bone or skeletal muscle.
The tumour is histologically biphasic,
with a mixture of a conventional nonsmall cell lung carcinoma and true sarcoma containing differentiated elements.
The carcinomatous component is most
often squamous cell carcinoma (4570%), followed by adenocarcinoma (2031%), and large cell carcinoma (10%)
{1061}. An epithelial component resembling so-called high grade fetal adenocarcinoma can occur in nearly 20% of
cases, but the blastematous stroma of
pulmonary blastoma is lacking {1061,
1436}. The malignant stroma often forms
the bulk of carcinosarcomas, and only
small foci of carcinoma may be seen. A
significant component of these sarcomas
is often poorly differentiated “spindle
cell” sarcoma, but a careful search
always shows areas of more specific sarcomatous differentiation, most often
rhabdomyosarcoma, followed by osteosarcoma or chondrosarcoma or combinations of osteosarcoma and chondrosarcoma {1061}. More than one differentiated stromal component can be present. While metastatic foci usually feature
both epithelial and mesenchymal com-

Fig. 1.57 Carcinosarcoma. The dilated bronchial
tree is filled with a fleshy, cream-coloured masses.
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Fig. 1.56 Giant cell carcinoma (GCC) with discohesive growth pattern.

ponents, lesions may contain only one
pattern.

Pulmonary blastoma
This is a biphasic tumour containing a
primitive epithelial component that may
resemble well-differentiated fetal adenocarcinoma and a primitive mesenchymal
stroma, which occasionally has foci of
osteosarcoma, chondrosarcoma or rhabdomyosarcoma {2024}.
Pulmonary blastoma shows histologically
a biphasic pattern with malignant gland
growing in tubules that resemble fetal
bronchioles, embedded in a sarcomatous embryonic-appearing mesenchyme
{1857}. The glycogen-rich, non-ciliated
tubules and primitive stroma resemble
that seen in fetal lung between 10-16
weeks gestation (the pseudoglandular

stage of lung development) {2225}. The
tubules can be well differentiated, resembling those reported in well-differentiated
fetal adenocarcinomas, but they are usually less abundant. The tubules may also
resemble a high-grade fetal adenocarcinoma. These tubules are lined by pseudostratified, non-ciliated columnar cells
that have clear or lightly eosinophilic
cytoplasm. The nuclei of the epithelial
cells are oval or round and fairly uniform,
but there can be cytologic atypia in the
form of large multinucleated cells {2225}.
The glands often have subnuclear or
supranuclear vacuoles, producing an
endometrioid appearance. The cytoplasmic vacuoles are due to abundant glycogen, readily demonstrated in periodic
acid-Schiff stains. There may be small
amounts of mucin within the glandular

Fig. 1.58 Carcinosarcoma. This tumour consists of malignant cartilage (top left) and squamous cell carcinoma (bottom right). From Travis et al. {2024}.

Tumours of the lung - Malignant epithelial tumours

A

B

C

D

Fig. 1.59 Pulmonary blastoma. A Biphasic appearance, with a fetal-type gland and embryonic stroma. B Solid nests of epithelial cells and glands adjacent to an
area of poorly differentiated spindle cell sarcoma. C The tumour consists of a spindle cell (left) and malignant glandular component (right). The glandular component resembles a well-differentiated fetal adenocarcinoma with endometrioid morphology. D Glandular pattern of a well-differentiated fetal adenocarcinoma with
palisading of nuclei and abundant clear cytoplasm. The spindle cell component has a primitive malignant mesenchymal pattern. From Travis et al. {2024}.

lumens, but intracellular mucin is unusual. Similar to fetal adenocarcinomas,
morular
structures
consisting
of
squamoid nests may be seen {605,917,
1064,1435,2225}.
Stromal cells generally have a blastemalike configuration. There is condensation
of small oval and spindle cells in a myxoid stroma around neoplastic glands,
similar to the appearance of Wilm’s
tumour of the kidney. Small foci of adulttype spindle cell sarcoma (most commonly showing a fascicular or storiform
pattern) can be present. Foci of differentiated sarcomatous elements such as
rhabdomyosarcoma, chondrosarcoma or
osteosarcoma may be found {605,1064}.
Immunohistochemistry
Pleomorphic, spindle and or giant cell
carcinoma
Expression of epithelial markers in the
spindle and/or giant cell component of a
pleomorphic carcinoma is not required
for the diagnosis so long as there is a
component of squamous cell carcinoma,

adenocarcinoma, or large cell carcinoma
{218,584,1430,1695,2023,2024}. Since
these are poorly differentiated tumours,
in some cases, multiple keratin antibodies and EMA are necessary to demonstrate epithelial differentiation in the sarcomatoid component. When pure spindle cell carcinomas fail to stain with any
epithelial marker, separation from sarcoma may be difficult. The tumour cells
often co-express cytokeratin, vimentin,
carcinoembryonic antigen, and smooth
muscle markers {20,88,337,584,1695}.
TTF-1 may be positive in giant cell carcinomas.

Carcinosarcoma
The epithelial component of carcinosarcomas may stain with keratin antibodies.
Chondrosarcoma will stain with S-100
protein and rhabdomyosarcoma with
muscle markers.
Pulmonary blastoma
The fetal adenocarcinoma component of
pulmonary blastomas will stain for

epithelial markers (keratin, EMA and
CEA) and it may be positive for neuroendocrine markers such as chromogranin
A as well in both morular and glandular
cells {1064,1435}. The tumour cells can
also express specific hormones, such as
calcitonin, gastrin-releasing peptide,
bombesin, leucine and methionine
enkephalin, somatostatin and serotonin.
This type of staining mimics that seen in
developing fetal lung tubules {2225}. The
epithelial component of blastomas diffusely stains with antibodies to epithelial
markers, such as cytokeratin, carcinoembryonic antigen, and epithelial membrane antigen. Pulmonary blastomas
rarely stain with alpha-fetoprotein {1824}.
Both Clara cell antigen and surfactant
apoprotein are expressed in epithelial
cells and particularly in morules {1435,
2225}. Of interest, these antigens can
also be seen in developing fetal lung
tubules, which show differentiation
towards Clara cells beginning at 13
weeks of gestation and towards Type II
pneumocytes at 22 weeks {2225}.
Sarcomatoid carcinoma
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Stromal cells of blastomas contain
vimentin and muscle-specific actin.
Desmin and myoglobin or S-100 protein
can be seen when there is striated muscle or cartilage respectively. There is
generally restriction of vimentin and
cytokeratin to mesenchymal and epithelial tissues respectively {1064}, but
vimentin can occur in glands and stromal
cells can occasionally express cytokeratin {2225}.
Differential diagnosis
The differential diagnosis for pleomorphic carcinoma includes other tumours
in this section as well as both primary
and metastatic sarcomas. Identification
of areas of non-small cell carcinoma and
immunohistochemical confirmation of
epithelial differentiation aid in the distinction.
Pleomorphic carcinoma may be difficult
to distinguish from reactive processes
and sarcomas {390,391,1440,2139}. A
generous sampling (at least one section
per centimeter of tumour diameter) to
disclose a clear-cut carcinomatous component may be helpful in pleomorphic
carcinomas, together with the use of
ancillary techniques. It should be kept in
mind that, although spindle cell carcinomas are rare, they are more common
than primary sarcomas of the lung {1440,
2138}. Separation of spindle cell carcinoma from cytokeratin-positive sarcomas,
particularly synovial sarcoma may be difficult {546,957,2236}. However, synovial
sarcoma has a characteristic morphology, it tends to be only weakly or focally
positive for keratin and demonstration of
the X:18 translocation can be helpful.
Spindle cell carcinomas may show a
marked inflammatory infiltrate and therefore may be confused with an inflammatory myofibroblastic tumour or a localized
area of organizing pneumonia; such a
tumour with particularly bland neoplastic
cells has been referred to as an inflammatory sarcomatoid carcinoma {390,391,
1440,2139}. Features favouring carcinoma include nuclear atypia coupled with
brisk mitotic activity, vascular invasion,
and positive immunostaining for cytoker-
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atins, epithelial membrane antigen and
thyroid transcription factor-1.
The differential diagnosis of giant cell
carcinoma includes not only other types
of lung carcinomas, but also primary and
metastatic sarcomas including pleomorphic rhabdomyosarcoma, metastatic
adrenocortical carcinoma, metastatic
choriocarcinoma and other pleomorphic
malignant tumours, most of which can be
distinguished by their own distinctive
markers. Beta-HCG staining can be seen
in up to 20-93% of non-small cell carcinomas {207} and thus does not indicate
a diagnosis of metastatic choriocarcinoma, even if serum beta-HCG is elevated.
Benign osteoclast-like giant cells can
populate non-small cell carcinomas, but
these rare tumours should not be mistaken for giant cell carcinoma {187}.
The differential diagnosis of carcinosarcoma includes other tumours considered
in this section as well as metastatic
lesions including teratomas arising from
the female gynaecologic tract and male
genital tract.
Biphasic blastoma should be distinguished from a fetal adenocarcinoma,
pleuropulmonary blastoma as well as primary and metastatic sarcomas including
synovial sarcoma. Immunohistochemical
and molecular studies in addition to morphologic features should differentiate
these tumours.
Histogenesis
Sarcomatoid carcinomas represent
malignant epithelial neoplasms that have
undergone divergent connective tissue
differentiation (“tumour metaplasia” or
“divergence hypothesis”) and not “collision” tumours (multiclonal hypothesis)
{431,866,1078,1440,1738,2002}. The
light microscopic finding of transition
between epithelial and spindle cell components of most tumours, the finding of
carcinoma in-situ in some, and the
immunohistochemical and ultrastructural
identification of epithelial differentiation in
the spindle cell components support this
theory {745}. P53 mutational genotyping
of a small number of pleomorphic carcinomas, carcinosarcomas and blastomas
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demonstrated identical mutations in
spindle cells and epithelium, supporting
the contention that both epithelial and
mesenchymal components originate
from a single clone {189,866}.
Somatic genetics
Molecular studies have established that
the epithelial and sarcomatoid components of pleomorphic carcinoma have
identical molecular profiles, including
equivalent patterns of acquired allelic
loss {431}, p53 mutation profile {866} and
X chromosome inactivation {2002}. A
high percentage of pleomorphic carcinomas were reported to have variant
CYP1A12 {1624}. The molecular profiles
of these tumours are not unlike those of
other non-small cell tumours. Mutations
in beta-catenin were recently shown in
blastomas {1779,1801}.
Prognosis and predictive factors
Clinical criteria
Clinical outcome is stage dependent but
these tumours have a worse prognosis
than conventional non-small cell carcinomas {330,584,1261,1430,1695,1976}.
Despite the fact that one half of patients
present with stage I disease, the 5-year
survival is only 20% {218,584,1430,1695,
2023,2029}. Adjuvant chemotherapy and
radiotherapy do not appear helpful {330,
443,584,1430,1440,1664,1695,1741,
1870}.

Carcinoid tumour

Definitions
Carcinoid tumours are characterized by
growth patterns (organoid, trabecular,
insular, palisading, ribbon, rosette-like
arrangements) that suggest neuroendocrine differentiation. Tumour cells have
uniform cytologic features with moderate
eosinophilic, finely granular cytoplasm,
and nuclei with a finely granular chromatin pattern.
Typical carcinoid (TC): A carcinoid
tumour with fewer than 2 mitoses per
2 mm2 and lacking necrosis.
Atypical carcinoid (AC): A carcinoid
tumour with 2-10 mitoses per 2 mm2
and/or foci of necrosis.
ICD-O codes
Carcinoid
Typical carcinoid
Atypical carcinoid

8240/3
8240/3
8249/3

Synonyms
The following synonyms have been used,
but are no longer recommended.
Typical carcinoid: Well differentiated neuroendocrine carcinoma, Kultchitsky cell
carcinoma – grade 1, mature carcinoid.
Atypical carcinoid: malignant carcinoid,
moderately differentiated neuroendocrine carcinoma, grade 2 neuroendocrine carcinoma.
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Localization
TC is uniformly distributed throughout the
lungs {391,2026} whereas AC is more
commonly peripheral {128}.
Clinical features
Signs and symptoms
Up to half of all bronchopulmonary carcinoids indentified as an incidental radiographic finding {580}. The most common symptoms cough and haemoptysis
typically relate to bronchial obstruction.
Cushing’s syndrome due to ectopic
ACTH production is uncommon {2026}.
The carcinoid syndrome is rare and only
occurs when there are widespread
metastases {580}. MEN1 syndrome is
another rare association {1439}.

Imaging
Carcinoid tumours are seen as well
defined pulmonary nodules {613}.
Calcification is often seen. Cavitation and
irregular margins are rare and pleural
effusions are uncommon. Endobronchial
tumours can sometimes be directly
demonstrated on CT and obstructive
atelectasis or consolidation and mucoid
impaction may be evident distal to the
mass. Because of their vascularity, carcinoid tumours often show intense contrast
enhancement. PET scaning may be neg-

Fig. 1.60 Bronchoscopic image of a typical carcinoid, presenting as a polypoid endobronchial mass.

ative. TC and AC tumours are indistinguishable radiographically.

Diagnostic procedures
Carcinoid tumours can be diagnosed
reliably by cytology of fine needle aspiration or bronchoscopic specimens, but
sputum samples are often hypocellular
{53,673,936,1329,1457,1940}. In most
cases the diagnosis can be made by
bronchoscopic biopsy. However, separation of TC from AC usually requires examination of a resected specimen unless
mitoses and/or necrosis are seen on a
bronchoscopic biopsy.

B

Fig. 1.61 Carcinoid. A Loose aggregates of slightly irregular small sized tumor cells. Delicate, capillaries with loosely attached radiating tumor cells. Round or oval
nuclei with a irregular ‘salt and pepper’ chromatin pattern. B Aspiration biopsy showing the classic association of carcinoid tumor cells with arborizing delicate
capillaries. Note the striking uniformity of the neoplastic elements. Diff-Quik stain.
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Fig. 1.62 A Central bronchial carcinoid tumour in a 26 year old woman. B More peripherally located carcinoid tumour with bronchiectasis. C Typical carcinoid presenting as round, partially endobronchial mass. Note the post-stenotic pneumonia.

Cytology
Carcinoid tumours are generally identifiable in cytological specimens although
haemorrhage may dilute brush samples
{53,673,936,1329,1457,1940}. The neoplastic cells are generally present both
individually and in cohesive aggregates.
The latter include acini, flat sheets, trabeculae, and vascularized connective
tissue fragments; the latter typically present solely in aspiration smears {1329}.
There is a striking uniformity of the neoplastic cells. These are small and may be
difficult to distinguish from plasma cells,
especially in aspiration specimens.
Usually, they are oval with moderate
amounts of cytoplasm. The latter is
basophilic and occasionally granular.
The nuclei are uniformly round or ovoid.

Finely stippled chromatin granules give
the nucleus a characteristic “salt and
pepper” pattern. Nucleoli are small and
inconspicuous. Isolated tumour cells
have more peripheral nuclei. Infrequently, carcinoids are composed of
spindle cells {421,566}.
In most cytologic specimens, the smear
background is clean but in aspiration
biopsies it often contains abundant
basophilic granular material.
In AC, the neoplastic cells may be more
pleomorphic and larger {619,942,1940}
and the nuclei show slightly greater chromatin staining.
Macroscopy
TC and AC both form firm, well demarcated, tan to yellow tumours. TC in par-
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Fig. 1.63 Typical carcinoid. A Tumour cells grow in an organoid nesting arrangement, with a fine vascular
stroma. The moderate amount of cytoplasm is eosinophilic and the nuclear chromatin finely granular.
B Prominent spindle cell pattern. C Trabecular pattern. D Oncocytic features with abundant eosinophilic
cytoplasm. From W. Travis et al. {2024}.
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ticular is typically associated with
bronchi and are frequently endobronchial. The overlying mucosa may be
intact or ulcerated. Squamous metaplasia may be seen. Other bronchial carcinoids push down into the adjacent lung
parenchyma. Association with an airway
may not be readily evident in peripheral
tumours {391,1844}.
Tumour spread and staging
At presentation approximately 10-15% of
TC have metastasized to regional lymph
nodes and 5-10% of cases eventually
metastasize to distant sites such as liver
or bone. At presentation, 40-50% of AC
have metastasized to regional lymph
nodes and beyond with approximately
20% Stage II, 15% Stage III and 10%
Stage IV {128}. Although the TNM classification applies to carcinomas of the
lung, it has been used to stage carcinoids of the lung.
Histopathology
Carcinoid tumours are classically composed of uniform polygonal cells with
finely granular chromatin, inconspicuous
nucleoli and scant to moderate amounts
of eosinophilic cytoplasm {1844}.
Oncocytic tumours have abundant
eosinophilic cytoplasm {391,2026}.
Rarely the tumour cell cytoplasm is clear
or it may contain melanin {647,653}.
Intracytoplasmic mucus is very unusual.
Nuclear atypia and pleomorphism may
be quite marked, even in TC, but these
features are unreliable criteria for distinguishing TC from AC {2028}. Prominent
nucleoli may be observed {1844,2026}. A
variety of growth patterns are encountered frequently within one tumour. The
most common patterns are the organoid
and trabecular, in which the tumour cells
are respectively arranged in nests or
cords. Other patterns include spindle
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Fig. 1.64 Typical carcinoid. A Strong cytoplasmic chromogranin staining. B The tumour cells show strong membranous staining for CD56. C Scattered tumour cells
show strong cytoplasmic ACTH staining in patient presenting with Cushing syndrome due to ectopic ACTH production.

cell, papillary, pseudoglandular, rosette
formation and follicular {391,1246,2026}.
True gland formation is rare.
There is generally a highly vascularized
fibrovascular stroma, but in some
tumours the stroma is hyalinized, or it
shows cartilage or bone formation {391}.
Stromal amyloid is rare {35,537}. The
adjacent airway epithelium may show
neuroendocrine cell hyperplasia, sometimes associated with airway fibrosis, as
described in diffuse idiopathic neuroendocrine cell hyperplasia {29,1317}. This
is seen most often in association with
peripheral carcinoids. In rare cases there
are also multiple tumourlets or multiple
carcinoid tumours {1314}.
AC shows either focal necrosis or
mitoses numbering between 2-10/2mm2
{2026,2028}. AC may exhibit all of the
growth patterns and cytologic features
listed above for TC.

Immunohistochemistry
Most carcinoid tumours stain for cytokeratin but up to 20% may be keratin negative {128,272,2026}. Neuroendocrine
markers such as chromogranin, synaptophysin, Leu-7 (CD57) and N-CAM
(CD56) are typically strongly positive,
particularly in TC {600,2026,2028}.
However, in AC, staining for these markers may be patchy or focal. S-100 protein
may highlight the presence of sustentacular cells {108,718}. Varying results are
published for TTF-1 with some indicating
TC and AC are usually negative {1894}
but others finding approximately a third
of TC and most AC are positive {600,
1513,2134}. The explanation for this discrepancy is not known. CD99, is also
positive in many carcinoids {1565,2134}.
Ki 67 is more often positive in AC than TC
and is related to survival {416}. EM
demonstrates desmosomes and dense
core neurosecretory granules {2110}.

Differential diagnosis
The differential diagnosis of carcinoid
tumours includes separation from other
neuroendocrine tumours, and a wide
variety of other tumours depending on
the cytology or pattern of the carcinoid. It
may be difficult to address the differential
diagnosis based on small specimens
obtained by bronchoscopy or fine needle
aspiration. Carcinoid tumourlets resemble TC and are only distinguished by
size, being less than 5 mm in diameter
{373}. TC and AC are distinguished by
the criteria outlined above and this distinction usually requires a surgical specimen. The high-grade neuroendocrine
tumours, large cell neuroendocrine carcinoma (LCNEC) and small cell lung carcinoma (SCLC) are distinguished by having a mitotic rate greater than 10 / 2mm2.
Ordinarily the rate is much higher than
this, making these two tumours easily
distinguishable from AC. The presence
of large areas of necrosis is also against
the diagnosis of AC {128, 2026,2028}.
Pseudoglandular or gland-like patterns
in carcinoid tumours can be mistaken
with adenocarcinoma, mucoepidermoid
carcinoma, and adenoid cystic carcinoma. Adenocarcinomas usually show
more cytologic atypia, mucin production
and less staining for neuroendocrine
markers than carcinoids. Mucoepidermoid carcinomas are negative for
neuroendocrine markers and they produce mucin. The solid component of
adenoid cystic carcinomas may be mistaken for carcinoid, but these cells are
negative for neuroendocrine markers
{1368}.
The organoid nesting pattern of carcinoid tumours can be confused with paragangliomas, which are very rare in the
lung. The presence of S-100 positive
sustentacular cells in some carcinoids
may also cause confusion {108,718}. A

key discriminating feature is the lack of
cytokeratin staining in paraganglioma,
which is frequently positive in carcinoids
{391}. Glomus tumour may also resemble
carcinoid but it is positive for smooth
muscle actin and negative for neuroendocrine markers {645}.
Spindle cell carcinoids may be confused
with various mesenchymal tumours, particularly smooth muscle tumours; recognition of the finely granular nuclear chromatin and organoid nesting pattern this
can generally be resolved morphologically and with appropriate immunohistochemical stains.
Carcinoids with a prominent papillary
pattern may be confused with sclerosing
hemangioma but this tumour is negative
with neuroendocrine stains {488}.
The epithelial pattern of a carcinoid can
be mimicked by metastatic breast or
prostate carcinoma. Although the architecture may be the same, the nuclei in
the latter have a more vesicular chromatin pattern. In addition, immunohistochemistry is helpful for the distinction
since PSA is positive in prostate carcinoma, while neuroendocrine markers and
TTF1 are negative {61,391}.
Grading
Carcinoid tumours are divided into the
low grade TC and intermediate grade AC
based on the criteria outlined above.
Histogenesis
Pulmonary carcinoid tumours are derived
from neuroendocrine cells known to exist
in normal airways. In fetal lung, neuroendocrine cells are numerous and are
known to play an important role in lung
development {539,761,1141}. They are
less common in the lungs of adults, but
various stimuli result in neuroendocrine
cell hyperplasia {28,719,720}. However,
none of these stimuli is recognized to be
Carcinoid tumour
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Fig. 1.65 Atypical carcinoid. A Small necrotic focus. B A single mitosis is present in this high power field. The tumour cells show carcinoid morphology with moderate eosinophilic cytoplasm and finely granular nuclear chromatin. From Travis et al. {2024}.

of importance of carcinoid tumours. The
very rare condition of diffuse idiopathic
pulmonary neuroendocrine cell hyperplasia (DIPNECH) is recognized to be a
preinvasive lesion for carcinoids {29,
2024}.
Somatic genetics
Cytogenetics and CGH
Unbalanced chromosomal aberrations
as observed by comparative genomic
hybridization (CGH) are rare in carcinoids except underrepresentation of 11q
material including MEN1 gene in 0-50%
of typical carcinoids and 50-70% of atypical carcinoids {2052,2097}. Atypical carcinoids but not typical carcinoids may
show 10q and 13q underrepresentation
{2097}.

Molecular genetics
Carcinoids have features of neuroendocrine cells, in common with small cell
lung cancer and also share some genetic alterations. In general, atypical carcinoids (AC) have more extensive changes
than typical carcinoids. A distinctive feature of carcinoids not found in other lung
cancers is the frequent presence of
mutations of the MEN1 gene and
absence of its protein product, menin
{463,1516}, even though virtually all
bronchial carcinoids are sporadic and
not familial tumours. The mutations are
accompanied by allelic loss at the MEN1
locus at 11p13. These features are also
found in gastrointestinal carcinoids.
Loss of heterozygosity (LOH) at 3p, 13q,
9p21 and 17p is rare in TC but present in
AC but at frequencies lower than in
SCLC {1516}.
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LOH at 3p (3p14.3-21.3) at has been
found in 40% of AC, which is significantly lower than other NSCLC including the
high-grade neuroendocrine tumours
LCNEC and SCLC (p<0,001). LOH at Rb
locus (13p14) and retinoblastoma gene
pathway inhibitor (Rb) is rare in typical
carcinoids {127,269,726,727} but present in 20% of AC {127}. Similarly, Rb
expression is normal in typical carcinoids
but lost in 21% of atypical carcinoids.
Cyclin D1 is overexpressed in 6% of TC
{127} LOH is at 9p21 (P16) is observed in
a few (20%) AC and TC {1516}. In contrast to smoking associated lung cancers
that often show G:T transversions, AC
show P53 point mutation of an unusual
type (G:C to A:T transitions or nonsense
mutations) {1516}. The p53 pathway is
infrequently affected and inactivated in
carcinoids, and is extremely rare in TC.
Accordingly P53 aberrant stabilization is
not seen in TC and seen in rare cases of
AC {217,1622}. Other proteins of Rb/P53
pathways such as E2F1 are rarely affected in TC but more often in AC. P14ARF
protein loss occurs in 6% of TC and 43%
of AC {549,669}. Methylation of tumour
suppressor genes is infrequently seen in
TC and AC {1814,2019}. Methylation
index was lower in carcinoids than in
SCLC There was no difference in methylation frequencies and index between TC
and AC except for RASSF1A methylation
(a gene with functions similar to Ras),
which is observed in 71% of AC (as frequently as in SCLC) and in 45% of TC
{2019}. Caspase 8 promoter methylation
occurs in 18% of carcinoids {1814}.
Except for this important proapoptotic
molecule, methylation and silencing of
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tumour suppressor genes is relatively
rare in carcinoids compared to other lung
cancers {1814,2017,2019}.
Expression profiles
Limited expression data are available for
carcinoid tumours. Those data, which are
available, indicate that carcinoid tumours
are more similar to neuronal tumours than
to normal bronchial epithelial cells or
small cell carcinoma {52}.
Prognosis and predictive factors
Clinical and histopathological criteria
The overall 5- and 10-year survival rates
are worse for AC (61-73% and 35-59%)
than TC (90-98% and 82-95%, p<0.001)
{128,1844,2028}. After separation of TC
from AC, stage is the most important
prognostic factor {128,2028}. However,
even with lymph node metastasis, TC
carries an excellent prognosis {1999}.
With AC size over 3.5 cm also conveys a
worse prognosis {128}. Further histopathological prognostic criteria (beyond
necrosis and mitoses) include vascular
invasion and nuclear pleomorphism
{2028}. Negative predictors of prognosis
in AC include mitotic rate, pleomorphism,
and aerogenous spread, whereas palisading, papillary formation, and pseudoglandular patterns are favourable prognostic features {128}.

Mucoepidermoid carcinoma

Definition
A malignant epithelial tumour characterized by the presence of squamoid cells,
mucin-secreting cells and cells of intermediate type. It is histologically identical
to the salivary gland tumour of the same
name.
ICD-O code
Mucoepidermoid carcinoma 8430/3
Synonyms
Mucoepidermoid tumour.
Epidemiology
Mucoepidermoid tumours comprise less
than 1% of all lung tumours {732,2040,
2221}. They have an equal sex distribution with a slight predilection for men and
have an age range of 3-78 years with
50% of tumours occurring in individuals
less than 30 years, and most patients
presenting in the third and fourth decade
{811,2221}. There is a suggestion of
predilection for Caucasians over Blacks.
They form a significant proportion of
pediatric endobronchial tumours.
Etiology
There appears to be no association with
cigarette smoking or other risk factors.
Localization
The majority arise from bronchial glands
in the central airways. Tumours with this
histology that are encountered in the
peripheral lung should raise the question

of metastatic tumour or adenosquamous
carcinoma.
Clinical features
Signs and symptoms
Signs and symptoms are related to the
polypoid endobronchial growth of this
tumour and tracheal and large airway irritation
{398,1011,1646}.
Wheeze,
haemoptysis, and recurrent pneumonia
with post-obstructive changes are most
often noted, although up to 25% of
patients may be asymptomatic.

Imaging
Chest radiographs and CT scans
demonstrate a well-circumscribed oval
or lobulated mass arising within the
bronchus {612}. Calcification is occasionally seen. Post-obstructive pneumonic infiltrates are often noted, occasionally
with cavitation.
Macroscopy
Grossly, these tumours usually occur in
the main, lobar or segmental bronchi,
ranging in size from 0.5-6 cm with an
average size of approximately 2.2 cm
{811,2221}. They are soft, polypoid, and
pink-tan in colour often with cystic
change and a glistening mucoid appearance. Extension between bronchial cartilaginous plates is occasionally noted.
Distal obstructive / cholesterol pneumonia may be seen. High-grade lesions are
usually more infiltrative.
Tumour spread and staging
Low-grade mucoepidermoid tumours
spread to regional lymph nodes by local
growth in less than 5% of cases,
although distant spread rarely occurs.
High-grade tumours involve not only
regional nodes but may metastasize to
liver, bones, adrenal gland, and brain.

Fig. 1.66 Mucoepidermoid carcinoma. The well circumscribed, light tan mass does not grossly infiltrate the underlying lung parenchyma.

Histopathology
On the basis of morphological and cytological features, tumours are divided into
low and high-grade types. In low-grade
tumours, cystic changes often dominate
and solid areas typically comprise mucin
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secreting and columnar epithelium forming small glands, tubules, and cysts.
Necrosis is inconspicuous. These cysts
often contain inspissated mucus, which
has a colloid-like appearance and frequently is calcified. The lining cells are
cytologically bland with round to oval
nuclei, abundant eosinophilic, mucin-rich
cytoplasm, and infrequent mitotic figures. Often, intimately admixed with this
mucinous epithelium are non-keratinizing
squamoid cells that grow in a sheet-like
pattern with intercellular bridges. The
third cellular component is an intermediate or transitional cell that is oval in
shape, has a round nucleus and faint
eosinophilic cytoplasm. The accompanying stroma is often oedematous with foci
of dense stromal hyalinization, particularly around the glandular elements, that
may have an amyloid-like appearance.
Stromal calcification and ossification,
with a granulomatous reaction is seen
around areas of mucus extravasation.
High-grade mucoepidermoid carcinomas are rare and have histologic features
that overlap with adenosquamous carcinoma {811,1445,2221}. They consist
largely of intermediate and squamoid
cells with a minor component of mucin
secreting elements. They demonstrate
nuclear atypia with hyperchromatism,
pleomorphism, brisk mitotic activity and
a high nuclear to cytoplasmic ratio.
These lesions often invade the pulmonary parenchyma and may be associated with positive regional lymph nodes.
Controversy exists in their separation
from
adenosquamous
carcinoma.
Criteria more typical of high grade
mucoepidermoid tumours include: (1)
exophytic endobronchial growth, (2) surface epithelium lacking changes of insitu carcinoma, (3) absence of individual
cell keratinization and squamous pearl
formation, (4) transitional areas to low
grade mucoepidermoid carcinoma.
Histogenesis
Mucoepidermoid carcinomas are histologically similar to their counterparts in
the salivary glands and it has been preMucoepidermoid carcinoma
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Fig. 1.67 Mucoepidermoid carcinoma. A Mucoepidermoid carcinomas arise in the submucosa of the airways, in association with the tracheobronchial glands.
Variably solid and cystic appearance. B Goblet cells containing abundant mucin and form glandular arrays with centrally located extracellular mucosubstance.
Squamoid cells with a polygonal appearance, round nuclei, irregularly distributed chromatin, inconspicuous nucleoli and abundant cytoplasm. Intercellular bridges
and keratinization are absent. Transitional cells occupy an intermediate cytomorphology between squamoid and mucin producing elements.

sumed that they are derived from primitive cells differentiating within the tracheobronchial mucous glands.
Somatic genetics
No consistent cytogenetic abnormalities
have been noted with mucoepidermoid
carcinomas of the tracheobronchial tree.
Genetic susceptibility
No genetic susceptibilities are noted with
mucoepidermoid tumours. It should be
noted, however, that the pediatric population comprises a significant percentage
of patients with this lesion.
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Prognosis and predictive factors
Low-grade mucoepidermoid tumours
have a much better prognosis than highgrade tumours, the latter being similar to
non-small cell carcinomas {732,811,
2221}. Low-grade tumours rarely metastasize with less than 5% of reported
cases metastasizing to regional lymph
nodes. Children have a particularly
benign clinical course. Low-grade
tumours are often treated with bronchoplastic procedures such as sleeve
resection.
High-grade mucoepidermoid carcinomas are generally treated similar to non-
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small cell carcinomas. Their prognosis is
much more guarded as they tend to
behave as non-small cell carcinomas.
Diagnostic features, which indicate a
high likelihood of recurrence, metastasis,
or death include constitutional signs and
symptoms including pain, weight loss,
malaise. Positive margins of resection;
positive hilar lymph nodes and local
aggressive behaviour, such as chest wall
invasion are also adverse factors {398,
732,2221}.

Adenoid cystic carcinoma

Definition
Adenoid cystic carcinoma is a malignant
epithelial neoplasm, recapitulating its
counterpart in the salivary glands, with a
distinctive histologic pattern of growth of
the epithelial cells in cribriform, tubular
and glandular arrays orientated around
and associated with a variably mucinous
and hyalinized basement membrane-rich
extracellular matrix, with the cells showing differentiation characteristics of duct
lining and myoepithelial cells.
ICD-O code

8200/3

Synonyms
Cylindroma and adenocystic carcinoma.
Epidemiology
Adenoid cystic carcinoma of the lung
and bronchus comprises less than 1% of
all lung tumours {809,2029}. It has an
equal sex distribution and tends to occur
in the fourth and fifth decades of life
{1368}. In the majority of cases adenoid
cystic carcinoma behaves in an insidious
and indolent fashion with multiple local
recurrences preceding metastases.

Clinical features
Presentation reflects proximal airway
obstruction with shortness of breath,
cough, wheeze, chest pain and haemoptysis described {833,1271,1487,1560,
2014}. Radiographs show a centrally
located mass that may have an endobronchial component or may form
plaques or annular lesions in the wall of
bronchi {1271}. Extension into the pulmonary parenchyma is often present and
occasionally into mediastinal fat.
Macroscopy
Adenoid cystic carcinoma typically forms
gray-white or tan polypoid lesions thickening the submucosa of the bronchus,
sometimes with no alteration of the surface mucosa. It also may form diffuse
infiltrative plaques that extend in a longitudinal and/or circumferential fashion
beneath the submucosa. Size ranges
from 1–4 cm with an average of 2 cm
{1368}. A distinctive feature is that it has
deceptively infiltrative margins, which
extend far beyond the localized nodule
noted grossly and therefore sampling of
peribronchial soft tissue is worthwhile.
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Tumour spread and staging
Staging of adenoid cystic carcinomas is
performed according to the AJCC and
UICC TNM staging system. Adenoid cystic carcinoma is predisposed to recur
within the lung parenchyma, the pleura,
chest wall, and mediastinum before
metastasizing late to liver, brain, bone,
spleen, kidney, and adrenal glands.
Regional lymph node metastases are
seen in approximately 20% of cases and
systemic metastases in approximately
40%.
Histopathology
Architecturally, adenoid cystic carcinoma
often breaches the cartilaginous plate
extending into the pulmonary parenchyma, hilar and mediastinal soft tissues. Its
growth pattern is typically heterogeneous, with neoplastic cells arranged in
cribriform arrays, tubules or solid nests.
The most characteristic cribriform pattern shows cells surrounding cylinders in
a sclerotic acid mucopolysacchariderich basement membrane-like material.
The neoplastic cells are small with scant
cytoplasm and dark hyperchromatic

Etiology
There appears to be no association with
cigarette smoking or other risk factor(s).
Localization
90% of cases originate intraluminally
within trachea, main stem or lobar
bronchi {1621}.

Fig. 1.68 Adenoid cystic carcinoma arising within
the bronchus.

Fig. 1.69 Adenoid cystic carcinoma growing in the typical pattern in the submucosa of the airway. Note preserved, intact respiratory mucosa.

Adenoid cystic carcinoma

65

A

B

C

D

Fig. 1.70 Adenoid cystic carcinoma. A Adenoid cystic carcinoma was historically termed cylindroma: neoplastic cells typically form cylinders of basophilic mucoid
and basement membrane-like material surrounded by hyperchromatic angulated epithelial cells. B Cylinders are surrounded by small hyperchromatic cells with
dense oval nuclei having scant eosinophilic cytoplasm. Occasional tubular differentiation is noted. C Finger-like stromal structure. Cohesive cells with oval nuclei
and little cytoplasm. Bronchial brushing. Papanicolaou stain. D Translucent hyaline globule surrounded by small uniform epithelial cells. Bronchial brushing.
Papanicolaou stain.

nuclei that are oval to angulated, and
show
infrequent
mitotic
figures.
Occasionally, these cells form tubules
lined by two to three cells, with the luminal cells having a low cuboidal appearance and the peripheral cells forming a
myoepithelial layer. Perineural invasion is
seen in 40% of cases and extension
along vascular structures, bronchi and
bronchioles, and lymphatics is characteristic.
Immunoperoxidase stains show that the
neoplastic cells have a variable ductal
and myoepithelial phenotype, the cells
expressing cytokeratin but also vimentin,
smooth muscle actin, calponin, S-100
protein, p63, and GFAP. The surrounding
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matrix recapitulates a basement membrane like material in that it stains positive with antibodies directed at Type IV
collagen, laminin, and heparin sulfate.
Histogenesis
Adenoid cystic carcinoma is derived
from a primitive cell, presumably of tracheobronchial gland origin, which shows
differentiation characteristics of ductal
and myoepithelial cells.
Prognosis and predictive factors
The behavior of adenoid cystic carcinoma is one of multiple recurrences with
late metastases and survival needs to be
analyzed over a prolonged period (10-15
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years) {398,1271,1560,1621}. Patients
are prone to develop local recurrence
because of difficulty obtaining clear margins and it is recommended that margins
of resection be analyzed by frozen section at the time of primary surgery.
Primary treatment is surgery with supplemental radiation, especially by linear
accelerator. Poor prognosis is related to
stage of the tumour at the time of diagnosis, the presence of positive margins,
and a solid cellular growth pattern.

Epithelial-myoepithelial carcinoma
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The tracheobronchial tree may be the
site of origin for a wide variety of salivary
gland tumours {1187,1364,1563,1883,
1883}. These include epithelial-myoepithelial carcinoma, acinic cell carcinoma,
carcinoma ex pleomorphic adenoma and
malignant endobronchial myxoid tumour.
Of these only epithelial-myoepithelial
carcinomas have been analysed in significant numbers.
Definition
Epithelial-myoepithelial carcinomas consist of myoepithelial cells with spindle
cell, clear cell or plasmacytoid morphology and varying amounts of duct-forming epithelium.
ICD-O code

A
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D

8562/3

Synonyms
Adenomyoepithelioma, myoepithelioma,
epithelial-myoepithelial carcinoma, epithelial-myoepithelial tumour, epimyoepithelial carcinoma, epithelial-myoepithelial tumour of unproven malignant
potential and malignant mixed tumour
comprising epithelial and myoepithelial
cells.
Epidemiology
Age ranges from 33 to 71 years with no
sex predominance.
Etiology
There appears to be no association with
cigarette smoking or other risk factor(s).
Localization
The tumors are nearly all endobronchial
in location.
Clinical features
Presenting symptoms and imaging
reflect airway obstruction {639,1480,
2037}.

Fig. 1.71 Epithelial-myoepithelial carcinoma. A This tumour is composed of clear cell nests (left) and glands
(right) some of which have a double layer of cells with an inner layer of eosinophilic cells and an outer layer
of clear cells. B The inner layer of ductal cells is immunostained by cytokeratin 7. C The outer layer of
myoepithelial cells is immunostained by smooth muscle actin. D The outer layer of myoepithelial cells is
immunostained by S100 protein.

Macroscopy
The cut surface ranges from solid to
gelatinous in texture and white to gray in
colour {639,1480,2037}.
Histopathology
Tumours comprise myoepithelial cells
that are spindled or rounded and contain
eosinophilic or clear cell cytoplasm, plus
a variable proportion of duct-forming
epithelium {639,1480,2037}.
Occasional purely myoepitheliomatous
tumours are described. Ducts are typically lined by a dual layer of cells, comprising an inner layer of cuboidal cells

with eosinophilic cytoplasm and an outer
layer of cells with predominantly clear
cytoplasm. Mitotic activity is generally
low. Generally, the inner layer of ducts
stains for MNF116 and EMA and the
outer layer plus solid components stain
for SMA and S-100, although there may
be some overlap.
Prognosis and predictive factors
Surgical resection is the treatment of
choice and usually curative, although late
recurrence may occur {639,1480, 2037}.

Epithelial-myoepithelial carcinoma
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Squamous dysplasia and
carcinoma in situ

Definition
A precursor lesion of squamous cell carcinoma arising in the bronchial epithelium. Squamous dysplasia and carcinoma
in situ are a continuum of recognizable
histologic changes in the large airways.
They can occur as single or multifocal
lesions throughout the tracheobronchial
tree. Dysplasia or carcinoma in situ may
exist as an isolated finding or as a
bronchial surface lesion accompanying
invasive carcinoma
ICD-O code
Squamous cell carcinoma
in situ
8070/2
Synonyms and historical annotation
Squamous atypia, angiogenic squamous
dysplasia, bronchial premalignancy,
preinvasive squamous lesion, highgrade intraepithelial neoplasia, early
non-invasive cancer.
The existence of central airway squamous lesions regarded as progenitors of
squamous carcinoma has been recognized for decades {93}. They were initially graded according to complicated
descriptive criteria including the loss of
cilia, thickness (number of cell layers) of

Fig. 1.72 Carcinoma in situ at the bronchus bifurcation. Note the plaque-like greyish lesions resembling leukoplakia.

68

W.A. Franklin
I.I. Wistuba
K. Geisinger
S. Lam
F.R. Hirsch

the epithelium, the degree of atypia and
the percentage of atypical cells {94,95},
but a manageable and reproducible
classification was recently published
{1465,2024}.
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Clinical features
Squamous dysplasia is nearly always
asymptomatic but occurs in individuals
with heavy tobacco exposure (more than
30 pack years of cigarette smoking) and
with obstructive airway disease {849,
1389}. Pre-invasive squamous bronchial
lesions are found more frequently in men
than in women {1118}.

20% of patients with greater than a 30
pack year history of smoking, airway
obstruction with forced expiratory volume 1 (FEV1) <70% of expected have
moderate dysplasia or worse by fluorescence bronchoscopy {1533}. Of those
with moderate atypia on sputum cytology, at least 55% have dysplasia
detectable by fluorescence bronchoscopy. Sputum atypia as an independent variable in predicting dysplasia
at fluorescence bronchocoscopy has not
yet been tested in a controlled trial evaluating high-risk smokers with airway
obstruction.

Relevant diagnostic procedures
Sputum cytology examination
Currently, the only non-invasive test that
can detect pre-invasive lesions is sputum cytology examination {620,993}.

White-light bronchoscopy
Approximately 40% of cases of carcinoma in situ can be detected by white-light
reflectance bronchoscopy. About 75% of
detected carcinoma in situ lesions
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Fig. 1.73 Bronchscopy images of squamous dysplasia and carcinoma in situ. A Nodular carcinoma in-situ
of the left lower lobe. White-light image. B Carcinoma in situ right upper lobe with focal thickening of the
bronchial bifurcation and slight irregularity of the bronchial mucosa. C Carcinoma in situ upper divisional
bronchus, left upper lobe. Focal increase in vascularity was observed under white-light bronchoscopy.
D Carcinoma in situ left upper lobe. The lesion is visible as an area of reddish-brown fluorescence under
autofluorescence bronchoscopy {1117,1120}, using the LIFE-Lung Device. E Severe dysplasia left upper
lobe. No abnormality under white-light bronchoscopy. F Same case as E. The dysplastic lesion is visible as
an area of reddish fluorescence under autofluorescence bronchoscopy {1117,1120}, using the Onco-LIFE
Device (Xillix Technologies Inc. Vancouver, Canada).
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Fig. 1.74 Carcinoma in situ. The bronchial mucosa is replaced with atypical squamous cells extending from the surface to the base of the epithelial. Note the severe
nuclear polymorphism, hyperchromasia and enlarged nuclei.

appear as superficial or flat lesions; the
remaining 25% have a nodular or polypoid appearance {967,1423}. Because
nodular/polypoid lesions are elevated
from the adjacent normal mucosa,
lesions as small as 1-2 mm in diameter
can be seen. Flat or superficially spreading lesions greater than 1-2 cm in surface
diameter are generally visible as areas of
focal thickening, increase in vascularity
or marked irregularity of the mucosa. Flat
lesions 5-10 mm in diameter usually produce non-specific thickening, redness,
fine roughening, loss of luster or a slight
increase in granularity which are difficult
to distinguish from inflammation or squamous metaplasia {2057}. Lesions <5 mm
are usually invisible on white light bronchoscopy. Bronchial dysplasia usually
presents as non-specific mucosal
swelling or thickening at a bronchial
bifurcation.

Autofluorescence bronchoscopy
Pre-invasive lesions that have subtle or
no visible findings on white-light bronchoscopy can be localized by autofluo-

rescence imaging using a violet or blue
light for illumination instead of white-light
and special imaging sensors attached to
a fiberoptic bronchoscope for detection
of the abnormal autofluorescence {1117,
1120}. Dysplastic and malignant tissues
have a significant decrease in the green
autofluorescence intensity relative to the
red autofluorescence. These pre-invasive lesions are identified by their brown
or brownish-red autofluorescence.
Lesions as small as 0.5 mm can be localized by this method.
Cytology
Sputum
cytological
classification
schemes for preneoplastic lesions have
been published by Saccomanno {1717}
and Frost {621} and consist of gradations
of microscopic abnormality similar to
those observed in histological sections
from lower airways of smokers.
Squamous metaplasia presents in sputum smears as individual cells, but mostly as flat loosely cohesive clusters. The
cytologic manifestations of dysplasia
occur as increasingly severe cellular

changes, ranging from mild, moderate,
and severe atypia to carcinoma in situ
(CIS) {1717}. There are progressive alterations including increasing variability in
cellular and nuclear sizes, increasingly
variable nuclear-to-cytoplasmic ratios,
increasing proportions of cells with cytoplasmic eosinophilia (orangeophilia),
increasing coarseness of chromatin
granularity until a pyknotic-like pattern is
reached in CIS, increasing irregularity in
the distribution of chromatin granules,
and increasing irregularities in the outlines of nuclear membranes {844,1717,
1718}. This last feature first appears in
moderate atypia {1717}. According to
Koprowska et al {1055}, it is this deviation
from smooth nuclear outlines that is most
strongly associated with the presence of
carcinoma.
Localization and macroscopy
Foci of carcinoma in situ usually arise
near bifurcations in the segmental
bronchi, subsequently extending proximally into the adjacent lobar bronchus
and distally into subsegmental branches.

Squamous dysplasia and carcinoma in situ
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opment via an atypical array of
organelles {711,712,1407}. A special
feature is seen in the basement membrane in CIS. It is subdivided by multiple
tentacle-like cytoplasmic protrusions,
which vary considerably in shape and
size but are always directed towards and
between the fibrous structures of the
basement membrane {711,712,1407}.

Fig. 1.75 Preinvasive lesions. Sequential molecular changes during the multistage pathogenesis of squamous cell lung carcinoma. Molecular changes occurring during lung pathogenesis may commence early
(normal or slightly abnormal epithelium), at an intermediate (dysplasia) stage, or relatively late (carcinoma
in situ, invasive carcinoma).

The lesions are less frequent in the trachea. Bronchoscopically and grossly
there is often no macroscopical alteration. When gross abnormalities are
present, focal or multi-focal plaque-like
greyish lesions resembling leukoplakia,
nonspecific erythema and even nodular
or polypoid lesions may be seen.
Histopathology
A variety of bronchial epithelial hyperplasias and metaplasias may occur that
are not regarded as preneoplastic
including goblet cell hyperplasia, basal
cell (reserve cell) hyperplasia, immature
squamous metaplasia, and squamous
metaplasia. The term preinvasive does
not imply that progression to invasion will
necessarily occur. These lesions represent a continuum of cytologic and histologic changes that may show some overlap between defined categories. Squamous dysplasia does not invade the stroma. The basement membrane remains
intact and is variably thickened. There
may be vascular budding into the epithelium, termed angiogenic squamous dysplasia {986}. The latter lesion has also
been previously reported as micropapillomatosis {724, 1407}.

Immunohistochemistry
A series of immunohistochemical
changes accompany squamous dysplasia. These include increased expression
of EGFR {607,1101,1710}, HER2/neu
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{608}, p53 {145,211,1251}, MCM2
{1966}, Ki-67 {607,1149,1966}, cytokeratin 5/6 {54}, bcl-2 {211}, VEGF
{602,1126}, maldistribution of MUC1,
and loss of several proteins including
FHIT {1855}, folate binding protein
{609,676}, and p16 {213,1122}. A linear
progression of proliferative activity,
assessed with immunohistochemical
staining for the proliferation marker Ki-67
(MIB-1), correlates with the extent and
grade of the preneoplasia {1966}. Loss of
RAR-beta expression is very frequent in
the bronchial epithelium of smokers
{1252,2017}. Type IV collagen staining
highlights discontinuities in basement
membranes that increase from basal cell
hyperplasia to dysplasia, progressing to
destruction in carcinoma in situ and invasive carcinoma {657}. Changes also
occur in matrix metalloproteinase (MMP)
and tissue inhibitor of metalloproteinase
(TIMP) expression corresponding to progression in severity of dysplasia, in situ
carcinoma and invasive carcinoma
{657}.

Electron microscopy
There is an increase in atypical basal
cells with loss of polarity. The nuclei show
considerable hyperchromasia, and variations in shape with numerous invaginations. The number of nucleoli is
increased, and so-called pseudoinclusion bodies may be seen within the
nuclei. Some cells exhibit atypical devel-
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Histogenesis
The stem cell for the squamous epithelium of the proximal airway is not certain,
but it is presumed that the basal cells
represent a relatively quiescent zone that
is the precursor for preneoplastic epithelium. It is of interest that these cells
express a different cytokeratin profile
with high levels of cytokeratin 5/6 and are
the only cells in the normal respiratory
mucosa and express significant levels of
epidermal growth factor receptor. In the
earliest preinvasive lesions, this basal
zone is expanded with phenotypic
changes that mirror the quiescent basal
zone in normal epithelium including the
overexpression of EGFR, transformation
from cytokeratin 5/6 negative to positive,
and increased proliferative activity with
high expression of Ki-67 and MCM2. It is
widely supposed that low grade changes
such as basal cell hyperplasia and squamous metaplasia may (with or without
micropapillomatosis) progress through
mild, moderate and severe dysplasia up
to carcinoma in situ {392,994,2022} to
invasive carcinoma. However, such a
progression is rarely observed in individual subjects and the predictive power of
specific grades of premalignant change
for the future development of invasive
carcinoma is still under investigation.
Somatic genetics
Cytogenetics and CGH
Relatively few cytogenetic studies have
been performed on preneoplastic lesions
because of their small size and because
of the difficulty of identifying them {1449,
1854}. Classic cytogenetic studies are
further limited by the necessity for shortterm cultures and the inability to identify
the cell of origin of metaphase spreads.
For these reasons most analyses have
utilized fluorescence in situ hybridization
(FISH) for detection of chromosomal or
numerical changes in bronchial epithelial
cells. As part of the field effect resulting
from widespread smoking damage to the
entire upper aerodigestive tract, cytoge-

Table 1.11
Microscopic features of the squamous dysplasia and carcinoma in situ.
Abnormality

Thickness

Cell size

Maturation/orientation

Nuclei

Mild Dysplasia

Mildly increased

Mildly increased
Mild anisocytosis,
Pleomorphism

Continuous progression of maturation from
base to luminal surface
Basilar zone expanded with cellular crowding in lower third
Distinct intermediate (prickle cell) zone
present
Superficial flattening of epithelial cells

Mild variation of N/C ratio
Finely granular chromatin
Minimal angulation
Nucleoli inconspicuous or absent
Nuclei vertically oriented in lower third
Mitoses absent or very rare

Moderate
Dysplasia

Moderately
increased

Mild increase in
cell size; cells
often small
May have moderate anisocytosis, pleomorphism

Partial progression of maturation from base
to luminal surface
Basilar zone expanded with cellular crowding in lower two thirds of epithelium
Intermediate zone confined to upper third of
epithelium
Superficial flattening of epithelial cells

Moderate variation of N/C ratio
Finely granular chromatin
Angulations, grooves and lobulations present
Nucleoli inconspicuous or absent
Nuclei vertically oriented in lower two thirds
Mitotic figures present in lower third

Severe
Dysplasia

Markedly
increased

Markedly
increased
May have
marked anisocytosis, pleomorphism

Little progression of maturation from base
to luminal surface
Basilar zone expanded with cellular crowding well into upper third
Intermediate zone greatly attenuated
Superficial flattening of epithelial cells

N/C ratio often high and variable
Chromatin coarse and uneven
Nuclear angulations and folding prominent
Nucleoli frequently present and conspicuous
Nuclei vertically oriented in lower two thirds
Mitotic figures present in lower two thirds

Carcinoma
in situ

May or may not
be increased

May be markedly
increased
May have
marked anisocytosis, pleomorphism

No progression of maturation from base to
luminal surface; epithelium could be inverted with little change in appearance
Basilar zone expanded with cellular crowding throughout epithelium
Intermediate zone absent
Surface flattening confined to the most
superficial cells

N/C ratio often high and variable
Chromatin coarse and uneven
Nuclear angulations and folding prominent
Nucleoli may be present or inconspicuous
No consistent orientation of nuclei in relation to epithelial surface
Mitotic figures present through full thickness

netic changes may be detected both in
preneoplastic lesions as well as histologically normal appearing cells. Numerical
changes of chromosme 7 are frequent
and may predict risk for cancer development {1147,2245}. Only one study to
date has performed comparative genomic hybridization on preneoplastic lesions
and found that numerical alterations of
chromosome 3 were the most frequent
change {813}.

Molecular genetics
Precise microdissection of epithelial cells
followed by molecular genetic analysis of
such lesions has provided a sequence of
molecular changes similar to that
observed in other epithelial cancers
{844,2161}. These studies have also indicated similarities and differences
between the sequential changes leading

to central and peripheral tumours. The
histological changes preceding squamous cell carcinomas are well documented because of accessibility of these
lesions,
and
the
developmental
sequence of molecular changes is nonrandom. DNA aneuploidy is frequent in
dysplastic lesions particularly in highgrade lesions. Small foci of allelic loss
are common at multiple sites in the
bronchial epithelium and persist long
after smoking cessation {1549}.
LOH occurs at one or more chromosome
3p regions and 9p21 early in neoplastic
development, commencing in histologically normal epithelium. Later changes
include 8p21-23, 13q14 (RB) and 17p13
(P53) being detected frequently in histologically normal epithelium {1236,2157,
2158,2162}. In contrast, allele loss at
5q21 (APC-MCC region) mutations has

been detected at the carcinoma in situ
stage, and P53 mutations appear at variable times {1900,2157,2162}. Chromosome 3p losses in normal epithelium,
basal cell hyperplasia and squamous
metaplasia are small and multifocal,
commencing at the central (3p21) region
of the chromosomal arm, while in later
lesions such as carcinoma in situ, allelic
loss is present along nearly all of the
short arm of chromosome 3p {2157,
2158}. The clonal patches of bronchial
epithelium having molecular changes
(allelic loss and genetic instability) are
usually small, and have been estimated
to be approximately 40,000 to 360,000
cells {1549}. p16INK4a methylation has
also been detected at early stages of
squamous preinvasive lesions with frequency increasing during histopathologic progression from basal cell hyperpla-
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sia to squamous metaplasia to carcinoma in situ {140}. Detection of such
changes in sputum samples may be of
predictive value in identifying smokers at
increased risk of developing lung cancer
{141}. Similar changes have been
detected in telomerase activation {2199}.
While weak telomerase RNA expression
is detected in basal layers of normal and
hyperplastic epithelium, dysregulation of
telomerase expression increases with
tumour progression with moderate to
strong expression throughout the multilayers of the epithelium in squamous
metaplasia, dysplasia and carcinoma in
situ.
While specific premalignant changes
associated with SCLC have not been
identified, extensive genetic damage
occurs in the accompanying normal and
hyperplastic bronchial epithelium and is
characteristic of SCLC tumours {2160}.
These changes are much more extensive
than changes accompanying similar
epithelia from lung resections of patients
with squamous cell carcinoma or adenocarcinoma. These findings suggest
major differences in the pathogenesis of
the three major lung cancer types.
Our knowledge of the changes preceding peripheral tumours is much more limited, mainly because of the inability to
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identify and have access to such lesions.
However, careful examination of lung
cancer resections indicates that peripheral tumours, especially adenocarcinoma, may be accompanied by specific
morphologic changes known as atypical
adenomatous hyperplasia (AAH). The
advent of CT scans for the detection of
early lung cancers has greatly increased
the identification of such lesions, both in
smokers with and without lung cancer
{844,2078}. Inflation of the lungs prior to
fixation greatly enhances the ability to
detect these lesions. Multiple molecular
changes have been described in these
lesions {1021} including aneuploidy, ras
gene mutations, COX-2 over expression,
active proliferation, 3p and 9p deletions,
K-ras codon 12 mutations, and disruption of the cell cycle control, but p53
gene aberrations are rare and telomerase activation is absent.
Prognostic factors
Carcinoma in situ, being a preneoplastic
lesion, is classified as “Stage 0 disease.”
Resection of specific lesions at this stage
means 100% curability, although frequent multifocality means that other foci
are liable to present elsewhere in the airways. In general, higher grades of dysplasia are more closely associated with
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synchronous invasive carcinomas,
although the prognostic significance of
identifying dysplasia in isolation is uncertain. Currently, there are no recommendations to screen asymptomatic individuals with a history of dysplasia for development of invasive lesions {1119,1408,
1860}. There are no data to allow prediction of progression to invasive disease,
depending on grade of dysplasia. It is
likely that severe dysplasia/CIS carries a
high risk. Progression of disease, from
the early stages, probably takes many
years.

Genetic predictive factors
There is a general consensus that
numerous genetic and molecular abnormalities occur in very early stages of lung
carcinogenesis including hyperplasia
and metaplasia and even in normal
appearing bronchial epithelium in smokers {1236,2162}. None of these isolated
molecular abnormalities have been
shown to predict progression to cancer,
but their cumulative rate may be associated with the risk of cancer in the
bronchial tree {926}.
.

Atypical adenomatous hyperplasia

Definition
Atypical adenomatous hyperplasia
(AAH) is a localised proliferation of mild
to moderately atypical cells lining
involved alveoli and, sometimes, respiratory bronchioles, resulting in focal lesions
in peripheral alveolated lung, usually less
than 5mm in diameter and generally in
the absence of underlying interstitial
inflammation and fibrosis.
Synonyms
Atypical alveolar cuboidal cell hyperplasia {1807}, alveolar epithelial hyperplasia
{1434}, atypical alveolar hyperplasia
{288}, atypical bronchioloalveolar cell
hyperplasia {2123}, bronchioloalveolar
cell adenoma {1316}.
Background
AAH is a putative precursor of peripheral
pulmonary adenocarcinoma, including
bronchioloalveolar carcinoma (BAC)
{1807}; the ‘adenoma’ in an adenomacarcinoma sequence in the peripheral
lung {1318}. Epidemiological, morphological, morphometric, cytofluorometric
and genetic evidence support this
hypothesis {392,994,1021,1378,2022}.
AAH is most frequently found as an incidental histologic finding in lungs already
bearing primary cancer, especially adenocarcinoma. Lungs with very high num-

A

bers of AAH (>40) have been reported in
conjunction with multiple synchronous
peripheral primary adenocarcinomas or
BAC
{51,333,1316,1434,1928,2123}.
Autopsy studies have reported AAH in 24% of non-cancer bearing patients
{1879,2206,2207}.
AAH has been reported in up to 19% of
women and 9.3% of men with lung cancer and up to 30.2% and 18.8%, respectively, in women and men with pulmonary
adenocarcinoma {333}. In Japan, this
gender relationship is inconsistent {1429,
2123}. Almost all Caucasians reported
with AAH have been smokers, while in
Japan, an association is not clear. Data
on the association of AAH with either a
personal or family history of malignancy
are conflicting {334,1429,1960}.
Clinical features
Signs and symptoms
There are no clinical signs or symptoms
directly referable to AAH. The lesions are
usually encountered as incidental findings at gross or, more often, microscopic
examination of lung.

Imaging
Radiological experience of AAH is largely confined to screening studies using
High Resolution CT scanning (HRCT)
{979,1108}, though some have been
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Table 1.12
AAH in lung cancer resection specimens.
From references: {33,1041,1316,1387,1434,2123}
Cancer type
All primary lung cancer
Adenocarcinoma
Squamous cell carcinoma
Large cell carcinoma
Metastatic disease

Prevalence
9 - 21%
16 - 35%
3 - 11%
10 - 25%
4 - 10%

described during follow-up of patients
with lung cancer {1038,1198}. In this
context, small non-solid nodules, also
described as localised areas of pure
ground glass opacity (GGO), may be
identified as areas of increased opacification with distinct borders, not completely obscuring the underlying lung
parenchyma on CT scan, measuring 224mm in diameter, and typically not visualized on chest radiographs. Resection
of GGOs has shown a range of pathology including benign disease in up to
30%, AAH in 10-77%, BAC in up to 50%
and invasive adenocarcinoma in 10-25%
of cases {979,1038,1108,1431}.

Relevant diagnostic procedures
AAH may rarely be visualised radiologically and a presumptive diagnosis made.
Most likely as part of an HRCT screening

B

Fig. 1.76 Atypical adenomatous hyperplasia. A Unusually prominent AAH lesion. Alveolar spaces are visible within the lesion. B AAH (center) detected incidentally
in a lung resected for mucinous adenocarcinoma, present on the left.
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programme for lung cancer, any detected lesion, which necessitates further
investigation, can be sampled by fine
needle aspiration or local resection.
Cytology
A diagnosis of AAH cannot be made on
a cytology specimen. This issue is discussed further in the chapter on adenocarcinoma.
Macroscopy and localization
Most lesions are only incidentally found
at microscopy but AAH may be visible on
the cut surface of lung as discrete, grey
to yellow foci ranging from less than 1mm
to, rarely, over 10mm {408,994}. Most are
less than 3mm. AAH is easier to see by
flooding the lung surface with water, or
after tissue fixation with Bouin’s fluid
{1316}. Occasionally the alveolar spaces
within the lesion create a stippled pattern
of depressions. AAH lesions are more
often found close to the pleura {1434}
and in the upper lobes {1429}. It is likely
that most occur as multiple lesions.
Histopathology
AAH is a discrete parenchymal lesion
arising often in the centriacinar region,
close to respiratory bronchioles. The
alveoli are lined by rounded, cuboidal,
low columnar or ‘peg’ cells, which have
round or oval nuclei. Up to 25% of the
cells show intranuclear inclusions {1434}
and many have light microscopic {1434}
and ultrastructural {1022} features of
Clara cells and type II pneumocytes.
Ciliated and mucous cells are never
seen. Double nuclei are common;
mitoses are extremely rare. There is
some blending with normal alveolar lining cells peripherally, but most lesions
are well defined. The alveolar walls may
be thickened by collagen, occasional
fibroblasts and lymphocytes. Lesions
with these components in abundance
are unusual. These interstitial changes
do not extend beyond the limits of the
lesion, as defined by the epithelial cell
population.
Cellularity and cytological atypia vary.
Many lesions show a discontinuous lining
of cells with small nuclei and minimal
nuclear atypia. Fewer show a more continuous single cell layer with moderate
atypia. Pseudopapillae and tufts may be
present. Some authors separate lesions
into low and high grades: LGAAH and
HGAAH {1023,1040}. This practice is not
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Fig. 1.77 Atypical adenomatous hyperplasia showing localised centriacinar alveolar wall thickening and
increased numbers of alveolar lining cells. From Travis et al. {2024}.

universally accepted, has no known clinical significance, its reproducibility is
untested, and this panel does not recommend it. The features of AAH fall short of
those accepted as BAC. This issue is
addressed in the discussion on BAC.
The postulated progression of disease,
apparent from the increasingly atypical
morphology, is supported by numerous
morphometric and cytofluorometric studies {1375,1379,1438}. AAH and nonmucinous BAC probably represent a
continuum of progression of pulmonary
alveolar intraepithelial neoplasia.
AAH must be distinguished from reactive
hyperplasia, secondary to parenchymal
inflammation or fibrosis, where the alveolar lining cells are not the dominant feature and are more diffusely distributed.
Generally, AAH cannot be identified in
the presence of inflammatory or fibrosing
disease. Distinction between more cellular and atypical AAH and BAC is difficult.
BAC is generally >10mm in size, has a
more
pleomorphic,
homogeneous
columnar cell population, which is
densely packed with greater cell-cell
contact, overlap, mild stratification, and,
usually, a less graded, more abrupt transition to adjacent alveolar lining cells.
True papillae suggest papillary adenocarcinoma.

Immunohistochemistry
AAH expresses SPA, CEA {1640}, MMPs
{1084}, E-cadherin, ß-catenin, CD44v6
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and TTF-1. The expression of oncogene
and tumour supressor gene products
(TP53, C-ERB2, RB, MST1(p16),
WAF1/CIP1 (p21) and FHIT) essentially
reflects neoplastic progression from AAH
to BAC and invasive adenocarcinomas
{802,995,1021,1100}. In contrast to the
data on TP53 mutations, TP53 protein
accumulation seems to occur early in the
proposed sequence of events {995}.
Histogenesis
The origin of AAH cells is still unknown
but the differentiation phenotype derived
from immunohistochemical and ultrastructural features suggests an alveolar
origin. Surfactant apoprotein {1041}, and
Clara cell specific 10kDd protein {1021,
1379} are expressed in almost all AAH
lesions. Ultrastructurally, cytoplasmic
lamellar bodies and nuclear branching
microtubles, both typical of type II pneumocytes {768,1021,1316,1521}, and
electron-dense Clara cell-type granules
{1021,1434,1521} are found. AAH cells
are likely derived from a progenitor cell
with the potential for both type II pneumocyte and Clara cell differentiation.
Somatic genetics
KRAS. Mutations of the K-ras gene, particularly at codon 12, are specific for
peripheral lung adenocarcinomas, as
opposed to bronchogenic carcinoma,
suggesting an alternative pathway of
peripheral lung tumourigenesis {287,

A
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Fig. 1.78 Atypical adenomatous hyperplasia. A,B Slightly thickened alveolar walls are lined by an intermittent single layer of cuboidal cells. Occasional large cells are present. C Cuboidal pneumocytes line the
alveolar walls with gaps between the adjacent cells. D Slightly thickened alveolar walls lined by an intermittent single layer of cuboidal cells, some with apical cytoplasmic snouts.

402}. K-ras codon 12 mutations are
reported in 15-39% of AAH lesions, and
up to 42% of concurrent adenocarcinomas. Most of the time, the K-ras mutations are different. One study found K-ras
codon 12 mutations in 15% of AAH, 33%
of ‘early’ BAC and 24% of ‘advanced’
BAC. {1021}, suggesting that K-ras
codon 12 mutation is a very early event in
the development of peripheral adenocarcinoma {1021,2126}.
TP53. Abnormalities of the P53 gene
(17p), with impaired protein function,
promote neoplastic transformation in
affected cells. Many lung adenocarcinomas show missense mutations of the P53
gene with abnormal nuclear protein

A

accumulation. LOH and mutations of the
P53 gene are very rare in AAH compared
with adenocarcinoma; however p53 protein overexpression is frequent in AAH
{1021}. P53 mutation has been demonstrated with increasing frequency in the
progression from AAH, through BAC to
early invasive adenocarcinoma {1836}.
LOH Allelic-specific losses at 3p and 9p
loci have been detected in AAH {1044,
2187}. Some AAH lesions have shown
LOH in 9q {51} and both 17q {2187} and
17p {51} LOH in the 3p and 9p loci probably occurs at a very early stage and
may represent the earliest and crucial
event in neoplastic transformation, with
17p events occurring later.

B

FHIT. The fragile histidine triad (FHIT)
gene (3p) is deleted in many lung carcinomas {1856}.
p16INK4. Loss and inactivation plays an
important role in the pathogenesis of
lung carcinoma. However, loss of expression of p16INK4 is relatively rare in both
AAH and adenocarcinoma {1021}.
TSC. A recent study on lung adenocarcinoma with concurrent multiple AAH
lesions showed frequent LOH of tuberous sclerosis complex (TSC)-associated
regions (TSC1 at 9q and TSC2 in 16p),
suggesting that these are candidate loci
for tumour suppressor genes in peripheral lung adenocarcinoma {1949}.
Aneuploidy. FISH studies of AAH have
shown frequent aneuploidy of chromosome 7. The percentages of aneuploid
cells and mean chromosome copy number increased from AAH to invasive adenocarcinomas, suggesting increasing
polyploidy during malignant change
{2245}. Some cases of AAH have been
shown to be monoclonal, suggesting that
it is a true preneoplastic lesion {1475}.
Prognosis and predictive factors
Assuming that AAH is always multifocal,
several studies have compared postoperative survival in groups of patients
with, and without AAH {333,1198,1927,
1960}. None showed any difference in
outcome.
There is no indication for surgical or
medical therapy in patients without cancer who are incidentally found to have
AAH. In such a clinical setting, careful
followup is warranted.

C

Fig. 1.79 Atypical adenomatous hyperplasia. A Transmission electron photomicrograph of a formalin-fixed AAH lesion showing a cuboid AAH cell having many intracytoplasmic small inclusion bodies and granules. Note scattered short microvilli on the free surface of the cell, the irregular contour of the nucleus and basal membrane. B Light photomicrograph of a thin section of a formalin-fixed, epoxy-resin-embedded AAH lesion showing a cell with an intranuclear inclusion body at the
middle upper portion as well as several binucleated cells. Toluidine blue stain. C Immunostaining with a mouse monoclonal antibody against surfactant apoprotein
A (PE10), showing uniformly strong positive staining of the cytoplasm of almost all the AAH cells as well as many nuclear inclusion bodies.
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Diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia

J.R. Gosney
W.D. Travis

Definition
Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia (DIPNECH) is a
generalised proliferation of scattered single cells, small nodules (neuroendocrine
bodies), or linear proliferations of pulmonary neuroendocrine cells (PNCs)
that may be confined to the bronchial
and bronchiolar epithelium, include local
extraluminal proliferation in the form of
tumourlets, or extend to the development
of carcinoid tumours. It is sometimes
accompanied by intra- and extraluminal
fibrosis of involved airways, but other
pathology that might induce reactive
PNC proliferation is absent.

bronchial asthma. Physical examination
usually reveals no signs, but pulmonary
function tests show an obstructive or
mixed obstructive/restrictive pattern of
impairment with reduced diffusing
capacity.

Synonyms
The entity of DIPNECH was not fully
recognised and named until 1992 {29},
but cases with its clinical and pathological features appear in the literature from
the early 1950s {570}.

Macroscopy and localization
The early lesions of DIPNECH are invisible to the naked eye, but tumourlets and
microcarcinoids, when present, can be
just discerned as small, gray-white nodules, the latter often well-demarcated
and resembling ‘miliary bodies’. Larger
carcinoid tumours are firm, homogeneous, well-defined, grey or yellow-white
masses. The lesions of DIPNECH usually
affect one or both lungs uniformly.

increased numbers of individual cells,
small groups, or larger, nodular aggregates, confined to the bronchial or bronchiolar epithelium, the larger lesions
bulging into the lumen, but not breaching
the subepithelial basement membrane.
The bronchiolar wall sometimes is fibrotically thickened. Bronchiolar occlusion
may occur due to fibrosis and/or PNC
proliferation. These are sufficient for the
diagnosis of DIPNECH providing other
defining criteria are met. In particular
inflammatory or fibrous lesions that might
cause secondary PNC hyperplasia are
not seen. However, more advanced
lesions are often present. These develop
when the proliferating PNCs break
through the basement membrane to
invade locally, developing a conspicuous
fibrous stroma to form small (2-5 mm)
aggregates traditionally known as
‘tumourlets’. This proliferation of PNCs is
sometimes accompanied by intra- and
extramural fibrosis of the involved airways that often obliterates them, but the
surrounding lung is otherwise unremarkable. Once PNCs reach a size of 5mm or
greater, they are classified as carcinoids.

Histopathology
Histopathological examination reveals
widespread proliferation of PNCs {29,74,
1317}. The earliest lesions comprise

Differential diagnosis
Clinically and on imaging, DIPNECH may
be indistinguishable from other diffuse
lung diseases characterised by cough,

Clinical features
Signs and symptoms
DIPNECH may occur at any age, but
presents typically in the fifth or sixth
decades, and is perhaps commoner in
women {29,74,1150,1317}. The history is
one of a very slowly worsening dry cough
and breathlessness, often over many
years, sometimes misdiagnosed as mild

Imaging
Plain thoracic radiography is often normal, but tomographic scanning reveals a
mosaic pattern of air trapping, sometimes with nodules and thickened
bronchial and bronchiolar walls {1150}.
Multiple nodules corresponding to
tumourlets or carcinoid tumours may be
present.

A
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Fig. 1.80 Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia. A The bronchiolar epithelium is almost entirely replaced by proliferating neuroendocrine
cells. B Hyperplastic neuroendocrine cells form a nest at the base of the bronchiolar epithelium. From Travis et al {2024}.
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breathlessness, mixed obstructive/
restrictive pulmonary impairment and a
nodular pattern of pulmonary infiltration,
so that the diagnosis is usually impossible to make without recourse to biopsy.
Histopathologically, DIPNECH must be
distinguished from the PNC proliferation
that may accompany a variety of pulmonary conditions, particularly chronic
inflammatory
diseases
such
as
bronchiectasis and chronic lung abscess
{717}; in the latter situation, progression
of the proliferation to carcinoid tumours
does not occur. DIPNECH must also be
distinguished from the proliferation of
PNCs not uncommonly seen adjacent to
peripheral carcinoids {29,1317}.

a neuroendocrine line. However, the
PNCs that proliferate in DIPNECH are
found in normal lungs of adults {719,
1141}.

Histogenesis
As with neuroendocrine neoplasms arising in the lungs, the origin of the proliferating PNCs that characterize DIPNECH
is likely to be a yet-to-be-defined uncommitted precursor cell that is stimulated by
unknown influences to differentiate along

Prognosis and predictive factors
DIPNECH is a slowly progressive condition with a benign course spanning many
years. Associated carcinoid tumours are
indolent and atypical features have not
been described. There are no predictive
histologic or genetic data for DIPNECH.

Somatic genetics
There are no genetic markers of DIPNECH such that it might be possible to
distinguish it genetically from the limited,
reactive, reversible proliferative response
of PNCs that occurs after pulmonary
injury. It is of interest, however, that allelic imbalance at the 11q13 region that
closely approximates to the MEN1
tumour suppressor gene appears to be
rare in tumourlets, but is present in the
majority of carcinoid tumours {581}.
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Squamous cell papilloma

Definition
A papillary tumour consisting of delicate
connective tissue fronds with a squamous epithelial surface. Squamous papillomas can be solitary or multiple and can
be exophytic or inverted.
ICD-O codes
Squamous cell papilloma 8052/0
Exophytic
8052/0
Inverted
8053/0
Epidemiology
Solitary squamous papillomas are very
rare representing less than 0.50% of
lung tumours at one large institution
{1612}. Exophytic lesions far outnumber
the inverted growth pattern {592}.
Solitary squamous papillomas are seen
predominantly in men, with a median
age of 54 years {592}. Juvenile and adult
laryngotracheal papillomatosis rarely
involve the lower respiratory tract are
always related to laryngotracheal papillomatosis {1223}.

ways may lead to nodular opacities
and/or thin-walled cavity nodules {2213}.
An endobronchial biopsy may be diagnostic, but distinction from well-differentiated squamous cell carcinoma can be
difficult, especially with superficial tissue
fragments. Bronchoscopic cytologic
specimens will only demonstrate the
squamous nature of the lesion.
Parakeratotic cells, cytologic atypia and
viral cytopathic effect should not be misinterpreted as invasive carcinoma
{1677}.
Macroscopy
Solitary squamous papillomas arise
from the wall of either mainstem bronchi
or major subdivisions and appear as
cauliflower-like tan-white soft to semifirm excrescences protruding into
bronchial lumens. Tumours range from
0.7-9.0 cm with a median of 1.5 cm.
Distal airways may be bronchiectatic
with secondary atelectasis and consolidation {965}.

D.B. Flieder
F. Thivolet-Bejui
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Tumour spread and staging
Squamous papillomas may recur at their
original site and laryngotracheal papillomatosis can spread into the lower respiratory tract. It has been suggested that
electrical or laser fulguration is responsible for alveolar parenchymal seeding.
Histopathology
Squamous papillomas are composed of
a loose fibrovascular core covered by
stratified
squamous
epithelium.
Exophytic lesions feature orderly squamous maturation from the basal layer to
the superficial flattened and oftentimes
keratinized cells. Acanthosis may be
prominent. While non-keratinized epithelium may resemble transitional epithelium, the squamous nature of these cells
has been demonstrated ultrastructurally
and use of this term is discouraged. Over
20% of solitary squamous papillomas
feature wrinkled nuclei, binucleate forms
and perinuclear halos, i.e., koilocytosis
related to HPV infection {592}. Scattered

Etiology
An association with human papilloma
virus (HPV) subtypes 6 and 11 suggests
a possible pathogenetic role for the virus
{592}. Human papilloma virus subtypes
16,18 and 31/33/35 in squamous papillomas associated with carcinomas and in
squamous cell carcinomas have been
reported, suggesting that HPV infection
might be related to tumoural progression
{139,1611,1612}. More than half of
patients are tobacco smokers, but an etiologic role has not been established
{592,1937}.
Localization
Papillomas are endobronchial.
Clinical features
While up to one-third of lesions are incidental radiographic findings, patients
most often present with obstructive
symptoms. Computed tomography
scans demonstrate a small endobronchial protuberance or nodular airway thickening. Involvement of distal air-
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Fig. 1.81 Exophytic squamous papilloma. Mature squamous epithelial cells are growing in an exophytic papillary pattern on the surface of thin fibrovascular cores. The papilloma is attached to the underlying
bronchial wall by a stalk. .
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dyskeratotic cells, large atypical cells
and occasional mitotic figures above the
basal layer can be seen. Dysplasia
should be graded according to the World
Health Organization classification {2024}.
Squamous cell carcinoma infrequently
arises in solitary squamous papillomas
{1611,1612}.
Inverted lesions feature both exophytic
and random invaginations of squamous
epithelium. The basal lamina investing
the endophytic nests is continuous with
the basal lamina underlying the surface
epithelium. Basal cells are perpendicular
to the basement membrane while central
cells are parallel and whorling. Tumour
can involve adjacent seromucinous
glands.
Alveolar parenchymal involvement manifests as either well circumscribed solid
intraalveolar nests of cytologically bland
non-keratinizing squamous cells surrounded by hyperplastic type II pneumocytes or large cysts lined by similar
benign epithelium. Lower respiratory
tract involvement with laryngotracheal
papillomatosis is morphologically similar
with the exception that virtually all lesions
feature viral cytopathic effect. Neither
immunohistochemical nor in situ
hybridization studies are helpful in diagnosis.

Differential diagnosis
Inflammatory endobronchial polyps may
show focal squamous metaplasia but
generally have voluminous granulation
tissue-like stroma and subepithelial
dense lymphoplasmacytic infiltrates with
a lack of continuous proliferative epithelial surface. Well-differentiated squamous cell carcinoma can be entirely
papillary and endobronchial, but usually
demonstrates malignant cytologic features if not also stromal invasion and/or
angiolymphatic invasion. Entrapped
glands within the papillary stalk of a
benign papilloma should not be mistaken
for invasion. Inverted papillomas with

A
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D

Fig. 1.82 A Squamous cell papilloma. Acanthotic epithelium features parakeratosis and dyskeratotic cells.
B Squamous cell papilloma. In situ hybridization staining for human papillomavirus subtypes 6/11.
C Inverted squamous cell papilloma. Mature squamous epithelial cells are growing in an inverted papillary
pattern within the lumen of this bronchus. From Flieder et al {592} and Travis et al. {2024}. D Inverted squamous cell papilloma. Mature squamous cells are growing in an papillary configuration with an inverted pattern of growth. From Flieder et al. {592} and Travis et al. {2024}

even minimal cytologic atypia may be
indistinguishable from invasive squamous cell carcinoma. Parenchymal
destruction, cellular pleomorphism, loss
of maturation, prominent dyskeratosis
and hyperkeratosis favour a diagnosis of
carcinoma.
Precursor lesions-Histogenesis
Squamous papillomas most likely arise
from metaplastic respiratory epithelium.
Prognosis and predictive factors
While solitary squamous papillomas are
considered benign lesions, the presence
of focal cytologic atypia, a recurrence
rate approaching 20% and reports of
squamous cell carcinomas arising at
papilloma excision sites indicate a low
malignant potential. Thus, lesions should

be completely excised when feasible.
Human papilloma virus subtyping may
be prognostically significant as condylomatous papillomas have malignant
potential {1611,1612,1937,2030}. Solitary papillomas may progress to papillomatosis, but lower respiratory tract
involvement usually represents spread of
juvenile or rarely adult laryngotracheal
papillomatosis. Papillomatosis may be
lethal even in the absence of malignant
transformation owing to obstructive complications. Increased topoisomerase
alpha II and p53 expression along with
reduced RB gene protein product and
p21 expression may serve as markers of
transformation to so-called invasive
papillomatosis and squamous cell carcinoma {753}.

Squamous cell papilloma
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Glandular papilloma

D.B. Flieder
F. Thivolet-Bejui
H. Popper

Definition
A papillary tumour lined by ciliated or
non-ciliated columnar cells, with varying
numbers of cuboidal cells and goblet
cells.
ICD-O code

8260/0

Synonym
Columnar cell papilloma
Epidemiology
Glandular papillomas are exceedingly
rare. An equal sex distribution and median age of 68 years are established
based on the few reported cases
{85,118,592,1858}.
Etiology
No specific etiologies have been implicated in the evolution of glandular papillomas.
Localization
Endobronchial
Clinical features and diagnostic procedures
Individuals present with obstructive
symptoms including wheezing or
haemoptysis {592}; a minority are
asymptomatic and radiographic studies
demonstrate either a small endobronchial protuberance or nodular airway thickening. While bronchoscopic
biopsy can identify a central lesion, complete excision is necessary for definitive
diagnosis.
Macroscopy
Glandular papillomas are white to tan
endobronchial polyps that measure from
0.7-1.5 cm. Bronchiolar lesions can
appear solid without obvious papillary
fronds.
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Fig. 1.83 Glandular papilloma. Columnar epithelial cells proliferate in a papillary fashion along the surface of
fibrovascular cores From Flieder et al. {592} and Travis et al. {2024}.

Histopathology
Central lesions have relatively noninflamed thick arborizing stromal stalks
with prominent thin-walled blood vessels
or hyalinization covered by glandular
epithelium.
Necrosis
is
absent.
Pseudostratified or columnar epithelium
lacks micropapillary tufts and cellular
desquamation. Epithelium can be nonciliated or ciliated, cuboidal or columnar
or a mixture and interspersed mucin-rich
cells can be seen. The cytoplasm can be
clear and the nuclei lack atypia and
mitoses. Peripheral lesions demonstrate
attachment to bronchiolar mucosa and
contain scattered ciliated cells.

Differential diagnosis
Primary and metastatic papillary adenocarcinomas feature epithelial crowding,
malignant cytologic features and often
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show
bronchial
wall
invasion.
Inflammatory polyps and the papillary
variant of mucus gland adenoma lack
true fibrovascular stromal cores and
inflammatory polyps lack a proliferative
epithelial component. Papillary adenomas are parenchymal lesions without
attachment to airways and usually
demonstrate type II pneumocyte differentiation.
Prognosis and predictive factors
Glandular papillomas are benign
tumours that may recur following incomplete resection, but neither extension into
alveolar parenchyma nor malignant
transformation has been reported {85,
118,592,1858}.

Mixed squamous cell and
glandular papilloma

D.B. Flieder
F. Thivolet-Bejui
H. Popper

Definition
Mixed squamous and glandular papilloma is an endobronchial papillary tumour
showing a mixture of squamous and
glandular epithelium. One-third of the
epithelium should be composed of the
second epithelial type.
ICD-O code

8560/0

Synonyms
These tumours were formely called transitional papillomas {1072}.
Epidemiology
Mixed papillomas are exceedingly rare
with seven cases reported in the world literature. An equal sex distribution and
median age of 64 years are compiled
from the few reported cases {592,1858}.
Fig. 1.84 Mixed squamous cell and glandular papilloma. Flieder et al. {592} and Travis et al. {2024}.

Etiology
No specific etiologies have been implicated in the evolution of mixed papillomas. Human papilloma virus has not
been detected in the few cases studied.
60% of patients are tobacco smokers,
but an etiologic role has not been established {592}.
Clinical features and diagnostic procedures
Individuals present with obstructive
symptoms {592,1858}. While endobronchial biopsy can demonstrate the
neoplastic nature of a central lesion,
complete excision is necessary for definitive diagnosis.

Macroscopy
Endobronchial lesions are tan to red,
polypoid and measure from 0.2-2.5 cm.
A lobar preference is not seen.
Histopathology
Endobronchial lesions are composed of
fibrovascular cores with scattered lymphoplasmacytic infiltrates lined by squamous
and
glandular
epithelium.
Pseudostratified ciliated and nonciliated
cuboidal to columnar cells with occasional mucin-filled cells are distinct from
acanthotic and focally keratinizing squa-

mous epithelium. Squamous atypia ranging from mild to severe dysplasia can be
seen but viral cytopathic change has not
been reported. Glandular atypia and
necrosis are not seen.

Differential diagnosis
This is the same as for pure squamous
and glandular papillomas.
Prognosis and predictive factors
Complete resection appears to be curative {592}.

Mixed squamous cell and glandular papilloma
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Alveolar adenoma

Definition
A solitary well-circumscribed peripheral
lung tumour consisting of a network of
spaces lined by a simple low cuboidal
epithelium associated with a variably thin
and inconspicuous to thick spindle cellrich stroma, sometimes with a myxoid
matrix.
ICD-O code

L.M. Burke
D.B. Flieder

finding. {1116}. Chest X-ray and CT
appearances are those of a well circumscribed, homogenous, non-calcified,
solitary mass, although one report,
unconfirmed histologically, raises the
possibility of multifocality {624}. Contrast
enhancement on CT and MRI displays
cystic spaces with central fluid and rim
enhancement {624}.

8251/0

Synonyms
This tumour has been mistakenly reported under the term lymphangioma.
Epidemiology
This tumour is very rare. The age range is
39-74 years (mean, 53 years), with a
slight female predominance {194,252,
624,792,1054,1297,1464,1514,1782,
1811,1822,2219}.

Macroscopy
Tumours measure from 0.7-6.0 cm and
feature well demarcated smooth, lobulated, multicystic, soft to firm and pale yellow to tan cut surfaces {252}.

Localization
Alveolar adenoma has been reported in
all five lobes with a predilection for the
left lower lobe {1116}. Most tumours are
intraparenchymal peripheral or subpleural although a hilar location has been
noted.

Histopathology
Alveolar adenomas are well-circumscribed unencapsulated multicystic
masses with ectatic spaces filled with
eosinophilic granular material. Spaces
are lined by cytologically bland flattened,
cuboidal and hobnail cells. Cystic
spaces are usually larger in the centre of
the lesion and squamous metaplasia can
be seen. The myxoid and collagenous
interstitium varies in thickness and contains scattered to dense groups of cytologically bland spindle cells.

Clinical features
Patients are usually asymptomatic and
the tumour is an incidental radiographic

Immunohistochemistry
Epithelial lining cells are type 2 pneumocytes that stain for broad-spectrum ker-

A

atin, CEA, surfactant protein and TTF-1
while stromal cells show focal positivity
for smooth-muscle actin and musclespecific actin and negativity for desmin ,
TTF-1, proSPB, proSPC and CC10 {252}.
Low proliferation indices in both the
epithelial and mesenchymal cells have
been reported {194,1297}.

Electron microscopy
By electron microscopy, lining cells contain lamellar bodies, blunt surface
microvilli and cell junctions of the zonula
adherens type.
Differential diagnosis
Lymphangioma, sclerosing hemangioma, and adenocarcinoma including
bronchioloalveolar carcinoma comprise
the differential diagnosis. Cytokeratin
positivity of cells lining the cystic spaces
differentiates this lesion from a lymphangioma {252}. The single architectural
growth pattern, large ectatic spaces
lacking blood and stromal cell negativity
for TTF-1 discern the tumour from a sclerosing haemangioma {252,1464}. The
well-circumscribed growth pattern, lack
of lepidic growth and cytologic atypia
discern alveolar adenoma from bronchioloalveolar carcinoma {252}. Primary and
metastatic spindle cells tumours may

B

Fig. 1.85 Alveolar adenoma. A This tumour nodule is circumscribed, but not encapsulated. There are large cysts and smaller spaces resembling alveoli. From Burke
et al. {252} and Travis et al {2024}. B This whole-mount section demonstrates the well circumscribed nature of the multicystic neoplasm.
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also become cystic, with foci resembling
alveolar adenoma.
Histogenesis
This lesion appears to represent a combined proliferation of alveolar pneumocytes and septal mesenchyme {252,
1514}.
Somatic genetics
The neoplastic nature of alveolar adenoma was demonstrated in a cytogenetic
study of one tumour. A pseudodiploid
karyotype, 46,XX, add (16) (q24), was
described and fluorescence in situ
hybridization studies revealed the add
(16) (q24) to be a der(16)t(10;16)
(q23;q24) {1682}.

A

Prognosis and predictive factors
Alveolar adenomas are benign tumours
and surgical excision is curative.

B
Fig. 1.86 Alveolar adenoma. A Cystic spaces of varying sizes are filled with eosinophilic fluid and PAS-positive granular material. Intervening stroma is focally prominent. B Alveolus-like spaces are lined by flat or
cuboidal pneumocytes on the surface of a thin layer of vascular connective tissue resembling an alveolar
wall. A few macrophages are present within the alveolar-like spaces. From Burke et al. {252} and Travis et
al. {2024}.

Alveolar adenoma
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Papillary adenoma

Definition
Papillary adenoma is a circumscribed
papillary neoplasm consisting of cytologically bland cuboidal to columnar cells
lining the surface of a fibrovascular stroma.
ICD-O code

8260/0

Synonyms
Bronchiolar adenoma, papillary adenoma of type II pneumocytes, type II pneumocyte adenoma, adenoma of type II
pneumocytes, peripheral papillary
tumour of type II pneumocytes.
Epidemiology
The papillary adenoma is a rare tumour
with less than 20 cases reported.
Individuals range in age from 7-60 years
(mean 32 years) and males predominate
{484,555,579,635,808,1103,1376,1483,
1858,2185}.
Etiology
The etiology in humans is unknown but a
similar lesion can be chemically induced
in mice {974}.

D.B. Flieder

Histopathology
Papillary adenomas are generally well
circumscribed but infiltrative growth has
been described. The tumour has a papillary growth pattern sometimes mixed
with more solid areas. Focally inflamed
fibrovascular cores are lined with
cuboidal to columnar epithelial cells with
round to oval nuclei. Cilitated {635,1376}
and oxyphilic cells {555,579} can be
seen. Occasional eosinophilic intranuclear inclusions are noted but nuclear
atypia and mitosis are rare to absent.
Intracellular mucin is not present.

Immunohistochemistry and electron
microscopy
Both type II and Clara cells can be found
in papillary adenomas resulting in positive staining for broad-spectrum cytokeratin, Clara cell protein, TTF-1 and surfactant apoprotein as well as CEA.
Neuroendocrine markers are negative
{484,555,579,635,808,1376,1483,1858,
2185}. Ultrastructurally lamellar bodies,
surface microvilli, with membrane bound
electron dense deposits have been
observed {635,2185}.

Differential diagnosis
Sclerosing haemangioma demonstrates
varied architectural growth patterns
including hemorrhagic, sclerotic and
solid tumour cell growth {488}. Alveolar
adenoma does not display a papillary
growth pattern, Clara cells or ciliated
cells {252}. Papillary adenocarcinomas
including metastatic thyroid carcinoma
and bronchioloalveolar carcinoma have
a greater degree of cellular proliferation
with micropapillary tufts and nuclear
pleomorphism.
Papillary
carcinoid
tumour has granular cytoplasm and a
finely granular chromatin pattern.
Histogenesis
Pulmonary papillary adenoma is thought
to arise from a multipotential stem
cell/immature bronchioloalveolar cell that
differentiates towards type II pneumocytes, Clara cells or ciliated respiratory
epithelial cells {555,635,1483,1858}.
Prognosis and predictive factors
Papillary adenoma is benign and surgical excision is curative. {484,555,
635,808,1103,1376,1483,2185}.

Localization
The tumour has no lobar predilection and
involves alveolar parenchyma but not airways {484,555,579,635,808,1103,1376,
1483,1858,2185}.
Clinical features
Individuals are usually asymptomatic
and the tumour is incidentally noted on
chest radiographs as a well-defined pulmonary nodule {484,555,579,635,808,
1376,1483,1858,2185}.
Macroscopy
Grossly, the tumour is a well defined,
sometimes encapsulated, soft, spongy to
firm mass with a granular gray white/
brown cut surface measuring from 1.04.0 cm {484,555,579,635,808,1376,
1483,1858,2185}. Although generally
separate from the airways, protrusion into
the lumen of a small bronchiole can
occur {1483}.
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Fig. 1.87 Papillary adenoma. Cuboidal epithelial cells line the surface of the fibrovascular cores. From Travis
et al. {2024}.
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Mucous gland adenoma

Definition
A benign predominantly exophytic
tumour of the tracheobronchial seromucinous glands and ducts featuring mucusfilled cysts, tubules, glands and papillary
formations lined by a spectrum of epithelium including tall columnar cells, flattened cuboidal cells, goblet cells, oncocytic cells and clear cells.
ICD-O code

D.B. Flieder
F. Thivolet-Bejui
H. Popper

A

B

C

D

8480/0

Synonyms
Bronchial cystadenoma, mucous cell
adenoma, polyadenoma, bronchial adenoma arising in mucous glands
Epidemiology
The tumour is extremely rare {1561}.
There is no sex predilection and tumours
have been reported in both children and
the elderly with a mean age of 52 years
{543,1077}.
Localization
Most tumours are central but peripheral
lesions have been described {543,2117}.
Clinical features
Individuals present with signs and symptoms of obstruction. Radiographic studies demonstrate a coin lesion. CT scans
may show a well-defined intraluminal
mass with air-meniscus sign {1109}.
Excision is usually required for definitive
diagnosis {472}.
Macroscopy
Grossly, white-pink to tan, smooth and
shiny tumours with gelatinous mucoid
solid and cystic cut surfaces measure
from 0.7-7.5 cm (mean 2.3 cm) {543}.
Histopathology
Mucous gland adenomas are well-circumscribed, predominantly exophytic
nodules above the cartilaginous plates of
the bronchial wall. Tumours comprise
numerous mucin-filled cystic spaces and
non-dilated microacini, glands, tubules
and papillae may also be seen. Neutral
and acid-mucin filled cysts are lined by

Fig. 1.88 Mucous gland adenoma. A Endobronchial mass is comprised of numerous mucin-filled cystic
spaces, microacini, glands, tubules and papillae. B Papillary fronds are a minor architectural pattern. C
Neutral and acid-mucin filled cysts are lined by cytologically bland columnar, cuboidal or flattened mucus
secreting cells. D Glands lined by columnar epithelium with small basally oriented nuclei and abundant apical mucinous cytoplasm. From Travis et al. {2024}.

cytologically bland columnar, cuboidal or
flattened mucus secreting cells.
Oncocytic and clear cell change can
also be seen as well as focal ciliated
epithelium. Hyperchromasia, pleomorphism and mitoses are rare while squamous metaplasia only involves overlying
surface respiratory epithelium. Bands of
spindle cell-rich stroma may be hyalinized or with prominent lymphocytes
and/or plasma cells.

Immunohistochemistry and EM
Immunohistochemistry demonstrates
similar staining to non-neoplastic
bronchial glands with epithelial cells positive for EMA, broad-spectrum cytokeratins and CEA. Focal stromal cell positivity for broad-spectrum keratins, smoothmuscle actin and S-100 protein indicate
a myoepithelial component. Proliferating
cell nuclear antigen and Ki-67 staining
performed in several cases demonstrate
rare tumour cell positivity {543}.
Mucinous and myoepithelial cell types
have been identified by electron
microscopy {543,804}.

Differential diagnosis
Low-grade mucoepidermoid carcinoma
including the papillary and cystic variants may closely mimic mucus gland
adenoma. Despite architectural similarities, the presence of squamous and
intermediate cells confirms mucoepidermoid carcinoma. Mucinous cystadenomas are located in the lung periphery
and consist of a cystic lesion filled with
mucus and lined by uniform, bland
mucus cells. Adenocarcinomas are usually infiltrative and feature cytologic atypia, mitoses and necrosis.
Histogenesis
The tumour is postulated to arise from the
mucus glands of the bronchus.
Prognosis and predictive factors
Mucus gland adenomas are benign and
conservative lung-sparing bronchoscopic or sleeve resection is recommended
{543}.

Mucous gland adenoma
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Pleomorphic adenoma

Definition
A tumour with both epithelial and connective tissue differentiation consisting of
glands intermingled with myoepithelial
cells in a myxoid and chondroid stroma.
ICD-O code

8940/0

Synonym
Benign mixed tumour
Epidemiology
Although rare, pulmonary pleomorphic
adenoma has been reported in individuals ranging from 11-74 years, but most
often affects those in their sixth and seventh decades of life. A gender predilection is not seen {803,1364,1727,1958}.
Etiology
No specific etiologies have been implicated in the evolution of the tumour.
Localization
Most tumours are centrally located endobronchial polypoid masses but peripheral lesions occur {803,1364,1727,1958}.
Clinical features
Tumours most often present with obstructive symptoms {1364}. A minority of
lesions are incidental X-ray findings
demonstrating either discrete endobronchial mass with minimal bronchial
wall thickening or well-circumscribed
peripheral nodules. Cytologic and bronchoscopic biopsy material can suggest
the diagnosis but complete excision is
required for a definitive diagnosis.
Macroscopy
Tumours range in size from 1.5-16 cm
{803,1364,1727,1958}. Typically, endobronchial lesions are usually associated
with a major or secondary bronchus and
are polypoid, with some degree of luminal occlusion. Peripheral lesions are not
intimately associated with airways.
Tumours are circumscribed, unencapsulated with a gray-white, rubbery or myxoid cut surface.
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Histopathology
Pulmonary pleomorphic adenomas are
biphasic like their salivary gland counterpart, but do not often feature either a
prominent glandular component or chondroid stroma. Rather, tumours exhibit features of the so-called “cellular mixed
tumour” manifesting sheets, trabeculae
or islands of epithelial and/or myoepithelial cells and a myxoid matrix. When
present, ducts composed of an outer
layer of myoepithelial cells and an inner
layer of epithelial cells containing small
amounts of periodic acid-Schiff (PAS)positive luminal secretion. Mitotic activity,
pleomorphism and necrosis are unusual.

Immunohistochemistry
Ductal and myoepithelial cells stain for
both low-molecular weight and broad
spectrum keratin while myoepithelial and
stromal cells are positive for vimentin,
smooth-muscle actin and glial fibrillary
acidic protein. S-100 protein immunoreactivity can also be seen in both epithelial and myoepithelial cells {1364,1727}.
Differential diagnosis
Pulmonary pleomorphic adenoma must
be discerned from head and neck or
even breast metastasis by thorough clinical history and examination. A solitary
tumour associated with a cartilage-bearing airway suggests a pulmonary origin.
The morphologic differential diagnosis
includes hamartoma, pulmonary blastoma and carcinosarcoma. Hamartomas
usually show cartilage and other mesenchymal elements while the latter
tumours feature obviously malignant stroma and epithelium.
Histogenesis
This neoplasm with epithelial and connective tissue differentiation is regarded
as arising from the submucosal bronchial
gland epithelium. However, peripheral
and subpleural locations unrelated to
bronchi raise the possibility that the
tumour may originate from a primitive
stem cell.
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Fig. 1.89 Pleomorphic adenoma. Sheets of epithelial and/or myoepithelial cells are embedded in a
myxoid matrix.

Prognosis and predictive factors
Pleomorphic adenomas of the lung
exhibit a spectrum of clinical behavior
ranging from benign to malignant. On the
basis of several studies, small well-circumscribed lesions are cured with lobectomy while larger, infiltrative or poorly circumscribed lesions tend to recur and
metastasize. Tumours with greater than 5
mitoses per 10 high-power fields may be
associated with aggressive behavior
{1364}, but in the absence of malignant
cytology, necrosis and angiolymphatic
invasion such lesions should be diagnosed as benign pleomorphic adenoma
rather than carcinoma ex pleomorphic
adenoma.

Other benign salivary
gland-like tumours
Well-defined salivary gland tumours
including monomorphic adenoma, oncocytoma, and myoepithelioma are
extremely rare primary lung tumours
{429,1812,1883,1977,2037}. Adenomyoepithelioma {2037} is discussed under
epimyoepithelial carcinoma in the section on malignant salivary gland tumours.
In the absence of known salivary gland
primaries and exclusion of mimics such
as metastatic and primary malignancies
including typical carcinoid tumour, these
solitary lesions in the lung can be diagnosed as primary lung neoplasms.

Mucinous cystadenoma

Definition
A localized cystic mass filled with mucin
and surrounded by a fibrous wall lined by
well-differentiated columnar mucinous
epithelium.
ICD-O code

8470/0

Epidemiology
This exceedingly rare tumour is most
often seen in both men and women in
their sixth and seventh decades of life
{730,1067,1068,1699}. Most reported
cases occur in tobacco-smokers but no
specific etiologies have been implicated
in the evolution of the tumour {730,1067,
1068,1699}.
Localization
These tumours are usually located in the
peripheral lung.
Clinical features and diagnostic procedures
Mucinous cystadenoma are asymptomatic lesions that present as incidental
rounded well demarcated masses on Xray and CT scans {1067,1068}. Fine needle aspirates and transbronchial biopsies may sample mucin or goblet cells,
but a definitive diagnosis requires surgi-

A
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cal excision and complete histologic
sampling.

nent adjacent to areas of denuded
epithelium.

Macroscopy
Grossly, unilocular mucous-filled cysts
measure from less than 1.0-5.0 cm and
are not associated with airways. Cyst
walls are thin (0.1 cm) and lack mural
nodules {1067,1068}.

Immunohistochemistry
Lesional epithelium is broad-spectrum
keratin positive, rarely CEA positive and
surfactant-associated protein A negative
{1067,1699}. Proliferating cell nuclear
antigen and Ki-67 antibodies stain less
than 10% and 5% of lesional cell nuclei,
respectively {1699}.

Tumour spread and staging
One instance of tumour seeding the parietal
pleura
(so-called
pleural
pseudomyxoma) has been reported
{730}.
Histopathology
Microscopically, the cystic lesion is filled
with mucus and the fibrous connective
tissue wall is lined by a discontinuous
layer of low cuboidal to tall columnar,
mucin-secreting epithelium. Lining cells
feature basally located hyperchromatic
nuclei and abundant cytoplasmic mucin.
Focal cellular stratification, papillary
infoldings and rare mitoses may be seen,
but micropapillary fronds, necrosis and
overt cytologic atypia are by definition
absent. Foreign body giant cell reaction
associated with extravasated mucus and
stromal chronic inflammation are promi-

Differential diagnosis
Mucinous cystadenoma should not be
confused with mucinous cystadenocarcinoma or the colloid mucinous variant of
adenocarcinoma. Mucus extravasation,
lepidic spread of epithelium beyond the
fibrous capsule or into adjacent lung
invasion or cytologic anaplasia indicates
adenocarcinoma. Other considerations
include mucinous bronchioloalveolar
carcinoma, and non-neoplastic lesions,
such as congenital cystic adenomatoid
malformation as well as developmental
and post-infectious bronchogenic cysts.
Prognosis and predictive factors
Mucinous cystadenomas are benign
tumours. Complete excision is curative.

B

Fig. 1.90 Mucinous cystadenoma. A A subpleural cystic tumour is surrounded by a fibrous wall and contains abundant mucus. From Travis et al. {2024}. B Columnar
epithelial cells line the wall of the cyst. Most of the nuclei are basally oriented but there is focal nuclear pseudostratification. The apical cytoplasm is filled with
abundant mucin. From Travis et al. {2024}.
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Marginal zone B-cell lymphoma of the
mucosa-associated lymphoid tissue
(MALT) type
Definition
Pulmonary marginal zone B-cell lymphoma of mucosa-associated lymphoid
tissue (MALT) is an extranodal lymphoma
comprising morphologically heterogeneous small B-cells, cells resembling
monocytoid cells, and/or small lymphocytes, with scattered immunoblasts and
centroblasts-like cells. There is plasma
cell differentiation in a proportion of the
cases. The infiltrate is in the marginal
zone of reactive B-cell follicles and
extends into the interfollicular region. The
neoplastic cells typically infiltrate the
bronchiolar mucosal epithelium, forming
lymphoepithelial lesions.
ICD-O code

9699/3

Synonyms
The term pseudolymphoma is considered obsolete, and lymphocytic interstitial pneumonia is now limited to inflammatory lesions. Terms such as BALT
(bronchial associated lymphoid tissue)
lymphoma and BALTOMA should now
also be avoided.
Historical annotation
Primary pulmonary non-Hodgkin’s lymphoma was originally defined as a lymphoma that presented primarily in the
lungs, with or without hilar node involvement but without clinical evidence of disease elsewhere {1731}. Those tumours

Fig. 1.91 Marginal zone B-cell lymphoma of MALT.
Macroscopy. A diffuse consolidation of the middle
lobe with a solid cream-coloured cut surface that
is similar in texture to the cut surface of a lymph
node involved by lymphoma.
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not fulfilling these criteria were classified
as pseudolymphomas, but this term is
now obsolete as most of these cases are
now believed to be neoplastic and the
rare localized reactive lesions are classified as nodular lymphoid hyperplasia.
Early series of pulmonary lymphoma
were categorised according to lymph
node classifications {1063,2041}, but it is
now accepted that the majority of cases
arise from bronchial mucosa-associated
lymphoid tissue (MALT) {21,137,407,577,
1104,1176,1467}. The REAL classification currently recommends the term
‘Marginal Zone B-Cell Lymphoma of the
Mucosa-Associated Lymphoid Tissue
(MALT) Type’ for those with ‘low-grade’
features and ‘diffuse large B-cell nonHodgkin’s lymphoma’ for those with
‘high-grade’ features.
Epidemiology
Approximately 70-90% of primary pulmonary lymphomas are marginal zone
lymphomas of MALT type but they
account for less than 0.5% of all primary
lung neoplasms and a similarly low proportion of all lymphomas {21,1063,1176}.
Patients tend to be in their fifth, sixth or
seventh decades, with a slight male preponderance. Presentation in younger
patients is rare without underlying
immunosuppression {21,137,407,577,
1176,1467}.
Etiology
Pulmonary marginal zone B-cell lymphomas of MALT type are thought to
arise in acquired MALT secondary to
inflammatory or autoimmune processes.
Bronchial MALT is not thought to be a
normal constituent of the human
bronchus, and it likely develops as a
response to various antigenic stimuli, for
example smoking {1659} and autoimmune disease {1469}. However, a common association, as seen between gastric lymphomas of MALT origin and
Helicobacter pylori infection {2171}, has
not been found. The etiology of most
cases of pulmonary MALT lymphoma is
not known.
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Localization
Tumours have no zonal or lobar predisposition, are typically peripheral in location, and range from solitary nodules to
diffuse bilateral disease (the pattern that
mimics lymphocytic interstitial pneumonia).
Clinical features
The most common presentation is a
mass discovered on a chest radiograph
in an asymptomatic patient, with symptomatic patients presenting with cough,
dyspnoea, chest pain and haemoptysis.
Previous or synchronous MALT lymphomas at other extranodal sites are not
uncommon. A monoclonal gammopathy
may be present, but if present may indicate pulmonary involvement by lymphoplasmacytic lymphoma in a patient with
Waldenstrom macroglobulinemia. Rarely
patients manifest systemic or ‘B’ symptoms.
Chest radiographs and high resolution
computerized tomograph (HRCT) scanning show multiple, solitary masses or
alveolar opacities with associated air
bronchograms. HRCT scans may also
show
airway
dilatation,
positive
angiogram signs and haloes of ground
glass shadowing at lesion margins
{1014}.
Diagnosis can be made by bronchoscopic or transbronchial biopsy,
although not infrequently a surgical lung
biopsy will be required. Broncholaveolar
lavage and fine-needle aspiration biopsy
specimens can be diagnostic of lymphoma if a clonal B-cell population can
be demonstrated, but the specific type of
lymphoma can rarely be diagnosed by
these techniques.
Macroscopy
Nodular areas of pulmonary involvement
by pulmonary marginal zone B-cell lymphomas of MALT type typically show a
consolidative mass that is yellow to
cream in colour, not dissimilar in texture
to the cut surface of a lymph node
involved by lymphoma. Rarely, tumours
are focally cystic.
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Fig. 1.92 Marginal zone B-cell lymphoma of MALT. A Cytology. Loosely cohesive and single cells with well
preserved nuclei without nuclear molding. Occasional prominent nucleoli. Bronchial brushing.
Papanicolaou stain. B A monotonous population of small lymphoid cells diffusely infiltrates the lung. From
Travis et al., {2024}. C Lymphoepithelial lesions are highlighted by this cytokeratin stain. D Neoplastic lymphoid cells stain for CD20, indicating B-cell phenotype.

Histopathology
Pulmonary marginal zone B-cell lymphomas of MALT type generally appear
as a diffuse infiltrate of small lymphoid
cells, which surround reactive follicles
that are typically smaller and less conspicuous than those arising in the stomach. Follicles, best seen when highlighted with a CD21 stain, may be overrun by
tumour cells (follicular colonisation).
Tumours are composed of lymphocytelike, lymphoplasmacytic-like, centrocytelike (marginal zone), or monocytoid B
cells, which are all thought to be variations of the same neoplastic cell {904,
1104}. Infiltration of bronchial, bronchiolar and alveolar epithelium (lymphoepithelial lesions) is characteristic but not
pathognomonic, since this phenomenon
can be seen in non-neoplastic pulmonary lymphoid infiltrates. Plasma cells
may be numerous and may accumulate
along bronchovascular bundles or interlobular septa and may or may not show
light chain restriction. Scattered transformed large cells (centroblasts and
immunoblasts) are typically seen, but
these are in the minority. The term, marginal zone B-cell lymphoma of MALT
type refers only to tumours with a predominance of small cells (‘low grade’).
Areas with sheets of large cells should
receive a separate diagnosis of diffuse

large B-cell lymphoma. Lymphoid cells
often track along bronchovascular bundles and interlobular septa at the periphery of masses but alveolar parenchyma
is destroyed towards their centres.
Airways are often left intact, correlating
with the presence of air bronchograms
on HRCT. Central sclerosis may also be a
feature. Giant lamellar bodies are seen in
about 20% of cases, most likely reflecting the indolent nature of the neoplasm
{1576}. Vascular infiltration, pleural
involvement and granuloma formation
are not uncommon, but have no prognostic significance. Necrosis is very rare.
Amyloid deposition forming nodules with
a ring of lymphoma cells can be seen.
Immunophenotype
The neoplastic cells are monoclonal B
cells, and may be identified by CD20 or
CD79a staining, with a variable reactive
T-cell population in the background.
Light chain restriction is present in all
cases if studied in fresh tissue; it can be
demonstrated in paraffin sections in a
variable proportion of the cases depending on the laboratory. Cytoplasmic secretory immunoglobulin indicating plasmacytic differentiation is observed in about
30% of cases. The majority of the cases
express mu heavy chain, but some
express gamma or alpha. They are

CD5-, CD10-, CD23-, BCL6-, and CD43
is expressed in some cases. The tumour
cells are usually BCL2+ in contrast to
reactive monocytoid B cells. Stains for
follicular dendritic cells (FDC) such as
CD21, CD23, and CD35 highlight reactive follicles and often demonstrate
expanded meshworks associated with
disrupted follicles overrun by tumour
cells. The proliferation fraction (Ki67) is
usually very low (<10%); residual follicles
show numerous Ki67+ cells. Stains for
cytokeratin highlight lymphoepithelial
lesions.
Differential diagnosis
From the clinical and imaging aspect, the
differential diagnosis includes sarcoidosis, bronchioloalveolar cell carcinoma,
organizing pneumonia, infections and
rarer alveolar filling disorders and amyloidosis. The histologic differential diagnosis includes lymphocytic interstitial pneumonia, nodular lymphoid hyperplasia,
extrinsic allergic alveolitis, inflammatory
myofibroblastic tumour and plasma cell
granuloma.
In relation to lymphocytic interstitial
pneumonia, pulmonary marginal zone Bcell lymphomas of MALT type tend to
infiltrate and destroy the alveolar architecture, with greater widening of alveolar
septa by the lymphoid infiltrate.
Lymphoepithelial lesions may be seen in
reactive conditions, but are more prominent in the lymphomas. Using immunohistochemical stains, the presence of
expanded infiltrates of B cells outside of
follicles is characteristic of MALT lymphoma, while in reactive infiltrates. B
cells are present as small aggregates or
follicles with a peribronchial and/or septal distribution. Demonstration of
immunoglobulin light chain restriction is
important in this differential diagnosis,
but is optimally done on fresh frozen tissue; anaylsis of immunoglobulin heavy
gene rearrangement by PCR can also be
very helpful.
Nodular lymphoid hyperplasia (NLH)
refers to the rare occurrence of one or
several pulmonary nodules consisting of
reactive lymphoid cells {1066}. Patients
have similar presentation and epidemiology to those with pulmonary marginal
zone B-cell lymphomas of MALT type
although associated lymphadenopathy
and pleural effusions suggest the diagnosis of lymphoma {611}.

MALT lymphoma
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Fig. 1.93 Marginal zone B-cell lymphoma of MALT. The lymphoid cells infiltrate the bronchiolar epithelium
forming lymphoepithelial lesions. From Travis et al. {2024}.

Histologically, NLH comprises numerous
reactive germinal centres with well-preserved mantle zones and interfollicular
sheets of mature plasma cells, with varying degrees of interfollicular fibrosis.
Plasma cells may show Russell bodies,
but not Dutcher bodies. Invasion of the
visceral pleura or invasion of bronchial
cartilage are not found. Immunohistochemical stains demonstrate a reactive
pattern of B cells and T cells. In particular, the germinal centers stain for the Bcell marker CD20, while interfollicular
lymphocytes are immunoreactive for
CD3, CD43 and CD5 {10}. Antibodies to
CD45RA stain the mantle zone lymphocytes, but stains for bcl-1 and bcl-2 do
not decorate the follicles. The CD20-positive lymphocytes do not co-express
either CD43 or CD5. Staining for
immunoglobulin light chains shows a
polyclonal pattern among the plasma
cells. Molecular genetic analysis has
shown no rearrangement of the
immunoglobulin heavy chain gene {10}.
Assays for the chromosomal rearrangement t(14;18) have been negative.
Pulmonary marginal zone B-cell lymphomas of MALT type may produce amyloid and must be distinguished from
nodular amyloidomas {430}. The morphologic finding of a dense plasma cell
infiltrate, light chain restriction in plasma
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cells, numerous B cells expressing CD20
and coexpression of CD43 by B cells
have been shown to be useful in confirming the diagnosis of lymphoma.
The differential diagnosis, particularly on
small biopsy specimens, also includes
other small B-cell lymphomas, such as
follicular lymphoma, mantle cell lymphoma, small lymphocytic lymphoma
(CLL) and lymphoplasmacytic lymphoma. Lack of CD5 is helpful in excluding small lymphocytic and mantle cell
lymphoma, lack of cyclin D1 in excluding
mantle cell lymphoma, and lack of CD10
and BCL6 in excluding follicular lymphoma. Distinction from lymphoplasmacytic lymphoma requires finding the
characteristic morphologic features of
pulmonary marginal zone B-cell lymphomas of MALT type (follicles and marginal zone differentiation) or the characteristic clinical features of lymphoplasmacytic lymphoma (disseminated disease with bone marrow involvement and
macroglobulinemia).
Histogenesis
Lymphocytes within bronchial MALT.
Somatic genetics
Immunoglobulin genes are clonally
rearranged. Rearrangements can be
detected by Southern blot in all cases if
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fresh or frozen tissue is used.
Amplification of the immunoglobulin
heavy chain gene from paraffin sections
with the polymerase chain reaction can
detect monoclonality in 60% of marginal
zone lymphomas {137,1467}.
T(11;18)(q21;q21) translocation, is the
most common genetic abnormality in
pulmonary marginal zone B-cell lymphoma of MALT type (50-60% of cases).
T(1;14) or trisomy 3 may also occur. The
t(11;18) involves the API2 anti-apoptosis
gene on chromosome 11 and a recently
recognized gene called MLT on chromosome 18, and produces a fusion protein.
Both the t(1;14) and the t(11;18) lead to
nuclear Bcl-10 expression {1504}. One
recent study has shown that t(11;18) and
aneuploidy are primarily mutually exclusive events, especially in the lung, suggesting different pathogenetic pathways
in the development of this type of lymphoma. Both abnormalities were associated with recurrent disease {1104}.
Tumour spread and staging
It has been recommended that cases
with unilateral or bilateral pulmonary
involvement be staged as IE, and cases
with regional lymph node (hilar/mediastinal) involvement be staged as IIE {2053}.
When distant spread occurs, there is
preferential spread to other mucosal
sites rather than to lymph nodes (just as
other lymphomas of MALT origin may
spread to the lung) {407,1467}.
Prognosis and predictive factors
In patients with resectable disease, surgery has resulted in prolonged remission
{2053}, but for those with either bilateral
or unresectable unilateral disease, treatment has been governed by the principles that apply to more advanced nodal
lymphomas. Indeed, elderly patients with
asymptomatic lesions may well be followed up without treatment. Five-year
survival for marginal zone lymphomas of
MALT origin is quoted at 84-94%
{577,1176,1467}. A small percentage of
MALT lymphomas progress to diffuse
large B-cell lymphoma.

Primary pulmonary diffuse large B-cell
lymphoma

Definition
Diffuse large B-cell non-Hodgkin’s lymphoma (DLBCL) is a diffuse proliferation
of large neoplastic B lymphoid cells with
nuclear size equal to or exceeding normal macrophage nuclei or more than
twice the size of a normal lymphocyte.
Primary pulmonary DLBCL is used for
tumours that are localized to the lungs at
presentation.
ICD-O code

9680/3

Synonyms
High-grade MALT lymphoma has been
used for these tumours, but this term
should no longer be used.
Epidemiology
DLBCL comprise about 5-20% of primary
pulmonary lymphomas {21,407,577,
1063,1176,1467}. Patients usually present between 50-70 years of age, similar
to patients with pulmonary marginal zone
B-cell lymphoma of MALT type. There is
no sex predisposition. Primary pulmonary DLBCL may occur as a complication of immunosuppression for allografts.
Etiology
The etiology of most diffuse large B-cell
lymphomas is not known. However, an
association between diffuse large B-cell
non-Hodgkin lymphomas arising in the
lung and collagen vascular diseases,
both with and without fibrosing alveolitis,
has been reported {1469}. Other associations of B-cell lymphomas include AIDS
and immunodeficiency conditions.
Localization
Tumours have no zonal or lobar predisposition, and are typically peripheral in
location.
Clinical features
Patients are nearly always symptomatic
and present with cough, haemoptysis

and dyspnoea. Some patients complain
of systemic (‘B’) symptoms. Imaging
shows solid and often multiple masses.
Macroscopy
Nodules are typically solid and creamcoloured, and may also exhibit paler and
softer areas that correlate with necrosis.
Tumour spread and staging
It has been recommended that cases
with unilateral or bilateral pulmonary
involvement be staged as IE, and cases
with regional lymph node (hilar/mediastinal) involvement be staged as IIE {2053}.
Histopathology
DLBCL of the lung are morphologically
similar to DLBCL in other sites. Tumours
consist of diffuse sheets of large, blastic
lymphoid cells, 2-4 times the size of normal lymphocytes, infiltrating and destroying the lung parenchyma. Vascular infiltration and pleural involvement are commonly seen, but lymphoepithelial lesions
are rare. Necrosis is common.

Immunohistochemistry
The neoplastic cells are of B-cell phenotype, expressing pan-B antigens (CD20,
CD79a) with a variable reactive T-cell
population in the background. Monotypic
immunoglobulin light chain expression
may be detected if frozen tissue is available.
Differential diagnosis
The differential diagnosis includes other
malignant tumours, including undifferentiated carcinoma of either large cell or
small cell type, some variants of
Hodgkin’s lymphoma, anaplastic large
cell lymphoma and rarely germ cell
tumours. The diagnosis can usually be
made using an immunohistochemical
panel including cytokeratins, placental
alkaline phosphatase, CD20, CD3,
CD30, ALK1, CD15, CD45 and EMA
Primary pulmonary DLBCL must be dis-
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tinguished from mediastinal large B-cell
lymphoma infiltrating the lung. Knowledge of the clinical features, including
the age and sex of the patient and the
presence of a mediastinal mass, is
important in establishing the correct
diagnosis. A lung biopsy in a young
woman showing DLBCL should raise the
suspicion of mediastinal large B-cell lymphoma. Distinction from pulmonary lymphomatoid granulomatosis may be difficult as both entities show a B-cell phenotype and angiocentricity and necrosis
may not be apparent on a small biopsy
specimen. In lymphomatoid granulomatosis, the T-cell infiltrate is usually
much more prominent than in DLBCL.
Identification of Epstein-Barr virus may
be of value as atypical B-cells in lymphomatoid granulomatosis and immunodeficient patients are usually positive,
whilst those in immunocompetent
patients with diffuse large B-cell lymphoma are negative {1716}.
Histogenesis
DLBCL originates from proliferating
peripheral B cells and or dedifferentaition
of bronchial MALT lymphocytes.
Somatic genetics
Immunoglobulin genes are clonally
rearranged. Evidence of monoclonality
via amplification of the immunoglobulin
heavy chain gene with the polymerase
chain reaction can be demonstrated in
about 25% of DLBCL {1467}. Little is
known about genetic abnormalities in primary pulmonary DLBCL.
Prognosis and predictive factors
Patients may inadvertently undergo
resection for localised disease , but are
usually treated with combination chemotherapy as for DLBCL in other sites, often
with high response rates to adriamycinbased regimens {1203, 1320}. Overall,
five-year survival ranges from 0-60%
{577,1176,1467}.

Primary pulmonary diffuse large B-cell lymphoma
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Lymphomatoid granulomatosis

Definition
Lymphomatoid granulomatosis (LYG) is
an extranodal angiocentric and angiodestructive lymphoproliferative disorder,
composed of a polymorphous infiltrate of
atypical appearing Epstein Barr virusinfected B cells and numerically more
abundant admixed reactive T cells {752}.
Lymphomatoid granulomatosis shows a
spectrum of histologic grade and clinical
aggressiveness, which is related to the
proportion of EBV positive large B cells.
LYG may progress to an EBV positive diffuse large B-cell lymphoma.
ICD-O code

9766/1

Synonyms and historical annotation
These lesions were first described nearly
30 years ago by Averill Liebow, who
could not decide whether they were a
variant of Wegener’s granulomatosis or a
malignant lymphoma - hence, the unusual name “lymphomatoid granulomatosis”
{1182}. More recently, the term “angiocentric immunoproliferative lesion” (AIL)
was proposed, which included what we
now know as nasal-type NK/T-cell lymphoma, and suggested that the disease
is a lymphoproliferative disorder with the
capability of evolving into lymphoma
{919} Neoplasms of T or NK-cell origin
with an angiocentric growth pattern
should not be classified as LYG, but
rather as extranodal peripheral T-cell

Fig. 1.94 Lymphomatoid granulomatosis. The chest
radiograph shows multiple bilateral cavitary masses.
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lymphomas. The term LYG is currently
preferred.

involved by ulcero-destructive lesions
but lymphadenopathy is infrequent.

Epidemiology
LYG is rare. It typically presents in middle-aged adults (although both younger
and older patients have been reported)
{562,969,1062,1182,1603}. The disease
can occur as an apparently idiopathic
lesion, but it more often occurs in
patients who have been immunosuppressed. Examples include patients who
have AIDS or Wiskott-Aldrich syndrome,
those who have had organ transplants or
who have been treated for acute lymphoblastic lymphoma or follicular lymphoma and those who have agnogenic
myeloid metaplasia {1468}. In patients
without known prior immunodeficiency,
anergy, impaired in vitro responsiveness
to mitogens, diminished humoral and
cell-mediated
responsiveness
to
Epstein-Bar virus and decrease in total T
cells, CD4 and CD8 lymphocytes, have
all been reported {920,2154}.

Macroscopy
The lungs usually show yellow-white welldemarcated masses that can have a
solid or granular, cheesy appearance.
They often have a “cannon ball” appearance. They may be cavitated. Similar
masses can be found in other organs,
such as the kidney or brain.

Etiology
LYG is an EBV-driven B-cell lymphoproliferative disorder, probably arising in a
background of immunodeficiency in
most cases.

Histopathology
The lymphoid infiltrate often surrounds
muscular pulmonary arteries and veins
early in the course of the disease, and
typically invades the walls of these vessels. Necrosis is a frequent, although not
universal, feature of the disease and it
can range from extensive in larger masses or high-grade lesions to minimal in
low-grade lesions.
LYG consists of small round lymphocytes, some of which may show slight
cytologic atypia and variable numbers of
atypical large mononuclear lymphoid
cells in a background of histiocytes and
occasional plasma cells {969,1062,

Localization
Masses or nodules can involve a variety
of organs, most often lung and central
nervous system, and kidney; skin may be
involved (in the form of ulcerated or nonulcerated subcutaneous nodules, erythematous dermal papules or plaques)
{131}.
Clinical features
There is a complex array of symptoms,
corresponding to the sites of involvement. Up to 70% of patients show bilateral, usually peripheral, lung nodules that
measure up to 9 cm. in diameter {969,
1062,1603}. Cavitation may or may not
be present. Other radiographic patterns
include diffuse reticulonodular or alveolar
infiltrates, localized infiltrates or a solitary
mass. The upper respiratory tract can be
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Fig. 1.95 Lymphomatoid granulomatosis. The lung
shows multiple yellow-white necrotic masses.
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Fig. 1.96 Lymphomatoid granulomatosis. A The lesion is well demarcated, with a central area of bland necrosis and a rim of residual lymphoid tissue.
B Lymphomatoid granulomatosis (grade 2). The lesion shows a mixed cell population of small lymphocytes, macrophages and a single immunoblast with a prominent nucleolus. C Vasculitis in lymphomatoid granulomatosis. The arterial wall is infiltrated by small lymphocytes. D Lymphomatoid granulomatosis (grade 3), containing sheets of markedly atypical cells, consistent with large cell lymphoma.

1182}. Eosinophils and neutrophils are
usually not conspicuous. The large cells
resemble immunoblasts; some of the
atypical cells may have double nuclei,
suggesting Reed-Sternberg cells, but
classic Reed-Sternberg cells are not
seen. Despite the term “granulomatosis”
in the name, epithelioid granulomas and
giant cells are almost always absent.
Sample size is important: Less than 30%
of transbronchial biopsies are diagnostic, so a surgical lung biopsy will be necessary in most cases to achieve a diagnosis {1603}.
There is a histologic grading system for
LYG that is based on the number of atypical large EBV-infected cells {1192}.
Grade 1 lesions contain few or no EBVinfected cells (less than 5 per high-power
field), usually lack necrosis, and are
polymorphous. Grade 2 lesions have
scattered EBV-infected cells (5-20 per
high-power field) and foci of necrosis

(extensive at times), but they remain
polymorphous; this is the classic and
most frequently encountered type of
case. Grade 3 lesions show sheets of
EBV-infected cells, necrosis, and cellular
monomorphism, and are considered a
subtype of diffuse large B-cell lymphoma
{919}.

Immunophenotype
LYG is a T-cell-rich, B-cell lymphoproliferative process, as shown by a number of
studies, both in lung and in other sites,
such as skin {131,752,776,1382,1468,
1973}.
Histogenesis
EBV-infected peripheral B cell.
Genetics and pathogenesis
In grade 2 and 3 lesions, the B-cells are
either clonal or oligoclonal by methods
such as VJ-PCR and Southern blot and

appear to be proliferating, at least by
proliferation indices {751,919}. The EBV
sequences also are typically clonal.
Different monoclonal B-cell clones can
occur in different sites in the same
patient {131,2154}. In grade 1 lesions,
monoclonality can be more difficult to
demonstrate, possibly because of the
paucity of neoplastic B cells, or alternatively because some of these lesions
may not be truly neoplastic The T cells
that are so abundant in LYG are polyclonal by molecular methods {751}.
These results suggest that in most cases
LYG is a T-cell-rich B-cell lymphoma.
However, some grade 1 cases may be
EBV driven polyclonal lymphoproliferations, and grade 2 cases may be similar
to polymorphous, monoclonal post-transplant lymphoproliferative disorders
(PTLD), in which some degree of immunodeficiency allows proliferation of clonal
EBV+ B cells. These cases may evolve
Lymphomatoid granulomatosis
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Fig. 1.97 Lymphomatoid granulomatosis (grade 2). A Immunohistochemical staining for CD3 shows the numerous background lymphocytes to be T cells. Scattered
larger atypical lymphocytes (B-cells) are negative. B The same microscopic field stained for CD20. The scattered large immunoblastic cells are B cells. C Double
labeling in situ hybridization for Epstein-Barr Virus with immunohistochemical staining for CD20. Immunohistochemical staining for CD20 (brown) decorates cells
which are also positive for EBV by in situ hybridization (black). From Guinee et al. {752}.

into an autonomous, monomorphous diffuse large B-cell lymphoma, analogous
to the situation in PTLD {751,919,920}.
EBV in a partially immunocompetent host
may explain the vascular damage that is
a hallmark of the disease. Chemokines,
such as IP-10 and Mig, elaborated as a
result of the EBV infection may be
responsible for vascular damage by promoting T-cell adhesion to endothelial
cells {1994}.
Differential diagnosis
Some lesions that are histologically similar to LYG do not show atypical EBVinfected B cells, but rather contain atypical cells that are CD3+ T cells {1382,
1417}. These T-cell lesions are peripheral T-cell lymphomas, that, because they
are angiocentric and polymorphous, are
histologically similar to LYG {1382}.
Cases of enteropathy-associated T-cell
lymphoma and of acute T-cell lymphoblastic leukemia have been confused
as cases of LYG in some series {1468}. Tcell lymphomas of other types, such as
nasal-type CD56+ NK/T-cell lymphomas
may also mimic LYG histologically.
Immunophenotypic analysis to demonstrate the B or T/NK-cell nature of the
large cells is important in distinguishing
these entities. In many peripheral T cell

lymphomas the proliferation fraction of
the T cells (Ki67+) is higher than that of
the T cells in LYG. The diagnosis of LYG
should be made only in cases in which
the proliferating large cells are B cells.
Cases of grade 1 LYG may lack EBV-positive B cells. Skin lesions also often have
very few EBV-infected B cells and are
subject to sampling problems {131}.
These cases give rise to a differential
diagnosis of reactive inflammatory
processes. Clinical correlation and biopsy of other sites may be necessary to
establish the diagnosis.
Prognosis and predictive factors
Outcome is variable. Patients may show
waxing and waning of their disease.
When disease is confined to the lung, or
skin, it may resolve without treatment (1427% of patients) {919,920}. Still, the most
common result is death, with median survival of 2 years {919}. The histologic
grade of the lesion is correlated with outcome {969,1192}. Most patients have
grades 1 or 2 disease. Only one-third of
patients with grade 1 lesions progress to
malignant lymphoma (grade 3), whereas
two-thirds of patients with grade 2
lesions develop lymphoma (all patients
with grade 3 lesions have lymphoma by
definition) {1192}. It is less clear whether

Table 1.13
Immunoprofile of lymphomatoid granulomatosis. From references {776,1382,2154}.
B cells (immunoblasts)
CD20+, CD79a+, CD30+ (EBV-induced), CD43+/-, CD15EBV+ (by in situ hybridization for EBER 1/2 RNA or by immunohistochemistry for LMP)
T cells
CD3+, CD4+, CD8+
Cytotoxic markers: TIA-1, granzyme B
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stage of disease correlates with outcome: one study reported a worse prognosis in patients with neurologic lesions,
while another did not {969,1062}. Lesions
in the central nervous system are often of
high histological grade. Long-term survival may occur even in untreated
patients with grade 1 and 2 lesions, particularly those whose disease is restricted to lung {969,1062}. Currently, grade 3
lesions are typically treated as diffuse
large B cell lymphoma {1168} with
aggressive chemotherapy; grade 1 and
2 lesions are often treated with interferon
alpha 2b {920,2154}.

Pulmonary Langerhans cell
histiocytosis

Definition
Pulmonary Langerhans cell histiocytosis
(PLCH) is an interstitial lung disease
caused by the proliferation of
Langerhans cells and their associated
changes in the lung. Most affected
patients are adults and in most the lung
is the sole site of involvement.
Many Langerhans cell proliferation syndromes are considered clonal and neoplastic {919} but clonality studies on
PLCH in adults suggests that this may
represent a reactive proliferation of
Langerhans cells {2218}.
ICD-O code

9751/1

Synonyms
Pulmonary histiocytosis X, pulmonary
eosinophilic granuloma, pulmonary
Langerhans cell granulomatosis.
Epidemiology
PLCH is an uncommon form of interstitial
lung disease {2025,2075,2076}. The sex
predilection has varied in series; it is
probably roughly equal. The mean age at
diagnosis is approximately 40 years with
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a broad range (18-70 years) when children with disseminated LCH syndromes
are excluded {2075,2076}.
Etiology
95% or more of patients are current or
former cigarette smokers {2075,2076}.
Localization
Predominantly upper and mid zones with
sparing of the costophrenic angles.
Clinical features
Signs and symptoms
Patients may be asymptomatic (15-25%),
or may present with pulmonary symptoms (cough, dyspnoea, chest pain) or
with systemic complaints (malaise,
weight loss, fever) {2025,2075,2076}.
Approximately 15% of adults with PLCH
have
extrapulmonary
involvement
{2075}. PLCH in adults may rarely be part
of a systemic Langerhans cell histiocytosis or Langerhans cell sarcoma, which
are best considered a neoplastic haematologic problem {919}.
Pulmonary function studies are abnormal
in most (85% or more) patients and

Fig. 1.98 Pulmonary Langerhans cell histiocytosis. Multiple nodular interstitial infiltrates with focal central
cavitation. The edge of the nodular infiltrates shows a stellate shape. From Travis et al. {2024}.

include (in order of frequency) restrictive
deficits, obstructive deficits, isolated
decreased diffusing capacity, and mixed
restrictive/obstructive deficits {2076}.

Imaging
Chest radiographs show interstitial lung
disease with predilection for the mid and
upper lung zones {2025,2075,2076}.
High-resolution CT scanning is distinctive, most typically showing nodules or
nodules and cystic change with mid and
upper lung zone predilection {2025,
2075,2076}.
Macroscopy
The gross findings depend on the extent
of involvement and the amount of scarring. Small nodules, generally 2-5 mm in
size (rarely up to 2 cm), may be palpated
{2025}. In progressive disease there is
extensive interstitial fibrosis with or without
associated
emphysematous
changes.
Histopathology
Histologically most cases of PLCH show
concomitant changes of smoking including emphysema and respiratory bronchiolitis {2025,2075,2076}. The lesions of
PLCH begin as cellular proliferations of
Langerhans cells along small airways,
primarily bronchioles and alveolar ducts.
As the lesions enlarge, rounded or stellate nodules develop and the bronchiolocentricity is less easy to discern. The
nodules undergo a natural history from
cellular lesions rich in Langerhans cells
to fibrotic lesions which, in their endstage, are entirely devoid of identifiable
Langerhans cells. In healed PLCH cases
the diagnosis is possible based on the
presence of stellate centrilobular scarring in the setting of typical HRCT
changes.
Langerhans cells are recognized by their
distinctive morphology with pale
eosinophilic cytoplasm and delicate
nuclei with prominent folding of the
nuclear membranes {919,2025,2075,
2076}. Their presence may be confirmed
with S-100 protein and/or CD1a staining.

Pulmonary Langerhans cell histiocytosis

95

B

A

Fig. 1.99 Pulmonary Langerhans’ cell histiocytosis. A Langerhans’ cells are readily recognizable by their
distinctive morphology with pale cytoplasm and delicate folded nuclei. Interspersed eosinophils and pigmented alveolar macrophages are also common. B The infiltratre consists of Langerhans cells with a moderate amount of eosinophilic cytoplasm and nuclei with prominent grooves. From {2024}.

Fig. 1.100 Pulmonary Langerhans cell histiocytosis.
CD1a shows an infiltrate of strongly positive
Langerhans cells in the interstitium along an alveolar duct.

monary LCH appears to be primarily a
reactive process with clonal proliferation
of Langerhans cells developing in the
setting of nonclonal Langerhans cell
hyperplasia, probably in response to
antigens in cigarette smoke {2218}.

older age, lower forced expiratory volume in one second (FEV1), higher residual volume, lower ratio of FEV1 to forced
vital capacity, and reduced carbon
monoxide diffusing capacity {2076}.

The morphologic features are sufficiently
characteristic that immunohistochemical
staining is unnecessary for diagnosis in
classic cases.
Precursor lesions
Langerhans cell hyperplasia in association with smoking {2075}.
Histogenesis
Proliferation of Langerhans cells {2075}.
Somatic genetics
Yousem et al used the X-linked polymorphic human androgen receptor assay
(HUMARA) locus to assess clonality in
female patients with pulmonary LCH and
found that seven (29%) were clonal and
17 (71%) were nonclonal. A nonclonal
population was found in three of six
cases with multiple nodules. In one biopsy with five nodules, two nodules were
clonal with one allele inactivated, one
nodule was clonal with the other allele
inactivated, and two nodules were nonclonal. These findings indicate that pul-

Treatment
Steroids have been the mainstay therapy
for PLCH {2075,2076}. With the recognition of the association of PLCH with cigarette smoking, smoking cessation is also
important. Refractory cases may
respond to immunosuppressive therapy.
Some cases of PLCH clear spontaneously, making the effects of treatment difficult
to determine.
Prognosis and predictive factors
Approximately 15% of patients have progressive respiratory disease that may be
fatal or lead to lung transplantation
{2076}. Progression may be slow, spanning decades and be dominated by clinical features of obstructive lung disease.
Predictors of shorter survival include

Table 1.14
Table 1. Classification of Langerhans cell histiocytosis in adults.
Single-organ disease
Lung (occurs in isolation in > 85% of cases with lung involvement)
Bone
Skin
Pituitary
Lymph nodes
Other sites; thyroid, liver, spleen, brain
Multisystem involvement
Multiorgan disease with lung involvement (in 5-15% of cases with lung involvement)
Multiorgan disease without lung involvement
Multiorgan histiocytic disorder
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Pulmonary involvement by
other haematolymphoid
malignancies
The lung may rarely be the primary site of
presentation of most types of lymphomas
recognized in lymph nodes {391} including both non-Hodgkin lymphoma (follicle
center cell lymphoma, mantle cell lymphoma, intravascular large B-cell lymphoma, anaplastic large-cell lymphoma,
etc.) and Hodgkin lymphoma. Primary
plasmacytomas are also recognized. The
lung is also a very common site of
relapse in patients who already carry a
diagnosis of lymphoma.
Similarly, virtually any leukaemia may
affect the lung, either primarily (and be
the initial site of presentation) or in
patients with known disease {391}.

Epithelioid haemangioendothelioma /
Angiosarcoma

Definition
Pulmonary epithelioid haemangioendothelioma (PEH) is a low-to-intermediate-grade vascular tumour composed of
short cords and nests of epithelioid
endothelial cells embedded in a myxohyaline matrix. The tumours are distinctive for their epithelioid character, sharply
defined cytoplasmic vacuoles, intraalveolar and intravascular growth and central
hyaline necrosis. High-grade epithelioid
vascular tumours are called epithelioid
angiosarcomas.
ICD-O code
Epithelioid haemangioendothelioma
9133/1
Angiosarcoma
9120/3
Synonyms and historical annotation
Epithelioid haemangioendothelioma was
previously called intravascular ‘sclerosing’ bronchioloalveolar tumour (IVBAT) in
the lung.
Clinical features
Signs and symptoms
Most patients with PEH are Caucasian,
80% are women. The mean age is 36
with a range of 12-61 years {435,533,
2120}. The presentation is usually indolent and almost half of the patients are
asymptomatic. Symptomatic patients
may present with pleuritic chest pain,
dyspnoea, mild nonproductive cough,
haemoptysis, and clubbing. PEH may
rarely present with alveolar hemorrhage

A

{225,298} or as thromboembolic disease
{2205}. Up to 15% of patients may have
substantial liver involvement. PEH with
histology similar to that seen in the lung
occur in the liver, bone and soft tissue
{510,536,1227,1453}.

Imaging
CT scans or chest x-rays characteristically demonstrate multiple, bilateral,
small nodules 1-2 cm in size. However,
PEH may present as a solitary lung mass
{1399}. The radiographic pattern of the
multiple smaller lesions may mimic that
of pulmonary Langerhans’ cell histiocytosis {1606}. Occasionally the lung nodules
may appear calcified {1212}. The most
common initial interpretation of the radiographic picture is that of metastatic
tumour or old granulomatous disease.
Macroscopy and localization
The most common gross appearance of
PEH is that of a 0.3-2.0 cm circumscribed mass of gray-white or gray-tan
firm tissue with occasional yellow flecks
{435,2081}. The center of the nodules
may be calcified and the cut surface
reveals a cartilaginous consistency. PEH
may involve the pleura in a pattern
resembling diffuse malignant mesothelioma {424,1184,2222,2239}.
Histopathology
Low power histologic examination
reveals round to oval-shaped nodules,
which typically have a central sclerotic,
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hypocellular zone and a cellular peripheral zone. The necrotic center of the nodules sometimes can be calcified and
ossified. The tumour typically spreads
into adjacent bronchioles and alveolar
spaces in a micropolypoid manner and
can be seen passing through pores of
Kohn in alveolar walls. Extensive lymphangitic spread may mimic metastatic
carcinoma. The intercellular stroma consists of an abundant matrix that may
appear chondroid, hyaline, mucinous or
myxomatous. Intracellular vacuoles are
common, sometimes creating a signetring appearance, and suggest an
attempt to form unicellular vascular
channels. The nuclei of the tumour cells
are usually round to oval. Intranuclear
cytoplasmic inclusions are common.
Immunohistochemistry and electron
microscopy
Commonly used endothelial markers
include CD31, CD34 and factor VIII (von
Willebrand factor), and most PEH
express these markers {462}. Recently,
Fli1 (a member of the ETS family of DNA
binding transcription factors) and
FKBP12 (a cytosolic FK506 binding protein interacting with calcineurin) have
been shown to be reliable endothelial
markers {599,828}. In epithelioid haemangioendotheliomas, CD31, CD34 and
Fli1 protein are more sensitive and reliable markers than von Willebrand factor.
Vimentin is strongly positive and present
in abundance in these tumour cells in

C

Fig. 1.101 Epithelioid haemangioendothelioma. A Tumour nodule showing increased cellularity at the periphery and abundant eosinophilic stroma with focal necrosis in the center. B Abundant eosinophilic stroma; cells have prominent cytoplasmic vacuoles or intracytoplasmic lumina. From Travis et al. {2024}. C CD31 stain.
The tumour cells stain positively; several show prominent cytoplasmic vacuoles.

Epithelioid haemangioendothelioma / angiosarcoma
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comparison with normal endothelial
cells. Focal cytokeratin expression is
reported
in
20-30%
of
cases.
Angiosarcomas are also known to
express endothelial markers such as von
Willebrand factor, CD31, CD34 and Fli1
in the majority of cases. Among them,
von Willebrand factor is more specific,
but least sensitive. It is often present in a
minority of cases with focal weak staining. CD31 is relatively specific and
extremely sensitive, being positive in
about 90% of the cases. Cytokeratin is
expressed in about 30% of the cases,
emphasizing the importance of antibody
panels to distinguish these vascular
tumours from carcinoma {1184,1308}.
Electron microscopic studies reveal an
external lamina or basement membrane
surrounding the tumour cells and occasional tight junctions {409,1798,2122}.
Pinocytotic vesicles may be seen.
Conspicuous 100-150 µm thick cytofilaments are present. Weibel-Palade bodies have been described, but may not be
detectable
in
every
case.
Intracytoplasmic lumens are characteristically present.
Differential diagnosis
The differential diagnosis of PEH
includes a variety of benign non-neoplastic conditions such as old granulomatous disease, organizing infarcts,
amyloid nodules; several benign neoplasms such as hamartomas, sclerosing
haemangioma, and chemodectomas;
and malignant neoplasms such as
mesothelioma, adenocarcinoma (both
primary and metastatic), angiosarcoma,
chondrosarcoma, or leiomyosarcoma.
Most of these considerations can be
excluded by recognition of the characteristic architecture of the nodular lesions
of PEH with a cellular periphery and a
central zone, which is often necrotic. The
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Fig. 1.102 Epithelioid angiosarcoma. The tumour cells show marked cytologic atypia with large hyperchromatic nuclei, vesicular chromatin, prominent nucleoli and mitotic activity.

possibility of lung metastases should be
considered since EH can also arise in the
liver, soft tissue, and bone. When these
tumours metastasize to the lungs, they
may present with histologic features
identical to cases of PEH {510,536,
2081}. In the presence of a dominant
mass in an extrapulmonary site, the lung
involvement may represent metastatic
disease. Some cases of multifocal bilateral pulmonary disease suggesting
metastases, do not have extrathoracic
tumours {435}.
Grading: PEH are low or intermediate
grade tumours. High grade epithelioid
vascular tumours are called epithelioid
angiosarcoma, and show more nuclear
atypia (mitoses, nucleoli, hyperchromatic
chromatin) and less eosinophilic matrix
and may have spindle cell foci.
Epithelioid angiosarcomas also tend to
present as large solitary masses.

Tumours of the lung - Mesenchymal tumours

Histogenesis
Epithelioid haemangioendotheliomas are
derived from endothelial cells.
Somatic genetics
Little is known about the genetics of
epithelioid haemangioendothelioma. In
two cases an identical chromosomal
translocation involving chromosomes 1
and 3 [t(1;3)(p36.3;q25)] was detected
{1295}. In another case karyotyping
revealed several clonal abnormalities: a
complex unbalanced translocation [7;22]
involving multiple breakpoints (confirmed
by fluorescence in situ hybridization), a
Robertsonian t(14;14), and loss of the Y
chromosome {208}. Monosomy for chromosome 11 was noted in a subset of the
tumour cells {208}.

Pleuropulmonary blastoma

Definition
Pleuropulmonary blastoma is a malignant tumour of infancy and early childhood arising as a cystic and/ or solid sarcomatous neoplasm, in the lung or less
often from the parietal pleura {99,1231}.
The cystic component is lined by benign
metaplastic epithelium that may be ciliated. This embryonic or dysontogenetic
neoplasm of the lung and/or pleura is the
nosologic counterpart to other like neoplasms of childhood including Wilms
tumour, neuroblastoma, hepatoblastoma
and retinoblastoma.
ICD-O code

8973/3

Synonyms
Rhabdomysarcoma arising in congenital
cystic adenomatoid malformation, pulmonary blastoma of childhood, pulmonary sarcoma arising in mesenchymal
cystic hamartoma, embryonal rhabdomysarcoma arising within congenital
bronchogenic cyst, pulmonary blastoma
associated with cystic lung disease,
pleuropulmonary blastoma in congenital
cystic adenomatoid malformation {565}.
Epidemiology
Owing to the fact that the pleuropulmonary blastoma came to be recognized
as a clinicopathologic entity in 1989, systematic data are not available on its incidence. There are presently over 100
cases registered with The Pleuropulmonary Blastoma Registry (www.ppbreg-

Fig. 1.103 Type I pleuropulmonary blastoma, presenting as round, sharply circumscribed multicystic
lesion.

istry.org). It is certainly less common than
Wilms tumour, neuroblastoma and even
hepatoblastoma. Approximately 25% of
cases are accompanied by an apparent
constitutional and heritable predisposition to dysplastic or neoplastic disease in
keeping with a familial cancer syndrome
{1620}. Cystic nephroma, ovarian teratoma, multiple intestinal polyps, and a
second pleuropulmonary blastoma have
been observed in affected children {910,
1025,1115,1393,1593}.

Age and sex distribution
The age at diagnosis ranges from one
month to 12 years, with a median age of
2 years. Most are diagnosed at or before
4 years of age {1619}. The male to
female ratio is approximately equal.
Etiology
The origin of this tumour remains
unknown, but it may represent the expression of the mesodermally derived thoracic
splanchnopleural mesenchyme in the
absence of any neoplastic epithelial elements, as in a classic pulmonary blastoma {1231 Since one type of pleuropulmonary blastoma is exclusively cystic, a
controversial suggested origin is from
congenital cystic adenomatoid malformation {1207}.
Localization
Pleura and/or lung.
Clinical features
The clinical manifestations are variable
and depend on age and pathologic type.
Respiratory distress with or without pneumothorax is the most common presentation of the cystic pleuropulmonary blastoma in the first 12-18 months of life {892,
1619}. Asymptomatic lesions may be
incidental findings during investigation of
seemingly unrelated clinical problems
{1544,1545,1619}. Fever, chest pain and
cough are the presenting complaints in
the 2-4 year old child with a cystic and
solid or exclusively solid neoplasm,
which may be suspected initially to be
pneumonia or empyema.
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Imaging
Unilateral, rarely bilateral, localized airfilled cysts are a common finding on
images that have been obtained subsequent to the onset of respiratory distress
{468,1207,1545,1619,1650}. A pneumothorax is rarely present. Septal thickening or an intracystic mass(es) is another feature which should suggest the possibility of something other than a congenital adenomatoid malformation or
congenital lobar emphysema. Other patterns of masses lesions and/ or cysts are
described {99}.
Macroscopy
Three basic pathologic types are currently recognized with associated gross and
microscopic features {468,2173}. The
purely cystic pleuropulmonary blastoma
is characterized as a filmy, thin-walled
multicystic structure, which collapses
after resection {321}. Another pattern is a
solid, firm to gelatinous creamy white,
sometimes hemorrhagic tumour, measuring over 15 cm in greatest dimension and
weighing over 500 g. The solid tumours
may occupy an entire lobe or lung and in
a minority of cases, the mass has arisen
from the visceral or parietal pleura,
including the dome of the diaphragm.
Histopathology
The purely cystic or type I pleuropulmonary blastoma is characterized by the
presence of a multicystic structure lined
by respiratory type epithelium beneath
which is a population of small primitive
malignant cells with or without apparent
rhabdomyoblastic differentiation The
malignant cells may be identified as a
continuous or discontinuous cambium
layer-like zone, but may be difficult to
find. Small nodules of fetal appearing
cartilage or a hyalinzed septal stroma are
features which should prompt careful
search for malignant cells, if they are not
initially apparent. Type II pleuropulmonary blastoma shows partial or complete overgrowth of the septal stroma by
sheets of primitive small cells without
apparent differentiation, embryonal rhabPleuropulmonary blastoma
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domysarcoma or fascicles of a spindle
cell sarcoma with the formation of
plaques or nodules. Other examples of
type II tumours are those with a grossly
visible solid component and microscopically identifiable type I foci. Type III
tumours are solid. The solid areas of the
types II and III neoplasms have mixed
blastematous and sarcomatous features.
Nodules of malignant appearing cartilage, small aggregates of anaplastic and
pleomorphic appearing cells, fibrosarcoma-like areas, rhabdomyosarcomatous
foci and condensed blastema-like
islands separated by loosely arrayed
short spindle cells may also be seen
alone, or in combination. Foci of necrosis, haemorrhage and fibrosis are variably present. Though respiratory epithelium may be entrapped within a field of
tumour, neoplastic epithelial elements
have not been seen in this tumour type to
date, in contrast to the classic pulmonary
blastoma. The primitive small cell pattern
with or without apparent rhabdomyoblastic differentiation is seen in the purely
cystic lesion whereas a more complex
mixed sarcomatous pattern is present in
those neoplasms with a solid component.
Immunohistochemistry
Based upon the microscopic features,
the immunophenotype is predictable in
that most neoplastic cells are reactive for
vimentin, and the only cytokeratin-positive cells are the respiratory-type cells
lining the cysts and the entrapped small
airspaces within solid areas of the
tumour. Muscle specific actin and
desmin are consistently expressed in
cells identifiable histologically as rhabdomyoblastic and less consistently in the
primitive small cells in the cambium
layer-like subepithelial zones in the cystic
areas {1619}. The nodules of cartilage
express S-100 protein. Immunohistochemistry is useful in the differential diagnosis in those rare cases of a cystic synovial sarcoma of the lung and chest wall
{546}. When the latter is a consideration,
epithelial membrane antigen, cytokeratin
and CD99 are useful since these three
markers are not expressed in the pleuropulmonary blastoma.
Histogenesis
The cell of origin for pleuropulmonary
blastoma is not known. However, it is
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Fig. 1.104 A Type I pleuropulmonary blastoma. Narrow band of primitive round cells beneath the cuboidal
epithelium. B Cystic tumour with a type 2 pneumocyte epithelial lining beneath which is a cellular cambium layer of spindle cell and epithelioid rhabdomyoblasts. C Type II pleuropulmonary blastoma.
Differentiated rhabdomyoblasts with abundant eosinophilic cytoplasm are present beneath the epithelium.
This tumour showed solid as well as cystic areas. D Type III pleuropulmonary blastoma. A portion of the
tumor is composed of interlacing fibrosarcoma-like foci. This tumour was purely solid.

probably derived from primitive mesenchymal cells in the lung and or pleura.
Somatic genetics
Several reports have documented gains
in chromosome 8 detected by karyotyping and fluorescence in situ hybridization
{111,910,991,1035,1107,1492,1620,
1773,2073,2196}. Though this finding
appears to be consistent in these
tumours, gains in chromosome 8 have
been observed in infantile fibrosarcoma,
desmoid fibromatosis and mesoblastic
nephroma. It is interesting that the latter
tumour has been reported on occasion in
children who also have a pleuropulmonary blastoma. An unbalanced
translocation between chromosomes 1
and X has been described resulting in
addition copies of 1q and Xq and loss of
part of Xp. Mutations in p53 are also
reported.
Prognosis and predictive factors
The pure cystic or type I pleuropulmonary blastoma has a generally
favourable prognosis of 80-90% 5-year
disease-free survival, whereas the types
II and III have a poorer outcome of less
than 50% {1569,1619}. The importance
of recognizing this neoplasm in its cystic
form has been emphasized in the recent
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literature {1545,1941}. It would appear
that the occult type II neoplasm with
microscopic overgrowth of the septal
areas, and without the formation of
grossly visible masses or plaques, may
have a similar favourable outcome as the
type I pleuropulmonary blastoma. These
tumours locally recur and have a
predilection for metastasis to the brainspinal cord and skeletal system {1619}.
Ocular and pancreatic metastases have
also been reported {494,1115,2100}.

Chondroma

J.A. Carney
H.D. Tazelaar
T. Manabe

Definition
A benign tumour composed of hyaline or
myxohyaline cartilage. It is usually found
in Carney triad (gastric stromal sarcoma,
pulmonary chondroma and paraganglioma).
ICD-O code

epithelium, with, less often, other differentiated
mesenchymal
elements.
Metastatic chondrosarcoma may also be
considered. Clinical history and cytological evidence of malignancy will aid distinction.

Prognostic factors
These patients are cured upon removal
of their pulmonary chondroma. Clinical
problems in these patients are more likely to relate to their gastric leiomyosarcomas or paragangliomas {294,1772}.

9220/0

Synonyms
Osteochondroma, chondroma
Clinical features
Signs, symptoms and imaging
These are usually asymptomatic
tumours. Radiologically, they appear as
circumscribed lesions with “pop-corn”
calcification, usually multiple, and predominantly in young women {292,689,
2006}.
Macroscopy and localization
These are peripheral solid lesions, which
may be calcified and easily enucleated
at surgery.
Histopathology
These lesions consist of encapsulated
lobules of hypocellular neoplastic cartilaginous tissue. Features of malignancy
are absent {292,689,2006}.

A

Differential diagnosis
Pulmonary hamartoma (mesenchymoma), in the majority of cases, shows cleftlike spaces between cartilaginous lobules lined by a component of respiratory

B
Fig. 1.105 Chondroma. Circumscribed, bosselated
tumour composed of white glistening, irregularlyshaped lobules, some with a bluish tinge.

Fig. 1.106 Chondroma. A Encapsulated, hypocellular (left) to moderately cellular (right) tumour with dispersed cells set in a chondromyxoid stroma. A fibrous capsule with spicules of mature bone containing marrow fat separates the tumour from the surrounding compressed pulmonary parenchyma. B Paucicellular
tumour featuring elongated fusiform and stellate cells with eosinophilic cytoplasm and hyperchromatic,
polymorphic nuclei set in a loose chondromyxoid matrix.
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Congenital peribronchial
myofibroblastic tumour

Definition
An interstitial and peribronchovascular
proliferation of uniform, plump to more
fusiform cells arranged in broad, interlacing fascicles; cellularity and mitotic activity may be marked. This spindle cell neoplasm is reminiscent of the congenital
infantile fibrosarcoma.
ICD-O codes

8827/1

Synonyms
Congenital fibrosarcoma, congenital
leiomyosarcoma, congenital bronchopulmonary leiomyosarcoma, congenital pulmonary myofibroblastic tumour, congeni-

A

B
Fig. 1.107 Congenital peribronchial myofibroblastic
tumour. A Plain view chest roentegenograph
shows opacification of the right hemithorax of a
7-week-old female who presented with respiratory
distress. B Computed tomogram reveals a well circumscribed mass lesion with a collage of high and
low density foci, representing areas of tumour and
compressed uninvolved parenchyma."

tal mesenchymal malformation of lung,
neonatal pulmonary hamartoma
Epidemiology
This rare neoplasm is documented in the
literature as individual case studies with
less than 15 cases to date {45,930,1001,
1082,1284}.
Etiology
This tumour occurs sporadically and has
neither syndromic association nor relevant maternal history, at least to date.
Clinical features
As a congenital tumour, it is recognized
shortly after birth although the pregnancy
may be complicated by polydramnios
and non-immune hydrops fetalis.
However, its detection by prenatal ultrasonography should be anticipated {45,
930,1001,1082,1284}.
Macroscopy
The well-circumscribed, non-encapsulated mass has a smooth or multinodular
surface with or without fine trabeculations. The cut surface has a tann-grey to
yellow-tan fleshy appearance. Haemorrhage and necrosis are variable features. The maximum dimension varies
from 5-10 cm and the tumour may weigh
in excess of 100 gms. The bronchus is
often distorted or totally obliterated.
Histopathology
The lung parenchyma is replaced by fascicles of uniform spindle cells {903},
arranged in intersecting fascicles with or
without a herringbone pattern. The nuclei
are elongated and have finely dispersed
chromatin, an absence of pleomorphism
or anaplasia and variable mitotic activity.
Atypical mitotic figures are not present.
Bronchial invasion is often seen, and the
peribronchial distribution is implicit in the
name. The growth may diffusely obliterate the parenchyma or form islands and
nodules of spindle cells with interspersed foci of uninvolved parenchyma
{930}. Tumour growth in septa or on the
pleural surface may occur. In less cellu-
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lar perivascular areas, the tumour cells
appear less sarcomatous with a more
fibromyxoid or myofibroblastic proliferation. Cystic foci of haemorrhage may be
present.

Immunoprofile and
electron microscopy
A myofibroblastic immunophenotype is
not demonstrable in all cases.
The spindle cells are consistently positive for vimentin whereas staining for
desmin and smooth muscle actin is
absent or restricted to isolated cells
{1082,1284}. Ultrastructural studies suggest myofibroblastic differentiation
{1284}. Muscle specific actin immunoreactivity is present in less than 5% of the
cells and desmin reactivity may be
observed on rare occasion. This tumour
is considered to be identical with, or at
least related to, the lesions reported as
congenital leiomyosarcoma, fibrosarcoma, and fibro-leiomyosarcoma. Immunoprofiles in the tumours diagnosed as
such are non-specific and have been
reported to express neuron-specific enolase, alpha-smooth muscle actin, HHF 35
actin and muscle-specific actin {382}.
Desmin, S-100 protein, CD34, CD57,
CD68, factor XIIIa, and CAM 5.2 are also
occasionally expressed.

Fig. 1.108 Congenital peribronchial myofibroblastic
tumour. The resected tumour required a pneumectomy in a 7-week-old female. The cross-section
reveals a circumscribed, tan-grey, multinodular
mass measuring 10 cm in greatest dimension.
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Fig. 1.109 Congenital peribronchial myofibroblastic tumour. A There is an extensive infiltrate of spindle cells along lymphatic routes: pleura, septa and bronchovascular bundles. B The spindle cells resemble smooth muscle cells and inflitrate around bronchial cartilage, epithelium and vessels. From Travis et al. {2024}.

Imaging
A large mass lesion partially or totally
opacifying the hemithorax is the usual
appearance on a plain chest radiograph.
Computed tomography reveals a wellcircumscribed heterogeneous mass {45,
930,1001,1082,1284}.
Somatic genetics
One case has been reported with a complex karotype which included a t(8;10)
(p11.2;p15) translocation {45}. Although
these tumours resemble congenitalinfantile fibrosarcoma and congenital

mesoblastic nephroma in their gross and
microscopic features, there are no
reports to date of the detection of
t(12;15) (p13;q25-26) translocation in a
congenital peribronchial myofibroblastic
tumour {1734}.
Prognosis and predictive factors
Surgical resection of the involved lobe or
lung is the treatment of choice. However,
the presence of fetal hydrops with its own
associated morbidity and mortality may
compliate the clinical outcome.
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Diffuse pulmonary lymphangiomatosis
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Definition
A diffuse proliferation of lymphatic vascular spaces and smooth muscle, distributed with the normal lymphatics of the
lungs, pleura and mediastinum.
Synonyms
Lymphangiomatosis, lymphangiectasis,
lymphatic dysplasia
Clinical features
The process affects children and young
adults of both sexes who present with
progressive symptoms of “asthma,” dyspnoea or haemoptysis {230,563,832,
925,1319,1637,1933,1985,2039}.

A

Imaging
Chest radiographs show increased interstitial markings. Computed tomography
shows smooth thickening of the interlobular septa, major fissures, central airways and pleura.
Macroscopy and localization
There is prominence of the bronchovascular bundles and other structures,
including pleura, interlobular pulmonary
septa, and mediastinum, reflecting the
lymphatic distribution of the disease.
Histopathology
Anastomosing endothelial-lined spaces
of varying size are diffusely distributed
along lymphatic routes in pleura,
intralobular septa, and bronchovascular
sheaths and often contain acellular,
sometimes eosinophilic, material {230,
563,832,925,1319,1637,1933,1985,
2039}. Variable numbers of spindle cells
with bland oval to cigar shaped nuclei
are present between channels. Mass
lesions and cysts are not identified. Intraalveolar siderophages are often present
in surrounding lung parenchyma.

Immunophenotype and
electron microscopy
The immunophenotypic profile of the lining cells is compatible with endothelium
(FVIIIrAg positive, vimentin positive, UEA
positive) {1985}. The spindle cells com-

B
Fig. 1.110 Diffuse pulmonary lymphangiomatosis. A The pleura and septa are infiltrated by a proliferation of
lymphatics. B The lymphatic proliferation infiltrating along the interlobular septa are highlighted with
trichrome stain. From Travis et al. {2024}.

monly express vimentin, desmin, actin,
and progesteron receptor but are negative for estrogen receptor, keratin, and
HMB-45. Ultrastrucurally, the spindle
cells resemble smooth muscle cells.
Differential diagnosis
In lymphangiectasis the lymphatic vessels are not increased in number and do
not anastamose {230,563,832,925,1319,
1637,1933,1985,2039}.
Lymphangioleiomyomatosis exhibits a
more random distribution in association
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with cysts. Kaposi sarcoma does not
exhibit the complex anastomosing lymphatic channels. In diffuse pulmonary
haemangiomatosis vascular spaces are
blood-filled and in interstitial emphysema
spaces are airfilled and lack smooth
muscle.

Inflammatory myofibroblastic tumour

Definition
Inflammatory myofibroblastic tumour is a
subgroup of the broad category of
“inflammatory pseudotumours” and is
composed of a variable mixture of collagen, inflammatory cells, and usually
cytologically bland spindle cells showing
myofibroblastic differentiation.
ICD-O code

8825/1

Synonyms
Inflammatory myofibroblastic tumour has
acquired a wide array of synonyms
including the following {654,1259,1292}:
inflammatory pseudotumour, plasma cell
granuloma, fibroxanthoma, fibrous histiocytoma, pseudosarcomatous myofibroblastic tumour, and invasive fibrous
tumour of the tracheobronchial tree.
Epidemiology
Inflammatory myofibroblastic tumour has
an equal sex distribution and occurs in
all ages, though most occur in individuals less than 40 years {654,1850}.
Inflammatory myofibroblastic tumour is
the most common endobronchial mesenchymal lesion in childhood.

protean, with signs and symptoms relating to the site of involvement {38,381,
384}. Endobronchial lesions present with
complaints reflecting bronchial irritation,
with cough, wheeze, haemoptysis, and
chest pain. Constitutional symptoms are
rare. Peripheral pulmonary parenchymal
nodules are often asymptomatic
although local invasion into the chest wall
may elicit pleuritic or chest wall pain.
Macroscopy
These lesions are typically solitary round
rubbery masses, which have a variable
degree of a yellowish-gray discoloration
reflecting the histiocytic component of
the inflammatory infiltrate. The size range
is wide (1-36 cm) with an average size of
3.0 cm {38,381,384}. The lesions do not
appear encapsulated and local involvement of hilar soft tissues or chest wall is
seen in 5-10% of cases. Gritty calcification is occasionally noted. Cavitation is
rare.
Tumour spread and staging
Inflammatory myofibroblastic tumour is
usually localised. Involvement of the
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chest wall, mediastinum, or pleura is
rare, as are recurrences and metastases.
Histopathology
Inflammatory myofibroblastic tumour
contains a mixture of spindle cells showing fibroblastic and myofibroblastic differentiation arrayed in fascicles, or with
storiform architecture. The spindle cells
have oval nuclei, fine chromatin, inconspicuous nucleoli, and abundant bipolar
lightly eosinophilic cytoplasm. Mitoses
are infrequent. Cytologic atypia is not
obvious. Admixed with the spindle proliferation, and often obscuring it, is an
inflammatory infiltrate containing lymphocytes, plasma cells, and histiocytes,
including Touton type giant cells. Plasma
cells may be prominent and are often
associated with lymphoid follicles. The
spindle cells, in rare instances, will infiltrate blood vessels or the pleura.

Immunohistochemistry
Pulmonary and extrapulmonary inflammatory myofibroblatic tumours (IMT)
show similar immunoprofiles {384,1636,
2223}. Immunostains demonstrate that

Etiology
Some believe inflammatory myofibroblastic tumour is a reactive inflammatory
condition, others that it represents a lowgrade mesenchymal malignancy {1292}.
Pulmonary lesions have been associated
with previous viral infections, and some
reports have indicated an association
with HHV8 {707}.
Localization
Chest radiographs show a solitary mass
with regular borders in 80% of the cases
{309,384}. The mass may have a spiculated appearance and if endobronchial
in location, may be accompanied by a
post-obstructive pneumonia and atelectasis.
Clinical features
The clinical presentation of patients with
inflammatory myofibroblastic tumour is

Fig. 1.111 Inflammatory myofibroblastic tumour, containing Touton-like giant cells, foamy histiocytes, and
abundant inflammatory cells, all within the context of the background bland spindle cell proliferation.
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Fig. 1.112 Inflammatory myofibroblastic tumour. A Spindle cells growing in interlacing fascicles. B Spindle cells with myxoid stroma and mild chronic inflammatory infiltrate. C Numerous foamy histiocytes give this lesion a fibroxanthomatous appearance. D Prominent lymphocytes and plasma cells infiltrate among the myofibroblastic cells in this lesion. From Travis et al. {2024}.

the spindle cells express vimentin and
smooth muscle actin, and rarely desmin
{107,309,882}. They fail to express myogenin, myoglobin, CD117 (cKit) and S100 protein. Focal cytokeratin reactivity is
noted in about one third of the cases,
perhaps due to alveolar entrapment.
Expression of ALK1 and p80 is noted in
IMT in about 40% of the cases. {312,322,
383,401,741}. P53 immunoreactivity is
rare and reported in association with
recurrence and malignant transformation
{882}.

show clonal changes in 2/3 of cases
involving chromosome 2 at the 2p23
location of the ALK gene {1771,1842,
1895,1896,2223}. Translocations involving the ALK gene to chromosome 5 create ALK fusion gene products, which are
thought to play a role in the development
of malignancy {1701}. Few inflammatory
myofibroblastic tumours have complete
cytogenetics reported, and they indicate
the presence of ring chromosomes and
translocations involving chromosome 1,
2, 4, and 5.

Histogenesis
Inflammatory myofibroblastic tumour is a
proliferation of cells showing myofibroblastic differentiation.

Prognosis and predictive factors
In most instances complete excision of
pulmonary inflammatory myofibroblastic
tumour leads to excellent survival {654}.
A minority (5%) of inflammatory myofibroblastic tumours may show extrapulmonary invasion, recurrence or metastases, recurrence usually occurring in
cases, which were incompletely excised.
Histologic features that may be associat-

Somatic genetics
Inflammatory myofibroblastic tumour is
most often euploid, but may occasionally
be aneuploid {170,882}. Similarly, some
cases may show TP53 mutations. IMT
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ed with a poor prognosis include focal
invasion, vascular invasion, increased
cellularity, nuclear pleomorphism with
bizarre giant cells, a high mitotic rate
(greater than 3/50 hpf), and necrosis
{38,381,384}.

Lymphangioleiomyomatosis

H. Tazelaar
E.P. Henske
T. Manabe
W.D. Travis

Definition
Lymphangioleiomyomatosis (LAM) is a
widespread interstitial infiltrate of immature short spindle cells resembling
smooth muscle cells, usually associated
with cystic change, most commonly
occurring in women of reproductive age.
ICD-O code

9174/1

Synonyms
Lymphangiomyomatosis
Clinical features
LAM is very rare with an estimated incidence of 1 per 1,000,000 in the United
States, France, and United Kingdom. It
most often occurs as a sporadic disease,
but also occurs in women with tuberous
sclerosis complex (TSC). Among women
with TSC, 26-39% show radiographic evidence of LAM {414,610,1391}. Renal
angiomyolipomas occur in most TSC
patients and in approximately 50% of
sporadic LAM patients {97}. LAM is the
third most frequent cause of TSC-related
death, after renal disease and brain
tumours {303}. LAM has been reported in
both postmenopausal women and in at
least one man {92}.

Signs and symptoms
These include progressive dyspnoea on
exertion, pneumothorax (often recurrent),
cough, haemoptysis and chylous pleural
effusions.

Fig. 1.113 Lymphangioleiomyomatosis. The lung
shows diffuse cystic changes characteristic of
lymphangioleiomyomatosis.

Fig. 1.114 Lymphangioleiomyomatosis. Cystic spaces are surrounded by abnormal smooth muscle bundles.
From Travis et al. {2024}.

Imaging
Chest radiograph may be normal, but as
the disease progresses, it typically
shows diffuse reticular infiltrates with
hyperinflation. Computed tomography
shows cystic lesions between 2-20 mm,
uniformly distributed in both lungs.
Macroscopy and localization
In advanced cases the lungs show diffuse cystic changes from apex to base.
Early lesions may show only a few scattered cysts.
Histopathology
The two major lesions of lymphangioleiomyomatosis are cysts and immature
smooth muscle proliferation. The variably
sized cystic spaces are lined by plaquelike or nodular aggregates of smoothmuscle-like spindle cells. These may be
admixed with more rounded epithelioid
cells, perhaps representing perivascular
epitheliod cells (PECs) or epithelioid
smooth muscle cells. Micronodular pneumocyte hyperplasia may also be present
in patients with tuberous sclerosis.

Immunohistochemistry
The cells of lymphangioleiomyomatosis
show smooth muscle differentiation and
express. alpha-smooth muscle actin and
desmin, as well as vimentin. Unlike normal smooth muscle cells, however, they
also show immunoreactivity with a
melanocytic marker, HMB-45 {200,
1083}. Not all the cells stain, but when
present, together with consistent histological changes, is highly specific and
sensitive for LAM. Estrogen and progesteron receptors are present in some
cases {153,393}.
Differential diagnosis
Benign metastasizing leiomyoma is not
usually associated with cysts and the
nodules of smooth muscle are generally
larger than those seen in LAM.
Emphysema lacks the spindle cells.
Langerhans’ cell histiocytosis shows the
pathognomonic cells, eosinophils and
has a characteristic gross and
microanatomical distribution.
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Histogenesis
The perivascular epithelioid cell (PEC)
has been suggested.
Somatic genetics
Germline mutations in both TSC1 and
TSC2 are associated with LAM, including
missense mutations in the final exon of
TSC2 (exon 41) {610,1885}. No genotype-phenotype correlation has been
identified. Most women with sporadic
LAM do not have germline TSC2 gene
mutations {86,1747}, but TSC2 mutations
have been found in angiomyolipomas,
lymph nodes, and microdissected pulmonary LAM cells from sporadic LAM
patients {297,961,1747,1839}. These
mutations are not present in morphologically normal kidney or lung, or in the
peripheral blood, indicating that they

arise somatically, and leading to the
hypothesis that LAM cells migrate or
metastasize to the lung from angiomyolipomas or lymph nodes. LAM can recur
after lung transplantation {174,1477,
1495}. In one case, a somatic TSC2 gene
mutation was used to prove that recurrent LAM cells in the allograft lung arose
from the patient’s native LAM {961} consistent with hypothesis that LAM cells
migrate in vivo.
Prognosis and predictive factors
The prognosis for women with pulmonary
LAM is variable. Progression is common
with a median survival of 8 to 10 years
from diagnosis {1019,1260,1983}. An
elevated TLC and a reduced FEV1/FVC
ratio are associated with poor survival
{1019}. Kitaichi showed that patients with

Pulmonary vein sarcoma

Definition
A sarcoma arising in a pulmonary vein
which almost always shows features of
leiomyosarcoma.
ICD-O code

8800/3

Epidemiology
Pulmonary vein sarcomas are rarer than
pulmonary artery sarcomas and less
than 20 cases have been reported
{1512}.

Histopathology
The majorities of pulmonary vein sarcomas show smooth muscle differentiation
and, therefore, represent leiomyosarcomas. They are moderate to highly cellular spindle cell neoplasms with varying
degrees of mitotic activity and necrosis.
Epithelioid morphology may be present.
Immunohistochemically, the tumours are

a predominantly cystic type of LAM had
a worse prognosis than those with a predominantly muscular type {1019}. Matusi
et al recently showed that the 5- and 10year survivals for LAM patients were
100% for LAM histology score (LHS)-1,
89.9% and 74.6% for LHS-2 and 59.1%
and 47.3% for LHS-3, respectively
{1260}. He also found that increasing
degrees of hemosiderin deposition were
associated with higher LHS scores
(p=0.029) and a worse prognosis
(p=0.0012) {1260}.

H.D. Tazelaar
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reactive with antibodies to vimentin,
desmin and actin, confirming the presence of smooth muscle differentiation.
Aberrant keratin reactivity may be
observed in as many as 40% of cases.

Clinical features
The tumours tend to occur in women
ranging from 23-67 years (mean 49
years). The most common presenting
symptoms are dyspnoea, haemoptysis
and chest pain. In most cases, the clinical impression is that of a left atrial or
lung tumour.
Macroscopy and localization
The tumours are generally fleshy-tan
and tend to occlude the lumen of the
involved vessel. They range from 3.020.0 cm in greatest dimension. Invasion
of either wall of the vein to involve hilar
structures of pulmonary parenchyma is
common.

Fig. 1.115 Pulmonary vein sarcoma. The wall of the vein is infiltrated by spindle and pleomorphic sarcoma cells.
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Pulmonary artery sarcoma

Definition
A sarcoma of the large pulmonary arteries with two types. Intimal sarcomas have
an intraluminal polypoid growth pattern
and usually show fibroblastic or myofibroblastic differentiation. Mural sarcomas are considered distinct from intimal
sarcomas, and are classified separately
according to the histologic subtype as in
soft tissue sarcomas (leiomyosarcoma).
ICD-O code

8800/3

Synonyms
Intimal sarcoma of the pulmonary artery
has been used interchangeably with pulmonary artery sarcoma, since intimal
sarcomas comprise the vast majority of
pulmonary artery sarcomas. Mural sarcomas are exceedingly rare.
Epidemiology
Pulmonary artery sarcomas are a rare
tumour with only a few hundred cases
reported. The incidence is unknown and
probably underestimated, since many
cases are still misdiagnosed as pulmonary embolism preoperatively and
may remain unrecognized if not examined histologically. The average age at
diagnosis is 49.3 years (range 13-81
years) with a roughly equal sex distribution {419,1079,1488}.
Localization
These tumours occur in the pulmonary
trunk, most commonly, right pulmonary

A

artery, left pulmonary artery, pulmonary
valve, and, least often, the right ventricular outflow tract {419}.
Clinical features
The most common presenting symptom
is dyspnoea, followed by, in decreasing
order, chest / back pain, cough, haemoptysis, weight loss, malaise, syncope,
fever, and rarly sudden death {419}.
These clinical findings are often indistinguishable from those of chronic thromboembolic disease, but progressive
weight loss, anemia and fever are unusual for benign pulmonary vascular diseases and should raise a suspicion for
malignancy {1547}. Common physical
signs include systolic ejection murmur,
cyanosis, peripheral oedema, jugular
venous distension, hepatomegaly, and
clubbing {1547}.

Imaging
Radiologic findings overlap with those of
chronic thromboembolic disease, but the
rate of preoperative diagnosis has
increased remarkably in the last decade
with advances in imaging {419,959,973}.
Solid appearing expansion of the proximal pulmonary artery branches is highly
suggestive of a sarcoma, especially in
the presence of pulmonary nodules, cardiac enlargement and decreased vascularity {419}. The features in computed
tomography (CT) and magnetic resonance imaging (MRI) that favor a diagnosis of sarcoma over thrombi include: het-

B

Fig. 1.116 Pulmonary artery sarcoma (PAS). A Axial CT scan showing large tumor mass (arrow) outlined by
contrast material straddling the bifurcation of the pulmonary artery and extending into the left lower lobe
branches. B Gross photograph of PAS resected by pulmonary thromboendarterectomy procedure.
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erogeneous soft tissue density, smooth
vascular tapering without abrupt narrowings and cut-offs {973}, and unilateral
central pulmonary emboli {419,973}.
Vascularization in sarcomas may be
seen with bronchial arteriography {419}.
Macroscopy and localization
Intimal sarcomas resemble mucoid or
gelatinous clots filling vascular lumens.
Distal extension may show smooth tapering of the mass. The cut surface may
show firm fibrotic areas and bony/gritty
or chondromyxoid foci may be present in
mural lesions. Haemorrhage and necrosis are common in high-grade tumours.
Most cases have bilateral pulmonary
artery involvement, although one side is
usually dominant.
Tumour spread and staging
Pulmonary artery sarcomas metastasize
primarily to the lung and mediastinum
(50%). Distant metastases have been
reported in 16% cases {419}. There is no
recognized staging sytem.
Histopathology
Intimal sarcomas typically show a proliferation of spindle cells in a myxoid background, alternating with hypocellular collagenized stroma. Recanalized thrombi
may be intimately admixed, especially as
tumour extends distally. Some intimal
and most mural tumours will show foci of
more differentiated sarcomas: osteosarcoma, chondrosarcoma or rhabdomyosarcoma {101,182,246,1285,1488,1559,
1816}.

Immunohistochemistry / Electron
microscopy
Most intimal sarcomas show immunohistochemical and ultrastructural evidence
of myofibroblastic differentiation {101,
182,246,1285,1488,1559,1816}.
The
tumour cells, in general, exhibit strong
and diffuse immunoreactivity for vimentin
{728}. Osteopontin expression can also
be expressed {667}. Reactivity for
smooth muscle actin is variable. Tumor
cells may express desmin or endothelial
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Fig. 1.117 Pulmonary artery sarcoma (PAS). A Spindle cell proliferation, alternating with hypocellular collagenous stroma. B PAS intimately incorporated with
recanalizing thrombi. C PAS with myofibroblastic differentiation as shown by smooth muscle actin (SMA) immunostain in inset. D Chondrosarcomatous area within a pulmonary artery sarcoma.

markers, such as factor VIII, CD31, and
CD34 when they show evidence of
smooth muscle or vascular differentiation
{728}.
Differential diagnosis and grading
The diagnosis is fairly straightforward in
most cases, though some thrombi may
have highly cellular foci. Metastases
should always be excluded. There is no
specific grading system; NCI and
FNCLCC systems for soft tissue sarcoma
can be used.

Histogenesis
Intimal sarcomas presumably arise from
pluripotential mesenchymal cells of the
intima {246,1488}, but primitive cells of
the bulbus cordi in the trunk of pulmonary artery have been also proposed
as the origin {1285}.
Somatic genetics
Comparative genomic hybridization
revealed frequent gains or amplification
of 12q13-q15 with amplification of
SAS/CDK4, MDM2 and GLI. In addition,
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there was amplification of PDGF receptor
A on 4q12. Less consistent alterations
have been identified including losses on
3p, 3q, 4q, 9p, 5p, 6p, and 11q.
Prognosis and predictive factors
Overall prognosis is very poor regardless
of therapy with the mean survival ranging
from 14-18 months {246,485,1488}.
Surgical resection is the single most
effective modality for short-term palliation
and the role of adjuvant therapy is yet to
be determined {55,485}.

Pulmonary synovial sarcoma

Definition
Pulmonary synovial sarcoma (SS) is a
mesenchymal spindle cell tumour, which
variably displays areas of epithelial differentiation. While it can be seen as a
metastasis from an extrapulmonary site,
it also occurs in the lung in the absence
of primary elsewhere.
ICD-O codes
Synovial sarcoma
9040/3
Synovial sarcoma, spindle cell
9041/3
Synovial sarcoma, biphasic
9043/3
Synonyms
Synovial cell sarcoma, malignant synovioma, synovioblastic sarcoma
Clinical features
Pulmonary SS usually presents in young
to middle age adults and shows no gender predilection {68,546,694,850,957,
1777,1992,2234,2236}. Cough, often
with haemoptysis is the most common
clinical manifestation, followed by chest
pain. Low-grade fever and weight loss
are rare. These tumours can also present
as incidental tumours on chest X-ray.
Prognosis is in general poor with almost
half of patients dying of disease (mean
23 months) {68,546,694,850,957,1777,
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1992,2234,2236}. However, prolonged
survival without disease, over 5 years,
has occurred.
Macroscopy and localization
Pulmonary SS are usually peripheral,
well-circumscribed but non-encapsulated, solid tumours. Size ranges between
0.6-17.0 cm (mean 5.6 cm) {546}. Rare
cases involving the tracheobronchial tree
with formation of an endobronchial mass
have been described. Occasionally, the
tumour diffusely infiltrates chest wall or
mediastinal structures. The cut surface of
the tumour can show cystic degenerative
changes and necrosis.
Tumour spread and staging
Pulmonary SS mainly spreads and recurs
regionally, involving chest wall, pericardium, diaphragm, paraspinal soft tissue.
Direct extension to the abdominal cavity
may also occur {68,546,694,850,957,
1777,1992,2234,2236}. Metastases to
mediastinal lymph nodes are extremely
uncommon (5%). Systemic metastases,
mainly to liver, bone, brain, and lung,
occur in almost a quarter of patients.
Histopathology
Histologic features of pulmonary SS are
identical to its soft tissue counterpart
{68,546,694,850,957,1777,1992,2234,

2236}. Both biphasic and monophasic
subtypes have been described.
Monophasic SS, the most common pulmonary subtype is comprised solely of
the spindle cell component. The spindlecell component consists of interweaving
fascicles of densely packed elongated
cells. This subtype often displays a
prominent haemangiopericytomatous
vascular pattern, and focal areas of
dense hyaline fibrosis. Biphasic SS comprises both epithelial and spindle components. Epithelial areas contain cleftlike glandular spaces with scattered
tubulo-papillary differentiation. The cells
are cuboidal with moderate eosinophilic
cytoplasm, round nuclei with granular
chromatin and occasional nucleoli.
Mucoid secretions are commonly seen.
Care should be taken not to confuse the
epithelial component with entrapped
alveolar epithelium that will be TTF-1
positive and could be mistaken for
biphasic synovial sarcoma {2234}. The
cells contain scant cytoplasm with oval
nuclei. Most pulmonary SS contain focal
necrosis. Mitotic activity varies greatly (525/10HPF). Calcification and mast cell
infiltrates may be seen.

Immunohistochemistry
Most synovial sarcomas show immunoreactivity for cytokeratins (CK) and/or

B

Fig. 1.118 Synovial sarcoma. A Round to oval and spindle shaped cells with minimal cytoplasm, hyperchromatic nuclei, inconspicuous mitoses and only slight fibrous
stroma. B Alternating myxoid and cellular areas with some vessels showing hyalinization.

Pulmonary synovial sarcoma 111

epithelial membrane antigen (EMA)
{410}. The intensity of staining is more
prominent in the epithelial rather than the
spindle cell component. EMA tends to be
expressed more often and more widely
than CK. In monophasic lesions, reactivity may be scanty. Cytokeratins 7 and 19
are particularly useful because synovial
sarcoma cells express these types of
cytokeratins, and these are generally
negative in other spindle cell sarcomas
{1306,1838}. Vimentin is usually
expressed in the spindle cells of synovial
sarcoma. Intranuclear and intracytoplsmic immunoreactivity for S-100 protein can be identified in up to 30% of the
tumours {585,749}. BCL-2 and CD99 are
frequently positive {469,1652,1908}
CD34 is virtually usually negative {2064}.
Desmin is absent but focal reactivity for
muscle specific actin or smooth muscle
actin is noted on occasion in monophasic synovial sarcomas. Lastly, given the
differential diagnosis with mesothelioma,

it is relevant to note that synovial sarcomas commonly contain foci of calretininpositive cells {1310}.

Histogenesis
This remains unknown, though is thought
to be a totipotential mesenchymal cell.

Differential diagnosis
The most important and common differential diagnosis is metastatic SS to the
lung, which needs to be excluded with a
thorough clinical and radiologic exam.
Otherwise the differential diagnosis is
wide and includes both more common
epithelial and other rare mesenchymal
tumours, such as spindle cell carcinoma,
malignant mesothelioma, small cell carcinoma, thymoma, pleuropulmonary blastoma, localized fibrous tumour, fibrosarcoma, smooth muscle tumour, and malignant peripheral nerve sheath tumour and
Ewing sarcoma. The distinction is usually
made on the basis of histologic and
immunohistochemical features. In difficult cases, detection of specific cytogenetic/molecular abnormality might be
useful.

Somatic genetics
The cytogenetic hallmark of synovial sarcoma is the t (X; 18)(p11; q11) {68,546,
850,957,1992}. This translocation results
usually in the fusion of the SYT gene on
chromosome 18 to either the SSX1 or
SSX2 gene on chromosome X. The
translocation has been found in >90% of
SS, regardless of histologic type and the
fusion transcript, identified either by
FISH, RT-PCR, or real time PCR, is considered specific. The translocation or the
fusion transcript was present in all evaluated pulmonary SS.
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Hamartoma

Definition
Pulmonary hamartomas are benign neoplasms composed of varying proportions
of mesenchymal tissues, such as cartilage, fat, connective tissue and smooth
muscle, typically combined with
entrapped respiratory epithelium.
Synonyms
The popular term chondroid hamartoma
denotes the usual predominance of cartilagenous matrix. Other terms include
benign mesenchymoma, hamartochondroma, chondromatous hamartoma, adenochondroma and fibroadenoma of the
lung.
Epidemiology
The population incidence is 0.25%
{1065} with a two- to four-fold male predominance and peak incidence in the
sixth decade {2066}. Hamartomas are
rare in children.
Localization
Hamartomas are usually peripheral and
less than 4 cm in diameter. About 10%
arise endobronchially {2006,2066}.
Clinical features
Presentation is typically as an asymptomatic, solitary, well-circumscribed nodule on routine chest x-ray. Hamartomas
represent approximately 7-14% of coin
lesions. Multiple lesions are rare.
Occasionally, the distinctive radiographic appearance of “popcorn calcification”
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is seen. Endobronchial lesions tend to
cause symptoms due to bronchial
obstruction {2006,2066}.
Macroscopy
Parenchymal tumours are multilobulated,
white or gray, firm masses that “shell out”
from the surrounding parenchyma. The
consistency is cartilaginous, with occasional gritty specks of dystrophic calcification or bone. Endobronchial lesions,
which tend to be more lipomatous, are
situated within the larger airways as
broad-based polyps.
Histopathology
Hamartomas are composed predominantly of lobulated masses of mature cartilage surrounded by other bland mesenchymal elements such as fat, smooth
muscle, bone, and fibrovascular tissue.
These latter elements rarely predominate. Clefts of respiratory-type epithelium
frequently extend as slit-like spaces
between the lobules of mesenchymal
components. In endobronchial hamartomas, adipose tissue may predominate,
and epithelial inclusions tend to be shallow or absent. Cytologic diagnosis of
chondroid hamartoma is based on
recognition of the mesenchymal components. Immunohistochemistry and ultrastructural studies rarely contribute to the
diagnosis.

Differential diagnosis
Hamartomas are separated from
monomorphic benign soft tissue tumours
by the presence of at least two mesenchymal elements, and from chondrosarcoma by the lack of cytologic
atypia. “Cystic mesenchymal hamartoma” refers mainly to neoplasms of children, is readily distinguishable from
chondroid hamartoma, and is preferably
classified as pleuropulmonary blastoma.
Hamartomas must also be distinguished
from bronchopulmonary chondromas
that tend to be multiple in Carney’s triad
(pulmonary chondromas, epithelioid gastric smooth muscle tumours and extraadrenal paraganglioma). These consist
solely of cartilage without cleft-like
spaces lined by respiratory epithelium.
Histogenesis
Histogenesis is unknown, although
genetic studies indicate a neoplastic
rather than hamartomatous origin {2006,
2066}.
Somatic genetics
Pulmonary hamartomas have a high frequency of genetic mutations, similar to
those seen in other benign mesenchymal
neoplasms such as lipomas. Most
notable are mutations of high-mobility
group (HMG) proteins, a family of nonhistone, chromatin-associated proteins,
which are important in regulating chromatin architecture and gene expression.
Mutations in the regions 6p21 and
12q14-15 are most commonly found
{591,824,982,983}.
Prognosis and predictive factors
Conservative surgery is appropriate,
either by enucleation or wedge resection
for parenchymal lesions or by bronchoplastic resection for endobronchial
lesions. Recurrence or sarcomatous
transformation is exceedingly rare
{2066}.

A
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Fig. 1.119 A Hamartoma, ‘shelled-out’ of the lung parenchyma, with a lobulated cream-coloured external
surface. B Hamartoma, specimen radiograph. The irregularly shaped white area represents "popcorn" calcification.
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Fig. 1.120 Hamartoma. A A bisected, circumscribed hamartoma revealing lobules of firm cartilagenous tissue interspersed by fibrovascular and adipose tissue.
Focal cystic change is also seen. B At low power, a hamartoma shows lobules of cytologically bland cartilagenous tissue interspersed by mature adipose tissue.
Focal ossification. C Lobules of mature cartilage with deep clefts lined by bronchiolar type epithelium From Travis et al. {2024}. D Adjacent to the cartilage are fat
vacuoles and a spindle cell mesenchymal stroma. The cleft-like space is lined by bronchiolar-type epithelium From Travis et al. {2024}.
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Sclerosing haemangioma

Definition
A lung tumour with a distinctive constellation of histologic findings including:
solid, papillary, sclerotic, and haemorrhagic patterns. Hyperplastic type II
pneumocytes line the surface of the papillary structures. Cholesterol clefts,
chronic inflammation, xanthoma cells,
haemosiderin, calcification, laminated
scroll-like whorls, necrosis, and mature
fat may be seen.
ICD-O code

8832/0

Synonyms and historical notation
Pneumocytoma, papillary pneumocytoma {992}. It was named sclerosing
haemangioma as it was originally
believed to be vascular in origin due to
prominent angiomatoid features. Current
consensus favors a benign or very lowgrade neoplasm arising from primitive
respiratory epithelium.
Epidemiology
Sclerosing haemangioma predominantly
affects middle-aged adults (median =
46, from 11–80 years-old) {1456,1859},
with a female predominance (80% of
cases) {488}. It is rare in western countries. In East Asia (e.g Japan), its frequency is higher and is similar to that of
carcinoid tumour.
Localization
Most tumours are solitary and peripheral;
4% of cases are multiple {1153}. The
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Table 1.15
Immunoprofile of sclerosing haemangioma. From M. Devouassoux-Shisheboran et al. {488}.
Markers
Pan-cytokeratin
EMA
Low molecular weight keratin (CAM 5.2)
Cytokeratin 7
Cytokeratin 20
High molecular weight keratin (CK 5/6; K903)
TTF-1
Pro-Sp A and pro-SpB
Clara cell antigen
Vimentin
S-100 protein
SMA
Factor VIII
Calretinin
Estrogen receptors
Progesterone receptors
Chromogranin
Synaptophysin
Leu-7

Round cells
(% of cases)
+ membranous
+ focal (17%)
+ focal (31%)
+ nuclear (92%)
+
+ (7%)
+ (61%)
-

Surface cells
(% of cases)
+
+ membranous
+
+
+ nuclear (97%)
+
+
+
-

EMA (epithelial membrane antigen); CK 5/6 (cytokeratin 5/6), K903 (keratin 903), TTF-1 (thyroid transcription factor-1), pro-SpA and pro-SpB (surfactant apoproteins A and B), SMA (smooth muscle actin).

tumour may involve visceral pleura (4%),
mediastinum (1%), and rarely occurs as
endobronchial polyps (1%) {488}.
Clinical features
Most patients are asymptomatic (80%).
Haemoptysis, cough, and thoracic pain
may occur. Chest x-ray shows a solitary
circumscribed mass, rarely calcified,
and occasionally cystic. CT scans show
a well-circumscribed mass with marked

B

contrast enhancement, and foci of
sharply marginated low attenuation and
calcification {890}. By MRI, a haemorrhagic component may help differentiate
SH from other coin lesions {627}.
Macroscopy
SH presents as a well-circumscribed
mass without a preferential lobar distribution. Size ranges from 0.3-8 cm.
Sections show a solid, grey to tan-yellow

C

Fig. 1.121 Sclerosing haemangioma. A CT scan shows a circumscribed, solid yellow tan mass lying within the posterior segment of the left upper lobe. B Sclerosing
haemangioma, presenting as a well-circumscribed solid white tumour at its periphery. C Well-circumscribed unencapsulated nodule with a mixture of papillary,
solid and sclerotic patterns.

Sclerosing haemangioma 115

surface with foci of haemorrhage and
occasionally cystic degeneration {1464}
or calcification.
Tumour spread and staging
These tumours may spread to regional
lymph nodes in approximately 1% of
cases {488,1009,1334}. Rarely SH may
present in the mediastinum without
apparent connection to the lung {1728}.
Histopathology
Two cell types occur: round stromal cells
and surface cells, both of which are
thought to be neoplastic in origin {970}.
Round cells are small with well-defined
borders and centrally located round to
oval bland nuclei with fine dispersed
chromatin, an absence of discernible
nucleoli. Mitotic index is low (usually less
than 1 per 10 high power fields). Their
cytoplasm is eosinophilic but may be
foamy or vacuolated with a signet ring
appearance. Cuboidal surface cells display the morphology of bronchiolar
epithelium and activated type II pneumocytes. They may be multinucleated, or
demonstrate clear, vacuolated, foamy
cytoplasm or intranuclear inclusions.
Focal mild to marked nuclear atypia can
be seen in either cell type.
1. Papillary pattern: complex papillae
lined by cuboidal surface cells. The stalk
of the papillary projections contains the
round cells. It can be sclerotic or occasionally myxoid.
2. Sclerotic pattern: dense foci of hyaline
collagen at the periphery of the haemorrhagic areas, within papillary stalks, or
within the solid areas.
3. Solid pattern: sheets of round cells,
with scattered cuboidal surface cells
forming small tubules.
4. Haemorrhagic pattern: large bloodfilled spaces lined by epithelial cells or
foci of haemorrhage and debris containing haemosiderin deposits, foamy
macrophages, and cholesterol clefts,
rarely surrounded by granulomatous and
chronic inflammation.
Calcifications sometimes display a
psammoma-like configuration. Lamellar
structures in the spaces between papillae are also encountered. Rarely, mature
fat may be seen. Neuroendocrine cells,
isolated or in solid nests (tumourlets)
may rarely occur SH combined with typical carcinoid has been described
{1153}.
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Fig. 1.122 Sclerosing haemangioma. A The tumour is circumscribed, but not encapsulated and shows a
sclerotic and papillary pattern. From Travis et al. {2024}. B Cytokeratin (AE1/AE3) staining shows positive
staining of the surface cells but negative staining of the round cells. C EMA shows membranous staining
of round and surface cells.

Immunohistochemistry
Round cells express TTF-1 and EMA, but
are pancytokeratin negative. Surface
cells express TTF-1, epithelial membrane
antigen (EMA), surfactant apoprotein A
and pancytokeratin.
Cytopathology
Trans-thoracic fine needle aspiration
cytology {655} typically shows a moderately cellular, dual cell population.
Round cells are small, round or spindleshaped, with granular cytoplasm, uniform nuclei arranged in cohesive papillary clusters or in flat pavement-type orientation. The nuclei may be atypical, but
the absence of nucleoli helps in distinguishing SH from adenocarcinoma.
Hyalinized stromal tissue fragments may
be seen. Foamy macrophages, haemosiderin, and red cells are seen in the
background
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Differential diagnosis
The differential diagnosis includes clear
cell tumours involving the lung (metastatic renal cell carcinoma, clear cell ‘sugar’
tumours, and clear cell carcinomas of the
lung), carcinoids and papillary pulmonary epithelial neoplasms. SH can be
usually be distinguished from these by
bland cytology, heterogeneous architecture and a characteristic immunostaining
pattern.
Histogenesis
Since the first description in 1956 {1183},
vascular {1183}, mesothelial {972}, mesenchymal {883}, epithelial {1751}, and
neuroendocrine {2180} origins have
been postulated. Immunohistochemical
findings suggest that sclerosing haemangioma derives from primitive, undifferentiated
respiratory
epithelium.
Molecular studies have demonstrated

Fig. 1.123 These epithelioid cells of sclerosing haemangioma are growing in the solid pattern. From
Travis et al. {2024}.

A

Fig. 1.124 Sclerosing haemangioma TTF-1 (thyroid
transcription factor-1) is expressed in tumour cells.

the same monoclonal pattern in both the
round and surface cells, consistent with
a true neoplasm rather than a hamartoma {1474} There is no normal counterpart for the neoplastic stromal cell recognized in the human lung.
Prognosis and predictive factors
Sclerosing haemantioma behaves in a
clinically benign fashion. No recurrence
or disease-related deaths have been
reported. Reported cases with hilar or
mediastinal lymph node involvement do
not have a worse prognosis {1464,2198}.

B
Fig. 1.125 Sclerosing haemangioma. A Sclerotic, solid and papillary patterns are present . B In this haemorrhagic pattern the tumour forms ectatic spaces filled with red blood cells that are surrounded by type II
pneumocytes. From Travis et al. {2024}.
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Clear cell tumour

Definition
Clear cell tumours are benign tumours
probably arising from perivascular
epithelioid cells (PEC). They comprise
cells with abundant clear or eosinophilic
cytoplasm that contain abundant glycogen.
ICD-O code

8005/0

Synonyms
Other terms include ‘sugar tumour’ in the
lung and PEComa (perivascular epithelioid cell-oma), or myomelanocytomas at
other sites.
Epidemiology
This tumour is extremely rare. There is a
slight female predominance, with age
range of 8-73 years.
Etiology
There is a very rare association with
tuberous sclerosis and lymphangioleiomyomatosis {594}.
Localization
Most are solitary and peripheral in location.
Clinical features
Clear cell tumours are generally asymptomatic and discovered incidentally
{646}.

A

A.G. Nicholson

Macroscopy
Tumours are usually about 2 cm in diameter (range 1 mm to 6.5 cm) {59,646}.
They are well circumscribed and solitary,
with red-tan cut surfaces.
Histopathology
Clear cell tumours comprise rounded or
oval cells with distinct cell borders and
abundant clear or eosinophilic cytoplasm. There is mild variation in nuclear
size, nucleoli may be prominent, but
mitoses are usually absent. The presence of necrosis is extremely rare and
should lead to consideration of malignancy {646}, as should significant mitotic
activity and an infiltrative growth pattern
{1984}. Thin-walled sinusoidal vessels
are characteristic. Due to the glycogenrich cytoplasm, there is usually strong
diastase-sensitive PAS positivity {1127}.
Immunohistochemistry and electron
microscopy
Tumours stain most consistently for HMB45 {59,646,648,652,1127}. Electron
microscopy shows abundant free and
membrane bound glycogen {646,648,
1127}. Melanosomes have also been
identified {646,648,1127}.

logic atypia, the presence of thin-walled
sinusoidal vessels within the tumour, positive staining for S-100 and HMB-45
(melanocytic markers) and negative
staining for cytokeratins. Metstatic renal
cell carcinomas may contain intracytoplasmic glycogen but show necrosis and
stain for epithelial markers. Granular cell
tumours stain for S-100 but not for HMB45 and do not contain abundant glycogen in their cytoplasm. Metastatic
melanomas and clear cell sarcomas will
have a similar immunophenotype and
ultrastructure, but the tumour cells will
not show significant atypia and there is
usually a history of a previous neoplasm.
Histogenesis
Recent data suggest a pericytic origin
and clear cell tumours have been proposed to represent one of the family of
PEComas, neoplasms originating from
the perivascular epithelioid cells (PEC)
{201}.
Prognosis and predictive factors
Virtually all tumours have been cured by
excision {646,652,1127}.

Differential diagnosis
Clear cell tumours are distinguished from
clear cell carcinomas, both primary and
metastatic, on the basis of a lack of cyto-

B

C

Fig. 1.126 Clear cell tumour. A The abundant cytoplasmic glycogen is stained with periodic acid-Schiff (PAS). B The glycogen is removed in this PAS stain with diastase digestion. C The tumour cells stain positively with immunohistochemistry for HMB-45. From Travis et al. {2024}.
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Teratoma

A.G. Nicholson

Definition
Teratomas are tumours consisting of tissues derived from more than one germ
cell line. They may be mature or immature. Criteria for pulmonary origin are
exclusion of a gonadal or other extragonadal primary site and origin entirely
within the lung.

Macroscopy
Tumours range from 2.8-30 cm in diameter. They are generally cystic and multiloculated, but may rarely be predominantly solid, the latter tending to be
immature. Cysts are often in continuity
with the bronchi and may have an endobronchial component {1373}.

ICD-O code
Teratoma mature
Teratoma immature

Tumour spread and staging
Pulmonary mature teratomas are benign.
Rupture may result in spillage of cyst
contents that may cause bronchopleural
fistulas and a marked inflammatory and
fibrotic reaction.

9080/0
9080/3

Epidemiology
The majority of cases occur in the second to fourth decades (range 10 months
to 68 years) with a slight female preponderance.
Localization
Teratomas are more common in the
upper lobes, principally on the left side
{78,1373,1931}.
Clinical features
Patients present most often with chest
pain, followed by haemoptysis, cough
and
pyothorax
{78,1373,1969}.
Expectoration of hair (trichoptysis) is the
most specific symptom {1373,1971,
2056}. Radiologically, the lesions are typically cystic masses, often with focal calcification {1373}.

A

Histopathology
Mesodermal ectodermal and endodermal elements are seen in varying proportions {78}. Most pulmonary teratomas are
composed of mature, often cystic somatic tissue, although malignant or immature
elements may occur. Of 31 cases
reviewed, 65% were benign and 35%
were malignant {1373}. Mature teratomas
of the lung generally take the form of
squamous-lined cysts similar to those of
the ovary, also known as dermoid cysts.
Malignant elements consisted of sarcoma and carcinoma. Immature elements,
such as neural tissue, infrequently occur.
In mature teratomas, thymic and pancreatic elements are often seen.

Differential diagnosis
Metastatic teratoma requires exclusion
via thorough clinical investigation. Of
note, teratomas treated by chemotherapy often comprise wholly mature elements in their metastases {268}.
Carcinosarcomas,
pleuropulmonary
blastomas and pulmonary blastomas do
not recapitulate specific organ structures.
Histogenesis
Pulmonary teratomas are thought to arise
from ectopic tissues derived from the
third pharyngeal pouch.
Prognosis and predictive factors
Surgery is the treatment of choice with all
mature teratomas being cured {1373}.
Complete surgical resection may be
complicated if the tumour has ruptured
with bronchopleural fistula and a marked
fibroinflammatory reaction. Resection of
malignant teratomas has also led to prolonged disease remission, although most
cases were unresectable and died within
6 months of diagnosis.

Other germ cell tumours
Germ cell malignancies other than immature teratomas are extremely rare and
require exclusion of an extrapulmonary
primary. They should also be distinguished from carcinomas of the lung
(including pleomorphic and giant cell
carcinomas), which may produce alphafoetoprotein, chorionic gonadotrophins,
or placental lactogen.
Most cases reported as choriocarcinoma
of the lung are pleomorphic carcinomas
with ectopic beta-HCG production.
Instead of a dual population of cytotrophoblasts and syncytiotrophoblasts typical of choriocarcinoma, there is a continuous spectrum of morphology from large
to pleomorphic tumour cells.

B

Fig. 1.127 Mature teratoma. A Mature cartilage, glands and pancreatic tissue. B Pancreatic tissue with acinar and ductal epithelium. From Colby et al. {391} and Travis et al. {2024}.
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Intrapulmonary thymoma

Definition
Intrapulmonary thymomas are epithelial
neoplasms histologically identical to
mediastinal thymoma thought to arise
from ectopic thymic rests within the lung
{1238,1367}.
ICD-O code

A.G. Nicholson
C. Moran

Macroscopy
Sizes range from 0.5-12cm. Tumours are
usually circumscribed encapsulated solitary masses although multiple cases are
described. The cut surface is frequently
lobulated and may be focally cystic, with
variable coloration.

noma {1367}. Conversely, radiographic
studies and/or surgical inspection must
exclude primary mediastinal thymomas
infiltrating the lung. Thymomas usually
lack cytologic atypia and have a more
lobulated architecture than small and
non-small cell carcinomas.

Histopathology
Intrapulmonary thymomas show the
same features as those arising in the
mediastinum (see thymus chapter).

Histogenesis
Probable derivation from thymic epithelial rests.

8580/1

Epidemiology
Sex distribution differs between series,
with one series showing a female preponderance {1367} whilst others show
greater equality. Ages range from 17-77
years, with a median of about 50 years.
Localization
Tumours may be hilar or peripheral.
Pleural tumours are addressed in the
pleural chapter.
Clinical features
Symptoms include cough, weight loss,
chest pain, fever and dyspnoea.
Tumours may occasionally be asymptomatic. Myasthenia gravis has been rarely
described {1367}.

Immunohistochemistry
Immunohistochemical stains for keratin
and epithelial membrane antigen highlight the epithelial cells scattered against
the variable lymphoid cell background.
Staining CD5 may stain the epithelial elements and the lymphocytes stain for
CD1a {632,1609}.

Prognosis and predictive factors
Surgical resection appears the treatment
of choice with disease-free survival in
most patients when tumour is confined to
the lung. However, invasive tumours will
likely require additional treatment. Nodal
involvement is also described and nodal
dissection should therefore be considered.

Differential diagnosis
Predominantly epithelial thymomas may
be mistaken for carcinomas and spindle
cell carcinoids, and lymphocyte-rich variants for lymphoma and small cell carci-

A

B

Fig. 1.128 Thymoma. A This pleural tumour shows lobules of epithelial cells surrounded by thick bands of fibrous stroma. B The tumour consists of a mixture of
thymic epithelial cells with a few lymphocytes. From Travis et al. {2024}.
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Melanoma

A.G. Nicholson

Definition
Melanomas are malignant tumours
derived from melanocytes. Criteria for a
primary pulmonary origin include an infiltrating tumour arising from junctional
change in the bronchial epithelium, a
concomitant naevus-like lesion, no history of previous melanoma and no tumour
demonstrable at another site at the time
of diagnosis.
ICD-O code

8720/3

Epidemiology
Metastatic melanoma to the lungs is
common, but primary pulmonary
melanoma is extremely rare.
Localization
Most cases are endobronchial but origin
in the trachea is also described {515,
928}. Solitary melanomas in peripheral
lung are usually metastatic.
Clinical features
There is an equal sex distribution, with a
median age of 51 years (range 29-80
years) {928,1522}. Presentation is with
obstructive symptoms.
Macroscopy
Most tumours are solitary and polypoid
{928,2152}, although cases of ‘flat’
melanomas have been described in the

A

trachea {1374}. Most show variable pigmentation.
Histopathology
The tumour is typically lobulated and
ulcerative. Architecturally and cytologically, the tumour cells are similar to those
of melanoma at other sites. Often, the
tumour spreads in Pagetoid fashion within the adjacent bronchial mucosa and
rarely, benign nevus-like lesions can also
be seen {928,2152}. Immunohistochemistry shows positivity for S-100 protein
and HMB-45. Ultrastructural analysis
shows melanosomes within the cytoplasm {2152}.
Differential diagnosis
Metastatic disease is the most common
differential diagnosis and it may be
impossible to prove primary pulmonary
origin with absolute certainty. Bronchial
carcinoids may be pigmented, but will
stain for neuroendocrine markers and are
typically cytokeratin positive.
Precursor lesions
No precursor lesion is recognized.
Nevus-like proliferation of melanocytic
cells can be seen in the mucosa adjacent to some primary pulmonary
melanomas, but benign naevi are not
known to occur in the bronchus and
these may be a cytologically bland form

Fig. 1.130 Cytology of an aspirate of metastatic
malignant melanoma. Highly pleomorphic and dissociated malignant cells. Note the presence of
nuclear pleomorphism, massive nucleoli, and
occasional nuclear pseudoinclusion.

of tumour spread, rather than a precursor
lesion.
Histogenesis
It is uncertain whether they arise from
melanocytic metaplasia or from cells that
migrated during embryogenesis.
Prognosis and predictive factors
Once pulmonary origin has been confirmed, treatment is by surgical resection,. Prognosis varies between series,
but is generally poor {2152}. However,
some patients remain free of disease for
up to 11 years {928}.

B

Fig. 1.129 Primary malignant melanoma. A Polypoid endobronchial mass with spread along the adjacent bronchial mucosa. B Tumour cells infiltrate the bronchial
mucosa and involve the epithelium in a pagetoid fashion. From Colby et al. {391} and Travis et al. {2024}.
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Metastases to the lung

D.H. Dail
P.T. Cagle
A.M. Marchevsky
A. Khoor
K. Geisinger

Synonyms
Secondary tumours in the lung.

est capillary network in the body, that
network also being the first encountered
by tumour cells entering the venous
blood via the ductus lymphaticus {548,
578,2237}. Also there is probably
favourable “seed and soil” deposition in
the lungs as orignally proposed by Paget
in 1889 {1531}.

Epidemiology
Most common sources of metastatic
tumours to lung, in relative order of frequency: breast, colon, stomach, pancreas, kidney, melanoma, prostate, liver,
thyroid, adrenal, male genital, female
genital.
At autopsy, the lungs are involved with
tumour spread from extra-pulmonary
solid malignancies in 20-54% of cases
{13,426,558,935,1692,2148} and in 1525% of cases the lungs are the sole site
of tumour spread {558}. In some 3-7% of
cases of diagnosed primary lung
tumours, there is another known primary
cancer elsewhere {2202}.

Localization
Some generalizations apply to secondary tumours in the lungs. They are usually, peripheral, have more discrete borders, are harder to reach with fiberbronchoscopy forceps and less often shed
cells for cytological examination than
lung primaries.
Pulmonary metastases usually present
as multiple, bilateral pulmonary nodules
but can also appear as solitary masses
{13,319,442,935,1784,1961,2129}.
Metastatic tumour nodules to the lungs
can be present in any intrathoracic location but are most common in the lower
lobes {13,126,290,595,781,922,1605}.

Pathogenesis
Secondary tumours are the commonest
form of lung neoplasm and the lungs
receive the most secondary tumours of
any organ. This is because the lungs are
the only organ to receive the entire blood
and lymph flow and they have the dens-

Clinical features
Signs and symptoms
Most patients with lung metastases do
not have pulmonary symptoms. The few
with endobronchial spread simulate primary tumours by causing cough,
haemoptysis, wheezing, and signs of

Definition
Tumours in the lung that originate from
extra-pulmonary sites or that are discontinuous from a primary tumour elsewhere
in the lung.

A

B. Pugatch
S.D. Finkelstein
K. Kerr
C. Brambilla

obstruction such as obstructive pneumonia, atelectasis, dyspnoea and fever
{2131}. Those with pleural infringment
and/or effusion may have chest pain
and/or dyspnoea. Those with vascular or
lymphangitic spread may have signs of
cor pulmonale.
The following considerations are important in estimating the likelihood of a
lesion in the lung being metastatic in a
patient with known extrapulmonary
malignancy: the patient’s age, smoking
history, stage of the extrathoracic primary, cell type and the disease free interval {2131}.

Imaging
Typical metastatic disease to the lungs
presents radiographically as multiple
well-defined
pulmonary
nodules.
Cavitation may be present and in rare
instances, the margins of the nodules
may be poorly defined. Calcification is
uncommon but may be seen with
metastatic osteogenic sarcoma, teratomas and certain adenocarcinomas.
On CT, more nodules are routinely
detected and their distribution and internal characteristics are better defined.
Endobronchial metastases are uncommon but when present cause the same
patterns of atelectasis as with primary
lung neoplasms. When mediastinal or

B

Fig. 1.131 A Metastatic carcinoma, intra-arterial spread. Small artery with endoluminal cancer cells and focal thrombus. B Metastatic adenocarcinoma, lymphatic
spread. Lymphatic spaces are distended by metastatic adenocarcinoma.
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tases {672}. A major distinguishing point
is lymphoreticular versus nonlymphoreticular. For the former, diagnostic
features in the smears include an almost
total lack of intercellular cohesion, relatively finely granular chromatin, and lymphoglandular bodies in the background.

A

B

C

D

Fig. 1.132 Secondary tumours. A Multiple nodules of similar size, metastatic from cholangiocarcinoma.
From Dail and Hammar {434}. B Large tumour thrombus to main pulmonary artery. From Colby et al. {391}.
C Metastatic renal cell carcinoma, situated in major brochus. D Metastatic leiomyosarcoma. Higher gross
power of cystic metastatic uterine leiomyosarcoma. From Dail and Hammar {434}.

hilar lymph nodes are involved, CT scanning detects enlargement much earlier
than conventional radiographs. In lymphangitic carcinomatosis the interstitial
markings of the lung become prominent
and irregular.

Relevant diagnostic procedures
Routine chest radiography is the most
effective means of detection. CT scans
give higher resolution, sometimes showing additional lesions that are hard to
detect on plain chest radiographs. At
times, perfusion scans are useful for
detecting tumour emboli. PET scans are
very helpful, although inflammatory conditions can also be PET scan positive.
Pulmonary function tests are rarely helpful except when there is endobronchial
obstruction or extensive endovasular
spread.
Sputa, bronchial washes, brushes and
lavages, and fine needle apirations,
either transtracheal, transbronchial or
transthoracic, are as helpful in detecting
metastasis as they are with primary lung
tumours. Transbronchial biopsy is valuable with proximal lesions but less so
with small peripheral ones.
Cytology
Generally, there is little to allow distinction of primary neoplasms from metas-

tases on morphology alone {582}.
However, immunocytochemical, cytogenetic, and molecular analyses, can be
applied directly to cytological material
just as readily as to histological specimens.
Metastatic colonic carcinoma classically
presents in smears as cohesive flat
sheets with peripheral nuclear palisading, elongated nuclei, and a background
of necrotic debris. Similarly, signet ring
cell carcinomas are more likely to be
metastatic from sites such as the stomach. Lobular adenocarcinoma of the
breast may also have a sufficiently distinct morphology: the tumour cells are
relatively small and homogeneous with
solitary nuclei without hyperchromatism
or prominent nucleoli, and may possess
cytoplasmic vacuoles. Linear arrays of
tumour cells without well developed
nuclear molding may be present.
Squamous cell carcinomas metastatic to
the lungs generally do not have any distinguishing morphological attributes
{582}.
Melanomas typically show little intercellular cohesion and melanin pigment is
sometimes evident {618}.
In the paediatric population, most
tumours fall into the small round cell category and the primary neoplasm is often
known at the time of detection of metas-

Macroscopy
Metastatic neoplasms presenting with
multiple pulmonary nodules are variable
in gross appearance according to their
site of origin, histopathology and pattern
of spread {1605,1961} They vary in size
from small, miliary lesions (e.g.
melanoma, ovarian carcinoma, germ cell
neoplasms) to large, confluent, “cannonball” masses (e.g. sarcomas, renal cell
carcinoma) {781,1605}. Metastatic adenocarcinomas are usually firm, grey-tan
with areas of necrosis and haemorrhage
{1633}. Mucin-secreting adenocarcinomas of gastrointestinal, pancreatic,
breast, ovary and other site origin exhibit a wet, slimy, glistening yellow-tan surface {13,126,935}. Metastatic colonic
adenocarcinomas usually exhibit extensive necrosis with/without cavitation
{595}. Metastatic squamous cell carcinomas have a grey, dry surface with punctate areas of necrosis {13,126,442}.
Renal cell carcinomas usually present as
yellow nodule/s {1605}. Metastatic sarcomas and malignant lymphomas usually
have a firm, grey, glistening, “fish-flesh”
surface. Metastatic angiosarcomas tend
to exhibit a dark red, haemorrhagic surface, while melanomas may be black.
Histopathology
Patterns of spread of metastatic neoplasms to the lung are well known
{442,911,1590,1605} but are seldom
helpful in identifying the site of origin of
the metastatic neoplasm. Metastatic
tumour emboli (e.g. sarcomas, others)
may occlude the main pulmonary artery
or present as multiple pulmonary emboli
(breast, stomach, others) {90,876}.
Metastatic neoplasms may also present
as single or multiple endobronchial polypoid lesions (e.g. head and neck, breast,
kidney, others), interstitial thickening due
to lymphangitic spread (e.g. lung, breast,
gastrointestinal, others), cavitary lesions
(e.g. squamous cell carcinoma, sarcomas, teratoma, others) pleural nodules or
diffuse areas of consolidation that simulate a pneumonia (e.g. pancreas, ovary,
others).
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Immunohistochemistry
This is a valuable tool for the distinction
between primary and metastatic lung
neoplasms. For example, approximately
80% of primary lung adenocarcinomas
exhibit nuclear TTF-1 immunoreactivity,
an epitope that can also be seen in thyroid neoplasms but is absent in other
adenocarcinomas
{138,352,704,773,
1564}. Thyroid neoplasms exhibit cytoplasmic thyroglobulin immunoreactivity
with a high frequency; this is absent in
primary lung tumours and it is useful to
demonstrate thyroglobulin negativity in
TTF-1 positive lung tumours to exclude a
metastasis from the thyroid. Primary adenocarcinomas of the lung usually exhibit
keratin 7 and variable keratin 20 cytoplasmic immunoreactivity unless the
tumour expresses mucin {184,366,368}.
In contrast, colonic adenocarcinomas
exhibit a cytoplasmic keratin profile of
CK 20 positive/ CK 7 negative as well as
CDX-2. {184,352,366,368,704,766,773,
1307,2082}. Breast neoplasms can
exhibit nuclear immunoreactivity for
estrogen receptor, a finding that is
absent in primary lung lesions {976,
1528,1657,1737}. Renal cell carcinomas
usually stain weakly with keratin
AE1/AE3, and keratin 7 and exhibit
strong cytoplasmic vimentin immunoreactivity. Metastatic carcinomas of the
ovary usually express immunoreactivity
for CA125, N-cadherin, vimentin, oestrogen receptor, and inhibin and negative
CEA immunoreactivity {976,1486,2189}.
Differential diagnosis
Some adenocarcinomas have characteristic histopathological features. For
example, a cribriform pattern characterizes colonic adenocarcinoma {595}.
Necrosis with nuclear debris is also common in metastatic colonic adenocarcinomas. Renal cell carcinomas typically
have clear cells arranged in nests surrounded by a rich vascular network
{1605}. In squamous cell carcinoma,
severe dysplasia or in situ carcinoma
favours a primary lung neoplasm
{13,935}.
Somatic genetics
Cytogenetics and CGH
In poorly differentiated secondary neoplasms of unknown primary site in which
conventional light microscopic, immunohistochemical, and electron microscopic
techniques fail to yield a specific diagno-

Fig. 1.133 Metastatic prostate carcinoma staining for prostate specific antigen. Typically, PSA is not
expressed in primary lung tumours.

sis, cytogenetic analysis promises to
increase diagnostic acuity. However,
information on nonrandom (recurrent)
chromosomal aberrations in solid
tumours is currently limited.
When data from different cytogenetic
studies are combined, a pattern of nonrandom genetic aberrations appears
{1890}. As expected, some of these
aberrations are common to different
types of tumours {270}, whereas others
are more tumour-specific. For example,
recent studies suggest that CGH analysis may be helpful in separating benign
mesothelial proliferation, malignant
mesothelioma, and metastatic adenocarcinoma {1427}. Continued technical
refinement of cytogenetic techniques will
lead not only to improved understanding
of tumour pathobiology, but also to
greater clinical applicability.

Molecular genetic alterations
Many of the same molecular genetic
alterations of tumour suppressor genes
and oncogenes can be found in both primary pulmonary carcinomas and in
metastatic carcinomas. Only those
molecular genetic markers that are specific or relatively restricted to metastatic
carcinomas are candidates for diagnosis
of a metastasis with identification of the
primary site. For diagnostic purposes,
expression of putative primary site specific molecular markers can be most conveniently accomplished by reverse-tran-
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scriptase-polymerase chain reaction
amplification (RT-PCR) and immunohistochemistry. Adenocarcinomas metastatic
to the lungs are a common problem in
differential diagnosis due to their
histopathologic resemblance to primary
lung adenocarcinomas. Among the
molecular markers that are specific or
relatively restricted for site of origin of
adenocarcinomas are prostate specific
antigen for prostate, mammaglobin 1 for
breast, TFF2 for pancreas, pepsinogen C
for stomach, PSCA for pancreas, metallothionein IL for pancreas, uroplakin II for
bladder, MUC II for colon, A33 for colon,
lipophilin B for breast, ovary and prostate
and glutathione peroxidase 2 for colon
and pancreas. Diagnostic genes
detectable by RT-PCR are recognized for
a number of sarcomas that might metastasize to the lung. Examples include the
SYT-SSX fusion genes in synovial sarcomas and EWS-ETS fusion genes in the
Ewings family of sarcomas. There is
promise that comparative molecular profiles may enable recognition of primary
versus metastatic tumours in the lung
{1681,1745,1750}.

CHAPTER 2

Tumours of the Pleura
Mesothelioma is the most frequent neoplasm affecting the pleura and remains a major health threat for many years to come.
Although the causation by asbestos is firmly established since
more than 50 years, in many world regions, the use of this dangerous carcinogen peaked between 1970 and 1990. Although
now banned in the USA and most European countries, incidence and mortality rates are still climbing. In Western Europe
alone, more than 200 000 mesothelioma deaths have been predicted to occur during the next 25 years. Despite this grim outlook, the worldwide production of asbestos has not declined
significantly.
Less is known about the cellular and molecular mechanisms
operative in the evolution of asbestos-induced mesothelioma.
Clastogenic effects are well documented, but the sequential
acquisition of genetic alterations which typically form the basis
of tumour development, are still poorly understood. During the
past decade, several studies have identified sequences of the
oncogenic SV40 virus in human mesotheliomas, but it remains
to be shown whether or not SV40 is causally involved in their
etiology.

WHO histological classification of tumours of the pleura
Mesothelial tumours
Diffuse malignant mesothelioma
Epithelioid mesothelioma
Sarcomatoid mesothelioma
Desmoplastic mesothelioma
Biphasic mesothelioma
Localized malignant mesothelioma
Other tumours of mesothelial origin
Well differentiated papillary mesothelioma
Adenomatoid tumour
Lymphoproliferative disorders
Primary effusion lymphoma
Pyothorax - associated lymphoma

9050/3
9052/3
9051/3
9051/3
9053/3
9050/3
9052/1
9054/0

Mesenchymal tumours
Epithelioid hemangioendothelioma
Angiosarcoma
Synovial sarcoma
Monophasic
Biphasic
Solitary fibrous tumour
Calcifying tumour of the pleura
Desmoplastic round cell tumour

9133/1
9120/3
9040/3
9041/3
9043/3
8815/0
8806/3

9678/3

__________
1
Morphology code of the International Classification of Diseases for Oncology (ICD-O) {6} and the Systematized Nomenclature of Medicine (http://snomed.org).
Behaviour is coded /0 for benign tumours, /3 for malignant tumours, and /1 for borderline or uncertain behaviour.
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TNM classification of pleural mesothelioma
TNM classification 1,2
T – Primary Tumour
TX
Primary tumour cannot be assessed
T0
No evidence of primary tumour
Tumour involves ipsilateral parietal pleura, with or without focal
involvement of visceral pleura
T1a Tumour involves ipsilateral parietal (mediastinal, diaphragmatic)
pleura. No involvement of visceral pleura
T1b Tumour involves ipsilateral parietal (mediastinal, diaphragmatic)
pleura, with focal involvement of the visceral pleura
T2
Tumour involves any ipsilateral pleural surfaces, with at least one of
the following:
– confluent visceral pleural tumour (including the fissure)
– invasion of diaphragmatic muscle
– invasion of lung parenchyma
T3* Tumour involves any ipsilateral pleural surfaces, with at least one of
the following:
– invasion of endothoracic fascia
– invasion into mediastinal fat
– solitary focus of tumour invading soft tissues of the chest wall
– non-transmural involvement of the pericardium
T4**Tumour involves any ipsilateral pleural surfaces, with at least one of
the following:
– diffuse or multifocal invasion of soft tissues of chest wall
– any involvement of rib
– invasion through diaphragm to peritoneum
– invasion of any mediastinal organ(s)
– direct extension to contralateral pleura
– invasion into the spine
– extension to internal surface of pericardium
– pericardial effusion with positive cytology
– invasion of myocardium
– invasion of brachial plexus

N–

Regional Lymph Nodes3

NX
N0
N1

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in ipsilateral bronchopulmonary and/or hilar lymph
node(s)
Metastasis in subcarinal lymph node(s) and/or ipsilateral internal
mammary or mediastinal lymph node(s)
Metastasis in contralateral mediastinal, internal mammary, or hilar
node(s) and/or ipsilateral or contralateral supraclavicular or scalene lymph node(s)

T1

N2
N3

M–

Distant Metastasis

MX
M0
M1

Distant metastasis cannot be assessed
No distant metastasis
Distant metastasis

Stage Grouping
Stage IA
Stage IB
Stage II
Stage III

Stage IV

T1a
T1b
T2
T1, T2
T1, T2
T3
T4
Any T
Any T

N0
N0
N0
N1
N2
N0, N1, N2
Any N
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

Notes: *T3 describes locally advanced, but potentially resectable tumour
**T4 describes locally advanced, technically unresectable tumour
__________

1 {738,2045}.
2 A help desk for specific questions about the TNM classification is available at http://www.uicc.org/tnm/.
3 The regional lymph nodes are the intrathoracic, internal mammary, scalene and supraclavicular nodes.
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Definition
Diffuse malignant mesothelioma: a malignant tumour arising in the pleura from
mesothelial cells, and showing a diffuse
pattern of growth over the pleural surfaces.
ICD-O Codes
Epithelioid mesothelioma
Sarcomatoid mesothelioma
Desmoplastic mesothelioma
Biphasic mesothelioma

9052/3
9051/3
9051/3
9053/3

Synonyms
This tumour is properly referred to as “diffuse malignant mesothelioma”, but is
often abbreviated as “malignant mesothelioma” or just “mesothelioma.” Care
needs to be taken when using these
terms, since localized mesothelial
tumours exist in the pleura and have different behaviour.
Epidemiology
Pleural mesotheliomas are largely seen
in patients over 60 years of age, but the
age distribution is wide and occasional
tumours are observed in children. In
North America tumours in males outnumber those in females by approximately

9:1, but in other countries such as the
UK, France and Australia this ratio is
lower.
In North America the incidence of
mesothelioma in females is about 23/million/yr and this number is essentially
unchanged over the last 30 years {8}. In
men the incidence is now about 20/million per year. The male incidence
increased steadily until the early 1990’s
but appears to have peaked and there is
a suggestion that the numbers are
decreasing. The experience in North
America is distinctly different from that in
Australia, France and the UK, where the
incidence is considerably higher and
number continue to increase. For example, in Australia, the current incidence in
2000 was 60/million in men and 11/million in women {1156}. Within Europe, the
mesothelioma burden varies coniderably.
For practical purposes the mortality of
pleural mesothelioma is 100%. It is possible that some very early stage tumours
have been cured by so-called triple
modality therapy: extrapleural pneumonectomy followed by chemotherapy
and radiation therapy, but this remains to
be proven and would only apply to a
small number of cases.

Fig. 2.01 Asbestos imports into the United Kingdom and predicted mesothelioma
deaths. The mortality is expected to reach a maximum around the year 2020.
From J. Peto et al. {1588}.
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Etiology
Asbestos
In most industrialized countries, greater
than 90% of pleural mesotheliomas in
men are related to prior asbestos exposure. In women in North America only
about 20% of tumours are caused by
asbestos {1862}. In other countries, particularly the UK and Australia, where
extensive use was made of crocidolite,
the proportion of mesotheliomas in
women related to asbestos exposure is
higher. The latency period is typically
very long, with a mean of 30-40 years.
Asbestos rarely if ever produces
mesothelioma with a latency period less
than 15 years. From past exposure,
future mortality from mesothelioma has
been estimated. In the UK, the number of
death cases is expected to peak in 20152020, with more than 2000 per year
{1588}. Another study postulated that in
Western Europe approximately a quarter
of a miilon people will die from asbestosinduced mesothelioma over the next 35
years, men born around 1945-1950
being at highest risk {1587}.
However, recent European incidence
rates have already started to level off
{1346,1347}.

Fig. 2.02 European pleural mesothelioma incidence. Truncated (40-74) age-standardized rates per 100,000 person-years. From F. Montanaro et al. {1347}.
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Fig. 2.03 A Multiple ferruginous bodies with inflammatory reaction. B A ferruginous body within a
multinucleated macrophage.

Fig. 2.04 Diffuse malignant mesothelioma - cytology. A Group of mesothelial cells with enlarged, slightly
irregular nuclei and with multiple nucleoli in some cells. B Note bland mesothelial cell appearance of the
malignant cells. C Immunostain for cytokeratin (left) stains strongly in the cytoplasm of this cluster of cells
of diffuse malignant mesothelioma in a pleural effusion. Immunostain for calretinin (right) stains the nucleus of diffuse malignant mesothelioma cells in a pleura effusion. D Asbestos body in the sputum of an
exposed individual.

Fibre types. There are distinct differences in the propensity of the different
asbestos fibre types to cause mesothelioma. Amphibole (amosite and crocidolite) asbestos is considerably more
potent than chrysotile, and crocidolite is
more dangerous than amosite. The exact
ratio among these 3 fibres depends upon
the approach used to investigate the
problem: a recent report of estimates of
cohort, mean fibre exposure suggested
a ratio of 500:100:1 (crocidolite:amosite:chrysotile) for relative risk {858}.

SV40
Some polio vaccines used during 1955
and 1962 were contaminated with the
Simian monkey virus 40 (SV40) and this
infection has since spread to millions of
people in several world regions, including North America and most European
countries Several studies have shown,
that some human neoplasms, in particular, mesothelioma, brain tumours, bone
sarcomas and non-Hodgkin lymphomas
frequently contain sequences of SV40, a
highly oncogenic DNA virus in rodents
{2085}. For mesotheliomas, this was first
reported in 1994 {283} and has been
confirmed in subsequent analyses {668}.
SV40 induces DNA strand breaks in
human mesothelial cells {253} and causes pleural mesotheliomas in hamsters
{374}. The viral large T-antigen (Tag)
inactivates the function of the tumour
suppressor genes TP53 and retinoblastoma (RB) and induces chromosomal
aberrations {106,285}. The small t-antigen (tag) may contribute to transformationby binding to the protein phosphatase PP2A {106,668}.
Whether a latent SV40 infection is a
causal factor in the development of
mesothelioma, remains to be assessed.
Epidemiological studies provided no evidence that populations which received

Fig. 2.05 Diffuse malignant mesothelioma. In this CT
scan, the pleura shows marked diffuse thickening
by mesothelioma, with resulting encasement of the
lung.

the contaminated polio vaccine have an
elevated cancer risk {542}.

Other causes
These include the non-asbestos fibre,
erionite (seen only in Cappadocia,
Turkey), therapeutic radiation, and possibly processes that lead to intense pleural
scarring such as prior plombage therapy
for tuberculosis.
Pathogenesis
A considerable fraction of inhaled
asbestos fibers remain permanently
entrapped in lung tissue. The majority of
these fibers remain naked, without causing a tissue reaction: these are probably
responsible for the clastogenic, and,
eventually, carcinogenic effects. A minority of asbestos fibers induce an accumulation of monocytes and become surrounded and encapsulated by multinucleated macrophages. This process is
associated with deposition of protein and
of haemoglobin-derived iron, resulting in
the formation of ferruginous bodies.
Clinical features
Signs and symptoms
The most common presenting symptoms
in mesothelioma are dyspnoea, usually
due to a large pleural effusion, and chest
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wall pain {796}. These may be associated with constitutional symptoms, especially weight loss and malaise. Additional
clinical features include chills, sweats,
weakness, fatigue, malaise and anorexia
{18}. Unusual presentations include
spontaneous pneumothorax {943}, mass
lesions and/or segmental or lobar pulmonary collapse, and mediastinal invasion with laryngeal nerve palsy or superior vena caval obstruction. Myalgias,
aphonia, dysphagia, abdominal distension, nausea and a bad taste in the
mouth have also been reported {1189}.

Imaging
On a chest radiograph malignant
mesothelioma often manifests as a large
pleural effusion that may obscure an
underlying pleural mass or thickening. It
is not unusual to see associated pleural
plaques. The pleural disease may take
on a circumferential pattern of involvement with disease extending along the
fissural, mediastinal and/or pericardial
pleura. The ipsilateral hemithorax may
appear contracted. CT scanning and
MRI better define the extent of pleural
disease, in particular chest wall,
diaphragmatic, pericardial, mediastinal
lymph node, or pulmonary involvement.

A

Relevant diagnostic procedures
Malignant pleural mesothelioma (MPM)
is usually diagnosed by pleural biopsies
obtained by videothoracoscopy (VATS).
Occasionally, pleural fluid cytology will
yield a sufficient sample for diagnosis
although approximately 50% of patients
will have cytologically negative fluid. In
addition, VATS pleural biopsy provides
samples for immunohistochemistry,
which is usually required to support a
definitive
histological
diagnosis.
Thoracotomy is not required for diagnosis and should be avoided because it
increases the risk of tumor implantation
into the chest wall and therefore, may
affect the technical feasibility of subsequent definitive resection. In patients
whose pleural space is fused by locally
advanced tumor, tissue can be obtained
via a 5cm incision with very limited rib
resection and direct pleural biopsy.
Computed tomography (CT) is the standard imaging study for the initial staging
of MPM. However, it does not accurately
predict the presence or absence of
superficial chest wall invasion (i.e.
involvement of the endothoracic fascia
and intercostal muscles) or full thickness
involvement of the diaphragm. Magnetic
resonance imaging (MRI) may be slightly

more accurate than CT in these areas but
not consistently enough to be used as a
routine imaging modality. If transdiaphragmatic tumor extension is suspected on CT or MRI, this is best confirmed or
disproved by laparoscopy. Positron
emission tomography (PET) detects
metastatic disease in approximately 10%
of patients in whom this is not suspected
clinically or seen by CT and is therefore
used in some insitutions as a routine part
of the initial staging evaluation. The maximum standard uptake value (SUVmax)
on PET also appears to have prognostic
significance. None of these imaging
studies accurately predicts the presence
or absence of mediastinal lymph node
metastases, an important issue because
these are known to have a prognostic
impact on survival. Mediastinoscopy can
identify some but not all lymph nodes
metastases because approximately 25%
of these occur in areas that are not
accessible by mediastinoscopy (e.g.
internal mammary lymph nodes).

Cytology
In industrialized countries, about 1% of
malignant pleural effusions are caused
by diffuse malignant mesothelioma.
Mesothelioma cells in effusions are virtu-

B

Fig. 2.06 Malignant mesothelioma. A Gross image of malignant mesothelioma at autopsy showing the typical appearance of the tumor encasing the lung, and, in this example, the pericardium. B Extensive mesothelioma growth with compression of residual lung tissue.
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Fig. 2.07. Metastatic pleural adenocarcinoma
(pseudomesothelioma). Note infiltration of lung tissue which is typically absent in mesothelioma.
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Fig. 2.08 Malignant mesothelioma, epithelioid type. A The tumour consists of a sheet of epithelioid cells with abundant eosinophilic cytoplasm and vesicular nuclear
chromatin with prominent nucleoli. From Travis et al. {2024}. B Papillary proliferation of epithelioid cells. From Travis et al. {2024}. C Tubulopapillary pattern. From
Travis et al. {2024}. D Microcystic (adenomatoid pattern). From Travis et al. {2024}.

ally always of epithelioid type, since cells
of the sarcomatoid type are seldom shed
into the fluid.
Mesothelioma cells in effusions may be
arranged in sheets, clusters, morulae or
papillae, sometimes with psammoma
bodies. These cells show a range of
cytological appearances from pleomorphic to bland, but frequently lack the significant atypia seen in carcinoma. On the
other hand, benign mesothelial cells may
exhibit features usually associated with
malignancy, such as increased cellularity, pleomorphism and mitotic activity.
Therefore, differentiation of mesothelioma from benign mesothelial hyperplasia with reactive atypia may be very difficult or impossible in cytologic specimens, since tissue invasion cannot be
evaluated. Overall the accuracy of purely cytologic diagnoses, as opposed to
tissue diagnoses, of malignant mesothelioma is fairly low. Immunostains of sections from paraffin-embedded cell blocks

may help to confirm the lineage of the
cells.
Macroscopy and localization
In its early stages, mesothelioma presents as multiple small nodules on the
parietal and sometimes visceral pleura.
With progression the nodules become
confluent with resulting fusion of the visceral and parietal pleurae and encasement and contraction of the lung. The
tumour may reach several centimetres in
thickness and range from firm to gelatinous in consistency. Loculated collections of fluid may occur within the tumour.
Spread frequently occurs along the interlobar fissures, into the underlying lung,
through the diaphragm, and into the
chest wall. Mediastinal involvement with
invasion of the pericardial sac and encirclement of other midline structures is
also common, as is extension to the
opposite pleural cavity. Mesotheliomas
may metastasize to the pulmonary

parenchyma and to hilar and mediastinal
lymph nodes. This appearance is not
pathognomonic for mesothelioma, since
a variety of primary and secondary pleural malignancies may spread in a similar
fashion leading to the encasement of the
lung.
Tumour spread and staging
Patterns of mesothelioma spread
Invasion of chest wall fat and muscle is
characteristic, especially along needle
tracks or surgical biopsy sites.
Substantial displacement of the mediastinum to the contralateral hemithorax
may occur. Spread through the
diaphragm can result in seeding of the
peritoneum and ascites, which is frequently found at autopsy and rarely
causes uncertainty regarding the primary site.
Infiltration into alveolar spaces may produce a histologic pattern that resembles
organising pneumonia, desquamative
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interstitial pneumonia, or bronchioloalveolar carcinoma {1476}. Peribronchial
lymphovascular spread can occur,
sometimes with miliary spread. Lymph
node metastasis rarely is a presenting
manifestation of mesothelioma {1906}. At
autopsy, haematogenous metastases
from pleural mesothelioma may be found
in lung, liver, adrenals, bone, brain or kidney {815}. It is rare for mesothelioma to
present clinically as metastatic disease
{1415}. Staging is performed according
to the TNM classification proposed by
the International Mesothelioma panel
and the UICC {738,2045}.
Histopathology
While the term “desmoplastic mesothelioma” is universally accepted for a particular subtype of highly aggressive sarcomatoid mesothelioma, there is no
agreement on the nomenclature of other

subtypes, particularly the numerous morphologic variants of epithelioid malignant
mesothelioma. Recognition of these variants is important for diagnosis, but
because they have no clear prognostic
significance, we recommend that most
epithelioid and sarcomatoid mesotheliomas be diagnosed with no further subclassifiers beyond those shown at the
beginning of this chapter.

Epithelioid mesothelioma
Epithelioid mesothelioma shows epithelioid cytomorphology. Most epithelioid
mesotheliomas are remarkably bland,
but more anaplastic forms are occasionally seen. Epithelioid mesotheliomas
show a wide range of morphologic patterns. Sometimes one pattern predominates but several different patterns are
commonly seen in the same tumour. In
most tumours the cells have eosinophilic

A

cytoplasm with bland relatively open
nuclei. Mitoses are infrequent. In the
poorer differentiated forms, the nuclei are
coarser with prominent nucleoli, mitoses
are frequent, and some multinucleate
tumour giant cells occur; however, these
tumours are uncommon and often difficult to separate from carcinomas.
The most frequent patterns encountered
are
tubulopapillary,
adenomatoid
(microglandular) and sheet-like. Less
common patterns include small cell,
clear cell and deciduoid. The tubulopapillary form exhibits varying combinations
of tubules, papillae with connective tissue cores, clefts and trabeculae. The
cells lining the tubules and papillae are
flattened to low cuboidal and relatively
bland. Psammoma bodies are occasionally observed. The adenomatoid form
shows microcystic structures, with lacelike, adenoid cystic or signet ring

A

B

B

Fig. 2.09 Sarcomatoid mesothelioma. A Interlacing fascicles of spindle cells. From Travis et al., {2024}. B
Sarcomatoid pleural mesothelioma with bizarre anaplastic tumor giant cells. Such an appearance closely
mimics that of malignant fibrous histiocytoma.

Fig. 2.10 Sarcomatoid mesothelioma with A osteosarcomatous differentiation. B Inflammatory lymphohistiocytic pattern. From Travis et al. {2024}.
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Fig. 2.11 Malignant mesothelioma, desmoplastic
type. Haphazard arrangement of slit-like spaces.
From Travis et al. {2024}.

Fig. 2.12 Malignant mesothelioma, biphasic type. A combination of sarcomatoid and epithelioid patterns.
From Travis et al. {2024}.

appearances, but does not stain for neutral mucin. Sheets and nests of cells are
frequently seen in association with other
patterns. Uncommonly, solid, monotonous, relatively non-cohesive sheets of
polygonal cells occur, simulating large
cell carcinoma or lymphoma. Tumours
with anaplastic and/or tumour giant cells
may be designated pleomorphic.
Mesothelioma can mimic non-Hodgkin
lymphoma (so-called lymphohistiocytoid
mesothelioma, regarded by some as a
form of sarcomatoid mesothelioma) and
small cell carcinoma, but usually lacks
karyorrhexis and haematoxyphylic staining of blood vessels of the latter tumour.
Rarely large cells with clear cytoplasm
are prominent, mimicking metastatic
renal cell carcinoma. Small foci of cells
with plump eosinophilic cytoplasm
resembling deciduoid cells of pregnancy
are frequently present in epithelioid
mesothelioma and uncommonly predominate (so-called deciduoid mesothelioma). The fibrous stroma of epitheloid
mesotheliomas can vary from relatively
scanty to copious and can show varying
degrees of cellularity from hyalinised
acellular to highly cellular, merging with
sarcomatoid. These tumours may be difficult to distinguish from a biphasic
mesothelioma. Myxoid change may be
conspicuous, with nests of epithelioid
cells “floating” in the matrix; the matrix in
such tumours is hyaluronate, and shows
hyaluronidase-sensitive staining with
Alcian blue.
Immunohistochemistry is an important
adjunct to the diagnosis of malignant

mesothelioma, particularly in distinguishing it from pulmonary adenocarcinoma.
A combination of two or more positive
mesothelial with two or more negative
epithelial (carcinoma) markers is most
useful, their choice to a large extent
depending upon the experience of the
laboratory. The most useful mesothelial
markers appear to be cytokeratin 5/6,
calretinin and Wilms tumour gene-1
(WT1). N-cadherin is promising but
needs more study. The most useful
epithelial markers appear to be CEA
(monoclonal), CD15, Ber EP4, B72.3,
MOC 31 and thyroid transcription factor
1 (TTF-1). The immunohistochemistry
panel will require amendment where the
differential diagnosis includes tumours
other than pulmonary adenocarcinomas.
A broad-spectrum keratin is useful to
exclude rare cases of large cell lymphoma, metastatic malignant melanoma
and epithelioid haemangioendothelioma.
The use of immunohistochemical markers for the diagnosis of malignant versus
reactive mesothelial lesions remains controversial.

Sarcomatoid mesothelioma
The sarcomatoid variant of pleural
mesothelioma consists of spindle cells
arranged in fascicles or having a haphazard distribution. The pattern most
often resembles fibrosarcoma, but
marked anaplasia and bizarre multinucleate tumour cells may result in a picture closely mimicking that of malignant
fibrous histiocytoma. In a small percentage of cases, areas resembling

osteosarcoma, chondrosarcoma or other
sarcomas may be present.
Sarcomatoid mesotheliomas typically
stain positively for cytokeratins when a
broadspectrum antibody cocktail is
used, although an absence of staining
may be seen in occasional cases. Areas
with chondrosarcomatous or osteosarcomatous differentiation often stain negatively
for
cytokeratins
{2220}.
Sarcomatoid mesotheliomas may stain
positively for vimentin, actin, desmin, or
S-100. Some cases may also show staining for calretinin {87}.
The differentiation from sarcomatoid
(pleomorphic) carcinoma of the lung
secondarily invading the pleura or
metastatic sarcomatoid renal cell carcinoma can be exceedingly difficult.
Immunostains do not reliably differentiate
between these possibilities {271}. In
such cases, gross and clinical features
may be helpful.

Desmoplastic mesothelioma
Desmoplastic mesothelioma is characterized by dense collagenized tissue
separated by atypical cells arranged in a
storiform or “patternless” pattern, present in at least 50% of the tumour. These
tumours can readily be confused with
benign organizing pleuritis, especially on
small biopsy specimens. Certain diagnostic criteria strongly suggest malignancy. These include frankly sarcomatoid
areas, foci of bland collagen necrosis,
invasion of adipose tissue, skeletal muscle, or lung, and distant metastases
{1229}. Bone metastases from desmoSarcomatoid mesothelioma 133

Table 2.01
Differential diagnosis of diffuse malignant
mesothelioma.
Metastases to the pleura*
- Carcinoma
- Sarcoma
- Lymphoma
- Malignant Melanoma
Primary diffuse pleural sarcoma
- Angiosarcoma
- Epithelioid haemangioendothelioma
- Synovial sarcoma
- Other sarcoma
Thymic tumours, primary or metastatic
Desmoplastic small round cell tumour and
Ewing sarcoma family
Localized primary pleural tumours
- Localized malignant mesothelioma
- Solitary fibrous tumour (benign and
malignant forms)
- Sarcomas
- Well-differentiated papillary mesothelioma
- Adenomatoid tumour
- Calcifying fibrous pseudotumour
- Nodular pleural plaque
________
*Metastasis to the pleura or reaching the pleura by
direct spread from the lung or chest wall.

plastic mesothelioma {1219} are potentially liable to histological misdiagnosis
as a primary benign fibrous tumour of
bone.
Cytokeratin staining may be of greatest
utility in highlighting invasion by keratin
positive spindle cells into adipose tissue,
skeletal muscle, or lung. The mere presence of keratin positive staining in the
thickened pleura itself is of no particular
benefit, since reactive processes often
have keratin-positive spindle cells.

Grading
Malignant mesotheliomas are not ordinarily graded. Epithelioid forms are often
deceptively monotonous and can be
remarkably bland in appearance.
Mitoses are scarce in most epithelioid
mesotheliomas. Sarcomatoid forms may
be bland or fairly anaplastic. However,
beyond the distinction between epithelioid and sarcomatoid forms, these
histopathologic features do not correlate
well with prognosis.

Differential diagnosis
The differential diagnosis of diffuse
malignant mesothelioma is shown in
Table 2.01. The most important differential is metastatic or locally invasive (from
lung or chest wall) tumour that covers the
pleural surface. However, various localized tumours also exist in the pleura and
some mimic mesothelioma microscopically. For this reason, knowledge of the
gross distribution of tumour, whether
obtained from radiographic studies, the
operator’s description of the findings at
thoracotomy or thoracoscopy, or from a
resected or autopsy specimen, is crucial
to making a proper diagnosis.
Postulated cell of origin
The exact cell of origin of malignant
mesothelioma is unclear. Although the
common belief is that these tumours
arise from surface mesothelial cells,
some experimental data suggest that
they may arise from submesothelial cells
that differentiate in a variety of directions.
Precursor lesions
It is likely that malignant mesothelioma
develops through an in-situ stage. There
are at present no reliable histologic criteria for separating lesions that might be in
situ mesothelioma from atypical benign
reactions. The use of the term ‘atypical
mesothelial hyperplasia’ is recommended for purely surface mesothelial proliferations that might or might not be malignant.

Biphasic mesothelioma
Mesotheliomas contain both epithelioid
and sarcomatoid patterns in about 30%
of cases. Any combination of the patterns noted above may be present. Each
component should represent at least
10% of the tumour to warrant the term
biphasic. The percentage of cases classified as biphasic will increase with more
thorough tumour sampling.

Somatic genetics
Cytogenetics and CGH
Most studied cases appear to be epithelioid mesotheliomas, although some
reports do not distinguish cell type.
Karyotypic and comparative genomic
hybridisation (CGH) analyses have
demonstrated that most mesotheliomas
have multiple chromosomal alterations.

134 Tumours of the pleura - Mesothelioma

A

B
Fig. 2.13 A Well differentiated papillary mesothelioma. B Solitary papillary WDPM.

Although no single change is diagnostic,
several recurrent sites of chromosomal
loss have been identified. Deletions of
1p21-22, 3p21, 4q, 6q, 9p21, 13q13-14,
and 14q have been repeatedly observed
{103,177,178,1075,1942}. Monosomy 22
is the most frequent numerical change.
Losses of 4p and proximal 15q have
been reported in some CGH studies, and
minimally deleted regions at 4p15 {1815}
and 15q15 {457} have been documented. Recurrent losses of 17p12-pter,
including the p53 locus, have been
observed in some investigations {103,
1075}. Loss of heterozygosity (LOH)
analysis has confirmed that each of the
above sites is frequently deleted in
mesothelioma and, for most of the affected chromosomes, has defined a single
minimally deleted region (reviewed in
{1997}). Allelic loss from chromosome 4
has been reported to occur at multiple
locations, with the most frequent site
being 4q33-34 {1815}. LOH in 6q occurs
at several non-overlapping regions
between 6q14 and 6q25 {142}. Similarly,
multiple non-overlapping regions of allelic loss have been reported for chromosome 14, with 14q11.2-12 and 14q23-24
each being observed in two independent
studies {179,458}. Chromosomal gains
are less common than losses in mesothelioma, although recurrent gains of 1q, 5p,
7p, 8q22-24, and 15q22-25 have been
described. These abnormalities reflect

similarities and differences with carcinoma of the lung.

Molecular genetic alterations
Inactivation of the CDKN2A/ARF locus at
9p21 is a frequent finding in mesothelioma
{345,2178}.
CDKN2A/ARF
encodes the tumour suppressor genes
p16INK4a and p14ARF. Homozygous deletions of this locus are common, especially in cell lines, and inactivation by promoter methylation is also a recurrent finding {1071}. Immunohistochemical analysis suggests that loss of p16INK4a expression is a frequent finding {839}. Deletions
of p14ARF are frequently observed. This
mechanism of cell cycle control disruption is also common in non-small cell carcinomas. Unlike lung cancers, TP53
mutations are relatively uncommon {417,
1020,1302}, possibly because SV40 Tag
is expressed in some mesotheliomas
and retains its ability to bind to and inactivate p53 {284}. Also in contrast to lung
cancer, mutations of the NF2 tumour suppressor gene, located at chromosome
22q12, have been reported frequently in
mesothelioma {165,1778}. Biallelic inactivation of NF2 occurs by combined point
mutation and LOH {346}. The previously
mentioned monosomy of chromosome
22 may reflect these findings. Another
tumour suppressor gene, GPC3, is frequently down regulated due to aberrant
promoter methylation {1413}.
Recurrent activation of oncogenes by
point mutation or amplification has not
been documented in mesothelioma
{1020,1302}. However, asbestos induces
mRNA expression of the c-fos and c-jun
proto-oncogenes in mesothelial cells
{810}, and asbestos-induced mesothelial
cell transformation is linked to increases
in AP-1 DNA binding complexes and the
AP-1 component, Fra-1 {810,1639}.
Other experimental evidence indicates
that when SV40 infects mesothelial cells,
it causes activation of the Met and notch1 proto-oncogene products {185,267}. In
contrast to lung cancers, relatively few
genes are methylated in mesotheliomas.
The gene most frequently methylated is
the RASSF1A tumour suppressor gene
{2018}.
Genetic susceptibility (Familial cancer
syndromes)
Multiple cases of pleural mesothelioma
have been reported from families with
documented exposure to asbestos or

other carcinogenic mineral fibres, such
as erionite {81,1175,1697}. While investigation of members of one family with
familial mesothelioma failed to identify
germline mutations, the molecular
changes in the tumours were similar to
those found in sporadic mesothelioma
{80}. One study {960} described an association at population level with HLA antigens B41, B58 and DR16. Specific
genetic indicators of susceptibility to
mesothelioma development have not yet
been identified {1740}: currently available observations may reflect differential
levels and duration of exposure to carcinogenic fibres among affected and
non-affected members of a family, random sequences of events, or genuine
variations in individual susceptibility.
Prognosis and predictive factors
Clinical criteria
Chest pain, dyspnoea and weight loss as
presenting symptoms may be associated
with a poorer prognosis {822,1708}.
There was a trend towards pain being
related to sarcomatoid differentiation
{1711}. Good prognostic indicators are a
young age at presentation, epithelioid
subtype, stage of disease {1711} good
performance status, lack of chest pain
and female sex below the age of 50
years {1861}.

Histopathological criteria
Most series show that patients whose
tumours have a purely epithelioid histology have the longest survival, those with
a purely sarcomatoid histology the worst,
and those with mixed patterns an intermediate survival. The differences in
median survivals as a function of histologic subtype are only however, a matter
of a few months. In the future, therapy
may be influenced by histologic subtype,
since no patient with a sarcomatoid pattern treated with trimodality therapy survived for 5 years {2235}.
Genetic predictive factors
While there are many similarities in the
frequencies of various genomic imbalances between epithelioid and sarcomatoid mesotheliomas, several chromosomal locations (3p, 7q, 15q, 17p) show
significant variations {1075}. For example, deletion at 3p21 is common in
epithelioid tumours but rare in sarcomatoid and biphasic tumours. To date, cytogenetic prognostic factors have not been

Fig. 2.14 Localized malignant pleural mesothelioma.

reported. Loss of 7q, which is associated
with poor prognosis in other tumour
types, was observed in ~20% of sarcomatoid tumours but was not observed in
epithelioid cases {1075}. Moreover, the
incidence of amplicons was 4-5-fold
higher in sarcomatoid than in epithelioid
tumours. Gene expression profiles in a
small number of cases has been reported to predict outcome independent of
histologic subtype {714}

Well differentiated papillary
mesothelioma
Definition
Well differentiated papillary mesothelioma (WDPM) of the pleura represents a
distinct tumour with a papillary architecture, bland cytologic features and a tendency toward superficial spread without
invasion.
ICD-O code

9052/1

Epidemiology
WDPM is a rare pleural tumour, with
fewer than 50 cases reported in the world
literature {261,864,2204}. These tumours
are considerably more common in the
peritoneum, where they predominantly
occur in women {444}. This sex predominance is not obvious in the pleural
cases. The reported age range in pleural
lesions is 31-79 with a median of 63 for
both sexes {261,864,2204}.
Etiology
Asbestos exposure has been reported in
some cases {261,656}, but this has not
been established in epidemiologic studies.
Localization
These lesions may be localized or multifocal and widespread.
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Adenomatoid tumour

Clinical features
Patients present with dyspnoea and
recurrent pleural effusion or as an incidental finding. They rarely present with
pneumothorax or chest pain. Unilateral
free-flowing pleural effusions may be
seen, with or without nodular pleural
thickening or fibrous hyaline plaques.

Definition
A rare solitary small pleural tumour with
histological features identical to those
seen in adenomatoid tumours in other
locations.
ICD-O code

Macroscopy
These tumours may appear as solitary or
multiple localized masses. The visceral
or parietal pleura may be involved and
may have a velvety appearance.
Histopathology
WDPM is characterized by papillae, consisting of predominantly stout myxoid
fibrovascular cores covered by a single
layer of bland flattened to cuboidal
mesothelial cells, exuding from the pleural surface. Basal vacuoles may be present in the lining cells. Nucleoli are inconspicuous and mitotic figures absent. The
surface cells stain positively for mesothelial markers.
In the strictest definition, invasion is not
present in WDPM. However, some cases
of otherwise typical WDPM may show
limited invasion. Nevertheless, diffuse
malignant mesotheliomas may have
areas with a WDPM-like pattern and
should not be designated as WDPM.
Consequently, great caution should be
employed in diagnosing WDPM in small
biopsies.
Prognosis and predictive factors
These tumours are often indolent with
prolonged survival. The development of
invasion may herald a more aggressive
clinical course. The occurrence of rapidly progressive disease suggests that the
underlying disease is a diffuse malignant
mesothelioma, a problem that may reflect
sampling inadequacy.

Localized malignant
mesothelioma
Definition
A rare tumour that grossly appears as a
distinctly localized nodular lesion without

Fig. 2.15 Adenomatoid tumour. Irregularly shaped
gland-like spaces are present within a fibrous stroma. From Travis et al. {2024}.

gross or microscopic evidence of diffuse
pleural spread, but with the microscopic,
histochemical, immunohistochemical
and ultrastructural features of diffuse
malignant mesothelioma.
ICD-O code: code according to the histologic subtype of mesothelioma.
Clinical features
Most reported cases have been incidental findings on chest x-ray or CT scan.
Occasionally they present with pleural
effusions.
Macroscopy
Localized malignant mesotheliomas are
circumscribed nodular tumours that
measure up to 10cm in diameter. They
may be attached to the visceral or parietal pleura, are pedunculated or sessile,
and can extend into the subjacent lung.
Histopathology
These tumours are histologically identical
to diffuse malignant mesotheliomas and
may be epithelioid, sarcomatoid, or
biphasic (mixed). They show a pattern of
immunohistochemical staining identical
to diffuse malignant mesothelioma {425}.
Prognosis
Some localized malignant mesotheliomas are cured by surgical excision
{425}. Recurrent tumours may metastasize like sarcomas and usually do not
spread along the pleural surface.
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9054/0

Clinical features
The few reported cases have been incidental findings at gross examination of
the pleura.
Macroscopy
The tumours appear as solitary distinctly
nodular lesions.
Histopathology
The tumour cells are flattened to
cuboidal and usually eosinophilic; they
form glands and tubules, often with
marked cytoplasmic vacuolisation {958}.
They show a pattern of staining identical
to that seen in diffuse malignant
mesothelioma. Adenomatoid tumour
must be separated from some diffuse
epithelial mesotheliomas that may, in
individual microscopic fields, show a
similar pattern.
Prognosis and predictive factors
These neoplasms are identical to adenomatoid tumours in other locations and
are benign.

Lymphomas

P.M. Banks
N.L. Harris
R.A. Warnke
Ph. Gaulard

Primary effusion lymphoma
Definition
A neoplasm of large B-cells presenting
as serous effusions, usually without
detectable tumour masses, universally
associated with human herpes virus 8
(HHV8)/Kaposi sarcoma herpes virus
(KSHV), and usually occurring in the setting of immunodeficiency.
ICD-O code

9678/3

Synonym
Body cavity-based lymphoma.
Epidemiology
The majority of cases arise in the setting
of human immunodeficiency virus (HIV)
infection {60,311,1421}. Most patients
are young to middle aged homosexual
males. This neoplasm is rare even in the
setting of HIV infection. Cases have been
reported in HIV negative allograft recipients, particularly after cardiac transplantation {512,561,937}. The disease has
also been reported in the absence of
immunodeficiency especially in elderly
individuals
{282,380,821,1029,1422,
1995}.
Localization
The most common sites of involvement
are the pleural, pericardial and peritoneal
cavities. Typically only one body cavity is
involved. One case has been reported
arising in the artificial cavity of a breast
implant {1721}. The most common extracavitary site of presentation is the gastrointestinal tract; the GI tract, mediastinal and retroperitoneal soft tissue and
other extranodal sites may also be secondarily involved {130,209,415,479,877}.
Clinical features
Patients typically present with effusions
in the absence of lymphadenopathy or
organomegaly. Some patients, both HIV+
and HIV-, have pre-existent Kaposi sarcoma {60,937,1721}. Rare cases are
associated with multicentric Castleman
disease {380,1995}.

Etiology
The consistent presence of HHV8 in the
neoplastic cells in all cases suggests a
pathogenetic role for this virus in the
development of the tumour {311}. There
is consistent expression of viral IL-6 (vIL6) in primary effusion lymphomas, suggesting that this and other cytokines may
play a role in the pathogenesis of the
tumours {62,514}. In one study of an
EBV- HIV- case, HHV8 related transcripts
including viral G-coupled protein receptor, viral Bcl2, viral cyclin D1, viral IL6
and viral MIP I and II were detected in tissue from a primary effusion lymphoma
and an HHV8+ gastric lymphoma but
only vIL6 was detected in a multicentric
Castleman disease lesion from the same
patient {1995}. Oncogenic genes encoding viral cyclin D, bcl2, G-protein coupled receptor IL-6, Flice inhibitory protein
and others were also shown to be
expressed in another EBV- PEL {379}. NF
kappa-B is constitutively activated on
HHV8+ PEL cell lines, and its inactivation
leads to apoptosis, suggesting that, similarly to EBV, HHV8 may promote cell survival through this pathway {989}.
Although multicentric Castleman disease
and primary effusion lymphoma may
coexist in some patients, a clonal relationship between them has not been
established {82}.
Most but not all cases are coinfected with
EBV, but do not express the transforming
proteins EBNA-2 and LMP1 and 2. Each
case contains a single strain of clonal
EBV, but there is considerable heterogeneity among cases; thus no specific
role for EBV in the pathogenesis has
been found {561,868}.
Histopathology
With Wright or May Grunwald Giemsa
staining performed on cytocentrifuge
preparations, the cells exhibit a range of
appearances, from large immunoblastic
or plasmablastic cells to cells with more
anaplastic morphology. Nuclei are large,
round or irregular in shape, with prominent nucleoli. The cytoplasm is typically
very abundant and is deeply basophilic,

Fig. 2.16 Diffuse lymphoma of the pleura in a patient
with AIDS.

Fig. 2.17 Primary effusion lyphoma of pleura.
Discohesive atypical lymphoid tumour cells with a
few pleomorphic cells.

and vacuoles may be present in occasional cells. A paranuclear hole suggesting plasmacytoid differentiation may be
seen. Binucleated or multinucleated cells
may be present that can resemble ReedSternberg cells.
The cells often appear more uniform in
histological sections than in cytospin
preparations. They are large, with some
pleomorphism, ranging from large cells
with round or ovoid nuclei to very large
cells with irregular nuclei and abundant
cytoplasm; multinucleation can occur
{60,311,1421}. Pleural biopsies show
tumour cells adherent to the pleural surface, often embedded in fibrin and occasionally invading the pleura.
This disease should be distinguished
from pyothorax-associated diffuse large
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B-cell lymphoma, which usually presents
with a pleural mass lesion. The cells of
pyothorax-associated diffuse large B-cell
lymphoma have the appearance of
immunoblasts, and are EBV positive and
HHV8 negative {1972}.

Immunoprofile
The neoplastic cells typically express
leukocyte common antigen (CD45) but
are usually negative for the pan-B-cell
markers CD19, CD20 and CD79a {60,
1421}. Surface and cytoplasmic expression of immunoglobulin is likewise often
absent. The B-cell specific transcriptional activator programme appears to be
disrupted in primary effusion lymphoma,
with decreased or absent expression of
PU.1, Oct 2 and BOB.1, possibly
accounting for the failure to produce
immunoglobulin {72}. CD30 is typically
positive. The cells lack germinal centreassociated markers CD10 and Bcl-6 and
express MUM1/IRF4, associated with
late germinal centre and post-germinal
centre B cells {281}. Plasma cell-related
markers such as CD38, and CD138 are
typically expressed {650}. Aberrant cytoplasmic CD3 expression has been
reported {130}, as well as CD7 and CD56
{1608}. Because of the markedly aberrant phenotype, it may be difficult to
assign a lineage with immunophenotyping. Rare cases of HHV8+ primary effusion lymphoma that express only T-cellassociated antigens have been reported
{1146,1720}.
The nuclei of the neoplastic cells are
positive by immunohistochemistry for the
HHV8/KSHV-associated latent protein
{522,1555}, and this staining can be useful in confirming the diagnosis. EBV-positive cases have a Type I latency phenotype, expressing only EBNA-1; EBNA-2
and LMP-1 and 2 are not expressed at
levels detectable by immunohistochemistry {278}.
Cell lines from primary effusion lymphomas have been shown to express
both the Met tyrosine kinase receptor
and its ligand, hepatocyte growth factor,
similarly to myeloma cell lines {278}.
Histogenesis
Post-germinal center B-cell with differentiation towards plasma cells.
Somatic genetics
Immunoglobulin genes are rearranged
and are mutated consistent with a post-
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germinal center B cell {1258}. The BCL6
gene is somatically mutated in most
cases, consistent with a post-germinal
center B cell {649}. Some cases also
have rearrangement of T-cell receptor
genes {865}. Most cases have multiple
but non-recurring cytogenetic abnormalities {512}. Comparative genomic analysis has revealed gains in sequence of
chromosomes 12 and X {1401}. HHV8
viral genomes are present in all cases.
EBV is detected in most but not all cases
by EBER in-situ hybridisation {60,209,
561,1421}. Cases in HIV- non-immunosuppressed patients appear to be more
often EBV- {512}. Two cases with only Tcell antigen expression and rearrangement of the T-cell receptor gene have
been reported {1146,1720}. The relationship of these cases to the more common
B-cell neoplasm is unclear.
Gene expression analysis by DNA
microarray technology has shown a distinctive profile for the cells of primary
effusion lymphoma, including genes indicating differentiation towards plasma
cells and a set of genes unique to this
type of lymphoma {1027}.
Prognosis and predictive factors
The clinical behaviour is extremely
aggressive, with most reported patients
dead in less than one year. Recently a
few cases have been reported to
respond to antiviral therapy or combination chemotherapy or both with prolonged survival {209,1029}.

Pyothorax-associated
lymphoma
Definition
Pyothorax-associated lymphoma (PAL) is
a neoplasm of large B cells, typically with
immunoblastic morphology, usually presenting as a pleural mass. It is strongly
associated with Epstein-Barr virus (EBV).
This rare type of primary pleural B-cell
lymphoma occurs in patients with a clinical history of longstanding pyothorax
resulting from pulmonary tuberculosis or
tuberculous pleuritis.
Synonyms and historical annotation
Since its first recognition in 1987, it has
been established that PAL belongs to the
diffuse large B-cell lymphoma (DLBCL)
category {915}. Although the recent
WHO classification of Tumours of
Haematopoietic and Lymphoid Tissues

describes different clinical subtypes
among DLBCL (i.e. mediastinal, intravascular, and primary effusion lymphoma)
{919}, PAL has not been included as a
distinct clinico-pathologic entity in this
recent classification, probably in view of
its rarity in most western countries. We
include it in this classification of pleural
tumours since it specifically occurs in
this location.
Epidemiology
Pyothorax-associated lymphoma (PAL)
occurs in adults, usually in the 5-8th
decades with a median age around 6570 years. It seems to affect males more
often than females {1437,1586}. PAL
develops in patients without overt systemic immunosuppression, but consistently after a history of pyothorax resulting from artificial pneumothorax for treatment of pulmonary tuberculosis or, more
rarely, tuberculous pleuritis. The interval
between the onset of pleuritis and initial
symptoms of lymphoma ranges from
20—67 -years, with a 37-48 years median interval {1437,1586}. Most PALs have
been reported in Japan, apart from several cases in France and Italy {63,79,
1250,1339,1437,1503,1586}.
Etiology
Strong association with Epstein-Barr
virus (EBV) has been demonstrated {631,
1503,1743}. Depending on the series,
EBV DNA or EBV-encoded RNA (EBERs)
are demonstrated in lymphoma cells of
70-100% of cases. They also express
latent infection genes, including EBV
nuclear antigen 2 (EBNA-2) and latent
membrane protein 1 (LMP-l), resulting in
a latency III pattern of EBV expression,
similar to that observed in lymphoproliferative disorders occurring in immunocompromised patients. Although the
pathogenesis is not clearly understood,
previous findings {954} suggest a role for
chronic inflammation at the local site in
the proliferation of EBV-transformed Bcells by enabling them to escape the
host immune-surveillance system and/or
by providing local production of
cytokines such as IL-6 and IL-10 {955,
956}.
There is no association with HIV, HTLV, or
HHV8 infections.
Sites of involvement
In contrast to primary effusion lymphoma
(PEL), PAL typically presents as a tumour

mass that involves the pleural cavity and
shows direct invasion to adjacent structures such as the chest wall, lung and
diaphragm in most cases, whereas pleural effusion is rarely observed.
Extrathoracic/metastatic dissemination
(bone marrow, liver, abdominal lymph
nodes, etc) is only rarely observed at
presentation {1437,1586}.
Clinical features
Patients typically present with symptoms
related to a pleural tumour mass, with
pains in the chest and/or back, or respiratory symptoms such as productive
cough, often with haemoptysis or dyspnoea. Other common symptoms are
fever and weight loss. A tumour swelling
in the chest wall is present in 40% of the
patients. Chest radiography and computed tomography reveals a tumour
mass in most patients, which is located in
the pleura (80%), pleura and lung (10%)
and lung near pleura (7%) with a tendency to invade adjacent structures, mainly
the chest wall, and is larger than 10 cm
in about half of the patients {1437}.
These features often suggest a diagnosis
of lung cancer or pleural mesothelioma.
About 70% of the patients have a Ann
Arbor stage I-II localized disease. The
serum lactate dehydrogenase (LDH)
level is elevated in most patients {1437,
1586}. Due to the presence of several
clinical prognostic factors (low performance status, age, elevated LDH level),
the majority of patients belong to the
intermediate group of the International
Prognostic Index (IPI) score {2}.
Morphology
In tissue sections, there is a diffuse
destructive proliferation of large cells.
Despite a range of appearances, most
cases show a predominant population of
immunoblasts with round nuclei showing
large single or multiple nucleoli. They
may have features of plasmacytoid differentiation. Some cases are consistent
with a centroblastic lymphoma and a few
have been reported to have anaplastic
features. PAL is characterized by a high
proliferative rate with numerous mitotic
figures and prominent apoptosis. Areas
of necrosis and angiocentric or angioinvasive features have been reported, thus
resembling features of lymphoproliferative disorders occurring in immunocompromised patients. The disease should
be distinguished from primary effusion
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Fig. 2.18 Pyothorax associated lymphoma. A At a higher magnification, the infiltrate consists of large neoplastic cells, with immunoblasts and many cells showing a plasmacytoid differentiation with eccentric
nuclei and abundant cytoplasm. B The neoplastic cells are strongly positive for CD79a. C However, in this
case, they also show aberrant strong expression for CD2. D Immunostaining with the EBNA-2 antibody
shows that virtually all neoplasic cells disclosed strong nuclear staining for EBNA-2.

lymphoma (PEL), which commonly presents as serous effusions without
detectable tumour masses in patients
with a setting of immunodeficiency, is
characterized by a proliferation of large
B-cells which are CD30, CD38 and
CD138 positive but lack CD20 and
CD79a B cell markers, and is constantly
associated with HHV8 infection.

Immunophenotype
Typically, lymphoma cells are positive for
CD79a and CD20 B-cell antigens. Cases
with plasmacytoid differentiation, however, have been reported to lack CD20 or
even CD79a. They may show weak heterogeneous expression of plasma cell
related markers such as CD138.
Cytoplasmic expression of immunoglobulins can be detected. CD30 activation
marker can be expressed. Surprisingly, a
number of cases may express at least
one T-cell marker (CD2, CD3, CD4,
and/or CD7), most frequently with a dual
B/T phenotype {1380,1433,1437,1586,
2010}. A similar observation has been
made in PAL cell lines {36,433}. Thus, in
some PALs, because of a markedly aberrant phenotype – i.e., null-cell phenotype
or expression of some T-cell markers – it
is difficult to assign a lineage.
Based on CD20 negativity and expression of T-cell antigens, rare cases of

pyothorax-associated T-cell lymphoma
have even been reported. However, one
of these cases, investigated for genotypic studies, was demonstrated to contain
a B-cell clone without clonal rearrangement of the T-cell receptor genes, thus
indicating that such cases correspond to
B-cell lymphomas with aberrant T-cell
phenotype {2010}. Although the reason
for such an aberrant phenotype in PAL is
unknown, it is noteworthy that it has also
been described in B-cell lines infected
by EBV as well as in some EBV transformed B-cell lymphomas arising in
immunosuppressed patients, and it has
been suggested that EBV might promote
this dual phenotype.
Recently, it has been shown that lymphoma cells in PAL express a uniform
CD10-, BCL-6-, MUM1/IRF-4+ phenotype,
in agreement with derivation from a late
germinal centre/post-germinal centre Bcell {1586}.
Lymphoma cells are positive by
immunohistochemistry for EBV in most
cases, showing an EBNA-2+/LMP-1-/+
phenotype consistent with a type III
latency. EBNA-2 is usually highly
expressed in the nuclei of most tumour
cells, whereas LMP-1 is found in a few
neoplastic cells {1339,1586}. Demonstration of EBV is very useful in establishing a diagnosis.
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Genetic features
Immunoglobulin genes are rearranged
and are mutated {1333}. No characteristic chromosomal alterations have been
identified. A high frequency of p53 mutations and of c-myc amplifications have
been described {867,2191}. As seen
above, EBV genomes are detected in virtually all cases by in situ hybridization
with EBERs probes and lymphoma cells
also express EBNA-2 and LMP-l viral proteins. By Southern blot, they carry monoclonal EBV genome {433,631} and chro-
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mosomal integration of EBV has been
recently demonstrated in one cell line
{433}. A small percentage of PAL are
reported to be EBV-negative. However,
EBV genomes have been found by using
sensitive PCR techniques in at least a
few cases that were scored as EBV-negative on the results of in situ hybridization
and immunohistochemical studies {1503,
1586}. In contrast to PEL, HHV8
sequences and expression of HHV8
/ORF73 antigens are absent in PAL
{1496,1586}.

Postulated normal counterpart
EBV-transformed late germinal centre/
post-germinal centre B-cell.
Prognostic features
Most series report a very poor prognosis
with a median survival of less than one
year. However, in a recent series, more
than half of the patients showed a
responsiveness to chemotherapy and/or
radiotherapy and the patients who
achieved complete remission after therapy had a 50% 5-year survival rate {1437}.

Mesenchymal tumours
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Epithelioid haemangioendothelioma / angiosarcoma

Prognostic factors
Epithelioid vascular tumours that present
in the pleura have an aggressive clinical
course. There is no known effective therapy for these patients.

Definition
Pleural epithelioid haemangioendothelioma (PEH) is a low to intermediate
grade vascular tumour composed of
short cords and nests of epithelioid
endothelial cells embedded in a myxohyaline matrix. The tumours are distinctive for their epithelioid character, sharply
defined cytoplasmic vacuoles, intraalveolar and intravascular growth and central
hyaline necrosis. High-grade epithelioid
vascular tumours are called epithelioid
angiosarcomas.
ICD-O code
Epithelioid haemangioendothelioma
9133/1
Angiosarcoma
9120/3
Epidemiology
Most patients with PEH are Caucasian,
65-85% are men and the mean age is 52
years with a range of 34-85 years {424,
435,533,1184,2120}.
Clinical features
Patients usually present with diffuse pleural thickening, pleural effusion, and/or
pleuritic chest pain. Some patients have
both pulmonary as well as pleural
involvement. {424,1184,510,536,1184,
1227,1453}.

spindle cell stroma. The stroma is usualIy
reactive, but may be neoplastic. It often
shows a myxoid or chondroid appearance. A tubulopapillary pattern may be
seen in about one third of cases. The
epithelioid tumour cells show large round
to oval nuclei with a vesicular chromatin
pattern. Epithelioid angiosarcomas are
high grade and typically show large
nucleoli more frequent mitoses than the
low to intermediate grade epithelioid
haemangioendotheliomas. Intracytoplasmic vacuoles are common.

Immunohistochemistry
Most tumours stain with one or more
endothelial markers including CD31,
CD34, Fli1, and factor VIII (von Willebrand factor) {599,828,1184}. Cytokeratin is expressed in up to 50% of cases,
causing some difficulty in differentiating it
from carcinoma {424,1184, 1308}.
However, the staining is usually weak to
moderate and weaker than vimentin
staining {424,1184}.
Electron microscopy
Electron microscopy reveals abundant
intermediate filaments, micropinocytosis
and Weibel- Palade bodies. An interrupted basal lamina surrounding the tumour
cells is present and cytoplasmic lumina
may be seen {1184}.

Macroscopy and localization
Epithelioid haemangioendotheliomas
may involve the pleura diffusely and
mimic the gross appearance of diffuse
malignant mesothelioma {424,1184,
2222,2239}.

Differential diagnosis
The differential diagnosis includes chronic fibrous pleuritis, malignant mesothelioma, metastatic carcinoma and
melanoma. Key to recognition of this
tumour in the pleura is awareness of its
morphologic and immunohistochemical
characteristics, particularly that it may
show a biphasic and papillary appearance. If keratin staining in an epithelioid
tumour in the pleura is weak or negative,
an epithelioid vascular tumour should be
considered and immunohistochemistry
for vascular markers should be performed.

Histopathology
The tumours often show a biphasic pattern with nests of epithelioid cells within a

Histogenesis
Epithelioid haemangioendotheliomas are
derived from endothelial cells.

Imaging
CT scans or chest x-rays characteristically demonstrate pleural thickening and
pleural effusions may represent the primary manifestation {424,1184}, sometimes
accompanied by pulmonary nodules.
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Synovial sarcoma (SS)
Definition
Synovial sarcoma (SS) is a biphasic mesenchymal neoplasm with epithelial and
spindle-cell components, or a monophasic tumour which consists purely of a
spindle cell component. Both biphasic
and monophasic types can occur in the
pleura and they can be easily confused
with malignant mesothelioma or pulmonary sarcomatoid carcinoma.
ICD-O codes
Synovial sarcoma
9040/3
Synovial sarcoma, spindle cell
9041/3
Synovial sarcoma, biphasic
9043/3
Synonyms
Synovial cell sarcoma, malignant synovioma, synovioblastic sarcoma
Etiology
There are no known etiological factors.
Clinical features
Patients with biphasic tumors may present at a younger age (mean 25 years,
range 9-50 years) {644} than those with
monophasic tumours (mean of 47 years
(range 33-69 years) {89}. SS shows no
gender predilection {89,644,1463}. chest
pain is the most common presenting
manifestation but pleural effusions, dyspnea, dysphagia or pneumothorax can
occur {89,644}. Pleural SS can be
aggressive with almost half of patients
dead of disease (with a mean of 18
months).
Macroscopy and localisation
Pleural SS are usually localized, solid
tumours, but they can present with diffuse pleural thickening like mesothelioma
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{89,394,644,1463}. Some tumors have a
pseudocapsule, causing them to be well
demarcated from the surrounding tissues. The tumors may grow on a pedicle.
They are usually large tumours with a
mean size of 13 cm (range 4-21 cm). Cut
surface of the tumour can show cystic
degenerative changes and necrosis.
Tumour spread and staging
Pleural SS typically recurs within the
pleural cavity and may invade theinvolving chest wall as well as adjacent structures including the pericardium, and
diaphragm.
Histopathology
Histologic features of pleural SS are
exactly the same as for those described
in the lung (see lung chapter). While the
monophasic type is most common within
the lung, a high percentage of pleural
tumors are biphasic {89,394,644,1463}.
Mucin can be demonstrated in some
biphasic tumors.
Immunohistochemistry of pleural SS typically shows focal positive staining for
keratin and/or EMA with positive bcl-2,
CD99 and vimentin. The glandular component of biphasic tumors may express
BER-EP4 and CEA. Calretinin and S-100
may be focally positive, but desmin,
smooth muscle actin and CD34 are usually negative.
Differential diagnosis
In the pleura, the most important differential diagnosis is malignant mesothe-

lioma, followed by sarcomatoid carcinoma, solitary fibrous tumour and metastatic synovial sarcoma {89,394,644,1463}.
Compared to mesothelioma, pleural SS
occur more often in younger patients,
they are more likely to be localized, and
tend to grow more rapidly. A pseudocapsule may be present in pleural SS, but
this is typically absent in mesothelioma
{644}. The spindle cells of SS tend to
grow in long interweaving fascicles while
in mesothelioma the cells grow in blunt
short fascicles. Haemangioperi-cytomatous growth and hyaline fibrosis are common in SS and uncommon in mesothelioma. The presence of mucin in glands
and expression of CEA and/or BER-EP4
favors biphasic SS, although BER-EP4
can be seen in some series in a high percentage of mesotheliomasup to 20% of
mesotheliomas. Demonstration of the
X:18 translocation is very helpful in confirming the diagnosis of SS.
Histogenesis
Remains unknown. It is thought to be a
totipotential mesenchymal cell and it has
not been proven to arise or differentiate
from synovium.
Somatic genetics
Synovial sarcoma has the distinctive
translocation t (X; 18)(p11; q11) that is
not seen in the other tumors mentioned
above in the differential diagnosis, most
importantly mesothelioma and sarcomatoid carcinoma {89,694,850,957,1310,
1992}. Fortunately this can readily be

Fig. 2.19 Malignant fibrous tumour of the pleura.

demonstrated in formalin-fixed paraffinembedded tissue. Other details about
this translocation are summarized in the
lung chapter.

Solitary fibrous tumour (SFT)
Definition
An uncommon spindle-cell mesenchymal tumour of probable fibroblastic derivation that often presents a prominent
haemangiopericytoma-like vascular pattern, but may exhibit other histologic patterns. A morphologically identical tumour
occurs in numerous other extrathoracic
sites.
ICD-O code

8815/0

Synonyms
Also known as localized fibrous tumour,
this lesion was once variously designated benign mesothelioma, localized
fibrous mesothelioma, and submesothelial fibroma. The use of names that
include ‘mesothelioma’ for this tumour is
discouraged because of potential confusion with diffuse malignant mesothelioma.
Etiology
No etiologic agent has been identified; in
particular there is no link with asbestos
exposure.

Fig. 2.20 Pleural synovial sarcoma. This biphasic tumour consists of glandular and spindle cells.
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Clinical features
Signs and symptoms
The most common symptoms at presentation are cough, chest pain, and dyspnoea. Some patients may present with
hypertrophic osteoarthropathy and, on
rare occasions, symptomatic hypoglycemia as a result of the production of
an insulin-like growth factor {629}. Some
tumours are incidental findings.
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Fig. 2.21 Solitary fibrous tumour. A Spindle cells with ropy collagen stroma. B Diffuse strong positivity for CD34. C Malignant SFT showing hypercellularity, marked
cellular atypia and high mitotic activity.

Imaging
Solitary fibrous tumours of the pleura
present on chest radiographs as pleuralbased soft tissue masses. The margins
are well defined and there is no associated rib destruction or chest wall abnormality. A pleural effusion may be present.
Tumours can vary in size from small
lesions to very large masses that occupy
most of the hemithorax. When large, they
require CT or MR scanning to differentiate them from lung masses. The margin
at which the lesion meets the chest wall
is smooth. On CT scanning, they show a
pattern of heterogeneous contrast enhancement and compress but do not
invade the contiguous lung. Rarely, their
attachment to the chest wall by a pedicle
can be seen.
Macroscopy
Most tumours arise in the visceral pleura,
but they may also originate in the lung
parenchyma and mediastinum. They are
well circumscribed and often pedunculated {544}. Rarely they may be multiple.
The cut surface is usually firm and
whitish, often with a whorled appearance. Myxoid change, haemorrhage,
and necrosis may occasionally be seen
and suggest that the tumour is malignant; large size also suggests malignancy. These features mandate extensive
sampling.
Histopathology
SFT typically exhibits a patternless architecture characterized by the coexistence
of hypo- and hypercellular areas separated by fibrous stroma having haemangiopericytoma-like branching blood vessels. The hypercellular areas are composed of bland spindle cells arranged in
short intersecting fascicles, creating herringbone or storiform arrays. The hypocellular areas may be highly collage-

nized or, less frequently, present myxoid
changes. Malignant SFTs (ICD-O 8815/3)
are characterized by greater cellularity
with an infiltrative growth pattern, moderate to marked cellular atypia and high
mitotic activity (> 4 mitoses per 10 highpower fields) {544}.
Immunohistochemical studies are helpful
in confirming the diagnosis of SFT. In
contrast with sarcomatoid mesothelioma,
these lesions tend to be positive for
CD34, and bcl-2, and are always negative for cytokeratin {1519}. However,
malignant SFT may not always express
CD34 and bcl-2. The differential diagnosis of SFT in the pleura includes sarcomatoid mesothelioma, and a variety of
benign and malignant soft tissue
tumours, such as haemangiopericytoma,
malignant fibrous histiocytoma, monophasic synovial sarcoma, thymoma, and
peripheral nerve sheath tumours.
Somatic genetics
Only a few studies have reported cytogenetic findings in SFT. Reported abnormalities include: t(4;15)(q13;q26){436};
46,XY,t(6;17) (p11.2;q23), ins (9;12)
(q22;q15q24.1), inv (16) (p13.1q24)
{508}. In the latter case the rearrangement of 12q13-15 is similar to that
described in a subset of haemangiopericytomas of soft tissue and meninges
{508}.
In one malignant SFT of the pleura successful karyotyping was obtained from
the primary and recurrent tumours. The
initial karyotype showed two abnormal
clones: 48, XY; +8; +8; del(9)(q22; q32)
[19] and 46, XY, t(1;16)(q25;p12) [7].
Culture of the recurrent tumour yielded
one clone identical to the dominant clone
of the initial karyotype {447}.
Comparative genomic hybridisation
(CGH) of 12 SFT of pleura showed no
chromosomal imbalances in 58 percent

of cases. Losses on chromosome arms
13q (33%), 4q and 21q (17% each) were
the most frequent abnormality. Significant gains were seen at chromosome 8
and at 15q in two cases each. There was
no correlation between tumour size and
molecular pathology findings {1073}.
Another CGH study of one SFT revealed
losses of 1p33—>pter, 17pter q21, entire
copies of chromosomes 19 and 22, and
gains of 1p21-p22, 2q23-q32.3, 3pl2q13.2, 4p14-q28, 6p12-q21, 9p21—
>pter and 13q21-q31. Further-more,
there was loss of 20q, as was previously
reported elsewhere in a case of benign
and a case of malignant SFT {48}.

Calcifying tumour of the pleura
Definition
A rare slow growing plaque-like lesion
occurring in the visceral pleura, composed of nearly acellular fibrous tissue,
and associated with extensive dystrophic calcification (which may be psammomatous).

Fig. 2.22 Calcifying tumour. Psammoma-like calcifications within a dense fibrous stroma. From {2024}.
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Synonyms and historical annotation
Calcifying fibrous pseudotumour, childhood fibrous tumour with psammoma
bodies
Clinical features
Signs and symptoms
Rare examples of calcifying tumour of
the pleura (CTP) are reported in the pleura {1599}, or mediastinum {929}, but
these tumours more often occur in the
soft tissues of the extremities, trunk, scrotum, groin, neck, or axilla {575}. Most
cases occur in children and young adults
with no sex predilection. Patients may
present with chest pain or they may be
asymptomatic.

A

Imaging
Chest radiographs or CT scans show a
single pleural mass or multiple pleuralbased nodular masses with central areas
of increased attenuation due to calcification, which may be extensive.
Macroscopy and histopathology
The lesions consist of circumscribed, but
unencapsulated masses of hyalinized
collagenous fibrotic tissue interspersed
with lymphoplasmacytic infiltrates and
calcifications, often with psammomatous
features The lesions are limited to the
pleura and typically do not involve the
underlying lung parenchyma. Multiple
lesions may be seen {758}. The fibrous
cells may be positive for vimentin and
Factor XIIIa and CD68 {830}, but negative for actin, desmin, S100 protein,
CD31, and usually, CD34 {2128}.

Differential diagnosis
The differential diagnosis includes other
pleural lesions such as solitary fibrous
tumour of pleura, calcified granulomas,
calcified pleural plaques, and chronic
fibrous pleuritis as well as intrapulmonary
lesions such as hyalinizing granuloma,
inflammatory pseudotumour, and amyloid.
Prognosis and predictive factors
As in the soft tissues, local excision
appears adequate therapy for CFT of the
pleura. If these lesions behave in a similar fashion to CFT of soft tissues, one
might expect a low frequency of local
recurrence.

B

C

Fig. 2.23 Desmoplastic round cell tumour. A Cellular round cell component within a dense fibrous stroma
From {2024}. The tumour cells stain positively for B keratin and, for C desmin with a dot-like pattern.

Desmoplastic small round
cell tumour of the pleura
Definition
DRCT is a primitive polyphenotypic neoplasm typically occurring on the serous
surfaces in the abdominal cavity and
rarely in the pleura of young adult males.
It possibly represents a primitive mesothelial-related lesion.
ICD-O code

8806/3

resembling that of malignant mesothelioma. Mediastinal involvement is typical
of pleural-based tumours; bilateral pleural involvement and pulmonary parenchymal metastases may also occur.
Histologically the tumour is composed of
irregularly shaped islands or larger
sheets of small round tumour cells in cellular desmoplastic stroma. Focal nuclear
atypia can occur in the tumour cells, and
the stroma may contain vascular proliferation.

Clinical features
The reported six cases involving pleura
{164,1524,1551,1739,1936} occurred in
4 men and 2 women aged 17-29 years
(median age 23 years) and usually presented with chest pain and pleural effusion. Although this pleural tumour usually is fatal within 2 years, one patient lived
over 5 years {1524}. DRCT can also present with an intrapulmonary mass {1936}.

Immunohistochemical profile
The typical features include expression
of keratins, EMA, desmin (often in a perinuclear dot-like pattern), vimentin and
Wilms tumour protein WT1 {677}. Since
translocation splits the latter gene, antibodies to WT1 should be used that recognize the preserved carboxyterminus of
the protein. NSE-positivity and expression of CD15 are also common.

Histopathology
Grossly the tumour typically forms multiple pleural-based nodular masses and
can produce pulmonary encasement

Genetics
The presence of WT1-EWS gene fusion
with the t(11;22) translocation are the key
diagnostic features of this tumour {677}.
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CHAPTER 3

Tumours of the Thymus
Tumours of the thymus account for less than 1% of all neoplasms and, therefore, do not contribute significantly to the
overall human cancer burden. However, their etiology is largely
unknown and the biology is complex. Thymomas often manifest clinically by causing autoimmune diseases, in particular
myasthenia gravis.
The histological typing of tumours of the thymus remains a
challenge for surgical pathologists. The Working Group
responsible for this volume largely followed the previous WHO
classification published in 1999. Some recently recognized
entities have been added, together with updated diagnostic
criteria.

WHO histological classification of tumours of the thymus
Epithelial tumours
Thymoma1,2

GCTs of more than one histological type (mixed GCT)
8580/1

Variant: Polyembryoma

Type A (spindle cell; medullary)

8581/1

GCTs with somatic-type malignancy

Type AB (mixed)

8582/1

GCTs with associated haematologic malignancy

Type B1 (lymphocyte-rich; lymphocytic;
predominantly cortical; organoid)

8583/1

Mediastinal lymphomas and haematopoietic neoplasms

Type B2 (cortical)

8584/1

B-cell lymphoma

Type B3 (epithelial; atypical; squamoid;
well-differentiated thymic carcinoma)

8585/1

Micronodular thymoma

8580/1

Metaplastic thymoma

8580/1

Microscopic thymoma

8580/1

Sclerosing thymoma

8580/1

Lipofibroadenoma
Thymic carcinoma (including neuroendocrine epithelial
tumours of the thymus)
Squamous cell carcinoma

Primary mediastinal large B-cell lymphoma

9679/3

Thymic extranodal marginal zone B-cell lymphoma
of mucosa-associated lymphoid tissue (MALT)

9699/3

T-cell lymphoma
Precursor T-lymphoblastic lymphoma
Precursor T-lymphoblastic leukaemia
[Precursor T-cell acute lymphoblastic leukaemia
(ALL)/Precursor T-cell lymphoblastic lymphoma (LBL)]
Anaplastic large cell lymphoma and other rare mature
T- and NK-cell lymphomas of the mediastinum

8586/3
8070/3

Basaloid carcinoma

8123/3

Mucoepidermoid carcinoma

8430/3

Lymphoepithelioma-like carcinoma

8082/3

Sarcomatoid carcinoma (carcinosarcoma)

8033/3

Clear cell carcinoma

8310/3

Adenocarcinoma

8140/3

Papillary adenocarcinoma

8260/3

Carcinoma with t(15;19) translocation
Well-differentiated neuroendocrine carcinomas
(carcinoid tumours)
8240/3

Atypical carcinoid

8249/3

Poorly differentiated neuroendocrine carcinomas

9729/3
9837/3

9714/3

Hodgkin lymphoma of the mediastinum

9650/3

“Grey zone “ between Hodgkin and Non-Hodgkin lymphoma

9596/3

Histiocytic and dendritic cell tumours
Langerhans cell histiocytosis
Langerhans cell sarcoma

9751/1
9756/3

Histiocytic sarcoma
Malignant histiocytosis

9755/3
9750/3

Follicular dendritic cell tumour
Follicular dendritic cell sarcoma

9758/1
9758/3

Interdigitating dendritic cell tumour
Interdigitating dendritic cell sarcoma

9757/1
9757/3

Myeloid sarcoma and extramedullary acute myeloid leukaemia

Typical carcinoid

9072/3

9930/3

Mesenchymal tumours of the thymus and mediastinum
Thymolipoma

8850/0

Lipoma of the mediastinum

8850/0

Large cell neuroendocrine carcinoma

8013/3

Liposarcoma of the mediastinum

8850/3

Small cell carcinoma, neuroendocrine type

8041/3

Solitary fibrous tumour

8815/0

8020/3

Synovial sarcoma

9040/3

Undifferentiated carcinoma
Combined thymic epithelial tumours, including
neuroendocrine carcinomas

Vascular neoplasms
Rhabdomyosarcoma

8900/3

Leiomyomatous tumours
Germ cell tumours (GCT) of the mediastinum

Tumours of peripheral nerves

GCTs of one histological type (pure GCTs)
Seminoma

9061/3

Embryonal carcinoma

9070/3

Yolk sac tumour

9071/3

Ectopic thyroid tumours

Choriocarcinoma

9100/3

Ectopic parathyroid tumours

Teratoma, mature

9080/0

Teratoma, immature

9080/3

Rare tumours of the mediastinum
Ectopic tumours of the thymus

Metastasis to thymus and anterior mediastinum

__________
1
Morphology code of the International Classification of Diseases for Oncology (ICD-O) {6} and the Systematized Nomenclature of Medicine (http://snomed.org).
Behaviour is coded /0 for benign tumours, /3 for malignant tumours, and /1 for borderline or uncertain behaviour.
2 For thymus, designated as malignant; change from /1 to /3
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TNM classification of malignant thymic epithelial tumours
TNM classification 1,2,3
T – Primary Tumour
TX
Primary tumour cannot be assessed
T0
No evidence of primary tumour
T1
Tumour completely encapsulated
T2
Tumour invades pericapsular connective tissue
T3
Tumour invades into neighbouring structures,
such as pericardium, mediastinal pleura, thoracic wall,
great vessels and lung
T4
Tumour with pleural or pericardial dissemination
N – Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in anterior mediastinal lymph nodes
N2
Metastasis in other intrathoracic lymph nodes excluding
anterior mediastinal lymph nodes
N3
Metastasis in scalene and/or supraclavicular lymph nodes

M – Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Stage Grouping
Stage I
T1
Stage II T2
Stage III T1
T2
T3
Stage IV T4
Any T
Any T

N0
N0
N1
N1
N0, 1
Any N
N2, 3
Any N

M0
M0
M0
M0
M0
M0
M0
M1

__________
1
{899}
2
A help desk for specific questions about the TNM classification is available at http://www.uicc.org
3
This is not an official UICC TNM Classification.

TNM classification of thymic germ cell tumours
TNM classification 1,2,3
T – Primary Tumour
TX
Primary tumour cannot be assessed
T0
No evidence of primary tumour
T1
Tumour confined to the organ of origin (thymus and mediastinal
fat)
T1a
Tumour ≤ 5 cm
T1b
Tumour > 5 cm
T2
Tumour infiltating contiguous organs or accompanied by
malignant effusion
T2a
Tumour ≤ 5 cm
T2b
Tumour > 5 cm
T3
Tumour invades into neighbouring structures,
such as pericardium, mediastinal pleura, thoracic wall,
great vessels and lung
T4
Tumour with pleural or pericardial dissemination

N1
N2
N3

Metastasis to regional lymph node present
Metastasis in other intrathoracic lymph nodes excluding
anterior mediastinal lymph nodes
Metastasis in scalene and/or supraclavicular lymph nodes

M – Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis present
Stage Grouping of the Pediatric Study Group1,3
Stage I
Locoregional tumour, non-metastatic, complete resection
Stage II Locoregional tumour, non-metastatic, macroscopic complete
resection but microscopic residual tumour
Stage III Locoregional tumour, regional lymph nodes negative or
positive; no distant metastasis; biopsy only or gross residual
tumour after primary resection
Stage IV Tumour with distant metastasis

N – Regional lymph nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis

1
2
3

{167}
A help desk for specific questions about the TNM classification is is available at http://www.uicc.org/tnm
This is not an official UICC TNM Classification.
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Tumours of the thymus: Introduction
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Tumours of the thymus comprise neoplasms assumed to arise from or differentiate towards thymic cellular constituents, including thymic epithelial
tumours (thymomas, thymic carcinomas,
neuroendocrine tumours), germ cell
tumours, lymphoid and haematopoietic
neoplasms and mesenchymal tumours.

arise from mediastinal lymph nodes. In
children, the mediastinum is the site of
1% of all tumours; most common are
non-Hodgkin lymphomas, while thymomas are extremely rare.

Histogenesis and differentiation
Thymoma. It has long been assumed
that thymic epithelial cells originate from
both the ectodermal and endodermal
germ cell layers. However, a growing
body of evidence suggests that the
diverse thymic epithelial populations all
develop from a common thymic epithelial
stem cell of endodermal origin {181, 684}.
This concept does not exclude the occurrence of more differentiated “committed
stem cells” with medullary, cortical or
other phenotypes {1671}. Tumours that
we know as thymomas derive from thymic
epithelium. In spite of morphological and
immunological evidence for tumour differentiation towards a medullary or cortical
epithelial phenotype, available data do
not allow to unequivocally assign thymic
tumours to defined functional and
anatomical compartments of the normal
thymus {1691}.
Neuroendocrine thymic tumours. Both a
neural crest and thymic epithelial cell
derivation have been considered {316,
471,1139,2116,2137}. The latter hypothesis is supported by combined (mixed)
thymoma-neuroendocrine tumours and
the occurrence of either thymomas or
thymic neuroendocrine tumours in MEN1
syndrome patients {461,1535,1687,
2094}.
Lymphomas. The thymus is the site of
the earliest stages of T-cell and natural
killer (NK)-cell development. Precursors
of dendritic cells, mature dendritic cells,
and small numbers of B cells are also
found in the normal thymus. Among
thymic haematopoietic neoplasias, there
is good evidence that T-lymphoblastic
lymphomas arise from lymphoid progenitors, while mediastinal large B-cell lymphomas are of putative thymic B-cell ori-
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gin. In addition, some histiocytic and
myeloid neoplasias are of teratomatous
derivation. By contrast, the origins of
thymic MALT, NK-cell and Hodgkin lymphomas are less clear. The same holds
true for many mesenchymal tumours.
Epidemiology
Tumours of the thymus are among the
rarest human neoplasms, comprising
<1% of all adult cancers, with an incidence rate of 1–5 / million population /
year. Thymomas are the most frequent
thymic tumours in adults, followed by
mediastinal lymphomas, some of which

P. Möller
F. Menestrina
Y. Shimosato
H. Asamura
A. Masaoka
L.H. Sobin

Etiology
The etiology of thymic tumours is largely
unknown. Some epidemiologic clustering of thymomas and neuroendocrine
tumours has been observed among
patients with multiple endocrine neoplasia (MEN1) syndrome {461,1687}.
Epstein-Barr virus (EBV) infection may
play a role in a minority of thymic carci-

A
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C

D
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F

Fig. 3.01 Normal thymus. A Normal thymus in a child. Well developed cortical areas (Cort), thymic medulla
(Med) and Hassall´s corpuscles (HC). The thymic cortex is divided by septa into lobules. The septa extend
to the corticomedullary junction and harbour vessels. The space between these vessels and the subcapsular epithelial cells that delineate thymic lobules is called "perivascular space". B Identification of thymic
epithelial cells by the pan-cytokeratin antibody KL1. C Identification of immature CD1a positive T-cells.
D High Ki67 index in the cortex but not medulla. E The CD20+ B-cell compartment is largely confined to the
thymic medulla. B-cells surround Hassall´s corpuscles. F Myoid cells as revealed by anti-desmin staining
(brown) in the thymic medulla (Med), one of them directly adjacent to a Hassall´s corpuscle (HC).

nomas, as well as some Hodgkin, rare
non-Hodgkin and NK/T-cell lymphomas.

A

B

C
Fig. 3.02 A Cartoon of the non-lymphoid cellular
components of the normal thymic cortex and
medulla, including Hassall´s corpuscle (HC).
Various thymic epithelial cells, dendritic cells (DC),
macrophages (MA), and myoid cells (MC).
Subcapsular and medullary epithelial cells delineate septa and perivascular spaces (PvS) at the
corticomedullary junction. B Electron micrograph
showing cortical and subcortical thymic epithelial
cells (TEC), apoptotic bodies, and macrophages.
C Electron micrograph of thymic medulla, depicting a medullary epithelial cell ➞, a dendritic cell
➞ and a Hassall´s corpuscle (HC).

A

Clinical features
Patients may exhibit symptoms due to
local complications (pain, superior vena
cava syndrome, respiratory insufficiency
or tachycardia because of pleural or
pericardial implants and effusions), as
well as systemic symptoms (fever or
weight loss).
In addition, thymomas can cause a large
variety of autoimmune diseases (Table
3.01) which are often typical for a specific tumour type and may precede or follow thymoma resection {987}. Type A, AB
and B thymomas exhibit an unrivaled frequency and spectrum of autoimmune
phenomena, comprising neuromuscular,
haematopoietic, dermatologic, rheumatic/vasculitic, hepatic and renal diseases.
Myasthenia gravis is by far the most frequent and preferentially associated with
type AB and B2, B3 thymomas, while
hypogammaglobulinaemia (Good syndrome) is more typical for type A thymoma. Pure red cell aplasia is also a rare
complication of type A thymomas,
though recent data find a less specific
association with this thymoma subtype
{1096}. Thymic carcinomas are not associated with myasthenia gravis or
hypogammaglobulinaemia, but occasionally with other autoimmune diseases.
Cytopenias and/or hypogammaglobulinaemia can result in serious bacterial
and opportunistic infections. Lymphocytosis and thrombocytosis can occur.
Whether the increased incidence of second cancers in thymoma patients is related to genetic or environmental etiologies
or thymoma-induced immunodeficiency
is unknown {1395,1537}.

B

Fig. 3.03 Epidemiology of mediastinal tumours A in children (< 15 years), and B in adults (45-75+ years).
Thymomas are exceedingly rare in children, while they are the most common mediastinal tumours in adults.

Table 3.01
Autoimmune diseases associated with thymomas.
Rare manifestations are indicated by an asterisk.
Neuromuscular Diseases
Myasthenia gravis
Neuromyotonia*, rippling muscle
disease*, polymyositis/dermatomyositis*
Encephalitis* (limbic, cortical, and
brainstem)
Intestinal pseudoobstruction*
Haematologic Autoimmune Diseases
Anaemia: pure red cell aplasia
(in all thymoma subtypes) {168}
pernicious anaemia, haemolytic anaemia,
aplastic anaemia
Other isolated cytopenias, eg eosinophils,
basophils, neutrophils
Immunodeficiencies:
Hypogammaglobulinaemia +/- T-cell
deficiencies (Good syndrome)
Dermatologic Diseases*
Pemphigus (foliaceus, paraneoplastic)
Lichen planus
Alopecia areata
Endocrine Disorders
Addison disease, Cushing disease
Graves disease
Renal and Hepatic Diseases
Glomerulonephritis, autoimmune hepatitis
Systemic Autoimmune Diseases*
SLE, Sjögren disease, systemic sclerosis
Graft-versus-Host-Disease

Histopathological classification
Thymomas
Histological classification schemes for
thymomas traditionally have been
descriptive (predominantly spindle, predominantly lymphocytic, predominantly
epithelial, mixed lymphoepithelial) {158,
1086,1134,1172,1732}, or were based on
the combined consideration of morphology (spindle, polygonal, mixed tumour
cells) and lymphocyte content {1086,
1808}. Except for the spindle cell type,
these classifications largely lacked prognostic significance independent of stage
{1172,1253,1808}.
The histogenetic or functional classification included terms (medullary, cortical)
that reflected the normal differentiation of
the major functional and anatomic comIntroduction 149

Table 3.02
Comparison of Masaoka tumour stages and corresponding TNM classification. Modified, from
K. Koga et al. {1043}.
Masaoka stage

T

N

M

I
II
III
IVa
IVb

1
2
3
T4
any T

0
0
0
0
0
0
0
0
≥ N1 or ≥ M1

partments of the thymus {1245,1404}.
This classification proved to be of independent prognostic value {341,856,
1017,1540,1630} and was highly reproducible {378}. However, although some
morphological and immunological studies have supported the histogenetic concept {235,859,1015,1086,1452,1510,
1886}, it has not been generally accepted {1058,1691,1917}.
In 1999, a WHO Working group suggested a non-committal terminology, preserving the distinct categories of the histogenetic classification, but using letters and
numbers to designate tumour entities
{1690}. The rationale for the concept to
label thymomas as type A, AB, and B is
derived from a growing body of morphological, functional and genetic evidence
{235,859,896,1510,1631,2242}, suggesting that these thymoma subgroups form
distinct entities both in morphological
and clinical terms.
In recent years, this WHO classification
{1690} has been well accepted and is
largely retained in the current WHO classification as it provides an easy comparison of clinical, pathological and
immunological studies {235,318,1196,
1511,1744,1886}.
Thymomas of type A, AB, and B exhibit
organotypic (thymus-like) architectural
features. These tumours have not been
observed in organs other than the thymus, though they may arise from heterotopic thymic tissue in the head and neck
region, anywhere in the mediastinum,
pleura and lung {1691}. By contrast, the
heterogeneous thymic carcinomas
(called type C thymomas in the previous
WHO classification) exhibit morphologies
that are encountered also in organs other
than the thymus.
Thymic carcinomas comprise malignant,
usually invasive epithelial tumours with
clear-cut atypia, largely absent organotypic features and a very diverse differ-
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entiation, resembling carcinomas outside
the thymus. This category includes neuroendocrine epithelial tumours.
Germ cell, lymphoid, haematopoietic
and mesenchymal tumours
The classification of these tumours follows the WHO Classification of gonadal
germ cell tumours {526}, tumours of
haematopoietic and lymphoid tissues
{919} and tumours of soft tissues and
bone {590}.
Useful morphological terms
Encapsulated.
A thymoma completely surrounded by a
fibrous capsule of varying thickness
which is not infiltrated by tumour growth.
Thymic tumours that infiltrate into, but not
through, the capsule still belong in this
category.

Minimally invasive.
A thymoma surrounded by a capsule
which is focally infiltrated by tumour
growth with invasion of the mediastinal
fat. The capsular invasion needs to be
complete in order for the tumour to be
placed in this category. Minimally invasive thymomas are usually identifiable as
such only after microscopic examination
in so far as they generally appear to the
surgeon indistinguishable from encapsulated thymomas at the time of excision.
Widely invasive.
A thymoma spreading by direct extension into adjacent structures such as
pericardium, large vessels or lung. This
type of thymoma usually appears invasive to the surgeon at the time of excision, which may be incomplete as a
result.
Implants.
A thymoma in which tumour nodules separate from the main mass are found on
the pericardial or pleural surface. These
implants tend to be small and multiple
and their microscopic appearance is
usually, but not always, similar to that of
the parent tumour.
Lymph node metastases.
A thymoma that involves one or more
lymph nodes anatomically separate from
the main mass. This excludes direct
extension into the node by the tumour.
The nodes most commonly involved by
metastatic thymoma are mediastinal and
supraclavicular. It is a rare event even in

long-standing cases. but may exceptionally be the first clinical manifestation of
the tumour.

With distant metastases.
A thymoma with metastases to distant
site(s), most commonly lung, liver, and
skeletal system. This excludes metastases to lymph nodes and local extension
into adjacent organs.
Grading of malignancy
Thymic epithelial tumours consist of several histological subtypes, i.e., thymoma
types A, AB, B1, B2 and B3, and thymic
carcinomas, in increasing order of malignancy {1691} Thymoma type A and AB
generally behave like a benign tumour,
type B1 as a low-grade malignant tumour
(10-year survival rates of over 90%), type
B2 has a greater degree of malignancy,
and type B3 in the advanced stage
shows a poor prognosis, just like thymic
carcinoma and malignant tumours of
other organs {1511}. Among the various
subtypes of thymic carcinoma, squamous cell carcinoma, basaloid and
mucoepidermoid carcinoma have a better prognosis than other histological subtypes. The malignancy grade of thymic
neuroendocrine tumours (carcinoids) is
intermediate between thymoma and
thymic carcinoma. The rare small cell
and large cell carcinomas tend to be
highly malignant.
TNM Classification and
stage grouping
The TNM Classification and stage-grouping has been applied to malignant
tumours of many organs {2045}, but
there is currently no authorized TNM system for thymic epithelial and neuroendocrine tumours. In the TNM Supplement
2nd edition {899}, a tentative classification of malignant thymomas appeared for
testing. It is mainly based on the
Masaoka system and its revised versions
{1255,2036,2184}. While the tentative
classification applies only to malignant
thymic epithelial tumours {899}, it has in
this chapter been extended to include
neuroendocrine tumours.

Invasion
Crucial points in defining the T-categories are invasion through the capsule
and invasion into neighbouring structures. Although invasive growth outside
the thymus detected by the surgeon at

the time of thoracotomy has been repeatedly reported to have significant impact
on the prognosis {693,1043}, the prognostic significance of minor degrees of
invasion detected by histological examination remains controversial. Many
reports on thymoma have shown little or
no difference in survival between
Masaoka stage I and stage II thymomas
{693,1043,1130,1511,1579,1645}.
Furthermore, some thymomas and most
thymic carcinomas are devoid of a capsule entirely or in part, which makes the
definition of “encapsulation” meaningless. Therefore, the current and proposed categories “T1 (completely
encapsulated)” and “T2 (with invasion of
pericapsular connective tissue)” may not
be biologically meaningful and may be
impossible for pathologists to use.
Criteria for minimal invasion need to be
better defined.

Table 3.03
Malignant potential in terms of mortality, combining WHO histologic type and tumour stage, according to
Shimosato et al. {1808}. Stage IV thymomas should be considered as tumours of high malignant potential,
although metastatic type A or AB thymomas with long-term survival have been reported.

Tumour size
On the other hand, tumour size has been
used as an important parameter to
define T-categories; critical dimensions
of 11 cm and 15 cm have been reported
{183,1172}. Especially in Blumberg’s
report, tumour size was one of the significant parameters for survival by multivariate analysis {183}. Critical size may be
quite different among thymoma and
thymic carcinoma, including neuroendocrine tumours. This consideration of
tumour size might also be necessary in a
revised definition of the T-category.

1These

Surgical resectability
The present T denominator includes
tumours with different characteristics:
one extreme is an easily resectable
tumour with minimal invasion into the
pericardium and a good prognosis and
another extreme is a non-resectable
tumour with invasive growth into multiple neighbouring organs. A further division of T3 tumours into potentially

Histology

Tumour Stage

Malignant potential

Type A, AB, (B1) thymoma

I and II
III

None (very low)1
Low

I

Low

II and III

Moderate

Low-grade squamous
cell, basaloid or
mucoepidermoid
carcinoma, carcinoid

Stage I and II
Stage III

Moderate
High

Other histological types

Any stage

High

Type B2, B3 thymoma

Thymic carcinoma:

tumours amount to 40-50% of all thymomas {341,1511,1631}.

resectable and curable ones and nonresectable ones with a poor prognosis
is desirable, especially for planning
treatment.

Lymph node metastasis
This is rare in thymoma, and the basis for
the definition of stage IVB (Masaoka) for
thymomas with lymph node metastasis
{1255}. In the tentative TNM classification, N1 (metastasis to anterior mediastinal lymph nodes) is defined as stage III.
However, the prognostic equivalence
between T3 and N1 has not yet been
assessed. The appropriateness of the
nodal grouping N1 to N3 needs to be
investigated further. Depending on the
tumour location in the anterior mediastinum, the lymphatic pathway by which
tumour cells spread might be different.
Consequently, the sentinel lymph node
might be located elsewhere other than
the anterior mediastinum.

Stage-Grouping
The most important issue in stage-grouping is the definition of stages I and II. The
survival curves of patients with thymomas of stages I and II are superimposed
at around 100% at 5 and 10 years after
surgery {693,1511}. In other reports, a
minimal difference has repeatedly been
reported {1043,1130,1579,1645}. If the
definition of the T-category remains
unchanged, the present stages I and II
could be merged into a new stage I;
however, no data are available on thymic
carcinoma with respect to stages I and II.
Stage III in the present tentative system,
which is a heterogeneous group, is recommended to be divided into a potentially resectable group with a favourable
prognosis and an unresectable group
with a poor prognosis, respectively.

Stage grouping 151

Thymomas

Definitions
Thymomas (type A, AB, B thymomas) are
neoplasms arising from or exhibiting differentiation towards thymic epithelial
cells, regardless of the presence and relative numbers of non-neoplastic lymphocytes {1691}. Their malignant potential is
either absent or low to moderate.
Thymic carcinomas are malignant
epithelial tumours because of overt cytological atypia, almost invariable invasiveness and lack of “organotypic” (thymuslike) features.
Combined thymoma, combined thymoma/thymic carcinoma. These terms are
used for a combination of thymoma subtypes and of thymomas with thymic carcinomas, including thymic neuroendocrine carcinomas, within one tumour
mass.
Thymoma (type X) with anaplasia is the
suggested diagnostic term for a very
uncommon group of tumours with borderline morphological freatures between
thymoma and thymic carcinoma.
Epidemiology
Thymomas and thymic carcinomas are
uncommon tumours with an annual incidence of approximately 1-5 per million
population. There are only very limited
epidemiologic data, but cautious interpretation of data from the Danish
National Board of Health suggests that
the incidence has not changed significantly over the last three decades.
Thymomas and thymic carcinomas occur
at almost all ages (range 7-89 years) with
a peak incidence between 55-65 years.
They are exceedingly rare in children
and adolescents {1577,1876}. There is
no pronounced sex predilection
{318,341,1016,1630}. Patients exhibit an
increased incidence of second cancers
irrespective of the histology of the thymic
epithelial tumour {1537}.
Etiology
The etiology of thymomas is still largely
unknown. They have been repeatedly
observed in patients with MEN1 syndrome
{461,1535,1644,1648,2094}.
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Epstein-Barr virus appears to play an etiologic role in subsets of lymphoepithelioma-like, poorly differentiated squamous and undifferentiated thymic carcinomas both in Asian {343,1174,1265,
2174} and Western countries {785,894,
1234,1876}. There is no increased risk of
developing thymomas in patients receiving radio-chemotherapy for mediastinal
Hodgkin lymphoma {1455} or breast cancer {1498}.
Principles of thymoma classification
1. There are two major types of thymoma
depending on whether the neoplastic
epithelial cells and their nuclei have a
spindle or oval shape, and are uniformly
bland (Type A thymoma) or whether the
cells have a predominantly round or
polygonal appearance (Type B) {1691}.
2. Type B thymomas are further subdivided on the basis of the extent of the lymphocytic infiltrate and the degree of atypia of the neoplastic epithelial cells into
three subtypes B1 (richest in lymphocytes), B2, and B3 (richest in epithelial
cells).
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3. Thymomas combining type A with B1like or (rarely) B2-like features are designated type AB.
4. Thymic carcinomas are termed
according to their differentiation (squamous cell, mucoepidermoid, etc.). In the
1999 WHO classification {1690}, the term
WHO type C thymoma was the “headline
designation” to stress their thymic
epithelial origin. In the current classification, this term was eliminated since all
non-organotypic malignant epithelial
neoplasms other than germ cell tumours
are designated thymic carcinomas.
5. Combined thymomas are specified by
the WHO histology and approximate percentage contributed by each component
of the combined thymoma.
6. Traditionally, the term “malignant thymoma” has been used for (i) thymomas
with advanced stage, i.e. local invasiveness, pleural or pericardial implants or
metastasis, irrespective of tumour histology or (ii) thymic epithelial tumours with
marked atypia (thymic carcinomas), irrespective of tumour stage {1170,1691,
1841,1924}. The use of the term “malig-

Table 3.04
Differential diagnosis of thymomas types A, AB, B and thymic carcinomas
Feature

Thymomas

Thymic carcinomas

Organotypic (thymus-like)
histological features

Almost always present (lobular
pattern, perivascular spaces,
immature, TdT+ / CD1a+ /
CD99+ T-cells)

None or abortive

CD5, CD70 and CD117 expression in epithelial cells

No

Frequent (~ 60%)

Invasion

Variable

Almost always

Myasthenia gravis

Variable: 10–80%

No

Other autoimmune diseases

Common

Rare

Clinical behaviour

Often curable by surgery;
metastases are rare.

Often unresectable {318};
metastases are frequent

Usually long survival due to
indolent clinical course

Often short survival due to progressive disease

nant thymoma” as a synonym for a locally invasive thymoma irrespective of the
WHO histological type is discouraged,
since it may not properly reflect the
excellent prognosis of type A and AB thymomas of advanced stage {318,341,
1510,1511,1630}.
Prevalence of thymoma subtypes
The predominant histological subtypes in
most published series are type B2 and
AB thymomas (each 20-35% of all
cases), while type B1 and type A thymomas count among the rare types (5-10%
in most studies) {856,1510,1967}. The
percentage of thymic carcinomas has
been reported to be about 10–25% {318,
341,541,1404,1510}.
In children, type A, B1 and B2 thymomas
have been observed, in addition to undifferentiated and EBV-positive lymphoepithelioma-like thymic carcinomas {274,
1577,1876}. The morphologically heterogeneous and rare carcinomas with
t(15;19) translocation typically occur in
children and young adults {1081,1148,
2072}.
Genetic features
Recurrent genetic alterations have so far
been reported for type A and B3 thymomas as well as for thymic squamous cell
carcinomas {896,1567,2238,2242}. Type
A thymomas only show few genetic alterations, with deletions of chromosome 6p
reported as a recurrent genetic alteration
{437,2065,2238}. Type A areas in type
AB thymomas are genetically distinct
from type A thymoma {699,896}. Type B3
thymomas frequently show gains of chromosome 1q and losses of chromosomes

A

Table 3.05
Genetic alterations reported for the different WHO histological thymoma subtypes.
WHO Type

Chromosomal Gains

Chromosomal Losses

Source

Type A

none

-6p

{437,1325,2065,2238,
2242}

Type AB

none

-5q21-22, -6q, -12p, -16q

{699,896,897}

Type B3

+1q

-6, -13q

{896,897,2238,2242}

+1q, +17q, +18

-3p, -6, -13q,-16q, -17p

{896,897,1848,2238}

Thymic squamous cell
carcinoma

6 and 13q. Type B2 thymomas are genetically related to type B3 thymomas {896}.
Thymic squamous cell carcinomas frequently show gains of chromosomes 1q,
17q and 18 and losses of chromosomes
3p, 6, 16q, and 17p {2238}. The shared
genetic abnormalities underline the close
relationship between type B3 thymomas
and thymic squamous cell carcinomas.
Prognosis and predictive factors
The most relevant prognostic factors in
thymoma are tumour stage {341,1511,
1630,1808}, WHO histologic type {341,
1511} and completeness of resection
{318,1419}.
Type A and AB thymomas in stages I and
II virtually always follow a favourable clinical course {341,476,1511}, and even at
higher stages may not be fatal due to a
very slowly progressive course {1808}.
They are considered benign tumours
{784,1404} or neoplasms of low malignant potential. Type B1 thymomas have a

B

very low malignant potential; rare local
recurrences or late metastases may
occur {318}. Type B2 and B3 thymomas
and thymic carcinomas, are clear-cut
malignant tumours. B2 and B3 thymomas
and well differentiated squamous, basaloid and mucoepidermoid carcinomas
follow a more favourable course than
poorly differentiated squamous cell carcinomas and other thymic carcinomas
{1924}. The prognosis of combined thymomas may be determined by the most
malignant component {1093,1912}.
Paraneoplastic pure red cell aplasia,
other cytopenias, or hypogammaglobulinaemia (Good syndrome) have an
adverse effect {987} whereas paraneoplastic myasthenia gravis had no or a
positive factor on survival {318,341}.

C

Fig. 3.04 Kaplan-Meyer survival statistics of patients with thymic epithelial tumours. A Survival of patients with thymomas or thymic carcinomas according to stage.
Masaoka tumour stage is the most important and statistically most significant independent prognostic parameter for survival in almost all clinico-pathological studies. From G. Chen et al. {341}. B Survival of patients with thymomas or thymic carcinomas according to histological type. WHO-based histology was a statistically
significant prognostic parameter for survival in most clinico-pathological studies. In some studies, B3 thymomas and thymic carcinomas had a significantly worse
prognosis than B2 thymomas (L. Quintanilla-Martinez et al. {1631}; M.Okumura et al. {1511}), but not in others (G. Chen et al. {341}). C WHO-based histological subtype is an independant prognostic marker in patients with thymomas and thymic carcinomas infiltrating beyond the tumour capsule into the mediastinal fat
(Masaoka stage II). A no/low-risk group of tumours (type A, AB, B1 thymomas) is distinguished from a moderate/high-risk group (B2 and B3 thymomas and thymic
carcinomas). From G. Chen et al. {341}.
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Definition
Type A thymoma is an organotypic
thymic epithelial neoplasm composed of
bland spindle/oval epithelial tumour cells
with few or no lymphocytes. The tumour
cells can form a variety of histologic
structures.
ICD-O code

8581/1

Synonyms
Spindle cell thymoma, medullary thymoma
Epidemiology
Type A thymoma is a relatively uncommon type of thymoma and accounts for
4-19% of all thymomas {541,1510,1511,
1808}. The age at manifestation ranges
from 32 to 83 years, with a mean age of
61 years {1538,1540,1630}, which is
higher than the mean age of 50 years of
all thymoma patients {341,1095}. No consistent gender predilection has been
reported {318,1511,1540,1630}.
Clinical features
Approximately 24% of type A thymomas
are found in patients with myasthenia
gravis {318,341,1511,1538,1540,1630}.
Others are found because of local symptoms or incidentally discovered on imaging examination. Association with pure
red cell aplasia may occur, but in contrast to earlier reports, pure red cell apla-

A

B
Fig. 3.06 Type A thymoma is composed of spindle cellls (A) or oval cells (B) with bland nuclei arranged in
solid sheets without any particular pattern (B) or in a storiform patern (A).

sia may also occur in other thymoma
types {1096}.
Macroscopy
Grossly, type A thymoma is usually well
circumscribed and encapsulated. The
cut surface is tan white and shows vague
lobulation with less distinct dissecting
white fibrous bands than is seen in other
types. Cystic change or calcification of
the capsule may be seen. Average
tumour size is 10.5 cm.

Fig. 3.05 A well encapsulated type A thymoma with
vaguely lobulated appearance and thin white
fibrous bands.
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Tumour spread and staging
The majority of type A thymomas (80%)
occurs as Masaoka stage I in the anterior mediastinum, followed by stage II

(17%) and rarely stage III (3%) {341,541,
1095,1510,1511,1538,1540,1630,1631,1
808}. Single exceptional cases of stage
IV type A thymoma have been reported
{1403}.
Histopathology
Histologically, the tumour has few or no
lymphocytes and shows neither distinct
lobules nor dissecting fibrous bands as
seen in other types of thymoma. The
tumour cells are spindle and/or ovalshaped with bland nuclei, dispersed
chromatin and inconspicuous nucleoli;
they are arranged in solid sheets without
any particular pattern or in a storiform
pattern {1403,1691}. Type A thymoma

cells can form cysts of various size, glandular structures, glomeruloid bodies,
rosettes with or without a central lumen,
Masson’s haemangioma-like papillary
projections in cystic spaces, or meningioma-like whorls {1086,1095,1403,
1538,1691,1808}. Extremely elongated
fibroblast-like spindle cells may be seen
focally. Vessels in the background may
impart a haemangiopericytoma-like
appearance {1538}. Perivascular spaces
are less commonly seen than in other
types of thymoma {318}. Although type A
thymoma is a lymphocyte-poor tumour,
spindle cell micronodules in a lymphoid
stroma may be present at places {1981}.
Most tumour cells are individually surrounded by reticulin fibers {1086,1691}.
Cells in mitosis are seldom found, but
lobular infarcts can occur. Rarely, thymic
carcinoma can arise in type A thymoma.
Areas of necrosis may be a clue to this
phenomenon; examination of these areas
reveals hyperchromatic anaplastic nuclei

and/or mitotic figures indicating the presence of carcinoma {1093}.

Immunophenotype
The tumour cells are strongly positive for
AE1-defined acidic cytokeratins (CKs),
and negative for AE3-defined basic CKs.
Other CKs of different molecular weights
show variable expression except that
CK20 is negative {1086}. In general, the
cystic and glandular structures express
stronger CK {1808}. CD20-positive tumour
cells may be detected focally {354,1403,
1538}. There is no expression of CD5
{1538}, and BCL-2, CD57 and EMA are
variable and usually only focally expressed
{227,1631,1808,1872, 1981}. Most tumour
cells are surrounded by basement membrane-like deposits as demonstrated by
anti-laminin and anti-type IV collagen antibodies. TP53 protein and Ki-67 show only
low or no expression {1539,1872,
1980,1981}. Two antigens, metallothionein
and PE-35, found in normal thymic
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C

D

medullary cells are also expressed in type
A thymoma cells {798,1087}. The few lymphocytes, if present, are T cells positive for
CD3 and CD5. CD1a+ and CD99+ immature T cells may be present but comprise a
minority of the T cells. CD20+ B cells are
usually absent except in focal micronodular areas with a lymphoid stroma, if these
are present.
Histogenesis
Type A thymoma has been postulated to
derive from the normal thymic medullary
epithelial cells {1403,1404}. Evidence in
support of this postulate include their
similar immunohistochemical expressions of CD20, cytokeratins, metallothionein, and PE-35 as well as the relative
paucity of immature T cells {354,798,
1086,1087,1095,1452,1538,1631}.

Fig. 3.07 Type A thymoma. A Type A thymoma cells can form cysts of various size. B Type A tymoma cells with haemangiopericytoma-like appearence. C Rosettes
without a lumen. D Anaplastic malignant cells arising in type A thymoma.
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B
Fig. 3.10 Type A thymoma. CGH hybridization of a
WHO type A thymoma shows loss of chromosome
6p21-pter revealed by an excess of red hybridization signal of normal DNA as compared to the
green hybridization signal of tumour DNA (highlighted by the arrows).

C

D

Fig. 3.08 Different histological patterns in type A thymoma. A Glandular structures. B Glomeruloid bodies.
C Rosettes with lumens. D Perivascular spaces.

Somatic genetics
Type A thymoma has been found to have
t(15;22)(p11;q11) {438} or a partial loss
of the short arm of chromosome 6 {2238}.
Consistent loss of heterozygosity has
been found only in the region 6q23.325.3, which is common to type A and B3
thymomas and squamous cell thymic
carcinomas {897,2242}. Unlike type B3
thymomas and squamous cell thymic
carcinoma, no aberrations in the APC,
RB1, and TP53 gene loci or in regions
3p22-24.2 and 8q11.21-23 are found in

A

type A thymoma {2242}, which could be
the genetic basis for its generally benign
clinical course.
Prognosis and predictive factors
The overall survival of patients with type
A thymoma has been reported to reach
100% at 5 years and 10 years {1403,
1511}, even though approximately 20%
of them have stage II or stage III
tumours. Generally, type A thymoma is
regarded as a benign tumour without
having a risk of recurrence if the tumour

B

can be completely removed surgically
{1095,1403,1404}. However, exceptional
case reports of local recurrence or distant metastasis have been documented
{1043,1403, 1538}. Rarely, type A thymoma can undergo malignant transformation into thymic carcinoma {1093}. The
association with myasthenia gravis has
been reported to have either a better or
no effect on prognosis {318,1511,1630}.

C

Fig. 3.09 Immunophenotype of type A thymoma. A Immunopositivity for AE1-defined acidic cytokeratins. Note the stronger expression of cytokeratin by the glandular structures. B Focal epithelial expression of CD20. C Tumour cells are surrounded by abundant type IV collagen as demonstrated by immunostaining.
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Type AB thymoma

Definition
Type AB thymoma is an organotypical
thymic epithelial neoplasm composed of
a mixture of a lymphocyte-poor type A
thymoma component and a more lymphocyte-rich type B-like component. The
tumour cells in the type B-like component
are composed predominantly of small
polygonal epithelial cells with small
round, oval or spindle pale nuclei showing dispersed chromatin and inconspicuous nucleoli, and are smaller and paler
than those of B1 or B2 thymomas.
Lymphocytes are more numerous than in
the type A component, but may be less
numerous than in B1 thymomas. There is
a great variation in the proportion of the
two components, and while usually both
components are present in most sections, either type A or type B areas can
be scanty.
ICD-O code

8582/1

Synonym
Mixed thymoma
Epidemiology
Type AB thymoma is either the most or
the second most common type of thymoma and accounts for 15-43% of all thymomas {341,541,1095,1510,1511,1538,
1540,1631,1808}. The patients’ ages
range from 29-82 years with a slightly
younger mean age of 55 years than type
A thymoma {1538,1540,1630}. A slight
male predominance has been noted in
most reports {1511,1538,1540,1630}.
Clinical features
The clinical presentation is similar to that
of type A thymoma. Approximately 14%
of type AB thymomas are associated with
myasthenia gravis {341,541,1510,1511,
1538,1540,1630,1808}. Paraneoplastic
pure red cell aplasia has also been
reported {1096}. Other tumours manifest
by local symptoms or can be asymptomatic and are found incidentally upon
imaging examination.
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Fig. 3.11 A Macroscopic appearance of a type AB thymoma showing multiple nodules separated by fibrous
bands. B Type AB thymoma composed of lymphocyte-associated type B nodules and diffuse lymphocytepoor type A areas.

Macroscopy
Grossly, type AB thymoma is usually
encapsulated and the cut surface shows
multiple tan coloured nodules of various
size separated by white fibrous bands.
Average tumour size is 7.7 cm.
Tumour spread and staging
The majority of type AB thymoma
(71.7%) occur in the anterior mediastinum as Masaoka stage I followed by
stage II (21.6%) and stage III (5.6%)
{341,437,1404,1510,1511,1539,1540,
1691}. Rare cases of stage IV type AB
thymoma (1.1%) have been reported
{1325,1404,1510,1539,1691}.
Histopathology
Histologically, type AB thymoma shows a
nodular growth pattern with diffuse areas
and is composed of a variable mixture of
a lymphocyte-poor type A thymoma
component and a more lymphocyte-rich

A

type B component. All histological features of type A thymoma can be seen in
the type A component. However, the type
B areas are distinctive and different from
either B1, B2, or B3 thymoma. The
tumour cells in the type B component are
composed predominantly of small polygonal epithelial cells with small round,
oval or spindle pale nuclei showing dispersed chromatin and inconspicuous
nucleoli {1086,1403,1691,1808}. The
large, vesicular epithelial cells with
nucleoli that are characteristic of B2 thymoma are only rarely seen {1086}. The
type A and type B components either
form discrete separate nodules or intermix together {1403,1691}. The type A
component in the latter areas may form
bundles of extremely elongated fibroblast-like spindle cells. Type B areas harbour lymphocytes in variable numbers
and medullary differentiation is rarely
observed. In particular, Hassall corpus-

B

Fig. 3.12 Type AB thymoma. A Medullary differention in type B component. B The lymphocytes in the focus
of medullary differentiation are distinctively CD5+ T cells.
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Fig. 3.13 Type AB thymoma. A Type B component cells are immunopositive for cytokeratin 14. B CD20+ tumour cells in type B component. C Abundant laminin production is seen in type A component (immunostained with anti-laminin antibody).

cles are absent. There is a great variation
in the proportion of both components
and in particular, type A areas can be
extremely scanty to almost absent
{1086,1403,1691}. Unlike type A thymoma areas, type B areas show reticulin
fibers around tumour nodules rather than
around individual tumour cells.
Immunophenotype
The patterns of cytokeratin (CK) expression of type AB thymoma are essentially
similar to those of type A thymoma,
except that the epithelial cells in type B
areas are usually CK14+ {1086}. CD20+
tumour cells can be seen in both type A
and type B areas, and the associated
lymphocytes are T cells positive for CD3
and CD5, including varying proportions
of CD1a+ CD99+ immature T cells. The
lymphocytes in the foci of medullary differentiation are distinctively CD5+ T
cells. B cells are usually absent. The
fibroblast-like elongated type A cells are
strongly positive for vimentin and EMA
and may show weak CK staining. There
is no expression of CD5. BCL-2 and

A

CD57 are variably and usually weakly
expressed {227,1631,1808,1872,1981}.
TP53 protein and Ki-67 are extremely low
or absent {1539,1872,1980,1981}. In
contrast to type A thymoma areas, the
type B areas show less production of
laminin and type IV collagen.
Histogenesis
The cellular origin of the type A component, like in type A thymoma, has been
postulated to derive from or differentiate
towards thymic medullary epithelial cells
{798,1087,1403,1404}. The type B component
ultrastructurally
resembles
epithelial cells at the corticomedullary
junction {1017}, but is similar to thymic
subcapsular epithelial cells in expression
of CK14 {1086}; thus its normal counterpart is uncertain.

been described in individual cases
{699}. Loss of heterozygosity at 5q21-22
(APC), as seen in type B thymoma, has
been detected in a minority of type AB
thymoma {897}.
Prognosis and predictive factors
The overall survival rate of patients with
type AB thymoma is 80-100% at 5 years
and 10 years {1403,1511}. Although type
AB thymomas may present as stage II or
stage III tumours, they can be usually
cured by radical surgery {1095,1403,
1404}. Therefore, they are generally
regarded as clinically benign tumours
{1403,1404}. Recurrence and metastasis
are exceptionally rare {1043,1403,1538}.
An association with myasthenia gravis
has been reported to have either a better
or no effect on prognosis {318,1511,
1630}.

Somatic genetics
Deletion of chromosome 6 with or without
formation of ring chromosome 6 has
been found in type AB thymoma {437,
1043,1076,2065}. In addition, complex
multiple chromosomal aberrations have

B
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Fig. 3.14 Type AB thymoma. A The lymphocyte-associated type B component and the lymphocyte-poor type A component intermix together. The type A component
cells appear as elongated fibroblast-like spindle cells. B The type B component is composed of predominantly small polygonal cells with small round or oval pale
nuclei with pale chromatin and inconspicuous nucleoli. C Type A component is poor in lymphocytes (left), while type B component is lymphocyte-rich (right).
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Type B1 thymoma

Definition
Type B1 thymoma is a tumour of thymic
epithelial cells with a histological appearance practically indistinguishable from
the normal thymus, composed predominantly of areas resembling cortex with
epithelial cells scattered in a prominent
population of immature lymphocytes,
and areas of medullary differentiation,
with or without Hassall’s corpuscles, similar to normal thymic medulla.
ICD-O code
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Tumour spread and staging
B1 thymoma is considered to have a lowgrade malignant potential being completely encapsulated (stage I) in about
53-58% of the cases or invading only the
mediastinal fat (stage II) in another 2427% of the cases {341,1511}. Less frequently it can invade the pleura, pericardium, great vessels or adjacent
organs; metastases are exceedingly rare
{318,341,1511,1631}. Staging is done
according to the Masaoka Classification.

8583/1

Synonyms
Lymphocyte-rich thymoma; lymphocytic
thymoma; organoid thymoma; predominantly cortical thymoma
Epidemiology
B1 thymoma is a relatively rare tumour of
the adult age (mean of 41-47 years) with
no significant difference in the distribution of genders {318,1511,1631}. B1 thymoma corresponds to 6% to 17% of all
thymomas {318,341,1095,1405,1511,
1630,1631}.
Localization
B1 thymoma arises in the anterosuperior
mediastinum, but rare localizations are
described in the neck, pleura or lung
{632,1238}.
Clinical features
B1 thymoma is often diagnosed because
of associated immunological diseases
such as myasthenia gravis (18-56% of the
cases) {318,341,1511}, but local symptoms such as cough, dyspnoea and pain
may occur. Rare associated syndromes
are hypogammaglobulinemia and pure
red cell aplasia {987,1088, 2000}. It can
be detected by X-ray, CT or MRI imaging
as an enlarged mediastinal area or mass.
Macroscopy
B1 thymoma is usually a well-defined or
encapsulated greyish mass. Thick
fibrous capsule and septa can be present, as well as cystic spaces or small
haemorrhagic and necrotic areas.

Histopathology
Type B1 thymoma has also been called
predominantly cortical, organoid or lymphocyte-rich thymoma because it contains predominantly expanded areas
closely resembling the normal functional
thymic cortex. The neoplastic epithelial
cells are scant, small, with very little atypia, and are surrounded by non-neoplastic
T lymphocytes. B1 thymomas may grow
in expansile sheets or more often display
a highly organoid lobular architecture
recapitulating the normal thymic cortex
with prevalence of the lymphocyte-rich
inner cortical zone. Lobules may be of
varying size and separated by thin or
thick acellular fibrous bands. The neoplastic epithelial component is relatively
inconspicuous and appears as interspersed oval cells with pale round nuclei
and small nucleoli, although some cells
may be large and occasionally have conspicuous nucleoli. The epithelial cells are
dispersed and do not form cellular
groupings. The lymphoid component is a

A

densely packed population of small lymphocytes, which have clumped chromatin. Tingible-body macrophages may
be scattered throughout giving rise to a
starry-sky appearance. Perivascular
spaces are not as frequent as in the other
B thymomas. Cystic spaces and areas of
necrosis, when present, are usually
small.
Pale areas of medullary differentiation
are always present, composed of more
loosely packed lymphocytes; Hassall’s
corpuscles may be seen but are less
numerous than in normal medulla. They
range from poorly formed epithelial
groupings to large structures with prominent keratinised centres.
Differential diagnosis
Type B1 thymoma is distinguishable from
the normal non-involuted thymus mainly
based on architectural differences,
including the large excess of cortical
areas compared to small areas resembling the thymic medulla, fewer Hassall
corpuscles, less regular lobulation and a
thick fibrous capsule or irregular fibrous
septa.
B1 thymoma must be distinguished from
B2 thymoma.
B1 thymoma with a high predominance
of T lymphocytes may simulate T lymphoblastic lymphoma. An infiltrative pattern
of lymphocytes into septa and capsule
would favour lymphoma. The presence
of a prominent cytokeratin meshwork and
low CDK6 expression in T lymphocytes
favours B1 thymoma {355}.

B

Fig. 3.15 Type B1 thymoma. A CD1a staining highlights immature T-cells in the cortex-like areas. B CD20
staining highlights B-cells in the medullary areas.
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Fig. 3.16 Type B1 thymoma. A Medullary island (MI) showing Hassall corpuscles. The abnormal localization of MI adjacent to septa or the tumour capsule is very
typical. B High-power of cortex-like areas in B1 thymoma showing a vast majority of lymphoid cells compared to few inconspicuous epithelial cells characterized
by vesicular, clear nuclei and distinct but small nucleoli. C Small medullary island (light), that is devoid of Hassall corpuscles is surrounded by a predominant, cortex-like component rich in immature T-cells (dark). This patttern has been the rationale for labelling B1 thymoma as “organoid thymoma”. D Cytokeratin 19 staining labels a network of epithelial cells which is more delicate than in B2 thymoma (compare with fig. 3.18D)

Immunophenotype
The neoplastic epithelial cells express a
cytokeratin pattern similar to normal cortical epithelial cells (CD19 diffuse, CK7,
CK14, CK18 focal positivity, CK20, CD5,
CD20 and CD70 negative) {354,
851,854, 1086} and have a low fraction
of growth {1290}. Admixed cortical T
lymphocytes are CD1a+, CD4+, CD8+,
CD5+, CD99+ and TdT+, with high proliferation rate, whereas lymphocytes in
medullary islands are mostly mature T
cells: CD3+, CD5+, CD1a-, CD99-, TdT{355}.
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Histogenesis
The postulated cell of origin is a thymic
epithelial cell capable of differentiating
towards both cortical and medullary
type.
Prognosis and predictive factors
B1 thymoma is slightly more aggressive
than A and AB thymomas, but less
malignant than B2, B3 thymomas and
thymic carcinomas. In B1 thymoma,
complete surgical resection is possible
in 91-94% of the cases {318,1511}, with
less than 10% of recurrences {318,1511}.

Actuarial 10-year survival rates are more
than 90% due to the frequent stage I or II
presentation {318,341,1511}. Staging is
the most important prognostic indicator,
whereas age, gender and myasthenia
gravis are not significant prognostic
parameters {318,341,1511,1631}.

Type B2 thymoma

Definition
Type B2 thymoma is an organotypical
thymic epithelial neoplasm composed of
large, polygonal tumour cells that are
arranged in a loose network and exhibit
large vesicular nuclei with prominent
large nucleoli, closely resembling the
predominant epithelial cells of the normal
thymic cortex. A background population
of immature T cells is always present and
usually outnumbers the neoplastic
epithelial cells.
ICD-O code

8584/1

Synonyms
Cortical thymoma; lymphocytic thymoma
(obsolete); mixed lymphocytic and
epithelial thymoma (obsolete)
Epidemiology
Type B2 thymoma accounts for 18-42%
of all thymomas {318,341,776,1016,
1540,1630,1631,1967}. Differences in
the prevalences of type B2 thymomas
among different institutions reflect the
strong correlation with myasthenia gravis
(MG) rather than real demographic differences. Patients´ ages range from 1379 years, with a mean of 47-50 years
{318,1016,1631}. There is no consistent
gender predominance {341,1016,1511,
1630}.
Localization
B2 thymomas are almost always located
in the anterior mediastinum. Ectopic
cases are on record, including cases
with extensive pleural involvement
(“pleural thymoma”). Similarly to all types
of thymoma, they may arise ectopically in
the head and neck region, pleura or lung
{632,1238,1500}.
Clinical features
The most frequent manifestations are
symptoms of MG (30-82% of cases)
{318,341,1016,1511,1630}. Local symptoms (chest pain, dyspnoea, cough)
occur in about 20% of cases. Rare complications are superior vena cava syndrome {1651}, pure red cell aplasia
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{1088,1651}, hypogammaglobulinaemia
(Good syndrome) {987} and other
autoimmune phenomena .
Macroscopy
Grossly, type B2 thymomas are encapsulated or vaguely circumscribed and
show a mean diameter of 6.3 cm {318,
1630}. They can invade mediastinal fat or
adjacent organs. The cut surface is soft
or firm and exhibits tan-coloured nodules
separated by white fibrous septae. There
may be cystic changes, haemorrhage,
and fibrosis.
Tumour spread and staging
The majority of type B2 thymomas occur
in the anterior mediastinum as Masaoka
stage I (10-48%), stage II (13-53%) or
stage III (19-49%) tumours. Metastatic
stage IV B2 thymomas are less common
(mean 8.9%) {318,341,1511,1630}, and
distant metastases (stage IVB) are rare
(up to 3%) {1511}.
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Histopathology
There are usually large, coarse lobules of
tumour with delicate septa, somewhat
resembling the lobular architecture of the
normal thymic cortex. Neoplastic cells
are large and polygonal, and their large
nuclei display an open chromatin pattern
with prominent central nucleoli, similar to
the appearance of normal cortical thymic
epithelial cells. The neoplastic epithelial
cells form a delicate loose network, forming palisades around perivascular
spaces and along septa; large, confluent
sheets of tumour cells are not a usual
feature, but may occur. If such foci are
present, they should be examined closely to make sure that the tumour cells are
of B2 and not B3 type. Small epidermoid
foci resembling abortive Hassall’s corpuscles {1016} may occur in up to 25%
of cases, but medullary islands are missing or inconspicuous, and typical
Hassall´s corpuscles are exceptional find-
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Fig. 3.17 Type B2 thymoma. A Lobular growth pattern and invasion into mediastinal fat (Masaoka stage II)
B Medium power of B2 thymoma resembling B1 in terms of the very high number of lymphoid cells.
However, the nuclei and nucleoli are larger and more conspicuous here than in B1 thymoma. C Medium
power showing a relatively high number of large tumour cells among a slightly more numerous lymphoid
component. Note inconspicuous cytoplasm but prominent large nuclei of tumour cells with prominent medium-sized nucleoli. D High magnification of the former illustration.
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Fig. 3.18 Type B2 thymoma. A Lymphoid follicle with prominent subcapsular germinal centre, associated with myasthenia gravis. B Type B2 thymoma after massive corticosteroid treatment: paucity of lymphoid cells, shrinkage of tumour cell nuclei and prominent infiltration of macrophages. C Perivascular space with prominent palisading of elongated large tumour cells. High number of lymphoid cells in the perivascular space (center) and in an intraepithelial position (periphery of
image). D Cytokeratin 19 immunoreactivity of neoplastic epithelial cells highlights the lobular growth pattern of B2 thymoma.

ings. Tumour cells are usually outnumbered by non-neoplastic lymphocytes.
Areas of B3 thymoma occur in association with B2 thymoma in 17-29% of the
cases {341,541}. These are recognized
as lymphocyte-poor areas in which the
tumour cells are often smaller, with more
nuclear irregularity, less conspicuous
nucleoli, and distinct cell borders. If any
component is of B3 type, it should be
classified as combined B2/B3 thymoma.
Lymphoid follicles in perivascular spaces
or septa are more frequent in MG-associated cases. Regressive changes, either
spontaneous or induced by immunosuppressive treatment, include necrosis and
lymphocyte depletion followed by collapse of the epithelial network and infiltrates of histiocytes and lipidized
macrophages. A decreased tumour cell
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size is often apparent in condensed or
sponge-like postnecrotic areas.

Immunophenotype
Immunophenotypically, neoplastic cells
are cytokeratin (CK) 19+ (100%), CK5/6+
(90%), CK7+ (80%), CK20-, EMA-; antibodies AE1/3, Cam5.2 and Leu7 (antiCD57) are almost always reactive
{367,1016,1086,1631}. CD5, CD20,
CD70 are not expressed by epithelial
cells of B2 thymoma {354, 851,854}.
Intraepithelial lymphocytes are predominantly immature T-cells: CD1a+, CD4+,
CD8+, CD5+, CD99+, TdT+ with a high
Ki67 index of 70-90%. Lymphocytes in
rare medullary islands are mostly mature
T-cells: CD3+, CD5+, CD1a-, CD99-,
TdT-, and significantly less proliferative
{327,355,1016,1631}.

Differential diagnosis
B1 thymoma is also lymphocyte-rich but
epithelial cells are inconspicuous, smaller, and less numerous than in B2 thymomas. In addition, the nuclei and nucleoli
are smaller and the medullary islands are
more prominent than in B2 thymomas.
B3 thymoma, in contrast to B2 thymoma,
is relatively lymphocyte-poor. Neoplastic
epithelial cells form confluent sheets and
solid areas with a small but distinctive
population of intraepithelial immature Tcells. The neoplastic cells are usually
slightly smaller than those of B2 thymoma, with irregular nuclear membranes,
smaller nucleoli, nuclear grooves, and
less vesicular chromatin. T-lymphoblastic
lymphoma (T-LBL) may exhibit the same
immunophenotype and proliferative
activity of lymphoid cells as those of
type B1 and B2 thymomas. However, the
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Fig. 3.21 Anaplastic thymoma (B2 thymoma with
anaplasia). Metaphase with t(1;8)(p13;p11) translocation. G-banded karyotype showing 46, XY,
t(1;8)(p13;p11).

epithelial network is destroyed in T-LBL,
and lymphoblasts usually infiltrate
beyond the epithelial compartment into
thymic septa and mediastinal fat. Very
high CDK6-expression is a distinguishing
feature of T-LBL {355}.

C

D

Fig. 3.19 Type B2 thymoma. A Relatively high number of tumour cells with medium-sized nucleoli among a
majority of small lymphocytes. B Differential diagnosis B2 thymoma versus lymphoblastic lymphoma
(T-LBL): CD1a expression in a rare initial T-LBL that is in a pre-infilrative phase without infiltration of thymic
septum (top of image). C CD1a-positive immature T-cells between B2 thymoma tumour cells with large clear
nuclei and conspicuous nucleoli. D High Ki67 index. Note the non-infiltrated septum at top of image.
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Fig. 3.20 Thymoma with anaplasia. A Anaplastic giant epithelial cells in a B2 thymoma with few intraepithelial lymphocytes. B Anaplastic giant cells are cytokeratin 19+ but not histiocytes. Note unusual downregulation of cytokeratin 19 expression in many other neoplastic epithelial cells. C Anaplastic thymoma harbouring a significant population of CD1a+ immature T-cells like other thymomas but in contrast to thymic
carcinomas. D Ki-67 immunohistochemistry showing proliferations of anaplastic giant cells.

Histogenesis
The postulated cell of origin is a thymic
epithelial cell capable of differentiating
towards cortical-type epithelial cells.
Somatic genetics
Recurrent genetic aberrations have not
been reported. More than 80% of B2 thymomas are aneuploid {743}. In a single
case with marked anaplasia and giant
cell formation, a t(1;8)(p13;p11) translocation has been reported {1722}.
Prognostic and predictive factors
Type B2 thymoma is a tumour of moderate malignancy, with higher malignant
potential than B1 thymoma, but appears
to be slightly less aggressive than type
B3 thymoma {1016,1511,1630}. It is often
invasive, thus non-resectable at presentation in 5-15% of cases. Recurrences,
even after complete resection, are
reported in 5-9%, and metastases in up
to 11% {341,1511,1630}. Recurrences
typically occur after 1-7 years, but are
compatible with long-term survival (>10
years) {1510}. The most relevant prognostic factors are tumour stage and
resectability, while gender, age, and MG
have no adverse effect on survival
{318,341,1645}. Reported 10 year survival rates range between 50-100%
{341,1511,1540,1630}.
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Type B3 thymoma

Definition
Type B3 thymoma is an organotypic
thymic epithelial tumour predominantly
composed of medium–sized round or
polygonal cells with slight atypia. The
epithelial cells are mixed with a minor
component of intraepithelial lymphocytes, resulting in a sheet-like growth of
epithelial cells.
ICD-O code

8585/1

Synonyms
Well-differentiated thymic carcinoma
(ICD-O code 8585/3); epithelial thymoma; squamoid thymoma
Epidemiology
Type B3 thymoma accounts for 7-25% of
all thymomas {318,341,1016,1540,1630,
1967}. Patients´ age ranges from 14-78
years, with a mean age of 45-50 years
{318,1016,1511}. There is no consistent
sex predominance {341,1016,1511,
1630}.

H.K. Müller-Hermelink
K. Mukai
I. Sng
G. Palestro
A. Zettl

Clinical features
The most frequent manifestations are
symptoms of myasthenia gravis (30-77%
of cases) {318,341,1016,1511,1630}.
Local symptoms like chest pain, dyspnoea or cough are common, while superior vena cava syndrome {1651}, pure
red cell aplasia {1088,1651}, hypogammaglobulinaemia (Good syndrome)
{987} or other autoimmune phenomena
are rare.
Macroscopy
Grossly, type B3 thymomas are usually
not encapsulated but show a vaguely
infiltrative border with extension into
mediastinal fat or adjacent organs.
Diameters range from 2-13 cm (mean:
7.6 cm) {318,1016,1630}. The cut surface is typically firm and exhibits grey to
white nodules separated by white fibrous
septa. Soft yellow or red foci, cyst formation or hard calcified regions indicate
regressive changes that are particularly
frequent among large and, paradoxically,
small (<3 cm), encapsulated or sclerotic
type B3 thymomas {1085}.
Tumour spread and staging
The majority of type B3 thymomas occurs
in the anterior mediastinum as Masaoka
stage II (15-38%) or stage III tumours
(38-66%), while stage I cases are rare
(mean: 4.2%) {318,541,1016,1511,1540}.
Stage IV type B3 thymomas, comprising
cases with either pleural spread (stage
IVA) or distant metastases (stage IVB),
occur in 6-26% (mean: 15%) {318,341,
1016,1511,1630}. Distant metastases
have been reported in up to 7% of cases
{1511} and preferentially involved the
same organs as in type B2 thymomas:
lung, liver, bone and soft tissues.

Fig. 3.22 Type B3 thymoma. CT scan showing a well
circumscribed tumour in the anterior mediastinum
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Histopathology
Histologically, tumour cells form lobules
that are separated by thick fibrous and
hyalinized septa. A major diagnostic criterion is the paucity of intraepithelial lymphocytes, resulting in the formation of
tumour cell sheets with a vaguely solid or
epidermoid appearance. Intercellular
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bridges are, however, not a feature of B3
thymoma. In the majority of cases,
tumour cells are polygonal, mediumsized, and the round or elongated nuclei
are often folded or grooved and characteristically smaller with less prominent
nucleoli than in B2 thymomas. Palisades
around perivascular spaces and along
septa are often conspicuous. While
medullary islands are usually absent,
small foci of keratinization mimicking
Hassall corpuscles may be present.
Variants
In a minority of cases, slightly more atypical, enlarged and hyperchromatic nuclei
occur focally. Other rare variants show
either polygonal cells with nuclei and
nucleoli more similar to those in B2 thymomas (large cell variant) or partial clear
cell changes with focal loss of interepithelial lymphocytes. Focal or extensive
spindle cell formation may also occur.

Fig. 3.23 Type B3 thymoma with invasion of pleura
and pericardium.

Fig. 3.24 Macroscopy of B3 thymoma (left) and remnant thymus (right). The cut surface of the tumour
is white, lobulated and shows infiltration into the
surrounding mediastinal fat. Focal regressive
changes just left from the tumour centre.
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Fig. 3.25 Type B3 thymoma. A Lobular growth pattern and infiltration into mediastinal fat (Masaoka stage II). B Clear cell areas (top and right) adjacent to an area
with a common histology (darker region in lower left part of image). C Ground glass appearance of tumour cells. Low number of intraepithelial lymphocytes.
D Large cell variant with B2-like large nuclei and prominent nucleoli: by its atypia the case appears "borderline" to squamous cell carcinoma of the thymus.

None of these variants has been shown
to affect the biological behaviour of type
B3 thymomas.
Combined thymomas exhibiting B2 and
B3 areas are common (17-29%) {341,
541}, while tumours combining features
of type B3 thymoma and thymic carcinoma are rare (3%) {341}.
As in B2 thymomas, lymphoid follicles
inside septa or perivascular spaces may
occur particularly in myasthenia gravisassociated cases. Steroid treatment may
produce a sponge-like appearance and
accumulation of foam cells in intraepithelial microcysts {1016}. Anaplasia can
occur in type B3 thymomas: a small
group of tumours show a high degree of
atypia with the maintenance of organotypic features that is characteristic of
thymomas. “B3 Thymoma with anaplasia” is the suggested diagnostic terminology.
Immunophenotype
The epithelial cells are positive for cytokeratin (CK) 19, CK5/6, CK7, CK10, CK 8,
as well as for AE1/3 and Leu7 (antiCD57), while CK20 is not expressed
{367,1016,1086,1631}. In contrast to

type B2 thymomas, focal EMA positivity
is a characteristic feature. CD5, CD20,
CD70 {354,851,854} and TTF1 are not
expressed in epithelial cells.
Most intraepithelial lymphocytes are
immature T-cells: CD1a+, CD4+, CD8+,
CD5+, CD99+ and TdT+.
Differential diagnosis
B2 thymoma, in contrast to B3 thymoma,
is lymphocyte-rich. Neoplastic epithelial
cells are scattered among lymphocytes
and do not form confluent sheets or
extensive solid areas. B2 thymomas do
not express epithelial membrane antigen
(EMA).
Low-grade squamous cell carcinoma of
the thymus shows more pronounced epidermoid differentiation, usually with readily detectable intercellular bridges.
Significant numbers of immature intraepithelial lymphocytes are absent.
Type A thymoma may resemble the spindle cell variant of B3 thymoma. In type A
thymoma, there is usually a significant
reticulin network around individual
tumour cells, the degree of atypia is
lower, and perivascular spaces with
epithelial palisades are absent.

Histogenesis
The postulated cell of origin is a thymic
epithelial cell capable of differentiating
towards a less differentiated cortical-type
epithelial cell than in B2 thymoma.
Somatic genetics
In a series of 16 B3 thymomas investigated by comparative genomic hybridization (CGH), all tumours showed genetic
imbalances. Recurrent genetic gains
were observed on chromosome 1q in
69%, recurrent losses on chromosome 6
in 38% of cases, and on chromosome
13q in 31% {2238}. In microsatellite
analysis, two major pathways in the
tumorigenesis of B3 thymoma were
described, one characterized by losses
of 6q (6q23.3-q25.3), the other by losses
of chromosome 3p (3p22-p24.2; 3p14.2,
FHIT locus), 5q (5q21, APC locus), 13q
(13q14, RB1 locus) and 17p (17p13,
TP53 locus) {896,2242}. Virtually 100% of
B3 thymomas are aneuploid by DNA
cytometry {743}.
Prognosis and predictive factors
B3 thymoma is a tumour of intermediate
malignancy. It is almost always invasive,
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Fig. 3.26 Type B3 thymoma. A Large cell variant: large nuclei and conspicuous nucleoli and paucity of intraepithelial lymphocytes. B Typical perivascular spaces
(PVS) with tumour cell palisading. C Large cell variant, lobular growth pattern; few intraepithelial lymphocytes. D High power of fig. 3.26C. E Hassall corpuscle in
a B3 thymoma (usually rare). F Abortive formation of Hassall corpuscles and vague spindling of tumour cells.
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Fig. 3.27 Immunohistochemistry in type B3 thymoma. A Cytokeratin 19 immunohistochemistry showing the solid sheet pattern of tumour cells and palisading around
perivascular spaces. B CD1a staining showing a low number of immature intraepithelial lymphocytes and immature lymphocytes in a perivascular space.
Predominance of epithelial cells is obvious. C Type B3 thymoma with unusually high number of desmin and myoid cells.

shows frequent local recurrences (1517% of cases) {1016,1630}, is often unresectable at presentation (17-47%)
{318,1511,1630} and metastasizes in up
to 20% of cases {341,1511}. Recurrences typically occur after 1-6 years,
but late recurrences (after 14 years) have
been reported {1016}. Some authors
{1016,1511,1630} but not others {341,
1540} found B3 thymomas slightly more
aggressive than B2 thymomas in terms of
survival. The most relevant prognostic
factors are tumour stage and resectability, while gender, age, and MG status
have no adverse effect on survival
{318,341,1645}. Reported 10 year survival rates range between 50-70%
{341,1511,1540,1630}.
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Fig. 3.28 A CGH hybridization of a type B3 thymoma shows gain of chromosome 1q and loss of chromosome
6 as the typical genetic alterations of this thymoma type (red hybridization signal corresponding to loss,
green hybridization signal corresponding to gain of chromosomal material). This case in addition showed
loss of chromosome 18q and a high-level amplification on chromosome 8p12 (white arrows).
B Chromosomal ideogram showing gains and losses of chromosomal material in 23 cases of type B3 thymomas. The most frequent recurrent genetic imbalances in type B3 thymoma are gains of chromosome 1q
(60%) and losses of chromosome 6 (43%) (Bars on the right side: gains of chromosomal material, bars on
the left side: losses of chromosomal material).

Micronodular thymoma with
lymphoid stroma

A. Marx
Ph. Ströbel
M. Marino
T. Eimoto
N.L. Harris
R.H. Laeng

Definition
Micronodular thymoma (MNT) is an
organotypic thymic epithelial tumour
characterized by multiple, discrete
epithelial nodules separated by an abundant lymphocytic stroma that usually
contains prominent germinal centres.
The epithelial component is composed of
bland, oval to spindle-shaped cells with
few intraepithelial lymphocytes. The
epithelial component is similar to type A
thymomas.
ICD-O code

8580/1

Synonym
Micronodular thymoma with lymphoid
B-cell hyperplasia
Epidemiology
MNT is a rare entity accounting for only
about 1-5% of all thymomas. The age at
diagnosis ranged between 45–95 years
{1914}. While the mean age in a published series was 58 years {1914}, in a
recent unpublished series of 33 cases it
was 70 years. There was no sex predilection.
Localization
All published cases occurred in the anterior mediastinum. We have observed a
single ectopic MNT in the lateral cervical
region {1294}.
Clinical features
Clinical features usually are related to the
size and local extention of the tumour.
With very few exceptions (<5%) {1538},

Fig. 3.29 Cystic micronodular thymoma.

Fig. 3.30 Micronodular thymoma. Micronodular pattern of nodules of spindle epithelial cells in a lymphocyte-rich stroma but with few intraepithelial lymphocytes.

MNT is not associated with paraneoplastic myasthenia gravis. Other autoimmune
phenomena that are common in other
thymoma types have not been reported.
Macroscopy
Size of MNT varies between 3-15 cm in
diameter. Cystic tumour areas of variable
size are common macroscopic findings.
Tumour spread and staging
MNT is encapsulated (>90%) or minimally invasive {1914}. Local excision has
been unproblematic and curative {1914}.
In our own series, two advanced tumours
with infiltration of the pericardium and
pleura, respectively, were encountered.
No tumour-associated deaths have been
reported.
Histopathology
Microscopically, MNT is characterized by
multiple, discrete or focally confluent
epithelial nodules separated by an abundant lymphocytic stroma that may contain follicles with prominent germinal
centres surrounded by mantle and
enlarged marginal zones. There is a variable number of mature plasma cells. The

epithelial nodules are composed of slender or plump spindle cells with bland
looking oval nuclei and inconspicuous
nucleoli. Rosette formation of epithelial
cells may be seen. Nodules contain few
interspersed lymphocytes. There are no
Hassall corpuscles or perivascular
spaces. Mitotic activity is absent or minimal. Micro- and macrocystic areas, particularly in subcapsular localization, are
common.

Immunohistochemistry
The epithelial component in MNT stains
positive for cytokeratins 5/6 and 19.
CAM5.2 and CD57 are positive in about
60% each. CD20 is generally not
expressed in the epithelium of MNT
{1538}, in contrast to the epithelial component in about half of conventional type
A and AB thymomas. Cysts in MNT stain
positive for CK 5/6, 7, 8, 19, EMA, and
CAM5.2.
The majority of the lymphocytes in MNT
are CD20+ B-cells, but mature
CD3+CD5+ T cells can outnumber B
cells focally. Moreover, immature, Ki67+,
CD1a+, CD10+, TdT+ and CD99+ thymocytes are almost always present
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Fig. 3.31 Micronodular thymoma. A Epithelial micronodules are composed of bland looking spindle epithelial cells. Few intraepithelial lymphocytes but abundant
lymphocytes around epithelial micronodules. B CD1a staining showing a few intraepithelial immature T-cells inside the epithelial nodules and in the direct periphery (outside) of the nodules. C Histoarchitectural hallmarks are cohesive micronodules of neoplastic epithelia surrounded by a lymphocytic stroma with hyperplastic
lymph follicles. D CD20 staining of a lymphoid follicle between epithelial micronodules in a case of micronodular thymoma.

{1981} restricted to a narrow band surrounding the epithelial cell nodules, while
intraepithelial lymphocytes are scarce.
B-cells frequently form follicles with or
without germinal centres with a well
developed network of follicular dendritic
cells and a population of CD57+ T-cells.
Germinal centre B-cells are CD10+ and
bcl-2-. Mantle zones consist of IgD+ Bcells, while marginal zones are IgD- and
CD23-. Plasma cells are usually polyclonal. In a recent series of 18 MNTs,
expansion of monoclonal B cell populations was observed in 33% of cases, with
half of them showing features of low
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grade lymphoma (MALT type and follicular lymphoma) {P. Ströbel et al., submitted}.
Differential diagnosis
MNT should be differentiated from conventional type AB thymomas, which in
rare cases may also contain single lymphoid follicles. In contrast to type AB and
other organotypic thymomas, the lymphocytic-rich areas in MNT do not contain epithelium. Of note, MNT may rarely
(10%) occur together with an otherwise
typical type A and AB thymoma

{1538,1630}. Single combinations with
B2 thymoma have been observed {452}.
Histogenesis
A medullary epithelial cell origin has
been postulated {452}.
Prognosis and predictive factors
There have been no reports on recurrences, metastasis or tumour-related
deaths.

Metaplastic thymoma

Definition
Metaplastic thymoma is a circumscribed
tumour of the thymus in which anastomosing islands of epithelial cells are
intermingled with bland-looking spindle
cells.
ICD-O code

8580/1

Synonyms
Metaplastic thymoma has been reported
in the literature under the designations
“thymoma with pseudosarcomatous stroma”, “low grade metaplastic carcinoma”
and “biphasic thymoma, mixed polygonal and spindle cell type” {1808,1919,
2210}.
Epidemiology
This rare tumour occurs in adult patients,
with a median age of 53 years and mean
age of 50.9 years. There is male predominance (M:F ratio 3:1) {1485,1919,
2210,2211}.
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Localization
The tumour has not been described outside the thymus.
Clinical features
Most patients are asymptomatic, being
incidentally found to have an anterior
mediastinal mass, while some present
with cough. None of the patients have
myasthenia gravis or other paraneoplastic syndromes.
Macroscopy
The tumour is well circumscribed to
encapsulated, but can exhibit invasive
buds. The cut surfaces show homogeneous, rubbery, grey-white tumour. The
reported maximum dimensions of the
tumours range from 6-16 cm.
Tumour spread and staging
The Masaoka stage distribution at presentation is as follows: 75% stage I, 17%
stage II, 8% stage III {1485,1919,2210,
2211}. Occasional tumours can show
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infiltration of adjacent tissues {2210} and
may recur {2211}.
Histopathology
The tumour is well circumscribed, sometimes with a narrow rim of residual thymic
tissue incorporated in its peripheral portion. Occasional cases can show invasion of the surrounding tissues. In contrast to conventional thymomas, it does
not show a lobulated growth pattern.
Typically, the tumour exhibits a biphasic
architecture comprising epithelial islands
intertwining with bundles of delicate
spindle cells. The two components are
present in highly variable proportions
from area to area of a single tumour and
from case to case.
The epithelial component takes the form
of anastomosing islands to broad trabeculae, and often exhibits a squamoid quality or whorled configuration. The constituent cells are polygonal, ovoid or
plump spindle, with oval vesicular nuclei,
small distinct nucleoli and a moderate

Fig. 3.32 Metaplastic thymoma. A The tumour is well circumscribed. A thin rim of residual thymic tissue is incorporated into the peripheral portion. B Anastomosing
rounded islands of epithelial cells are disposed among spindle cells. C Broad trabeculae of epithelium are separated by narrow zones of spindle cells. D A storiform growth pattern is seen.
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cinosarcoma). The latter often shows
prominent coagulative necrosis, significant atypia in the spindle cells and readily identified mitotic figures.

A

B

Fig. 3.33 Metaplastic thymoma. A The epithelial component (right field) is fairly well delineated from the
spindle cell component. The latter comprises slender cells that are bland-looking. B The squamoid epithelial island shows enlarged atypical nuclei that are either hypochromatic or hyperchromatic. It is richly traversed by twigs of collagen fibrils.

amount of lightly eosinophilic cytoplasm.
Some cells can exhibit large empty-looking nuclei, large hyperchromatic nuclei
or nuclear pseudoinclusions. Despite the
nuclear atypia, mitotic figures are rare.
Twig-like hyaline or sclerotic material
may be abundant around and within the
epithelial islands.
The spindle cells show a short fascicular
or storiform growth pattern. They are
often separated by small amounts of
loose tissue or delicate collagen fibrils.
They are always bland-looking and often
mitotically inactive, with fine nuclear
chromatin and slender bipolar cell
processes. They may show sharp delineation or gradual merging with the
epithelial islands. In the rare recurrences,
the spindle cells can show nuclear atypia and mitotic activity, associated with
acquisition of additional genetic aberrations {2211}. Lymphocytes are usually
sparse, but some cases can exhibit a
light infiltrate of small lymphocytes and
plasma cells. There can be scattered foci
of stromal calcification.
While both the epithelial and spindle cell
components are readily recognizable in
most cases, some cases show marked

A

predominance of one component to the
exclusion of the other in some or most
areas. A diagnosis of such cases can be
difficult without extensive sampling to
identify the typical biphasic pattern.

Immunophenotype
Epithelial cells show strong staining for
cytokeratin and variable staining for
epithelial membrane antigen, and they
do not show cell membrane staining for
CD5. The spindle cells show focal weak
or negative staining for cytokeratin and
epithelial membrane antigen, positive
staining for vimentin, and inconsistent
staining for actin. CD20 is negative.
Proliferative fraction (Ki67 index) is low
(<5%). The T lymphocytes within the
tumour proper usually exhibit a mature
immunophenotype (TdT negative).
Ultrastructurally, the spindle cells may or
may not show epithelial characteristics
such as tonofilaments and cell junctions
{1485,1919}.
Differential diagnosis
It is most important not to mistake metaplastic thymoma for the vastly more
aggressive sarcomatoid carcinoma (car-

B

Histogenesis
Biphasic metaplastic thymoma is a
tumour of thymic epithelial cells. The
spindle cell component probably arises
as a metaplastic phenomenon, rather
than a stromal reaction in view of its
marked predominance and presence of
genetic aberrations in a recurrent case.
Tumour circumscription, relatively bland
cytology and usually good prognosis
suggest that the tumour is benign.
However, lack of association with myasthenia gravis, tumour lobulation and
perivascular spaces suggest some relation to thymic carcinoma. Molecular studies, however, favour interpretation of this
tumour as a thymoma.
Somatic genetics
Comparative genomic hybridization and
microsatellite studies on a limited number of cases have shown no or few
genetic alterations, suggesting a closer
relationship with type A or type AB thymoma than with thymic carcinoma or
type B3 thymoma. Tumour recurrence is
apparently associated with acquisition of
multiple genetic aberrations.
Prognosis and predictive factors
Among 11 patients with follow-up information, 10 have remained well after surgical excision at 1.5-20 years (median 5
years) {1485,1919,2210,2211}. One
patient developed local recurrence at 14
months, and died at 6 years {2211}.

C

Fig. 3.34 Metaplastic thymoma. A Immunostaining for pan-cytokeratin shows strong staining of the epithelial islands. Very few spindle cells are positive.
B Immunostaining for epithelial membrane antigen shows that the spindle cells are weakly positive, while the epithelial component is only focally positive.
C Immunostaining for TdT highlights only the thin band of lymphocytes within the incorporated thymic tissue in the periphery. There are no TdT positive cells within the tumour proper.
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Rare thymomas
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Microscopic thymoma
ICD-O code

8580/1

Microscopic thymoma is the term applied
to usually multifocal epithelial proliferations (<1 mm in diameter) that preferentially occur in myasthenia gravis-associated thymuses (15% of cases) without a
macroscopically evident tumour {1580}.
Respective epithelial nodules occur at
lower frequency in 4% of non-myasthenic
control thymuses {1626}. Microscopic
thymoma may arise in cortical or
medullary thymic compartments {1580}.
Histologically, it shows marked heterogeneity and can be composed of blandlooking or more pleomorphic, polygonal
or plump spindle cells, usually without
intraepithelial immature T-cells. Though
microscopic thymoma may occur adjacent to conventional thymoma, its role as
a precursor lesion of “macroscopic thymoma” is unresolved {1580}.

Sclerosing thymoma
ICD-O code

8580/1

This is an exceedingly rare tumour (<1%)
exhibiting the features of a conventional
thymoma in terms of epithelial cell morphology and lymphocyte content, but
with exuberant collagen-rich stroma.
While some cases were small (<3 cm)

A

and probably resulted from tumour
regression {1085}, we observed a well
circumscribed B2-like thymoma with a
diameter of 18 cm exhibiting a collagenous, partially hyalinized stroma harbouring scant and bland looking fibroblasts. There was neither necrosis nor
haemorrhage, suggesting that the stroma resulted from a fibrogenic stimulus
delivered by thymoma epithelium. The
18-year-old
male,
non-myasthenic
patient remained free of complications
after complete resection.

occurred adjacent to a conventional type
B1 thymoma in a patient with pure red
cell aplasia {1096}. The tumour resembles fibroadenoma of the breast, taking
the paucity of lymphocytes and the
extended narrow strands of epithelial
cells into account. With respect to the
predominance of stroma over the epithelial component (including rare Hassall
corpuscles), the tumour shares morphological features with thymolipoma. As
with thymolipoma, it is unknown whether
the epithelial, the fibrolipomatous or both
components are neoplastic or whether
the “lesion” is a hamartoma.

Lipofibroadenoma
Lipofibroadenoma of the thymus is a
recently described neoplasm that

A
Fig. 3.36 Microscopic thymoma. Small nodule of oval
and spindle epithelial cells in an atrophic thymus.
There are almost no intraepithelial lymphocytes.

B

Fig. 3.35 Type B1 thymoma / Lipofibroadenoma. A Gross appearance of a composite thymic tumour. The left
lower part is a B1 thymoma and the right upper attached mass is a lipofibroadenoma. Note the white yellow colour of the latter. The right lower piece is the thymus. B Lipofibroadenoma. A thymic lipofibroadenoma composed of interconnecting thin strands of epithelial cells forming animal-like figures in an abundant
fibrous stroma with scattered fat cells.

B

Fig. 3.37 Sclerosing thymoma. A Higher magnification shows a residual B3 thymoma in the center of a sclerosing thymoma. B Cytokeratin 19 immunoreactivity of epithelial tumour cells resembling a B1 thymoma.
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Squamous cell carcinoma

Definition
Thymic squamous cell carcinoma is a
type of thymic tumour with features of
squamous cell carcinoma as seen in other
organs, with or without clear-cut evidence
of keratinization in routinely stained sections {1094,1691,1806,1808, 1841,1924,
2032,2143}. In contrast to thymomas of
the A and/or B categories, thymic carcinomas lack immature T-lymphocytes
{632,1748}.
ICD-O code

8070/3

Synonym
Epidermoid keratinizing and nonkeratinizing carcinoma.
Epidemiology
Thymic carcinomas are rare. The incidence of thymic carcinomas occurring in
combination with a thymoma has been
reportedly 10-20%. Squamous cell carcinoma is the most frequent subtype of
thymic carcinoma, and the frequency is
higher in Asia (90%) {1510,1808} than in
the West (30%) {318,1094,1841, 1924,
2032,2143}. Most cases occur at middle
age, and the male to female ratio varies
from 1 to 2.3 {1808}.
Localization
Thymic squamous cell carcinoma exclusively presents as an anterior mediastinal
tumour, and frequently invades the adjacent lung tissue.

Clinical features
The most frequent symptom is chest
pain. Other symptoms are cough,
fatigue, fever, anorexia, weight loss, and
superior vena cava syndrome. There
have been no reports on myasthenia
gravis (MG) or pure red cell aplasia, but
paraneoplastic polymyositis can occur. A
few MG-associated thymomas have
been reported to progress to thymic
squamous cell carcinoma {1808}.
Thymic squamous cell carcinoma can be
detected by imaging techniques. Cystic
changes and calcium deposits are rare.
A relatively larger size and the lack of
septal or nodular structures within the
tumour support the diagnosis of carcinoma rather than invasive thymoma {501,
946}.
Macroscopy
Squamous cell carcinomas usually lack
encapsulation or internal fibrous septation that are common in thymomas. They
are firm to hard with frequent foci of
necrosis and haemorrhage.
Tumour spread and staging
Thymic squamous cell carcinomas frequently invade the lungs, pericardium,
and major vessels. The most frequent
sites of metastases are the lymph nodes
(mediastinal, cervical, and axillary), followed by the bone, lung, liver and brain
{1808}.
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Most cases of thymic squamous cell carcinomas belong to Masaoka stage III and
IV at the time of surgery.
Histopathology
There are two hallmarks for the diagnosis
of thymic squamous cell carcinoma: the
clear-cut cytological atypia in the large
epithelial cells that are arranged in nests
and cords, and the broad zone of fibrohyaline-stroma separating the tumour
cell nests {1094,1806,1808,1841,1924,

A

B

C
A

B

Fig. 3.38 A Squamous cell carcinoma occurring in multilocular thymic cysts. Papillary growth of the tumour
in a large and haemorrhagic cyst. B Well differentiated squamous cell carcinoma, showing papillary
growth in the cystic space and invasion of the underlying stroma.

172 Tumours of the thymus - Thymic carcinomas

Fig. 3.39 Immunohistochemistry of squamous cell
carcinoma of the thymus. A Diffuse immunostaining to CD70. B CD5 is also expressed in nearly all neoplastic cells. Note the immunolabelling of
lymphocytes in the stroma. C Neuroendocrine differentiation in thymic squamous cell carcinoma.
CD56-positive cells scattered in neoplastic cells.

anterior mediastinum. However, tumour
cells in nasophayngeal carcinoma and
Hodgkin lymphoma may be CD70+.
Neuroendocrine markers (chromogranin,
synaptophysin, GTP binding protein Goalpha subunit, or CD56/NCAM) alone or
in combination are positive in two-thirds
of thymic squamous cell carcinomas in
focal or dispersed distribution {852,853,
1139}. Some of these neuroendocrine
cells show positivity for alpha-subunit of
human chorionic gonadotropin or ACTH
{630}.

Fig. 3.40 Keratinizing squamous cell carcinoma of the thymus. Large polyhedral cells with cytological atypia, arranged in nests and cords, in fibrohyaline stroma.

2032,2143}. A lobular growth pattern and
some remnant perivascular spaces may
be recognized. Lymphocytes, when
present, are mature and usually admixed
with plasma cells.
Squamous cell carcinoma is composed
of large polyhedral cells arranged in
nests and cords, and shows evidence of
keratinization
and/or
intercellular
bridges. The nuclei are vesicular or
hyperchromatic, and nucleoli are usually
readily apparent. Cytoplasm is eosinophilic. The number of mitotic figures is
variable. Foci of spontaneous necrosis

A

are frequently seen, as is the invasion of
intratumoural blood vessels.
Immunohistochemistry
The epithelial cells of most thymic squamous cell carcinomas are immunoreactive to CD5, CD70 and CD117 {151,511,
816,851,1059,1887,1978}. Thymomas
are negative to CD5 except for some
cases of type B3. Squamous cell carcinomas of other organs are negative to
CD5 and CD70, and thus both markers
are quite useful to confirm the thymic origin of squamous cell carcinomas in the

B

Fig. 3.41 Thymic carcinoma. A CGH hybridization of a thymic squamous cell carcinoma shows gain of chromosome 1q, loss of chromosome 6 and loss of chromosome 16q as the typical genetic alterations of this
tumour type (highlighted by the yellow arrows; red hybridization signal corresponding to loss, green
hybridization signal corresponding to gain of chromosomal material). This case in addition showed loss of
chromosome 17p, and gain of chromosomes 8 and 17q (highlighted by the white arrows). B Chromosomal
ideogram showing gains and losses of chromosomal material in 12 cases of thymic squamous cell carcinoma investigated by CGH. The most frequent recurrent genetic imbalances in thymic squamous cell carcinoma are losses of chromosome 16q (67%), gains of chromosome 1q (60%) and losses of chromosome 6
(50%). (Bars on the right side: gains of chromosomal material, bars on the left side: losses of chromosomal
material).

Differential diagnosis
It is sometimes difficult to exclude the
possibility of lung carcinoma showing a
prominent extra-pulmonary growth.
Palisading or radial arrangement of the
cells at the borders of nests as often
seen in squamous cell carcinoma of the
lung and oesophagus, is not commonly
observed. In addition, immunohistochemical evidence (CD5, CD70 and
CD117 positivity) may support the thymic
origin of the neoplastic squamous cells
{632,854}. Infiltration of immature T-cells
(CD1a+, TdT+, CD99+) as seen in thymoma is not observed in thymic carcinomas {327,632,1748}.
Well-differentiated squamous cell carcinoma may rarely occur in a thymic cyst
{633,1161}. This type of carcinoma
needs to be differentiated from the
pseudopapillary growth found in the multilocular thymic cyst {1907}, and should
be classified in a different category.
Precursor lesions
Some cases of thymic squamous cell
carcinoma are thought to arise from preexisting thymomas based on the observation of combined thymic epithelial
tumours that harbour squamous cell carcinoma and conventional (usually B3)
thymoma components {1093,1386,
1912}. The two components may be
widely separated, or observed in admixture or in a gradual transition within the
same tumour mass.
Histogenesis
Thymic squamous cell carcinomas may
be derived from thymic epithelial stem
cells.
Somatic genetics
Trisomy 8 and der(16)t(1;16) have been
reported in a single case of thymic squamous cell carcinoma {1847}. Loss of
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chromosome 16q, 6, 3p, and 17p and
gain of 1q, 17q and 18 are frequently
observed by comparative genomic
hybridization {2238}. Deletion of chromosome 6 {896} and gain of 1q are common
alterations in type B3 thymomas, whereas alterations at 3p, 16q, 17p, 17q and
18 are characteristic of squamous cell
carcinoma. TP53-overexpression has
been observed in most of thymic carcinomas, but the frequency of TP53-overexpression in thymomas varies considerably {339,835,1980,2118}. TP53 gene
mutation can be detected in 30% of
thymic carcinomas {339}. Inactivation of
p16 (CDKN2A) and methylation of promoter region of p16 are relatively more
frequent in thymic carcinomas than in
thymomas {835}. Bcl-2 expression is
observed in nearly all thymic carcinomas, while it is absent in most thymomas
except for type A {1979}.

A

Prognosis and predictive factors
The prognosis of squamous cell carcinoma is largely dependent on tumour stage
and grade {1808}. They have a better
prognosis than other types of thymic carcinomas with the exception of basaloid
carcinoma.

B
Fig. 3.42 A Thymic squamous cell carcinoma, nonkeratinizing type. In contrast to B3 thymoma, this tumour
shows moderate atypia and lacks intraepithelial immature T-cells. The prominent perivascular spaces hint
to to the thymic origin of this tumour. B Squamous cell carcinoma. Apparent evidence of keratinization, a
squamous pearl, within the tumour nest.
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Basaloid carcinoma

Definition
Basaloid carcinoma is a thymic carcinoma composed of compact lobules of
tumour cells with peripheral palisading
and a basophilic staining pattern due to
a high nuclear-cytoplasmatic ratio.
Basaloid carcinoma shows a remarkable
tendency to originate in multilocular
thymic cysts.
ICD-O code

8123/3

Synonym
Basaloid squamous cell carcinoma of the
thymus {1663}.
Epidemiology
A very rare variant of thymic carcinoma
with only 10 cases reported in the literature so far {861,886,980,1266,1841,
1924,1974}. In a large series of thymic
carcinomas, only 5% were basaloid carcinomas {1924}. Most cases occur in the
5th decade of life (reported age range 41
to 65), male and female partients are
equally affected.
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surrounded by a thin fibrous capsule with
focal haemorrhage and cyst formation. In
about 60% of reported cases basaloid
carcinomas were found as a mural nodule in a multilocular thymic cyst and/or
showed cystic changes in the tumour.
Microscopically, basaloid carcinoma is
composed of rather monotonous, small
to medium-sized, columnar, round to
oval, or vaguely spindled tumour cells
with high nucleo-cytoplasmic ratios,
hyperchromatic round to oval nuclei with
inconspicious nucleoli, scant amount of
amphophilic cytoplasm, and indistinct
cytoplasmic borders. The cells are haphazardly arranged in trabeculae, anastomosing cords, islands and nests, and
typically show prominent palisading at
the periphery with the tumour cells being
elongated and radially arranged similar
to patterns seen in basal cell carcinoma
of the skin. Perivascular spaces can be
prominent. Mitoses are frequent.
Occasionally, focal keratinization in the
centre of the cell nests with concentric
whorls of bland, metaplastic-appearing

Clinical features
The symptoms are non-specific. Patients
may show symptoms related to a mediastinal mass, e.g. chest pain or dyspnoea. In asymptomatic patients, the
tumour may be detected by routine X-ray
or during unrelated thoracotomy. No
paraneoplastic autoimmune phenomena
such as myasthenia gravis are observed.
Etiology
More than half of the reported cases of
basaloid carcinoma were associated
with a multilocular thymic cyst {886,980,
1841,1974}. Basaloid carcinoma of the
thymus may thus incidentally arise within
a preexisting multilocular thymic cyst or
may induce cystic changes in the nonneoplastic thymus as a reactive
response {886}.
Morphology
The tumour size ranges between 5 and
20 cm. Basaloid carcinomas are mostly
well-circumscribed, grey to tan masses

A

B
Fig. 3.43 Basaloid carcinoma of the thymus.
A Sharply outlined islands of basophilic tumour
cells showing peripheral pallisading. B Strong CD5
immunoreactivity in virtually all tumour cells.

squamous epithelium in continuity with
the basaloid cells are noted {886,1924}.
In some cases, globular eosinophilic
deposits of basement membrane-like
material is observed {1663}. There may
be tumour areas with numerous poorly
formed gland-like, cystic spaces lined by
basaloid tumour cells and containing
PAS-positive/mucicarmin negative stromal mucin {1663,1924}.
The multilocular thymic cyst frequently
associated with basaloid carcinoma is
lined by benign appearing squamous
epithelium which may imperceptively
blend with the basaloid tumour cells.

Immunohistochemistry
On immunohistochemistry, basaloid carcinomas express keratin and EMA. As
other thymic carcinomas, they can
express CD5 {511}. Basaloid carcinomas
are negative for S-100, neurendocrine
markers (NSE, chromogranin and synaptophysin) {886,980}.
Differential diagnosis
A mediastinal metastasis of a basaloid
carcinoma of other primary location, particularly of the upper and lower respiratory tract needs to be excluded.
Neuroendocrine carcinomas may histologically mimic basaloid carcinoma.
Genetics
CGH analysis of a single case of basaloid carcinoma of the thymus showed
multiple gains and losses of chromosomal material, among them gain of chromosome 1q and losses of chromosomes
6 and 13. These abnormalities strongly
overlap with those previously found in
thymic squamous cell carcinomas
{2238}.
Prognosis
Initially regarded as low-grade malignancy {1924}, metastasis to lung and liver
have been reported in 30% of cases
{1266,1841,1924}.
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Mucoepidermoid carcinoma
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Definition
Mucoepidermoid carcinoma of the thymus is a rare morphologic variant of primary thymic carcinoma characterized by
the presence of squamous cells, mucusproducing cells and cells of intermediate
type. Mucoepidermoid carcinoma of the
thymus closely resembles mucoepidermoid carcinomas of other organs.
ICD-O code

8430/3

Epidemiology
This rare tumour comprises approximately 2% of published thymic carcinoma
cases {785,1841,1924}. It tends to occur
in aged individuals.
Clinical features
Mucoepidermoid carcinomas are not
associated with myasthenia gravis and
may be asymptomatic {1924}.
Morphology
On macroscopy, the cut surface of
mucoepidermoid carcinomas is nodular
with fibrous bands and a mucinous
appearance {1663,1841}. On histology,
the mucous tumour cells are polygonal,
columnar or more goblet-like and form
solid masses or line cysts {1663,1841}.
Mucin-producing cells are strongly PASpositive {1841}. Areas with squamous
differentiation can be solid or form part of
a cyst linings. The squamous epithelial
cells show minimal to moderate atypia
with rare mitoses. The intermediate cells
are polygonal or spindle shaped with a
moderate amount of eosinophilic cytoplasm and round to oval nucleolus with
finely dispersed chromatin.
Postulated cell of origin
Pluripotent epithelial stem cells of endodermal origin have been postulated in
the pathogenesis of mucoepidermoid
carcinoma of the thymus by some
authors {1841}.
Prognosis and predictive factors
Only single case reports on the clinical
course have been published. Snover et

A

B
Fig. 3.44 Mucoepidermoid carcinoma of the thymus. A Admixture of mucin-producing and squamous cells
in a predominantly cystic neoplasms. B Higher magnification showing mucin producing cells surrounded
by squamous epithelial cells. From J. Rosai and L.H. Sobin {1690}.

al. {1841} described one case of
mucoepidermoid carcinoma of the thymus with a “low grade morphology” that
was completely resectable and the
patient was alive after 28 months.
However, a number of cases of “thymic
adenosquamous carcinoma” with focal
mucin production but a high grade morphology {1663} and unfavourable prog-
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nosis have been described {625,1094,
1264,1381,1946,1965,2009,2032,2098}.
At the moment, it is not clear whether
these cases represent poorly differentiated mucoepidermoid carcinomas or form
a separate tumour entity.

Lymphoepithelioma-like carcinoma
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Definition
Lymphoepithelioma-like
carcinoma
(LELC) of the thymus is a primary thymic
carcinoma characterized by a syncytial
growth of undifferentiated carcinoma
cells accompanied by a lymphoplasmacytic infiltration similar to undifferentiated
carcinoma of the nasopharynx. Thymic
LELC may or may not be associated with
Epstein-Barr virus (EBV). However, undifferentiated carcinoma in a dense fibrous
stroma without a significant lymphoid
infiltration but positive for EBV is tentatively included in this category.
ICD-O code

8082/3

Synonym
Lymphoepithelial carcinoma
Epidemiology
Thymic LELC is a rare tumour. It occurs
twice more commonly in male than
female patients. The patient’s age ranges
from 4-76 years with a median of 41
years and a bimodal peak age incidence
at 14 years and 48 years {328,343,
785,873,885,889,1094,1472,1876,1924,
2143,2174}.
Localization
Thymic LELC occurs in the anterior mediastinum and usually extends into contiguous structures. Lymph node, lung,

Fig. 3.46 Lymphoepithelioma-like carcinoma of the thymus. Syncytial tumour cells are characterized by
large nuclei with open chromatin, prominent nucleoli, and indistinct cytoplasmic membrane. Note the heavy
infiltrates of lymphoplasmacytic cells.

liver, and bone are frequent sites for
metastasis {785,2143}.
Clinical features
The patients usually complain of dull
chest pain, cough, or dyspnoea and constitutional symptoms, but some patients
are asymptomatic and incidentally found
to have an anterior mediastinal mass
upon imaging examination {785,2143}.
Superior vena cava syndrome is seen in
patients with more advanced disease
{785,873,889,2143}. There is no association with myasthenia gravis or other paraneoplastic syndromes, but hypertrophic
pulmonary osteoarthropathy has been
reported in children {491,873,889,1472}.
Macroscopy
Grossly, the tumour is solid and yellow
white with areas of necrosis. It is usually
incompletely encapsulated.

Fig. 3.45 Lymphoepithelioma-like carcinoma (LELC)
of the thymus. A solid tumour with an irregular border and a yellow necrotic area. The tumour is
growing into a multiloculated cyst on the left side.

Histopathology
Histologically, the tumour is composed of
nests or anastomosing cords of carcinoma cells in a lymphoplasmacytic stroma.
Germinal centres, eosinophils, and gran-

ulomas may be seen. The tumour cells
have large vesicular nuclei with open
chromatin and one or more distinct
eosinophilic nucleoli and show indistinct
cytoplasmic membranes. The nuclei are
unevenly crowded and may appear to be
overlapping. Lymphocytes are not only
present in the stroma, but are also intimately admixed with the carcinoma cells.
Mitotic activity is variable but is often pronounced. Foci of tumour necrosis are
usually observed. The histopathologic
appearances of LELC may overlap with
those of poorly differentiated squamous
cell carcinoma with a lymphoplasmacytic
stroma. Currently, with lack of molecular
data on LELC and squamous cell carcinoma of the thymus to determine their
relationship, if any, the diagnosis of
thymic LELC should be restricted to
tumours showing the typical histologic
appearances similar to that of nasopharyngeal undifferentiated carcinoma (but
allowing for presence of focal primitive
squamous cell differentiation in the form
of eosinophilic mildly keratinizing cytoplasm). Furthermore, since the so-called
“undifferentiated carcinoma” has not
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been clearly defined for the thymus
{1691}, cases that do not show all classical appearances of LELC should not be
included under this category.

Immunohistochemistry
The tumour cells are strongly positive for
AE1-defined acidic cytokeratins (CKs),
and negative for AE3-defined basic CKs.
CK7 and CK20 are also negative. CD5
may be expressed focally or not at all
{511}. The carcinoma cells also commonly express BCL-2 {338}. The majority
of lymphoid cells are CD3+, CD5+,
CD1a-, CD99-, and TdT- mature T cells
{327}. Smaller numbers of CD20+ B cells
are present in the stroma and among the
carcinoma cells. Plasma cells that are
present are polyclonal.
Histogenesis
Thymic LELC presumably arises from
thymic epithelial cells.
Somatic genetics
Overall, approximately 47% of cases of
thymic LELC show association with EBV
as demonstrated by EBER in situ
hybridization or DNA analysis {328,343,
491,873,1472,1876,2174}. EBV is almost
always positive in thymic LELC occurring
in children and young adults, while EBV
positivity rate is lower in adults over the
age of 30 years. In two childhood cases
studied, the latent membrane protein-1
gene of EBV did not have a 30-base pair
deletion as seen in other EBV associated
neoplasms {873,1089}. The association
with EBV is not related to geographic or
ethnic factors {885}. Based on the EBV
status, LELCs can be designated as
either EBV+ LELC or EBV- LELC pending
clinicopathologic and further molecular
genetic investigation for their differences.
The rare lethal carcinoma with t(15;19)
translocation {985,1876} occurring in the
mediastinum and respiratory tract of
young people may share histologic features of LELC, but it is not associated
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Fig. 3.47 Lymphoepithelioma-like carcinoma of the thymus. A The carcinoma cells are strongly immunopositive for AE1-defined acidic cytokeratins. B The neoplastic cells are immunopositive for BCL-2.
C Abundant infiltrating lymphoid cells in lymphoepithelioma-like carcinoma are CD3+ mature T cells. D In
contrast, only few CD20+ B cells are present. E LELC without prominent lymphoid stroma but a syncytial
arrangement of large tumour cells with indistinct cell borders, large nuclei and conspicuous nucleoli.
F Carcinoma cells showing strong nuclear signal of EBER (Epstein-Barr virus early RNA) by in-situ hybridization.

with EBV {616,985}. This unique neoplasm is believed to be a different entity,
although no chromosomal genetic information is currently available for thymic
LELC.
Prognosis
Thymic LELC is a highly malignant neoplasm with a poor prognosis. The esti-
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mated average survival is 16 months in
88% of patients {885}. The presence or
absence of EBV does not seem to have
prognostic significance.

Sarcomatoid carcinoma

Definition
Sarcomatoid carcinoma is a thymic carcinoma in which part or all of the tumour
resembles soft tissue sarcoma morphologically.
ICD-O code

8033/3

Synonyms
Carcinosarcoma, spindle cell thymic carcinoma
Epidemiology
Sarcomatoid carcinoma is uncommon
and accounts for only up to 7% of all
thymic carcinomas {1924}. It is a tumour
of late adulthood, predominantly fourth to
eighth decades.

tive necrosis. It shows intimate intermingling of carcinomatous and sarcomatoid
components, but the carcinomatous
component can be subtle or demonstrable only by immunohistochemistry or
electron microscopy in some cases. The
carcinomatous component usually comprises cohesive clusters and sheets of
poorly differentiated epithelial cells with
significant nuclear pleomorphism, and
some cases may show obvious squamous differentiation. The sarcomatoid
component frequently comprises fascicles and storiform arrays of discohesive
spindle tumour cells with pleomorphic
nuclei, coarse chromatin, distinct nucle-
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oli and frequent mitotic figures.
Heterologous
elements
may
be
observed, most commonly rhabdomyosarcomatous and occasionally
osteosarcomatous; the term ‘carcinosarcoma’ is sometimes applied for such
cases {534,1478,1509,1841,1897}. In the
rhabdomyosarcomatous areas, spindle
cells with cross striations and large cells
with abundant eosinophilic fibrillary cytoplasm are found. In the osteosarcomatous component, osteoid production by
tumour cells is seen.
Immunohistochemically, the carcinomatous component expresses epithelial
markers such as cytokeratin and epithe-

Localization
The tumour is located predominantly in
the anterior mediastinum, with frequent
invasion of the adjacent structures.
Clinical features
The patients present with cough, dyspnoea, dysphagia, chest pain, weight
loss, or superior vena cava syndrome
{1478,1897,2143}. Imaging studies
reveal the presence of a large anterior
mediastinal mass.
Macroscopy
Grossly, the tumour is unencapsulated,
often with infiltrative borders. The cut surfaces show whitish or greyish fleshy
tumour with variable extent of necrosis
and haemorrhage. Microcysts may be
present.

A

Tumour spread and staging
The tumour is locally invasive, with frequent invasion of the adjacent pleura,
lung and pericardium, and encroachment on the major blood vessels in the
mediastinum. Metastases to mediastinal
lymph nodes and parenchymal organs
(especially the lungs) are common.

B

Histopathology
Sarcomatoid carcinoma is an infiltrative
tumour often with large areas of coagula-

Fig. 3.48 Sarcomatoid carcinoma of the thymus. A Usually spindle cells predominate, and there are areas
of geographic necrosis. B A biphasic pattern is obvious in this case. The carcinomatous component takes
the form of a squamous cell carcinoma, and it gradually merges into a spindle cell (sarcomatoid) component.
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Fig. 3.49 Sarcomatoid carcinoma of the thymus. A An elongated rhabdomyoblast with cross-striations is seen among polygonal carcinoma cells with pleomorphic
nuclei. B Skeletal muscle differentiation characterized by rounded rhabdomyoblasts with vacuolated cytoplasm are interspersed among the spindle sarcomatoid
cells. C Osteoid formation. D So-called spindle cell thymic carcinoma. The tumour comprises sheets and islands of compact atypical spindle cells.

lial membrane antigen. In the sarcomatoid areas, cytokeratin-positive tumour
cells range from abundant to scanty or
even absent {534,1093,1478,1509,1841,
1897,1916}. Variable expression of
myoid markers (e.g. desmin, actin, myogenin, myoD1, myoglobin) is seen in the
rhabdomyosarcomatous
component
{534,1478,1509,1841,1897}. The cases
studied for CD5 have been negative for
this marker {1093,1916}. Only rare
tumours have been examined ultrastructurally, but desmosome-like junctions
have been described in the spindle cell
area of one case {534}.

Immunohistochemistry
In a tumour where only sarcomatoid
component is identified despite extensive sampling, distinction from a sarcoma depends on the demonstration of
epithelial differentiation in at least some
tumour cells by immunohistochemistry

(e.g. cytokeratin, epithelial membrane
antigen) or electron microscopy. Sarcomatoid carcinoma predominated by
rhabdomyosarcomatous
component
may have been confused with mediastinal rhabdomyosarcoma in the literature.
The latter sarcoma more commonly
affects children and young adults.
Although
rhabdomyosarcoma
can
express cytokeratin, the positive tumour
cells coexpress myoid markers, whereas
at least some tumour cells in sarcomatoid carcinoma express cytokeratin only
{534,1509}.
The entity reported as “spindle cell
thymic carcinoma” comprises lobules
and compact sheets of atypical spindle
cells, and is probably an unusual form of
sarcomatoid carcinoma. There is frequent transition with thymoma with spindle cell (type A) morphology. The spindle
cells show epithelial characteristics and
no evidence of true mesenchymal differ-
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entiation on immunohistochemical evaluation {1509,1916}.
Differential diagnosis
Sarcomatoid carcinoma has to be distinguished from biphasic metaplastic thymoma, which differs in showing good circumscription of the tumour and blandlooking spindle cells, even though the
interspersed squamoid epithelial islands
may sometimes show nuclear pleomorphism {1919,2210}.Spindle cell carcinoid
can be distinguished from sarcomatoid
carcinoma by the presence of delicate
fibrovascular septa, granular cytoplasm,
generally less striking nuclear pleomorphism, and usually presence of a conventional carcinoid component in some
foci; the diagnosis can be further confirmed by positive immunostaining for
neuroendocrine markers.
The biphasic pattern of sarcomatoid carcinoma may raise the differential diag-

A

B

C

D

Fig. 3.50 Sarcomatoid carcinoma of the thymus. A In this example, pale-staining nodules are disposed among spindle cells. B The pale-staining nodules represent
areas with subtle epithelial differentiation. This field shows some resemblance to metaplastic thymoma. C The sarcomatoid component comprises closely packed
spindle cells with moderate nuclear atypia and frequent mitotic figures. D Immunostaining for EMA highlights nodular structures.

noses of synovial sarcoma and mesothelioma. Synovial sarcoma differs in showing more monotonous and uniform spindle cells and glandular differentiation in
the epithelial component. The diagnosis
can be further confirmed by the identification of t(X;18)(p11.2;q11.2) or SYTSSX1 or SYT-SSX2 gene fusion.
Mesothelioma differs in being pleural or
pericardial-based, showing papillaryglandular formation in the epithelial component, expressing mesothelial-associated markers (e.g. calretinin), and showing
mesothelial differentiation ultrastructurally (e.g. bushy microvilli).

Histogenesis
The sarcomatoid component may arise
from metaplasia of the carcinomatous
component, wherein the tumour cells
often gradually lose epithelial characteristics and simultaneously acquire mesenchymal or mesenchymal-like features.
Alternatively, the tumour is derived from
primitive cells with multidirectional differentiation.

Somatic genetics
Only one case has been studied by cytogenetics, with identification of a complex
chromosomal abnormality including
der(16)t(1;16)(q12;q12.1) {534}. Interestingly, this chromosomal translocation has
also been previously reported in a case
of thymic squamous cell carcinoma
{1847}, suggesting a pathogenetic relationship with thymic squamous cell carcinoma in at least some cases.
Prognosis and predictive factors
Sarcomatoid carcinoma is an aggressive
tumour, with most patients dying of disease within three years of diagnosis
despite aggressive multi-modality therapy.

Precursor lesions
Some cases show an identifiable component of thymoma, most commonly with
spindle cell (type A) morphology, suggesting transformation from an underlying thymoma {1093,1897,1916}.
Fig. 3.51 G-banded metaphase spread shows a complex karyotype, including der(16)t(1;16)(q12;q12.1).
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Clear cell carcinoma

Definition
Clear cell carcinoma is a thymic carcinoma predominantly or exclusively composed of cells with optically clear cytoplasm. Thymomas with clear cell features
are not included in this group.
ICD-O code

8310/3

Synonym
Carcinoma of the thymus with clear-cell
features {797}
Epidemiology
This is a very rare variant of thymic carcinoma, with only 13 “pure” cases reported
to date {797,1094,1877,1924,2032,
2166}. Clear cell carcinomas constitute
only 3% of all thymic carcinomas {1924}.
Clear cell carcinoma has also been
reported as a high-grade component in a
combined thymoma/thymic carcinoma
that, in addition, showed areas of spindle
cell (WHO Type A) thymoma, squamous
cell carcinoma and undifferentiated carcinoma {1093}. The age range of the
reported cases is 33 to 84 years, and the
tumour tends to prevail in men (male :
female ratio 1.6) {797, 1663}.
Clinical features
Patients may show symptoms related to
a mediastinal mass, e.g. chest pain or
dyspnoea. Some patients are asymptomatic, with the tumour being detected by
routine X-ray or during unrelated thoracotomy. There are no associated paraneoplastic autoimmune phenomena gravis.
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lular features which contrast their clinical
aggressiveness. Tumour cells are rather
monotonous and polyhedral, and usually
display slight cellular pleomorphism with
round to oval, vesicular nuclei, moderate
nuclear atypia, finely dispersed chromatin, and small discernible nucleoli.
They have abundant lucent, mostly clear
to
granular,
sometimes
faintly
eosinophilic, cytoplasm which mostly,
but not always is due to accumulation of
glycogen. Clear cell carcinomas commonly show a lobulated architecture with
nests, lobules or sheets of tumour cells
being surrounded by a dense fibrous
stroma, and lack the sinusoidal vasculature characteristic of metastatic clear cell
carcinoma of the kidney. Rarely, few scattered intratumoral lymphocytes, minute
foci of squamous differentiation or focal
necrosis are observed. The tumour commonly exhibits an infiltrative growth, with
tumour extending into the surrounding
mediastinal fat and remnant thymus,
even in cases which macroscopically
appear well-delineated.
Special studies
Tumour cells usually show strong cytoplasmic diastase-labile PAS positivity,
but PAS negative cases have also been
reported {1877}. Clear cell carcinomas
are keratin positive (cytokeratin 7 expression may be absent), EMA is expressed
in 20% of cases studied {797}. As in
other types of thymic carcinomas, a subgroup of clear cell carcinomas may

Macroscopy
Macroscopically, the reported tumour
size ranges between 4 and 12 cm (average 9 cm). The tumours may appear
encapsulated and non-infiltrative, or may
extensively infiltrate the surrounding tissues. The cut-surface shows solid or
cystic tumour with or without haemorrhage and focal necrosis.
Histopathology
Microscopically, clear cell carcinomas of
the thymus often show rather bland cel-

Fig. 3.52 Clear cell carcinoma. Tumour cells have
abundant, optically clear cytoplasm and well
defined cell membranes {1690}.
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express CD5 {511,1093}. They are negative for PLAP, vimentin, CEA and S-100
{797}, and do not contain a population of
immature (CD1a- or CD99-positive)
T-lymphocytes.
Differential diagnosis
When making the diagnosis of thymic
clear cell carcinoma, metastatic clear
cell epithelial malignancies, particularly
renal, pulmonary and thyroid clear cell
carcinoma have to be excluded. Other
differential diagnoses include mediastinal diffuse large B-cell lymphoma, mediastinal seminoma, mediastinal parathyroid neoplasms, metastatic clear cell sarcoma or melanoma, glycogen-rich alveolar rhabdomyosarcoma, and clear cell
paraganglioma. Furthermore, thymoma
with clear cell features must be differentiated from clear cell carcinoma and from
combined thymoma/thymic clear cell
carcinoma {1093}. Clear cell features are
common only in WHO Type B3 thymomas and they are almost always focal
{797,2032}. Most tumours show a predominance of conventional B3 areas that
exhibit gradual transitions to foci of
bland-looking clear cells. While the conventional B3 areas harbour at least few
CD1a+ and CD99+ immature T-cells,
they may be absent in the clear cell
areas. Significant PAS-positivity, necrosis, increased proliferative activity,
desmoplastic stroma or TP53 overerexpression are typically absent in clear cell
foci of WHO B3 thymomas. By contrast,
the clear cell carcinoma (with squamoid
features) arising in a WHO Type A thymoma (combined thymoma/thymic carcinoma) was PAS+, showed extensive
necrosis, cyst formation and a desmoplastic stromal reaction {1093}.
Prognosis
Clear cell carcinomas are highly malignant, aggressive mediastinal neoplasms
with frequent local recurrences and
metastases. Most reported patients died
of the disease. Deaths are related to
metastatic disease or local infiltration of
organs in recurrence {797}.

Papillary adenocarcinoma

Epidemiology
Papillary adenocarcinoma of the thymus
is a rare neoplasm, and only five cases
have been reported {1263}. It affects elderly individuals in their sixth to seventh
decades of life. Males and females
appear to be equally affected.

but prominent nucleoli. Psammoma bodies may be present. Areas of coagulation
necrosis, sometimes massive, are scattered throughout the tumour. Invasion
into the adhesive extrathymic tissues
accompanied by a dense collagenous
stroma may be seen. A small number of
tumour cells show positive staining for
mucin. The mitotic count may vary from 1
to 7/10 HPF among cases. Permeation of
tumour cells into lymphatics such as the
subpleural or intrapulmonary perivascular lymphatics may be extensive. In the
majority of cases, type A thymoma is
found as a component within the tumour
mass; one case showed high-grade histology and a predominantly solid and
sheet-like growth accompanied by welldeveloped papillary structures, highgrade atypia and high mitotic rate. In
contrast to the other four cases, there
was no evidence of a type A thymoma
component.

Clinical features
Papillary adenocarcinoma generally
presents as an enlarging anterior mediastinal mass. The tumour may appear
cystic. Paraneoplastic symptoms such
as myasthenia gravis or pure red cell
aplasia have not been described.

Immunophenotype
Papillary adenocarcinoma shows variable degrees of staining for LeuM1 and
BerEP4. CEA and CD5 may also be positive, but CD20, thyroglobulin, pulmonary
surfactant apoprotein and calretinin are
negative. In addition, CD99-positive lym-

Definition
Papillary adenocarcinoma is a rare type
of primary thymic carcinoma, characterized by a prominent papillary pattern of
growth. Although reports of this tumour
are rare, it may be the source of some
metastatic papillary carcinomas with
psammoma bodies in the cervical lymph
nodes of patients without tumours in the
thyroid gland.
ICD-O code

8260/3

Synonym
Papillary carcinoma
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phocytes are absent, but may be found
in the coexisting thymoma portion.
Differential diagnosis
Differential diagnosis of this rare type of
thymic carcinoma includes mediastinal
thyroid neoplasm (i.e. papillary carcinoma), malignant mesothelioma, germ cell
tumour, metastatic adenocarcinoma, and
adenocarcinoma of foregut cyst origin
{1915}.
Histogenesis
It has been suggested that papillary adenocarcinoma originates from type A thymoma as an expression of malignant
transformation {1263}. This is based not
only on the morphological similarities
between the tubuloglandular or papillotubular structures sometimes seen in
type A thymomas and those of the carcinoma, but also the occasional coexistence of a type A thymoma component
within the tumour.
Prognosis and predictive factors
Since the number of reported cases is
limited, specific information on the
histopathologic prognostic factors of
papillary carcinoma of the thymus is not
available.

Macroscopy
The tumours are more or less encapsulated, and usually large (measuring 5-10
cm). The cut surface is irregularly lobulated, white and firm. Prominent cyst formation containing serohaemorrhagic
fluid may be seen. Adhesion or direct
invasion to the adjacent lung, pleura or
pericardium is observed in most cases.
Pleural implants may be found.
Histopathology
The tumour shows a tubulopapillary proliferation of uniform cuboidal to columnar
cells, mainly lying in a monolayer, but
occasionally showing a glomeruloid
arrangement. The tumour cells have
eosinophilic or clear cytoplasm. Their
nuclei are round to ovoid, with coarsely
condensed chromatin, and a few small

Fig. 3.53 Papillary adenocarcinoma of the thymus. Highly papillary configuration resembling papillary carcinoma of the thyroid {1690}.
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Non-papillary adenocarcinomas

There have been rare reports about nonpapillary adenocarcinomas in the thymus. Among them are: an adenocarcinoma with glandular differentiation arising
in a thymic cyst {98}, as is also typical for
papillary carcinoma {541}; an adenoid
cystic carcinoma equivalent to the analogous salivary gland carcinoma {1841};
and a mucinous (colloid) carcinoma of
the thymus {360}. The latter case arose in
a 15 year old boy and was CD5-negative
by immunohistochemistry.
An exceptional tumour in the thymus
exhibiting features of a hepatoid carcinoma was observed in a 78 year-old female
without an extrathymic neoplasm. The
tumour had a diameter of 10 cm, was not
encapsulated and virtually devoid of
fibrous or inflammatory stroma. Respiratory distress was the only clinical symptom. The tumour recurred locally two
years after surgery and responded to
radiotherapy. Considering the female sex
and protracted clinical course, lack of a
yolk sac component and absence of
alpha-fetoprotein in the tumour and the
patient´s serum, a diagnosis of hepatoid
carcinoma of thymus appears more likely than a “monophasic” variant of hepatoid yolk sac tumour of the mediastinum
{606,1349,1355}.
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Fig. 3.54 Thymic adenoid cystic carcinoma. This salivary gland-type thymic carcinoma shows a glandular
and cribriform pattern.

A

B
Fig. 3.55 Thymic hepatoid carcinoma. A Tumour nodules composed of large polygonal tumour cells resembling activated hepatocytes. No hepatic sinuses, no portal structures and absence of a tumour stroma.
B Large polygonal cells with abundant eosinophilic cytoplasm. PAS+ globules (immunorecative for alpha1-antitrypsin, not shown) occurred inside the cytoplasm and in between epithelial cells.
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Carcinoma with t(15;19) translocation

A. Marx
C.A. French
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Definition
Carcinoma
with
translocation
t(15;19)(q13:p13.1) is a rare, aggressive
and lethal carcinoma of unknown histogenesis arising in the mediastinum and
other midline organs of young people.
Synonyms
Aggressive t(15;19)-positive carcinoma,
midline lethal carcinoma
Epidemiology
Six cases of t(15;19)-positive carcinoma
have been reported {439,616,985,
1081,1148,2072}. All occurred in children or young adults (age range: 5-34
years), particularly females (F : M ratio =
5:1).

A

Etiology
The etiology of t(15;19)-positive carcinoma is unknown. Epstein-Barr virus does
not play a role {985,2072} .
Localization
Translocation t(15;19)-positive carcinoma has been reported to arise in supradiaphragmatic midline organs. Three of 6
cases arose adjacent to the thymus in
the mediastinum {985,1081,1148}. Other
primary locations were epiglottis {2072},
sinonasal region {616}, lung {439}, and
bladder (unpublished findings (C.A.F.,
J.A.F.)).
Clinical features
Aggressive local invasiveness is characteristic. Intracranial extension occurred in
a sinonasal case. Pleural effusions and
superior vena cava syndrome are common in thoracic cases. Metastases are
common and may involve lymph nodes,
lung, bone, skin and subcutaneous soft
tissue {2027}.
Histopathology
The presence of undifferentiated, intermediate sized, vigorously mitotic cells is
characteristic. Commonly seen are
sheets of undifferentiated cells forming
syncytia with inter-epithelial lymphocytes, a pattern indistinguishable from

B
Fig. 3.56 Aggressive carcinoma with t(15;19) translocation. A The typical undifferentiated morphology of the
tumour may mimic lymphoepithelioma or large cell lymphoma. B Focal squamous differentiation can be difficult to find, but is often present either histologically or ultrastructurally.

lymphoepithelioma {616}. Focal squamous differentiation is common {616,
1081,1148}, but not always seen, whereas glandular differentiation (mucoepidermoid carcinoma) {1148}) has only been
reported once. Electron microscopy
revealed squamous differentiation (rare
desmosomes {1081,1148,2072}, tonofilaments {1148,2072}) in three cases. Care
must be taken not to confuse the discohesive, undifferentiated round cells of
t(15;19)-positive carcinoma with large
cell lymphoma or germ cell tumour {616,
985,1081}.

Immunophenotype
The tumours consistently react, at least
focally, with pan-cytokeratin markers
{616,2072}. Inconsistent and usually
focal positivity occurs for vimentin, EMA,
and carcino-embryonic antigen (CEA)
{985,2072}. CD30, CD45, PLAP, HMB45,
S100, and neuroendocrine markers are
negative.
Differential diagnosis
This lesion must be distinguished from
large cell lymphoma, germ cell tumour,
and t(15;19)-negative carcinomas, parCarcinoma with t(15;19) translocation 185

ticularly lymphoepithelioma-like, poorly
differentiated squamous cell, mucoepidermoid, and undifferentiated carcinoma.
Histogenesis
Despite various considerations {616,985,
1081,1148,2072}, derivation of this
tumour is unknown.
Somatic genetics
The specific t(15;19)(q13;p13.1) translocation, which generates the 6.4-kb
BRD4-NUT fusion oncogenes, is often
the only demonstrable cytogenetic aberration. The translocation fuses the 5´ 10
exons of the ubiquitously expressed
BRD4 bromodomain gene on chromosome 19 with nearly the entire transcript
of the 15q13 gene NUT (nuclear protein
in testis), that is normally exclusively
expressed in testis {617}. Cytogenetics,
fluorescence in situ hybridization (FISH),
Southern blotting and RT-PCR studies
can identify the translocation {616,617}.
Additional chromosomal aberrations are
rare {2027}.

Fig. 3.57 Aggressive carcinoma with t(15;19) translocation. Karyotype from a teenage girl with the t(15;19)
carcinoma. A reciprocal translocation involving chromosomes 15q13 and 19p13.1 has occurred. The der (19)
contains the functional fusion oncogene.

Prognosis and predictive factors
All cases reported so far followed an
extremely aggressive clinical course
(average survival 18 weeks; range 8-38
weeks) {616}.

A

B

Fig. 3.58 Aggressive carcinoma with t(15;19) translocation. A Schematic of the BRD4 and NUT genes disrupted in the t(15;19)(q13;p13.1) chromosomal translocation. Exons are represented by horizontal bars, and
introns by connecting lines. All characterized breakpoints (N=2), represented by vertical arrows, occur in
intron 10 of BRD4 (gray), and intron 1 of NUT (green), splitting BRD4 roughly in half, and fusing to it nearly
the entire NUT transcript. Both bromodomains (pink) of BRD4 are preserved in the fusion oncogene. The
oncogenic mechanism is believed, at least in part, to result from unscheduled expression of NUT (normally
expressed only in testis) driven by the promoter of BRD4, which is ubiquitously expressed. B Fluorescent
in situ hybridization (FISH) depicting the t(15;19)(q13;p13.1) in a paraffin section. The red-green probe doublet, which normally flanks the NUT gene on chromosome 15, is split apart by the translocation.
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Undifferentiated carcinoma
of the thymus
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Definition
A thymic carcinoma growing in a solid,
undifferentiated fashion but without sarcomatoid (spindle cell, pleomorphic,
metaplastic) features {1924}.
ICD-O code

8020/3

The diagnosis of this rare type of thymic
carcinoma is one of exclusion. Defining
its epithelial nature usually requires
immunohistochemistry. In children and
young adults, carcinoma with t(15;19)
translocation should be excluded by
cytogenetics or RT-PCR {617,1081}. The
most important differential diagnosis in
adults is large cell carcinoma in the lung
extending or metastasizing to the mediastinum.
Small cell carcinoma without (immunohistochemically) recognizable differentiation is traditionally classified among the
neuroendocrine carcinomas of the thymus.

A

B
Fig. 3.59 Undifferentiated thymic carcinoma. A A solid growth pattern composed of large polygonal to round
tumour cells, large nuclei and a slightly basophilic cytoplasm. No keratinization, no intercellular bridges, no
glandular differentiation, no sarcomatoid features and no EBER expression by in situ hybridization. The
prominent population of bland looking myoid cells with round inconspicuous nuclei and eosinophilic cytoplasm unequivocally identifies this carcinoma as a tumour of thymic differentiation. Myoid cells show no
significant proliferative activity (in contrast to rhabdomyosarcoma cells). B Desmin staining demonstrates
intratumorous myoid cells.
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Thymic neuroendocrine tumours

Definitions
Thymic epithelial tumours that are predominantly or exclusively composed of
neuroendocrine cells are classified as
neuroendocrine carcinomas (NECs) of
the thymus {1691}. They have to be distinguished 1) from otherwise typical
thymic carcinomas, which may contain
scattered or groups of neuroendocrine
cells {853,1091,1139}, and 2) from nonepithelial neurogenic tumours, particularly paragangliomas.
Neuroendocrine differentiation can be
demonstrated by immunohistochemistry
(positivity for chromogranin, synaptophysin, neuron-specific enolase, CD56)
and/ or by ultrastructural identification of
neurosecretory granules.
Neoplasms combining features of NEC
and either thymoma or thymic carcinoma
are included in the category of “combined thymic epithelial tumours”.
Since the seminal work of Rosai and
Higa, thymic neuroendocrine tumours
that are “related to carcinoid tumours”
have been distinguished from thymomas
{1686,1688,2144}. The epithelial neuroendocrine tumours of the thymus comprise typical and atypical carcinoids, as
well as large and small cell carcinomas.
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Well differentiated
neuroendocrine carcinomas
In line with the nomenclature of neuroendocrine tumours occurring in other sites
of the body, it is proposed that thymic
carcinoids be termed well differentiated
neuroendocrine carcinomas of the thymus {349,1691}. The rationale for considering all these tumours as carcinomas
{1691} is the observation that even “innocent” looking and encapsulated carcinoids bear a significant risk for recurrence, metastasis and tumour-associated death {628,1845,2140}. The carcinoids are further subdivided into typical
and atypical carcinoids.
ICD-O codes
Typical carcinoid
Atypical carcinoid

8240/3
8249/3

Typical and atypical carcinoids
Following the introduction of the term
“atypical carcinoid” by Arrigoni et al. in
1972 for a subgroup of moderately
aggressive neuroendocrine neoplasms
of the lung {75}, it became clear that the
vast majority of carcinoids in the thymus
correspond to atypical carcinoids when
the same criteria are applied as in the

A

lung
{450,628,723,1361,1688,1808,
2062,2140}. As a group, atypical carcinoids more often show a diffuse growth
pattern, advanced stage disease, and a
higher degree of cytologic atypia {723,
1362,1691,1808,2062}.
Since virtually all thymic carcinoids are
atypical carcinoids (see epidemiology),
most studies report thymic carcinoids to
have a worse prognosis compared with
bronchial carcinoids {628,1361,1808,
2136}. However, varying criteria have
been used for definition of atypical carcinoids of the thymus in these series {628,
1361,1845,2062}. In fact, the only clinicopathological study applying WHOdefined criteria to classify atypical thymic
carcinoids {723} challenged the view that
thymic atypical carcinoids are clinically
more aggressive than morphologically
identical carcinoids of the lung. A better
prognosis of atypical thymic carcinoids
as compared to pulmonary carcinoids
was even suggested by a recent study
{1049} (5-year and 10-year survival rates
of 84% and 75% respectively, compared
with 87% and 87% for pulmonary typical
carcinoids and 56% and 35% for pulmonary atypical carcinoids {2028}).

B

Fig. 3.60 Typical carcinoid. A Solid and trabecular growth pattern. Note absence of necrosis and mitoses. B On high magnification, rosettes, and bland cytology
can be seen, but no mitoses.
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Table 3.06
Classification of thymic neuroendocrine tumours (Neuroendocrine carcinomas, NECs) {1691}.
Neuroendocrine Carcinomas (NECs)

Well-differentiated NEC

Poorly differentiated NEC

Typical Carcinoid

Atypical Carcinoid

LCNEC*

SCC**

No necrosis;
<2 mitoses per 2 mm2
(10HPF)

Necrosis present
and/or 2-10 mitoses per
2 mm2 (10 HPF)

Non-small cell NEC
with >10 mitoses per
2 mm2 (10 HPF)

Small cell cytology

Morphological Variants

Variants

Spindle cell type
Pigmented type
With amyloid (extrathyroidal medullary carcinoma)
Oncocytic/oxyphilic type
Mucinous
Angiomatoid type
Combinations of the above variants

SCNEC combined with
Non-NECs

Thymic NECs with shared features of (atypical) carcinoid and LCNEC/SCC
Carcinoid with sarcomatous change (“metaplastic NEC”)
*LCNEC,
**SCC,

large cell neuroendocrine carcinoma;
small cell carcinoma; HPF, high power field

Poorly differentiated
neuroendocrine carcinomas
Small cell carcinoma (SCC, neuroendocrine type) and large cell neuroendocrine carcinoma (LCNEC) of the thymus are considered poorly differentiated
neuroendocrine carcinomas of the thymus.
ICD-O codes
Large cell neuroendocrine
carcinoma
8013/3
Small cell carcinoma,
neuroendocrine type
8041/3

Fig. 3.61 Atypical carcinoid. Macroscopy of a well
circumscribed tumour.

Definitions
Four major categories of thymic neuroendocrine neoplasms are recognized:
Typical (classic) carcinoid. A carcinoid
tumour comprised of polygonal cells with
granular cytoplasm arranged in ribbons,
festoons, solid nests and rosette-like
glands. Tumours have less than 2 mitoses
per 2 mm2 (10 HPF) and necrosis is
absent.
Atypical carcinoid. A carcinoid tumour
with architectural features of the classic
type but exhibiting a greater degree of
mitotic activity and/or foci of necrosis
(including comedonecrosis).

Small cell carcinoma, neuroendocrine
type. A high-grade thymic tumour consisting of small cells with scant cytoplasm, ill-defined cell borders, finely
granular nuclear chromatin, and absent
or inconspicuous nucleoli. The cells are
round, oval or spindle-shaped, and
nuclear molding is prominent. The mitotic count is high. The morphologic features are indistinguishable from those of
small cell carcinoma arising in the lung.
Variant: Combined small cell carcinoma:
A small cell carcinoma that also contains
a component of non-small cell carcinoma
such as squamous cell carcinoma or
adenocarcinoma.
Large cell neuroendocrine carcinoma: A
high-grade thymic tumour composed of
large cells with neuroendocrine morphology such as palisading, trabeculae, nesting or rosette-like features; necrosis that
is usually extensive; a high mitotic rate;
and either neurosecretory granules by
electron microscopy or positive neuroendocrine immunohistochemical markers.
Basis of the classification
Considering the paucity of data on clinicopathological correlations in thymic
NECs {723,1361,1845} as compared to
the statistically better analyzed pulmonary NECs {128,218,2023,2026}, the
first edition of the WHO classification of
tumours of the thymus {1691} suggested
thymic neuroendocrine tumours to be
classified using the same criteria applied
for NECs of the lung {218}. Although this
approach was not based on sufficient
statistical data, it was meant to provide a
morphological basis from which prospective and retrospective clinical studies

Fig. 3.62 Atypical carcinoid. Despite circumscription, there is lymphatic invasion outside the main tumour
mass.

Neuroendocrine carcinomas 189

are launched to generate statistical data.
This approach is maintained in the present edition of the WHO classification.
Epidemiology
Thymic NECs are rare, constituting 2-5%
of thymic epithelial tumours {723,1361,
1808,2062}. In contrast to the lung {218,
1128,2023}, the great majority of cases
are represented by atypical carcinoid.
MEN-1-associated thymic NECs have all
been carcinoids and occurred almost
only in male adults (31-66 years; mean
44 years) {1987,1989}.
Epidemiological data on typical carcinoids are lacking. Atypical carcinoids are
mainly tumours of adults (18–82 years;
mean 48-55 years in both males and
females) {723,1361,1845,2062}, but
have also been rarely observed in children (8-16 years of age) {666,1185}.
There is a male preponderance (M:F =
1:2-7) {528,723,1361,1845}.
By contrast, small cell carcinomas show
no gender predilection and the patients
on average are slightly younger {1094,
2032,2143}. The case of thymic large cell
neuroendocrine carcinoma reported by
Chetty occurred in a 68 year-old male
patient {349}.
Etiology
About 25% of patients with thymic carcinoids have a positive family history of
MEN-1 {1989}. Conversely, among MEN1 patients, thymic carcinoids were found
in 8% of cases {681}. Since thymic NECs
cluster with only a minority of MEN-1 families, exhibit diverse mutations and are
not associated with loss of heterozygosity
(LOH) at the 11q13 (MEN-1) locus, it
appears that genetic alterations in addition to MEN-1 abnormalities (possibly
involving a tumour suppressor gene(s) on
chromosome 1p) are required for thymic
carcinoids to develop {1988, 1989}. The
role of a MEN-2 genetic background for
the development of thymic carcinoids is
less clear {1239}.
Localization
Thymic neuroendocrine carcinomas
occur in the anterior mediastinum. A single case occurring in an ectopic thymus
adjacent to the thyroid has also been
published {900}.
Clinical features
Most poorly differentiated neuroendocrine carcinomas and about 50% of
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Fig. 3.63 Atypical carcinoid. A Striking rosette formation and a "punctate" area of necrosis (comedonecrosis). B Mitotic figures are seen. C Cytokeratin expression (Cam5.2; immunoperoxidase). D Strong chromogranin A staining.

well differentiated neuroendocrine carcinomas exhibit local symptoms (chest
pain, cough, dyspnoea, or superior vena
cava syndrome) {723,1361,1845}.
Carcinoid syndrome is exceedingly rare
(<1%) {1845}. On the other hand, 17-30%
of adult and >50% of childhood carcinoids
of the thymus are associated with Cushing
syndrome due to ACTH production
{456,1845,1918}. In fact, 10% of all cases
of “ectopic ACTH syndrome” are due to
thymic carcinoids {162,2095}. Cutaneous
hyperpigmentation due to tumour-derived
alpha-MSH frequently accompanies and,
rarely, precedes Cushing syndrome {666}.
Cushing syndrome is exceptionally rare in
thymic SCC {812}.
Acromegaly (due to tumour-derived
GHRH) {924}, and inappropriate production of antidiuretic hormone or atrial natriuretic peptide {1507} are uncommon.
Hypercalcaemia/hypophosphataemia in
thymic carcinoid patients may result
either from tumour production of PTHrP
{2214} or from primary hyperparathyroidism in the context of the MEN-1 syndrome {1989}.
MEN-1-associated thymic NECs are typically insidious tumours (carcinoids) that
manifest by local symptoms, metastases,
disturbances of calcium/phosphate metabolism or, rarely, with acromegaly {196},
while Cushing syndrome has not been
reported {1988,1989}. Paraneoplastic
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autoimmune disorders, such as the
Lambert-Eaton myasthenic syndrome, are
very rare.
Macroscopy
Thymic carcinoids and poorly differentiated thymic NECs are virtually identical
macropscopically. The majority are unencapsulated and can appear either circumscribed or grossly invasive. The size
ranges from 2–20 cm (mean 8 -10 cm)
{450,1361}. Cases associated with
Cushing syndrome tend to be smaller (35 cm) due to earlier detection. They are
grey-white and firm on cut section, can
have a gritty consistency, and usually
lack the characteristic lobulated growth
pattern of thymomas. Oncocytic/ oxyphilic variants may show a tan or brown
cut surface. Foci of haemorrhage and
necrosis are apparent in 70% of cases
{2137}. Calcifications are frequent in
thymic NECs (30%) compared with
extrathymic NECs {924}.
Tumour spread and staging
Locally restricted atypical carcinoids
(encapsulated pT1 or infiltrating the
mediastinal fat or thymus pT2) make up
40-50% of cases, but half of them exhibit local metastasis (pN1) {723,2062}.
Invasion into adjacent organs (40-50%,
pT3) or pleural or pericardial cavity
(10%, pT4) is common {723,2062}.
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Fig. 3.64 Atypical carcinoid. A Solid growth pattern. B Trabecular growth pattern. C Spindle cell variant of carcinoid. D Spindle cell carcinoid. Transmission electron microscopy showing distinct electron dense neurosecretory granules of variable size in the cytoplasm of a tumour cell.

Metastases are present in 30-50% of
cases {723,1845}. Lymph node metastases can involve mediastinal, cervical
and supraclavicular lymph nodes {924}
or they can be systemic {723}. Haematogenous metastasis to bone, liver, skin,
brain, kidney, heart, adrenals and soft tissues have been reported {723,1013,
1845,2143}. Pericardial and pleural cavities can be sites of late NEC recurrences
(up to 9 years after resection) {2035}.
Only very few cases of stage II SCC have
been reported {1808,1841}, one with distant metastases {1841}. The vast majority
of SCC are in stage III or IV {812,1094,
1841,2143}, and about half of them show
lymph node or haematogenous metastases {1094,2032}.
Histopathology of well differentiated
neuroendocrine carcinomas

Typical carcinoids
By definition, these are devoid of necrotic areas and exhibit a low mitotic rate (<2

mitoses per 2 mm2 or 10 HPF using certain microscopes). The “classic” carcinoid can show a variety of “organoid”
features: ribbons (trabeculae), festoons,
solid nests, rosettes, glandular structures, and nuclear palisades, accompanied by a richly vascularized stroma. The
trabecular and rosette patterns are the
commonest, being found in over 50% of
cases. The tumour cells are uniform and
polygonal, with relatively small nuclei,
finely granular chromatin, and eosinophilic granular cytoplasm. Lymphovascular invasion is common.

Atypical carcinoids
These show (1) areas of necrosis and a
maximum of 10 mitoses per 2 mm2 (10
HPF) of non-necrotic tumour area or (2)
absence of necrosis but a proliferation
rate of 2-10 mitoses/2 mm2 or 10HPF. All
architectural features of typical carcinoids can occur. Even small “punctate”
area of necrosis (comedonecrosis) in an
otherwise typical carcinoid justifies a

diagnosis of “atypical carcinoid”.
Compared to typical carcinoids, atypical
carcinoids more frequently show some
degree of nuclear pleomorphism including rare ”anaplastic” cells {723}, a focal
diffuse growth pattern (so-called “lymphoma-like”) {723,1361,1845,2062} or
extensive desmoplastic stroma with
Indian filing of tumour cells {2136}.
Calcifications are also more characteristic of atypical carcinoids (up to 30% of
cases) {924}.

Variants of thymic carcinoids
The morphologic variants should be
assessed as being “typical” or “atypical”
using the criteria listed above. Among
the reported cases, almost all are classifiable as atypical carcinoids.
Spindle cell carcinoid
This is the commonest thymic carcinoid
variant, being predominantly or totally
composed of spindle cells often
arranged in fascicles. Occasionally, spinCarcinoids 191
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Fig. 3.65 A Atypical carcinoid. Rosette formation. B Atypical carcinoid. Small islands of tumour cells in oedematous stroma. C Pigmented carcinoid. Melanin is
present in the cytoplasm of some tumour cells. D Carcinoid with amyloid. Tumour cells are accompanied by deposits of extracellular amyloid.

dle cell carcinoid can be admixed with a
classic carcinoid {1169,1691,2141}.

Pigmented carcinoid
This variant of thymic carcinoid is characterized by presence of intracytoplasmic
melanin (neuromelanin) in a variable number of tumour cells. Melanosomes can be
detected by electron microscopy. There
can be admixed melanophages containing phagocytosed melanin granules with
a coarser appearance. Pigmented tumour
cells can exhibit an otherwise classic or
spindle cell morphology. This variant has
also been reported to be associated with
Cushing syndrome {857,1028,1114}.
Carcinoid with amyloid
This variant is accompanied by amyloid
deposition in the stroma that can be identified by Congo stain {2141}. The tumour
cells are usually spindle shaped and
immunorective for calcitonin, so that the
tumour
is
indistinguishable
from
medullary carcinoma of the thyroid

(“extrathyroidal medullary carcinoma”).
The histogenesis of this tumour is unclear.
A derivation from extra-thyroidal C-cells or
a thymic epithelial origin has been postulated {1691}.

Oncocytic/oxyphilic carcinoid
This is a rare variant that is composed of
polygonal, large tumour cells with
oxyphilic cytoplasm due to accumulation
of mitochondria {1362,2183}. Oncocytic
carcinoid is rarely associated with MEN-1
or Cushing syndrome {1362,2183}.
Mucinous carcinoid
This is a very rare variant that exhibits an
alcian blue-positive mucinous stroma
{1501,1911}. The tumours are often large
(>8 cm) and can resemble metastatic
mucinous carcinoma, such as from the
gastrointestinal tract or breast. The stromal mucin is believed to result from
regressive changes rather than production by the tumour cells. There can be a
focal component of classic carcinoid. The
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few reported cases have not been associated with Cushing syndrome.

Angiomatoid carcinoid
This rare variant resembles haemangioma
macroscopically and microscopically due
to the presence of large blood-filled cystic
spaces. However, closer scrutiny shows
that the spaces are lined by polygonal
tumour cells but not endothelial cells
{1360}.
Carcinoid with sarcomatous change
Carcinoids in combination with a sarcomatous tumour areas have been described
rarely, and have pursued a highly aggressive clinical course {1090, 1557}. The sarcomatous component shows fibrosarcomatous, myoid, osseous or chondroid differentiation. The cases have been interpreted as examples of dedifferentiation or
divergent development from a common
precursor rather than collision of two clonally unrelated tumours.

Fig. 3.66 Sarcomatoid neuroendocrine carcinoma.

Fig. 3.67 Sarcomatoid neuroendocrine carcinoma. Sarcomatoid neuroendocrine carcinoma exhibiting a
well differentiated and a sarcomatoid spindle cell components.

Carcinoids as components in other combined tumours
Carcinoids can be admixed with thymic
small cell carcinoma (see below), and
with thymoma or thymic carcinoma, particularly squamous cell carcinoma,
adenosquamous carcinoma or undifferentiated carcinoma {1094,1783, 1913}.
Three examples of carcinoid (including
one goblet cell carcinoid {1124}) have
been reported as components of mature
cystic teratomas of the thymus {1124,
1707,1787}. Two of the three patients
(age: 43–63 years) were females. The
reported outcome was favourable after
complete surgical removal, but follow-up
time was short.

pathological correlation is essential to
distinguish between primary thymic
LCNEC and metastasis of an extrathymic
LCNEC to the mediastinum.

Poorly differentiated neuroendocrine thymic carcinomas
Large cell neuroendocrine carcinoma
(LCNEC)
LCNECs of the thymus are non-small cell
NECs with a mitotic rate of > 10 per 10
HPF {1691}. Necrosis is almost always
present and often extensive. The higher
mitotic rate is the essential differentiating
feature of this tumour from atypical carcinoid. In addition, large tumour cell size,
including frankly anaplastic giant cells,
are more common than in atypical carcinoids {349,723,1361}. Neuroendocrinetype architectural features, such as nesting, cribriform, trabecular, and rosetting,
may occur but are often less well developed compared with atypical carcinoids
{1691}.
LCNEC of the thymus cannot be distinguished from its pulmonary counterpart
by morphology alone. Careful clinico-

Small cell carcinoma (SCC, neuroendocrine type) of the thymus
In contrast to carcinoids and LCNEC, the
tumour cells of SCC are small (usually
<3x diameter of a lymphocyte) and cytoplasm is very scant. Mitotic activity is
usually higher than in other types of NEC.
Nuclei can be round, oval or spindly, the
chromatin is finely granular, and nucleoli
are inconspicuous. Apoptotic bodies are
often numerous. Evidence of neuroendocrine differentiation is usually supported by immunohistochemistry (chromogranin; synaptophysin; NCAM/CD56).
Clinical imaging studies SCC are important for distinction between primary
thymic origin and mediastinal metastasis, which is much more frequent than
thymic SCC.
Immunophenotype
NECs are virtually all immunoreactive for
broad spectrum cytokeratins (AE1/3,
CAM5.2), often showing a dot-like staining. In contrast to Merkel cell carcinoma,
cytokeratin 20 is not expressed in small
cell carcinomas of neuroendocrine type
(SCNECs) {326}.
Endocrine differentiation is revealed by
reactivity with antibodies to neuroendocrine markers: synaptophysin, chromogranin, neuron-specific enolase (NSE)
and NCAM/CD56. NCAM and NSE are
slightly more sensitive (about >90%
each) {1808} than chromogranin (7090%) {1362,1845}, and synaptophysin
(70%) {1362}. Most carcinoids and prob-

ably also LCNEC express at least two of
these markers in >50% of tumour cells
{853,1362,1845,2062}.
Hormones can be detected in most
thymic NECs in a variable (and sometimes very low) number of tumour cells.
Expression of ACTH, HCG (alpha-subunit more than beta-subunit {853}),
somatostatin, beta-endorphin, cholecystokinin, neurotensin, calcitonin {820,
1808,2062,2140}, is quite common, while
serotonin, gastrin, and parathormone are
uncommon {1845,1953}. Multihormonal
tumours appear to be frequent {820,
853,1953}. Of note, there is no close correlation between the hormones detected
by immunohistochemistry and the clinical symptoms {820}.
Nuclear expression of TTF-1 is absent in
the vast majority of thymic carcinoids
{1513} and LCNEC (our experience),
though more cases need to be studied
under defined conditions. TTF-1 data on
thymic SCC are limited; three cases
studied have been negative {351,975}.
Postulated cell of origin
Not definitively known. The relatively
common occurrence of mixed NECs,
squamous cell carcinomas of the thymus
and the rare occurrence of neuroendocrine carcinoma associated with thymom argue in favour for a common
thymic epithelial precursor as the progenitor of thymic NECs {2137}.
Somatic genetics and genetic susceptibility
Classical cytogenetic or comparative
genomic hybridization data on sporadic
thymic NECs have not been published.
In a small series of MEN-1-associated
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NECs, 2 of 7 cases show losses in the 1p
region, while LOH at the MEN-1 locus at
11q13 is consistently absent {1989}.
Therefore, a tumour suppressor gene on
1p, in addition to MEN-1 mutations, has
been considered a candidate playing a
role in the oncogenesis of thymic NECs.
In one study of atypical carcinoids, DNA
cytometry revealed aneuploidy in only 1
of 12 cases {723}. This aneuploid case
was extensively metastatic (as were 3
euploid cases).
Differential diagnosis
NECs of the thymus are difficult to distinguish from the much more frequent mediastinal metastasis of pulmonary NECs
{2137}. Immunohistochemical detection
of TTF-1 expression might be helpful in
distinguishing carcinoids and LCNEC of
the lung from their thymic counterparts,
since most thymic carcinoids {1513} and
LCNECs are TTF-1 negative, while pulmonary NECs are TTF-1 positive in
50–75% of cases {272, 600,975},
although the TTF-1 expression status in
pulmonary carcinoids has been questioned recently {1894}. Of note, TTF-1
negativity of a carcinoid in the mediastinum does not exclude metastasis
from a gastrointestinal or pancreatic pri
mary, since carcinoids in these locations
are generally TTF-1 negative {272}.
Whether TTF-1 is a useful marker to distinguish thymic SCNEC from the metastasis of small cell carcinoma of lung cancer is unclear {27,351,975}.
Otherwise typical thymic carcinomas
with endocrine cells have to be distinguished from thymic NECs. The latter
typically express neuroendocrine mark-

ers in a diffuse manner in >50% of
tumour cells, while reactivity is restricted
to scattered cells in thymic carcinomas
{853,1139}.
Spindle cell carcinoids can resemble
other spindle cell tumours of the thymus,
including type A thymoma and synovial
sarcoma, which are also cytokeratin-positive but lack finely granular chromatin
pattern and neuroendocrine features.
Nerve sheath tumours can be positive for
NCAM/CD56, but lack cytokeratin and
more specific neuroendocrine markers
like chromogranin or synaptophysin.
Paragangliomas can closely mimic carcinoids by virtue of the similar architecture,
high vascularity, strong expression of
neuroendocrine markers, possible pigmentation, and possible association with
Cushing syndrome {857,1028,1092,
1114,1350,1548}. In addition, carcinoids
can occasionally show S100 positive
sustentacular cells around nests of
tumours cells {109,450}. The distinguishing features of carcinoids include: trabecular growth pattern, if present, and
expression of cytokeratins. In morphologically equivocal cytokeratin-positive
neuroendocrine tumours, ultrastructural
analysis may be helpful {2140}.

are associated with a more favourable
prognosis. Sarcomatoid differentiation
may denote highly malignant clinical
behaviour {1090}. It appears that the
prognosis of LCNEC is worse than that of
atypical carcinoid. Thymic SCNEC are
more aggressive than atypical carcinoids
(median survival: 25–36 months)
{1094,1841,2032,2143}, although they
are said to have a slightly better prognosis than their pulmonary counterparts
{1808}. The poorly differentiated thymic
NECs (small and large cell types) and
NECs with combined features of carcinoid plus SCC are similarly highly
aggressive, with patients dying of disease within 1 to 4 years {1361,1363}.
Early and late recurrences (local or systemic) are common (1–10 years) {528,
1902,2035} and appear to be associated
with a bad prognosis {628,723,1362,
1845}. Local progression or local recurrence is observed in the majority of
patients that finally die {349,450,1094,
1841,2032,2136}. Since the thymic NECs
exhibit a poor response to chemo- and
radiotherapy, radical resection of the primary tumour (together with local lymph
nodes) must be a major therapeutic goal
{450,628,723}.

Prognosis and predictive factors
Tumour stage has been found in most
studies to be an important prognostic
factor {528,628,723,1845,2144}. Atypical
carcinoids are clearly aggressive, with 5year and 10-year survival rates of 5082% and 30%, respectively {628,723,
1845,2141}. Among atypical carcinoids,
a lower mitotic rate (<3/10 HPF), minimal
atypia, and lack of necrosis {1361,1362}
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Fig. 3.68 Large cell neuroendocrine carcinoma (LCNEC). A Brisk mitotic activity distinguishes this LCNEC from atypical carcinoid, while the degree of necrosis and
cytologic atypia is not different. B Note cytological details on this high power magnification.
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Fig. 3.69 Small cell carcinoma of the thymus. A Poorly differentiated neuroendocrine carcinoma: small cell carcinoma showing focal crush artifacts (low power).
B Photomicrograph of primary small-cell neuroendocrine carcinoma of the thymus. C Cytological details: cellular crowding, elongated nuclei with salt and pepper
chromatin structure, without recognizable nucleoli, scant cytoplasm, and high mitotic activity(high power). D Dense core granules are numerous in the cytoplasm
of the tumour cells.
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Combined thymic epithelial tumours

Definition
Combined thymic epithelial tumours are
neoplasms with at least two distinct
areas each corresponding to one of the
histological thymoma and thymic carcinoma types, including neuroendocrine
carcinomas. The approximate percentage of each component should be specified in the diagnosis. Type AB thymoma
is a separate entity by definition and
does not fall under this category.
ICD-O code: Code the most aggressive
component.
Synonyms
Composite thymomas; Composite thymoma-thymic carcinoma; Mixed neuroendocrine carcinoma-thymoma.
Epidemiology
Combined thymic epithelial tumours
showing either A or AB thymoma areas
combined with one of the type B thymoma subtypes or thymic carcinoma components are exceptionally rare (<1%).
Likewise, combined neuroendocrine carcinoma-thymoma, and combined neuroendocrine/non-neuroendocrine thymic
carcinomas are exceedingly seldom
(<1%), while combined B3 thymomathymic squamous cell carcinomas are a

bit more common (~1%). By contrast,
various combinations of the type B thymoma subtypes B1, B2 and B3 account
for 10-15% of all cases in large series
{341,541}. Combined B2/B3 thymoma is
by far the most common comined thymoma (8-12%), in accordance with the
close morphologic and genetic relationsship between B2 and B3 thymomas
{897}.
Combined thymomas are not different
from the respective individual thymomas
in terms of age and sex association.
Combined neuroendocrine thymic carcinoma-thymoma are tumours of adults,
with most cases reported at age 50-60.
There is a male predominance.
Etiology
The etiology of these tumours remains
enigmatic. Unpublished genetic studies
suggest that combined thymic epithelial
tumours can arise by dedifferentiation of
thymoma/ thymic carcinoma or by biphasic differentiation of a multipotential
thymic epithelial precursor. The concept
of tumour collision awaits genetic evidence {1841}.
Localization
Almost all cases were observed in the
anterior mediastinum

Table 3.07
Combined neuroendocrine carcinoma–thymoma/thymic carcinomas reported in the literature.
Type of thymoma:
descriptive terms

Corresponding
WHO Classification

Corresponding
neuroendocrine tumour

Source

Spindle cell thymoma

AB (?)

Thymic carcinoid

{358}

Lymphocyte-rich thymoma

B2

Thymic carcinoid

{1336}

Epithelial cell predominant
thymoma

B3

Thymic carcinoid

{1808}

Undifferentiated thymic
carcinoma

C

Thymic carcinoid

{1783}

Sarcomatoid thymic carcinoma

C

Thymic carcinoid

{1557}

Squamous cell carcinoma

C

Small cell carcinoma

{1841}

Adenosquamous carcinoma

C

Small cell carcinoma

{1094}
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Clinical features
There are no differences in the clinical
manifestations of combined thymomas
as compared to the individual components. Myasthenia gravis (MG) is by far
the most common paraneoplastic manifestation (60-72%). One patient in our
series of 107 combined thymic epithelial
tumours presented with sarcoidosis,
another patient with amyotrophic lateral
sclerosis in addition to MG.
In combined neuroendocrine thymic carcinoma-thymoma myasthenia gravis,
pure red cell aplasia {358,1336} and the
carcinoid syndrome {1557} may occur.
Macroscopy
The size of combined tumours does not
differ from that of the respective noncombined individual components.
Tumour spread and staging
All reported cases occurred in the anterior mediastinum as Masaoka stage I
(6%), stage II (45%), stage III (29%), or
stage IV (19%) tumours with intrathoracic
metastases to pleura, lung and lymph
nodes.
Histopathology
Among thymomas and thymic carcinomas, over 80% of combined tumours
have clearly distinguishable, circumscribed areas showing typical B2 and B3
differentiation. Other common combinations are those of B1 and B2 (10%) or of
B3 and non-neuroendocrine thymic carcinoma (5-7%). The carcinoma component in most cases is a squamous cell
carcinoma. Lymphoepithelioma-like, sarcomatoid/anaplastic or undifferentiated
carcinomas are uncommon. Rare cases
of combined AB and B2 thymoma
{341,1912}, and spindle cell (type A) thymomas in combination with thymic squamous cell {1912}, papillary {541,1263},
sarcomatoid or undifferentiated carcinoma have been observed, implying emergence of thymic carcinoma from a
benign thymoma subtype.
Among neuroendocrine carcinomas
(NECs), tumours composed of a (usually
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Fig. 3.70 Combined thymic epithelial tumours. A Combined B2 + B3 thymoma. Lymphocyte-rich B2 component (left) adjacent to lymphocyte-poor B3 component
(right). B Combined carcinoid and small cell carcinoma. Combined neuroendocrine carcinoma: carcinoid (right) and small cell carcinoma (left). C Combined neuroendocrine carcinoma/thymoma. Type B3 thymoma (right) adjacent to poorly differentiated (spindle cell) neuroendocrine carcinoma of the thymus (left).
D Combined small cell and keratinizing squamous cell carcinoma. Sharp segregation between foci of small cell carcinoma and the round clusters of keratinizing
squamous cell carcinoma.

atypical) carcinoid component and a
poorly differentiated NEC (small cell carcinoma or large cell neuroendocrine carcinoma) component have been reported
{1362,1363,2142}.
To be designated combined neuroendocrine carcinoma–thymoma/thymic carcinoma, both tumour components should
make up such a proportion of the tumour
that both components can be readily recognized on H&E staining. By immunohistochemical or ultrastructural studies,
scattered epithelial cells or small epithelial cell clusters with neuroendocrine features can be detected in rare conventional thymomas and many thymic carcinomas {39,853,1091,1139}. The term
mixed neuroendocrine carcinoma – thymoma should not be used for these
cases.

Somatic genetics
Genetic data have not been published.
CGH studies on single cases of combined B2 and B3 thymomas or B3 and
thymic carcinoma components suggest
that the genetic alterations in these
tumours are identical to those of their
non-combined counterparts {896,2238,
2242} and that the individual components are clonally related. In one case of
combined B3 thymoma and large cell
neuroendocrine carcinoma, shared
genetic alterations were observed, suggesting a common clonal origin of both
tumour components.

{341,1912}. In one case of combined
WHO Type B3 thymoma and thymic large
cell neuroendocrine carcinoma, the
patient died of widespread metastasis of
the neuroendocrine carcinoma component.

Prognosis and predictive factors
Available data on combined thymomas
suggest that the most aggressive component determines the clinical outcome
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Germ cell tumours of the mediastinum

The mediastinum is among the compartments of the body most frequently affected by germ cell tumours (GCT), second
only to the gonads and ahead of other
extragonadal GCT (EGGCT) that affect
the retroperitoneum, sacrococcygeal
region and central nervous system. Like
their gonadal counterparts, mediastinal
GCT can contain more than one histologic type of GCT and have been categorized for therapeutic purposes into pure
seminomas, malignant non-seminomatous germ cell tumours (NSGCT, including embryonal carcinoma, yolk sac
tumour, choriocarcinoma, and mixed
GCTs), and teratomas. Mixed GCTs
account for 34% of all mediastinal GCT
and are, therefore, relatively less frequent
than gonadal mixed GCTs.
As with the testicular germ cell tumours,
there is a separate group of mediastinal
germ cell tumours that present in infancy
and early childhood that are comprised
solely of teratomatous and yolk sac
tumour components.
The preference of germ cell tumours
(GCT) for the mediastinum has been
explained by the distribution of fetal
germ cell precursors (primordial germ
cells) that migrate from the yolk sac to
paired midline structures called germinal
ridges which during very early development extend virtually throughout the axial
dimension of the body during fetal development {1204}. If arrested during migration, some germ cell precursors may survive and serve as cells of origin for subsequent GCT development. Although
mediastinal NSGCTs exhibit a worse
prognosis than their gonadal counterparts {199} and can show virtually unique
biological features (like clonally related
haematologic neoplasms {315,1461,
2246}), recent genetic and epigenetic
data support the concept that most
gonadal and mediastinal GCTs share a
common primordial germ cell ancestry
{257,316,1764-1766}. However, since
thymic epithelial stem cells and their
plasticity have only partially been characterized {181}, a somatic stem cell derivation of at least some mediastinal GCTs

has not been
{860,2116}.

excluded

to

date

Basis of the classification
The terminology recommended for mediastinal GCT is the same as for germ cell
tumours of the gonads {526}. The close
embryologic relationship and generally
similar morphological, genetic, clinical
and biological features of GCTs support
this concept. However, GCTs associated
with haematologic malignancies are virtually unique to mediastinal GCTs, while
monodermal teratomas, which are well
known in the gonads, have not been
observed in the mediastinum.
Epidemiology
Mediastinal germ cell tumours are rare
neoplasms, representing less than 1% of
all malignancies and 3-4% of all germ
cell tumours in both adults and children
{1033,1764}. Mediastinal GCT account
for up to 16% of mediastinal neoplasms
in adults and for 19-25% of mediastinal
tumours in children {1356,1954}.
Although annual incidence rates for testical GCT are strikingly different between
Caucasians (~10/100.000) and Africans
and Asians (1-2/100.000) similar incidence rates for mediastinal GCTs of
about 0.1-0.2 per 100.000 can be calculated from Japanese {1955} and
European nation-wide data {674}.
Mediastinal GCTs occur at all ages (0–79
years), though there is a bimodal age
distribution, with a distinct peak in infancy {1356}. Children and adolescents
(<18 years) account for 16-25% of all
cases {1356,1954}. These can be divided into post-pubertal mediastinal germ
cell tumours (which simply represent the
lower end of the age distribution of adult
GCT) and prepubertal mediastinal GCT
{1764}. This bimodal age distribution corresponds to differences in genetic aberrations, sex predilection, and clinical outcome.
Post-pubertal mediastinal GCT account
for 1-3% of all GCTs {721}. The mean age
of affected adults is 33 years for seminoma patients and 28 years for patients
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with an NSGCT {199,721,790}. The distribution of the histologic types varies from
study to study. In some studies, mature
teratoma is the most common single entity, while seminoma represents the largest
histologic subentity among malignant
mediastinal GCTs {1954}. In other studies, seminoma is the leading entity overall {721,1033}. In adults, mature teratomas {1356} and malignant mediastinal germ cell tumours for all practical
purposes are restricted to males {1691},
though rare exceptions occur {411},
including germinomas in females {229,
1805,1954,2116}.
In children (including adolescents),
mediastinal GCT account for 4% of all
paediatric GCTs {1764}. Among extragonadal germ cell tumours mediastinal
cases are third only to sacrococcygeal
and central nervous system GCTs
{721,1763}. In prepubertal children (<8
years), teratoma and yolk sac tumours
are most prevalent, and other malignant
histologic subtypes are virtually nonexistent {1764,1955}. The majority of
these lesions present in infancy and early
childhood. In prepubertal patients, teratomas have no sex predilection, whereas yolk sac tumours demonstrate a
female predominance in young children
with a 4:1 F: M ratio {1763}.
Etiology
The etiology of mediastinal germ cell
tumours is unknown. The only established risk factor for mediastinal nonseminomatous GCT development is
Klinefelter (KF) syndrome (reported risk
50 to several hundred-fold) {793,795}.
The underlying pathogenetic mechanisms are, however, not understood. In
KF patients, NSGCT develop from early
adolescence to the age of 30. The
increased frequency of GCTs is linked to
the 47, XXY genotype, while men with
mosaic KF syndrome (46, XXY) have no
significantly increased risk {480,793}. Of
note, testicular GCTs are not increased in
patients with Klinefelter syndrome {793},
suggesting a unique oncogenic pathway
for mediastinal non-seminomatous germ

Table 3.08
Clinical categorization of mediastinal germ cell tumours helps to guide the decision about neoadjuvant
chemotherapy before radical resection and complete histological work-up. Clinical categories are derived
from the synopsis of (i) the patological diagnosis that is usually based on fine needle biopsies, (ii) serum
tumour marker levels (AFP, beta-hCG) and (iii) imaging studies.
Clinical category

Therapeutic implication

Seminoma1,2

Chemotherapy and/or irradiation

Malignant “non-seminomatous GCTs”
Embryonal carcinoma
Yolk sac tumours
Choriocarcinoma
Mixed germ cell tumours

Chemotherapy, followed by resection of tumour
remnants (irrespective of the histology)

Mature teratoma1

Resection

Immature teratoma1

Children: resection
Adults: depending on tumour stage

1

If patients with “pure” seminomas or “pure” teratomas as defined by fine needle biopsy exhibit elevated,
age-adjusted tumour marker levels {696}, tumours are included in the “non-seminomatous” category.
Sampling error is the most likely explanation for the discrepancy between histopathological diagnosis and
clinical category.
2 Elevated beta-hCG levels <100 IU/L (in adults) and <25 IU/L (in children) are compatible with a fine needle
biopsy-based diagnosis of “pure” seminoma {197,696,1764}.

cell tumour (NSGCT) development in KF
patients.
Apart from the well established association between haematologic malignancies
and mediastinal NSGCTs, the frequency
of other neoplasms is not increased
{788} in patients with mediastinal GCT,
arguing against a role of common cancer
susceptibility genes in the development
of mediastinal GCTs.
Site of involvement
The large majority of primary mediastinal
GCTs arise within or adjacent to the thymus, but teratomas and yolk sac tumours
{123} have also been described in the
posterior mediastinum {1955}, in an
intrapericardial location {172,1129,
1293}, and sometimes even within the
myocardium {1764}.
Clinical features
Signs and symptoms
Mature teratomas are incidental findings
in 50% of children and 66% of adults,
while only 38% and 10% of patients with
seminoma and malignant NSGCT,
respectively, are asymptomatic {1954}.
Presenting symptoms of GCTs are related to the local mass lesion and comprise
chest pain (52%), respiratory distress
(48%), cough (24%), hoarseness (14%)
and the superior vena cava syndrome
(14%) {1954}.

Respiratory compromise is more common in neonates and children than in
adults, usually due to the extreme size of
the lesion {1785,1954}, while the superior
vena cava syndrome is more frequent in
adults than children. Hydrops fetalis is a
typical complication of pericardial teratoma {1129,1834}.
Fever and formation of multilocular
thymic cysts result from local inflammatory reactions that frequently accompany
GCTs and are most prominent in seminomas.
Precocious puberty due to increased
beta-hCG levels can accompany mediastinal NSGCTs or mixed GCT {1769}.
Children with Klinefelter syndrome and
mediastinal NSGCTs have a particularly
high frequency of precocious puberty
{795,1106}.
Metastasis. Clinical symptoms related to
metastatic spread may dominate. Most
often symptoms are related to metastasis
to the bone, liver, brain {518}, retroperitoneum and heart {40}.
Paraneoplastic autoimmune diseases,
particularly myasthenia gravis, are virtually non-existant.
Haematologic proliferations associated
with mediastinal GCT. An almost unique
complication of mediastinal NSGCTs as
compared to other extragonadal or testicular {1243} GCTs is the development of
acute leukaemias {199,1132}, malignant

or benign {2246}) histiocytosis {83,129,
474,1112,1461}, myelodysplastic syndromes (MDS) or myeloproliferative diseases and haemophagocytic syndromes
{83,1450,2055}. These haematologic proliferations occur in 2-6% of NSGCTs
{199,789}, are clonally related to the
GCTs {315,1113,1461} and develop independently of chemotherapy {474, 1461}.
The NSGCT are most often yolk sac
tumours or harbour a yolk sac component
{83,315,1112,1461}, and can be associated with Klinefelter syndrome {129,490,
1461}.
Secondary MDS and AML that are related to etoposide chemotherapy in
patients with mediastinal GCTs {100,
1047} must be distinguished from clonally-related haematologic malignancies.
Secondary MDS and AML occurred in
~1.0% of cases in a large series {1047}.
Chemotherapy-related AMLs usually
manifest later (25–60 months after
chemotherapy) than GCT-related AMLs
(median time to onset 6 months, range
0–122) {789,1461}.

Metachronous testicular cancers in
mediastinal GCTs. The risk for the development of metachronous testicular cancer (MTC) is low in mediastinal GCTs (10year cumulative risk ~6%) {199,787}.
MTCs are seminomas in ~70% of cases,
although the underlying extragonadal
GCT usually is a NSGCT {787}.
Intratubular germ cell neoplasia of the
testis is a rare accompanying finding in
mediastinal GCTs {757}.
Imaging
Pure seminomas, with few exceptions
{1810}, form uncalcified, homogeneous
masses indistinguishable from lymphoma
{1888}. By contrast, NSGCTs are usually
heterogeneous masses, exhibiting central attenuation and a frond-like periphery
{1888}. Since multilocular thymic cyst formation is a stereotypic response of the
thymus to inflammatory stimuli, multilocular cystic lesions are not only typical for
mature teratomas but accompany many
other mediastinal GCT (particularly seminoma), thymomas, thymic carcinomas,
Hodgkin or non-Hodgkin lymphomas or
metastasis to the mediastinum.
A diagnosis of primary mediastinal GCT
requires absence of a testicular or ovarian tumour on physical examination, high
resolution ultrasonography, or MRI scan
{198}. A bilateral testicular biopsy is not
Germ cell tumours of the mediastinum 199

mandatory for diagnosis of mediastinal
GCTs.

Table 3.09
IGCCCG criteria for the prognostic factor-based clinical “risk grouping” of malignant GCT in adults {4}.
The criteria are not applicable to children before puberty.

Tumour markers
In patients with mature teratomas, tumour
markers are almost always negative in the
serum. By contrast, a-fetoprotein (AFP)
and/or
beta-human
chorionic
gonadotropin (beta-hCG) are elevated in
80-90% of malignant GCTs {1764}. AFPpositivity is more frequent (~73%) than
increased serum levels of beta-hCG
(~27%) {1955}. In adults, tumour marker
levels at first presentation are citeria for
the risk grouping (good, intermediate,
poor) of GCT according to the IGCCCG
system {4} as given in Table 3.09. In addition, unsatisfactory decline of AFP and/or
beta-hCG levels during the early phase of
chemotherapy appears to herald lack of
tumour responsiveness and is therefore
associated with a worse outcome {1273}.
On the other hand, decline of tumour
markers in spite of persistence or
enlargement of a mediastinal GCT on
repeated imaging can be due to the
“growing teratoma syndrome” or somatic-type malignancy accompanying a
chemosensitive GCT.

IGCCCG Group

Criteria

Good

Seminoma: No non-pulmonary visceral metastases AND normal AFP, any HCG,
any LDH
Non-Seminoma: no patients classified as good prognosis

Intermediate

Seminoma: non-pulmonary visceral metastases AND normal AFP, any HCG, any
LDH
Non-Seminoma: no patients classified as intermediate prognosis

Poor

Seminoma: no patients classified as poor prognosis
Non-Seminoma: all patients with mediastinal Non-Seminoma are classified as
poor prognosis

Tumour spread and staging
When all mediastinal GCT are considered, metastasis has been observed in
~20% of cases {1356,1359}. While
mature teratomas do not metastasize,
mediastinal seminomas show metastasis
in up to 41% of cases {197,199}. In mediastinal NSGCT, metastasis to at least one
site is present in 85-95% of patients at
presentation, and hematogenous metastasis is the predominant type of dissemination. In contrast, lymph node metastasis is particularly common in seminomas.
Haematogenous metastases typically
involve lung (38%), bone, liver, brain
{518}, retroperitoneum and heart {40}.
Metastasis is a major criterion for staging
and is an adverse prognostic factor in
seminomas {790} and NSGCT {199,
790}.
A modification of the TNM classification
of soft tissue tumours is recommended
for staging of mediastinal GCTs.
Genetics
As indicated above, most GCT at extragonadal sites have been demonstrated to
arise in primordial germ cells that have
undergone erasure of imprinting prior to
migration {1766}. The factors responsible

IGCCCG= International Germ Cell Cancer Collaborative Group

for the aberrant migration pathways and
the ability of the germ cells to survive at
the extragonadal sites are largely
unknown. However, primordial germ cell
migration has been shown to be determined by the ckit, stem cell factor receptor ligand pair. Abnormalities in expression of either the receptor or the ligand at
any site in this pathway may result in
abnormal migration or survival {1004}.
The genetic changes that have been
documented in primary mediastinal germ
cell tumours vary with age at presentation and parallel the genetic changes
found in germ cell tumours arising at
gonadal sites in comparable age groups.
This results in three categories of genetic changes within mediastinal germ cell
tumours:

Malignant mediastinal germ cell tumours
in infants and young children almost
exclusively show yolk sac tumour histology. These tumours may be diploid or
near-tetraploid and are uncommonly
aneuploid {1517,1765}. Cytogenetic and
comparative genomic hybridization
(CGH) analysis of such tumours demonstrate gain of chromosomes 1q, 3, and
20q and loss of chromosomes 1p, 4q,
and 6q {1765}. The same genetic
changes have been identified in infantile
yolk sac tumours of the sacral region and
testis {1572,1573}. The two loci that have
received additional attention and study
are loss of distal 1p and loss of distal 6q
{874,1574,1881}. Loss of distal 1p has
been identified in 80% of infantile YST
and is particularly intriguing due to its
established role in another embryonal
tumour of infancy, neuroblastoma. While
candidate tumour suppressor genes
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have been identified at this site, these
have not been substantiated or confirmed. Loss of distal 6q is of interest due
to the location of the potential tumour
suppressor gene insulin growth factor
type II receptor. IGF2R has multiple activities, one of which is to degrade IGF2, a
potent growth promoter. Specific deletions, mutations, or imprinting abnormalities of IGF2R have not been documented.
Malignant mediastinal germ cell tumours
in adolescents and adults demonstrate
ploidy and genetic features similar to
those described in their gonadal counterparts. In contrast to the tumours of
young children, tumours in this category
are usually aneuploid and demonstrate
gain of chromosome12p, regardless of
the histologic subtype {316,1765}. This
observation correlates with the presence
of an isochromosome 12p {1057,1392,
2230}, which has been found in 84% of
25 malignant mediastinal germ cell
tumours in adults reported to date {316}.
The isochromosome 12p is formed by
the duplication and centromeric fusion of
the short arm of one chromosome, and
loss of the long arm. In other patients
amplification of fragment of the chromosome 12p (double minutes, homogeneously staning regions) can be
observed. In testicular malignant GCTs,
comparative genomic hybridization has
been successful in identifying a small
region of high level amplification at
12p11.2-12.1, providing an important
clue to the localization of candidate
proto-oncogenes on 12p. Additional
recurrent changes seen in this category
of germ cell tumours include loss of chromosome 13 and gain of chromosome 21

{1765}, findings also reported in malignant testicular GCT {1057,1673}.
Pure mediastinal teratomas (immature
and mature) arising in all ages have
demonstrated no genetic gains or losses
{258,860,1765}. This observation is similar to those described in mature teratomas of the ovary, the infant testis, and
other extragonadal sites in infants.
However, it is distinctly different from
genetic reports of mature teratomas in
the adult testis, in which aneuploidy and
the isochromosome 12p have been identified. Therefore, due to the extreme rarity of mature mediastinal teratomas in
post-puberty males, caution is recommended prior to assuming a benign clinical behaviour in such cases. Supporting
this is evidence provided by tumours that
contain a mixture of teratoma and malignant germ cell histologies. In those
cases for which it was possible to analyze the teratoma component separately
from the malignant component, these
tumours demonstrated similar abnormal
CGH profiles within both the teratomatous and the malignant components
{1765}. Similar findings have been
reported at other sites {1205}.
In addition to the above changes, postpubertal malignant mediastinal GCTs
have long been associated with
Klinefelter syndrome {480,793,795,1459,
2246}. The majority of adolescent and
adult mediastinal malignant germ cell
tumours arise in males {1359}, and up to
half of these patients show an additional X
chromosome within their peripheral blood
lymphocytes {258,1765}. Therefore, adolescent males presenting with malignant
mediastinal GCT should be evaluated for
Klinefelter syndrome. No genetic differ-

resection in all age groups. In infants,
tumours may be quite large and associated with developmental abnormalities
due to compression of adjacent structures during development. Tumour-related deaths almost never occur when the
tumour is able to be resected {721,
1159,1955}.
Following preoperative cisplatin-based
chemotherapies of malignant GCTs, completeness of resection {786,787, 1764}
less than 10% viable cells {588} and lowrisk features according to the IGCCCG
grouping system {4} are favourable prognostic factors. Decreased survival is
associated with failure to respond to cisplatin and higher rates of relapses {790}.
Unsatisfactory decline of AFP and/or
beta-hCG levels during the early phase of
chemotherapy appears to herald a worse
outcome {1273}. Treatment failure is
among the worst prognostic factors and
is more common in mediastinal than other
GCTs and is significantly associated with
non-seminomatous histology and metastasis to liver, lung and brain {790}.

ences between mediastinal GCT in individuals with and without Klinefelter syndrome have been described, and the
underlying cause of the increased frequency of GCT in patients with Klinefelter
syndrome is unknown. Constitutional sex
chromosomal abnormalities have not
been identified in mediastinal germ cell
tumours of young children.
Prognostic factors
In the era of cisplatin-based chemotherapy for malignant GCTs, the most important “natural” prognostic factors in
extragonadal GCTs are histology and
localization of the primary tumour {997,
1461,1955}.
In NSGCTs, mediastinal localization is
associated with a worse prognosis compared to their counterparts at other
extragonadal and gonadal sites {105,
790,1159,1233,1764}. However, recent
neoadjuvant strategies achieved dramatically improved outcomes also in NSGCTs
of children {1764} and adults {198,199,
588}.
Initial AFP levels >10.000 ng/ml indicate
a worse prognosis in children {105} while
elevated beta-hCG is an independent
adverse prognostic factor for survival in
adults {199}.
Seminomas show a favourable response
to radiotherapy and cisplatin-based
chemotherapies, and their excellent prognosis (~90% survival) is not different from
the prognosis of seminomas in other locations {198,199,790,1159,1955}. Adverse
prognostic parameters in seminomas are
liver metastasis or metastases to multiple
other sites {790}.
Mature mediastinal teratomas have an
excellent prognosis after complete

Table 3.10.
Interrelationship of age, tumour type, clinical behaviour and genetic alterations in mediastinal germ cell tumours. Data are derived from conventional cytogenetics,
CGH studies and DNA ploidity analysis.
Age at clinical presentation

Histology

Sex predilection

Clinical behaviour

Recurrent genetic aberrations

Prepubertal

Teratoma
(mature and immature)

M=F

Benign if resectable

None

Yolk sac tumour

F>M

Malignant
(80% survival)

del(6q), del(1p), gain 20q, gain 1p
diploidy or tetraploidy

Teratoma
(mature and immature)

M>>F

Benign

None

Malignant GCT
(all histologic subtypes)

M>>F

Malignant (50% survival) i(12p), gain 21, loss 13, loss of Y, +Xc*,
aneuploidy

Adolescents and
Adults

* +Xc, constitutional gain of the X-chromosome (Klinefelter syndrome)
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Definition
A primitive germ cell tumour composed
of fairly uniform cells with clear or
eosinophilic, glycogen-rich cytoplasm,
distinct cell borders, and a round nucleus with one or more nucleoli, resembling
primordial germ cells. Mediastinal seminomas are morphologically indistinguishable from their gonadal counterparts.
ICD-O code

9061/3

Epidemiology
Seminomas are rare mediastinal germ
cell tumours first described in 1955
{2170}. Only 2 to 5% of all adult germ cell
tumours arise in the mediastinum.
Among extragonadal germ cell tumours,
primary mediastinal seminomas account
for 8% of cases {197,198}. In a large
series reported from Japan, only 1.6% of
primary mediastinal neoplasms are pure
seminomas {1955}. The reported frequency of pure seminomas among primary mediastinal germ cell tumours
ranges from 9% to 39% {520,1356,1371,
1955}, ranking seminoma second in frequency following teratoma {520,1356,
1371}.
With the exception of single cases
{229,520,1955}, almost all reported
mediastinal seminomas have occurred in
men {520,1356,1371,1955}. The age
ranges from 13 to 79 years {520,1356,

1371,1955}, with approximately twothirds of the cases occurring in the 3rd
and 4th decade {197,1371}.
Clinical features
Mediastinal seminomas typically arise in
the anterior mediastinum, although a few
cases have been reported to arise in the
posterior mediastinum {1955}. Clinical
symptoms are non-specific. Patients may
present with symptoms related to a mediastinal mass, e.g. chest pain, dyspnoea,
cough, superior vena cava syndrome.
Some patients are asymptomatic, with
the tumour being detected by routine Xray or during unrelated thoracotomy
{1371}. The size of the tumour may be
rather large due to slow constant growth
with overall little clinical symptoms.
Moderate serum beta-hCG elevation
(≤100 IU/L in adults and ≤25IU/L in children) may be found in up to one third of
patients and is still compatible with the
diagnosis of pure seminoma {197,696}.
At the time of diagnosis, the majority of
mediastinal seminomas are localized,
circumscribed masses without macroscopic or microscopic evidence of invasion into neighbouring organs such as
pleura, pericardium, and great vessels
{1371}. The preferential sites of distant
spread, if present, are the lung, chest
wall, brain, pleura, liver, adrenal gland,
and bone {1349,1356}. Lymph node

A

metastases most commonly occur in cervical and abdominal lymph nodes (in one
series in 25% and 8%, respectively)
{197}.
Etiology
The cellular origin of mediastinal seminomas is controversial {316}. Apart from
gonads, seminomas may occur at other
sites in the human body along the midline, such as the pineal gland, retroperitoneum, or the sacral area. During
embryogenesis, migratory primordial
germ cells may become misplaced
along the midline on their way from the
yolk sac to the embryonic gonadal ridge
{293,1356}. A derivation from thymic
myoid cells or from occult testicular
intratubular germ cell tumour has been
discussed {316,1689}. Yet, in contrast to
patients with retroperitoneal seminomas,
no testicular intraepithelial neoplasia is
observed patients with mediastinal germ
cell tumours {193,440, 441}.
The histogenetic relationship between
mediastinal and gonadal seminoma is
controversial. Genetic analysis of mediastinal seminomas have shown similar
patterns of non-random chromosomal
changes, in particular the presence of
i(12p), as in gonadal seminoma {314,
316}, suggesting a very close pathogenetic relationship between seminomas
at either sites. However, other studies

B

Fig. 3.71 Seminona. A Macroscopy of mediastinal seminoma. B Seminoma containing lymphoid follicle with prominent germinal center.
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Fig. 3.72 Seminoma. A Large tumour cells with broad clear cytoplasm, large nuclei and conspicuous nucleoli. A light infiltrate of lymphocytes is present among the
tumour cells and in the septa. B Mediastinal seminoma accompanied by lymphocytes and epithelioid cells including multinucleated giant cells.
C Syncytiotrophoblast in mediastinal seminoma. D Immunoreactivity for CD117 in thymic seminoma.

report significant differences between
the two. Compared with testicular seminomas, in one series, mediastinal seminomas are reported to more frequently
express CAM5.2 (80% vs 21%), keratin
(68% vs 0%), PLAP (93% vs 50%) and
vimentin (70% vs 46%), possibly reflecting a more mature degree of tumour cell
differentiation in the latter {1920}. KIT
mutational analysis showed a different
mutational pattern in mediastinal seminoma compared with testicular seminoma
{1623}.
While Klinefelter syndrome is a risk factor
for nonseminomatous mediastinal germ
cell tumours, seminomas have not been
observed {794}.
Morphology
Mediastinal seminomas are morphologically identical to their gonadal counterparts. Macroscopically, they are mostly
well-circumscribed, fleshy tumours with a
homogeneous, slightly lobulated to

multinodular, tan-grey or pale cut surfaces. Punctate focal hemorrhage and
yellowish foci of necrosis may be
observed. The tumour size ranges from 1
to 20 cm (median size 4.6 cm) {197,
1371}.
Microscopically, mediastinal seminomas
are composed of round to polygonal,
fairly uniform tumour cells with round to
oval, central, slightly squared, non-overlapping nuclei and one or more large
central nucleoli. The tumour cells commonly have abundant glycogen-rich,
clear to lightly eosinophilic cytoplasm
and distinct cell membranes. Rarely, the
tumour cells may show a dense
eosinophilic cytoplasm or a greater
degree of cellular pleomorphism. The
tumour cells grow in confluent multinodular clusters, sheets, cords, strands or
irregular lobules displaying a nesting
pattern. Between the tumour cell aggregates, delicate fibrous septa are often
observed.

Frequently, there is a prominent inflammatory cellular background infiltrate of
small mature lymphocytes, plasma cells
and occasional eosinophils. The infiltrate
is typically most dense in and around the
fibrous septa, but is also intermingled
with the tumour cells. A granulomatous
reaction ranging from ill-defined clusters
of epithelioid histiocytes to well-defined
epithelioid granulomas with Langhans
giant cells may be present. Occasionally,
germinal centers are present. The brisk
inflammatory, granulomatous reaction
and scar formation may obscure the
underlying seminoma {1354,1371}.
In some cases, large syncytiotrophoblastic cells are scattered throughout the
tumour, often in close proximity to capillaries and/or focal microhaemorrhage. These
giant cells are multinucleated, with abundant basophilic cytoplasm and occasional
intracytoplasmic lacunae. However, there
are no cytotrophoblast cells or confluent
nodules as in choriocarcinoma.
Seminoma 203

In a quarter of cases, remnants of thymic
tissue can be found within or at the
periphery {1356,1371}. In 10%, the
thymic remnants undergo prominent cystic changes similar to multilocular thymic
cysts, probably reflecting cystic transformation of remnant thymic epithelium
induced by seminoma cells {1354}. In
some cases, the thymic epithelium undergoes hyperplasia, and may lead to a misdiagnosis of thymic epithelial tumour.
Seminoma can also occur as a component in mixed germ cell tumours.
Spermatocytic seminomas have not
been described in the mediastinum.
Mediastinal seminomas commonly show
diastase-labile PAS staining due to the
presence of abundant glycogen.
Immunohistochemistry
Immunohistochemically, 80-90% of mediastinal seminomas are reported to be
positive for PLAP, and 70% show
vimentin positivity. CD117 positivity in a
cell membrane or paranuclear Golgi pattern is common {1623}. Although up to
70% of cases show staining for pankeratin, the staining is often only focal,
weak, and paranuclear. Immunostaining
for beta-hCG highlights the scattered
syncytiotrophoblastic cells, if present,
and also isolated seminoma cells in
about 5% of cases. CEA, EMA, and AFP
are negative {1356,1371,1920}.

While it is prudent to rule out metastatic
disease from a primary gonadal seminoma, mediastinal metastases are rare in
gonadal seminomas, in particular in the
absence of retroperitoneal lymph node
metastasis {996}. Other differential diagnoses include metastatic melanoma,
lymphoma, thymoma, thymic carcinoma,
and in particular clear cell carcinoma
(primary or metastatic).
Genetics
The genetic changes that have been
described in mediastinal seminomas are
the same as those reported in testicular
seminomas, with 69% demonstrating the
isochromosome i(12p) characteristic of
post-pubertal malignant germ cell
tumours at all sites. Mediastinal seminomas are most commonly aneuploid, with
a minority having near-tetraploid DNA
content.
Prognosis
Compared with mediastinal nonseminomatous germ cell tumours, pure mediastinal seminomas are associated with a
favourable prognosis. A 5-year survival
rate of 90% can be achieved with cisplatin-based combination chemotherapy
which has largely replaced radiotherapy
as the initial treatment in patients with
mediastinal
seminoma
{197,198}.
Primary radiotherapy seems to be asso-
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ciated with a higher recurrence rate, but
most patients have been salvaged with
subsequent chemotherapy {197}. After
completion of chemotherapy residual
lesions detectable by radiographic studies frequently persist, in most cases consisting of necrotic masses that will ultimately shrink over time. In contrast to
mediastinal nonseminomatous germ cell
tumours, surgical resection is usually not
indicated. Investigation by positron emission tomography (PET) is helpful in distinguishing viable from necrotic tumour
residuals in seminoma patients {460}. In
a large international study on mediastinal
seminomas, liver metastases, two or
more metastatic sites, and the presence
of non-pulmonary visceral metastases
have been identified as negative prognostic factors. Metachronous testicular
germ cell tumours in patients with mediastinal seminoma are exceedingly rare
{198}.

Embryonal carcinoma

Definition
A germ cell tumour (GCT) composed of
large primitive cells of epithelial appearance with abundant clear or granular
cytoplasm, resembling cells of the
embryonic germ disk and growing in
solid, papillary and glandular patterns.
IDC-O code

9070/3

Synonym
Malignant teratoma, undifferentiated
Epidemiology
Embryonal carcinoma (EC) of the mediastinum is a tumour of young males (M/F
ratio, >10:1) {1033,1955}. It occurs in
pure form or as a component in mixed
germ cell tumours at about equal frequencies {1033,1369,1955}. ECs (pure
or mixed) account for up to 12% of all
mediastinal GCTs {1033,1356} and for
30-65% of all NSGCT {997,1356,1955}.
The mean age of adult patients is 27
years (range: 18-67 years) {1032,1955}.
In the literature, EC in childhood is very
rare before the age of 1 year and peaks
(usually as part of a mixed GCT)
between 1 and 4 years of age and again
after the age of 14 years {1764}.
However, as the pathologic features of
solid yolk sac tumour (YST), and its distinction from EC is increasingly recognized, it is evident that the vast majority,
if not all, the tumours in prepubertal
patients previously classified as EC are
better classified as YST.
In adults, EC as a component of mixed
GCTs accounts for 9% of all mediastinal
GCTs and for 75% of all NSGCT {1955}.
EC is commonly associated with teratoma (56%), choriocarcinoma (22%) or
seminoma (22%) {1032,1954}. The association with yolk sac tumour is very rare
in adults {1955} but more common in
adolescents {1369}.
In adolescents, combined EC accounts
for 15% of all GCT {1764} and for 27-33%
{1111,1764} or even more {1111} of the
non-seminomatous subgroup. EC in this
group is a component of most mixed
GCT (77%) {1111,1764}. The association

with seminoma is equally frequent in children after puberty and adults (20-30%)
{1764,1955}.
Clincal features
Patients present with thoracic or shoulder pain (60%), respiratory distress
(40%), hoarseness, cough or fever
(<10%), or superior vena cava syndrome
(12%) {1955}. Gynaecomastia is uncommon and asymptomatic patients are rare
{1808}. A quarter of patients have pulmonary metastasis at presentation and
virtually all patients exhibit increased
serum AFP levels, while ßHGG levels are
elevated in cases with a choriocarcinoma component {1955}. Imaging findings
are not specifically different from those
reported for other NSGCT {1684}. A
minority of patients show features of
Klinefelter syndrome {150,1290}.
Etiology
The etiology of EC is unknown. The rare
association with Klinefelter syndrome
{150,1290} suggests a similar (but unresolved) etiology as in other mediastinal
NSGCT. A single reported familial case
{34} might indicate a fortuitous coincidence rather than a genetic predisposition. Risk factors for testicular GCTs
{1204} appear largely irrelevant for the
development of mediastinal GCTs {793}.
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Tumour spread
Local tumour spread is common and can
lead to compression and infiltration of the
lung. About 25% of pure or combined
ECs already show pulmonary metastasis
at presentation {1955}. Further specific
information on tumour spread in mediastinal EC is not available. However,
since pure or combined ECs are among
the most frequent malignant mediastinal
GCTs, it is reasonable to assume that
spread of ECs is similar to that of the
whole NSGCT group, in that there is a
high rate (~50%) of haematogenous
metastasis (to lung, liver, brain and
bones), while lymphogenous metastasis
is apparently much rarer {199}.
Macroscopy
ECs are described as large tumours with
invasion of the surrounding organs and
structures. Grossly, the cut surface often
reveals large areas of necrosis and
haemorrhage. Viable tumour tissue is
soft, fleshy, grey or white to pink or tan. In
mixed GCT cystic spaces may be conspicuous.
Histopathology
Pure ECs show a more solid growth pattern than other NSGCTs. ECs form
sheets, tubules or vague papillary structures composed of large polygonal or

Fig. 3.73 Embryonal carcinoma. Low power showing solid growth pattern on the left side and poorly formed
glands on the right side.
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Fig. 3.74 Embryonal carcinoma. A High power. Cytological details of a tumour with glandular growth pattern. B Strong membranous CD30 staining.

columnar cells. The nuclei are large,
round or oval, often vesicular, and can be
hyperchromatic or have a light chromatin. They can be crowded and overlapping. Prominent single or multiple
nucleoli are common. The cell borders
are often indistinct, especially in the solid
areas. The cytoplasm is often
amphophilic, but can be basophilic,
eosinophilic, pale or clear {1808}. As in
seminoma, scattered single or small
groups of syncytiotrophoblasts can
occur in EC. Mitoses are numerous and
often atypical. Extensive necrosis can
occur, and is particularly prominent in
ECs combined with yolk sac tumour. The
stroma is usually scant in viable tumour
areas, but fibrotic adjacent to areas with
regressive changes. Scattered lymphocytes and a granulomatous reaction are
uncommon.
In mixed GCTs, the EC component may
be combined with a yolk sac tumour,
teratoma, seminoma, choriocarcinoma,
or combinations of these GCTs, and
uncommonly somatic-type malignancies
{1230}.

Immunohistochemistry
CD30 (Ki-1) is expressed in 85-100% of
pure EC or EC components of mixed
germ cell tumours {1135,1534}, while
other germ cell tumours (with the exception of rare cases of seminomas and yolk
sac tumours {855,1369}) and other nonhaematopoietic neoplasms are CD30negative {1534}. There is distinct cell
membrane staining with variable cytoplasmic positivity.

In addition, ECs are uniformly and
strongly reactive with antibodies to lowmolecular weight cytokeratins, while
EMA, carcinoembryonic antigen (CEA),
and vimentin are usually negative. Alphafetoprotein (AFP) {1369,1920} and placental alkaline phospatase (PLAP)
{1808,1920} can occur in scattered
tumour cells or small foci in about 30% of
cases. One third of cases show betahCG expression in scattered syncytiotrophoblastic cells.
Differential diagnosis
When syncytial areas are extensive, EC
can mimic choriocarcinoma {1369}.
However, a biphasic plexiform pattern
produced by a mixture of syncytiotrophoblasts and cytotrophoblasts is lacking, and pure ECs lack the extensive
beta-hCG immunoreactivity of choriocarcinoma {1369}. Yolk sac tumours can be
distinguished from EC by a more varied
growth pattern (most commonly microcystic and reticular), smaller cell size,
presence of Schiller-Duval bodies, and
lack of CD30 expression. EC can be distinguished from seminoma by showing a
greater degree of nuclear pleomorphism,
at least focal definite epithelial characteristics (such as gland formation), uniform
strong staining for cytokeratin, frequent
CD30 expression, and usual lack of
CD117 expression {1920}.
Mediastinal metastasis from large cell
carcinoma of the lung can be a morphologic mimic {1369}. The young age of
most EC patients, CD30 expression, and
the tumour markers in the serum (such as
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AFP and beta-hCG) are distinguishing
features.
Metastasis to the mediastinum from a
testicular EC or mixed GCT {932,996}
has to be excluded.
Genetics
The genetic changes that have been
described in mediastinal EC are the
same as those reported in their testicular
counterparts and demonstrate the
isochromosome 12p characteristic of
post-pubertal malignant germ cell
tumours at all sites. Mediastinal EC is
rarely associated with Klinefelter syndrome {150,1290}. A single familial case
{34} cannot be taken as evidence for a
genetic predisposition.
Prognostic factors
There are no reports focussing on the
prognostic factors of mediastinal EC.
However, since EC histology has not
been shown to be an adverse prognostic
factor in several large clinical studies
{199,237,1462}, it is likely that the prognostic factors described for NSGCT
apply to EC. This conclusion is supported by a recent study: the long-term survival rate of ~50% in adult patients with
mediastinal EC after cisplatin-based
chemotherapy {1955} was very similar to
the rates published for large series of
adult NSGCT. Similar conclusions
appear justified for children with EC,
although 5-year survival rates are significantly better (>80%) than for adults
{1764}.

Yolk sac tumour

Definition
A tumour characterized by numerous
patterns that recapitulate the yolk sac,
allantois and extra-embryonic mesenchyme.
ICD-O code

9071/3

Synonym
Endodermal sinus tumour
Epidemiology
Mediastinal yolk sac tumours (YST) present in two distinct age groups. In infants
and young children, YST is virtually the
only malignant germ cell tumour histologic subtype seen and there is a strong
predominance of females (F:M, 4:1)
{1765}. In these patients it is usually the
sole histologic subtype, however it may
occasionally be accompanied by teratomatous elements. The age at presentation ranges from the newborn period to
7 years of age, with over 75% of these
patients presenting within the first three
years of life {1764}. In contrast, in postpubertal patients YST is identified as the
sole histologic element in approximately
10% of mediastinal tumours {1356,1369}.
This is a much higher frequency than is
seen in testicular sites, which may be
due to the different cellular environments
in which the tumours develop {316}. In
addition, YSTs are often seen as one element within a mixed germ cell tumour
{1369,1765,1955}. Like other mediastinal
malignant GCT in post-pubertal patients,
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YST presents exclusively in males. The
age at presentation ranges from 14 to 63
years {1369,1955}.
Clinical features
Patients with mediastinal YST often present with chest pain, dyspnoea, chills,
fever, and superior vena cava syndrome
{1369,1955}. The site of involvement is
almost invariably the anterior mediastinum. Regardless of the age, alpha
fetoprotein (AFP) levels are elevated in
over 90 percent of cases.
Macroscopy
Macroscopically, pure YSTs are solid,
soft, and the cut surface is typically pale
grey or grey-white and somewhat gelatinous or mucoid. Large tumours often
show haemorrhage and necrosis.
Histopathology
The histology of YST is the same regardless of the age of the patient or the site of
presentation. For detailed discussions of
the protean manifestations of endodermal sinus tumour, several excellent
reviews are available {1102,1963,2050}.
Cytologically, YSTs are composed of
small pale cells with scant cytoplasm
and round to oval nuclei with small nucleoli. Uncommonly, the cells may be larger
with prominent nucleoli, and may therefore be difficult to distinguish from
embryonal carcinoma or germinoma.
The virtual nonexistence of the latter two
histologic subtypes in young children

lessens this diagnostic difficulty in this
setting.
A number of different histologic patterns
have been described; microcystic (reticular), macrocystic, glandular-alveolar,
endodermal sinus (pseudopapillary), myxomatous, hepatoid, enteric, polyvesicular
vitelline, and solid {1102, 1963,1990}. The
majority of yolk sac tumours show more
than one histologic subtype, and the different subtypes often merge subtly from
one to another. These many different histologic types have not been shown to have
prognostic or biologic significance, but aid
in the recognition of unusual YSTs.
The reticular or microcystic variant is the
most common histologic subtype, and is
characterized by a loose network of
spaces and channels with small cystic
spaces lined by flattened or cuboidal
cells with scant cytoplasm. A variant of
the microcystic pattern is the myxomatous pattern in which the epithelial-like
cells are separated by abundant myxomatous stroma. The endodermal sinus
pattern has a pseudopapillary appearance and typically shows numerous
Schiller-Duval bodies. These are
glomeruloid structures with a central
blood vessel covered by an inner rim of
tumour cells, surrounded by a capsule
lined by an outer (parietal) rim of tumour
cells. The polyvesicular vitelline pattern
is composed of compact connective tissue stroma containing cysts lined by
cuboidal to flat tumour cells. The solid
pattern is uncommon, and is usually

B

Fig. 3.75 Mediastinal yolk sac tumour (YST). A Macroscopy of pure mediastinal YST, showing a grey-white
and gelatinatous cut surface. No haemorrhage, no necrosis. B Macroscopy of a YST with a variegated cut
surface including areas of necrosis and haemorrhage.

Fig. 3.76 Mediastinal yolk sac tumour with strong
expression of AFP.
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Fig. 3.77 Mediastinal yolk sac tumour. A Solid and microcystic pattern. B Hyaline globules. C High power
showing Schiller-Duval bodies. D Polyvesicular/vitelline pattern. E Endodermal sinus pattern. F Focus with
marked spindling of tumour cells.

seen only in small foci. This pattern may
be difficult to distinguish from embryonal
carcinoma or germinoma, however, the
cells of yolk sac tumour are smaller and
less pleomorphic. Unfortunately, these
foci may be negative or only weakly positive for cytokeratin but usually retain
their AFP positivity. Hepatoid and enteric
variants are other less common forms of
yolk sac tumour {2050}. The hepatoid
pattern contains cells with abundant
eosinophilic cytoplasm resembling fetal
or adult liver {1614}. The enteric and
endometroid patterns show glandular
features resembling the fetal human gut
and endometrial glands, respectively
{377,386}. If these patterns are seen
within an immature teratoma it may be
difficult to determine whether they represent immature fetal tissue or YST.
Fortunately, these unusual patterns of
YST are usually accompanied by other
more common patterns.

Schiller-Duvall bodies are present in only
50 to 75% of YST, and are seen predominantly in the microcystic and endodermal sinus patterns. Therefore, these are
not required for the diagnosis. Hyaline
droplets are commonly present in YST.
However, these may also be found in a
minority of embryonal carcinomas, as
well as in some other epithelial tumours.
These are composed of a variety of proteins, and are PAS positive, resistant to
diastase digestion. The droplets may be
positive for AFP as well as alpha-1-antitrypsin, but often are not {1536}.
A spindle cell lesion has been described
in YST-containing mediastinal germ cell
tumours in post-pubertal men. Histologically, these tumours are composed predominantly of atypical spindle cells
admixed with areas of classic YST.
Immunohistochemical analysis demonstrates positive staining for keratin and
AFP in both the spindle cell and reticular
components of the tumour {1358}.
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Special studies
Strong positivity for AFP is helpful in
diagnosis of YST. However, the reaction
may also be variable. Therefore, negative
staining does not exclude the diagnosis.
YST also shows strong positive immunocytochemical staining with low molecular
weight cytokeratin. Vimentin may show
focal positivity in a minority of YSTs, but
is negative in embryonal carcinoma
{1369}.
Genetics
The genetic changes identified in YST
depends on the age at presentation.
Prepubertal YST demonstrate the same
recurrent genetic abnormalities described
in infantile sacral and testicular YST,
including loss of the short arm of chromosome 1 (in particular the 1p36 region),
loss of the long arm of chromosome 6,
and gain of the long arm of chromosomes
1, and 20, and the complete chromosome
22 {671,1956}. In contrast, mediastinal
YST following puberty are aneuploid and
often demonstrate the isochromosome
12p characteristic of testicular malignant
germ cell tumours in the same age group.
Prognosis and predictive factors
It is difficult to accurately provide prognostic information due to the rarity of
these lesions, the variability in staging
parameters utilized, and the variability in
the chemotherapy provided. However,
the most important predictive factor of
both pre- and post-pubertal YST is the
resectability of the primary lesion. This is
more often possible in prepubertal
patients due to a greater frequency of
presentation at earlier stages. With cisplatin based chemotherapy these children have an overall survival of over 90%
{1765}. In contrast, over half of postpubertal mediastinal YST have metastatic disease at presentation and the majority of these die of their disease; stage 1
and 2 patients are uncommon but often
survive, particularly following aggressive
chemotherapy {1369}.

Choriocarcinoma

Definition
Choriocarcinoma is a highly malignant
neoplasm displaying trophoblastic differentiation. It is composed of syncytiotrophoblast, cytotrophoblast and variably
intermediate trophoblast cells. Mediastinal choriocarcinomas are morphologically indistinguishable from their gonadal or
uterine counterparts.
ICD-O code

9100/3

Epidemiology
Pure mediastinal choriocarcinomas are
exceedingly rare and virtually non-existent in children. Only 2.5 to 5% of mediastinal germ cell tumours are pure
choriocarcinomas {997,1033,1356}. Pure
choriocarcinoma constitute 9% of malignant mediastinal nonseminomatous
germ cell tumours, and 4.3% of nonteratomatous germ cell tumours {1033,1349,
1356}.
Clinical features
The patients` ages range from 17 to 63
(most commonly the 3rd decade of life),
and almost all reported cases were male
patients {520,1821,1955}. At diagnosis,
mediastinal choriocarcinomas are mostly
large anterior mediastinal masses (average size 10 cm) {1357}. Primary chorio-
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carcinomas have also been observed in
the posterior mediastinum {1357}.
The patients present with symptoms due
to the mediastinal mass, such as chest
pain, dyspnoea, cough, superior vena
cava syndrome. Patients may show
gynecomastia due to elevated beta-hCG
levels {1356,1821}. Mediastinal choriocarcinomas are highly aggressive neoplasms with early haematogeneous dissemination. In a series of 8 cases, metastases were observed in the lungs (88%),
liver (50%), kidney (38%) and spleen
(25%). Metastatic disease to the brain,
heart, adrenals and bone has also been
observed. {1033,1357,1821}.
Morphology
Mediastinal choriocarcinomas are large
tumours with soft consistency and extensive
hemorrhage
and
necrosis.
Microscopically, they are composed of
syncytiotrophoblast, cytotrophoblast and
intermediate
trophoblastic
cells.
Syncytiotrophoblasts are large multinucleated cells with numerous, pleomorphic, dark-staining nuclei, distinct nucleoli, and abundant densly eosinophilic
cytoplasm which may contain cytoplasmic lacunae. Cytotrophoblasts are uniform, polygonal cells with round nuclei,
prominent nucleoli, and clear cytoplasm.

Syncytiotrophoblasts
and
cytotrophoblasts may grow intermingled in a bilaminar plexiform pattern or in disordered sheets. Occasionally, scattered
clusters of syncytiotrophoblasts cap
cytotrophoblast nodules. Atypical mitosis
and cellular atypia are common. There
can be sheets of nondescript mononuclear cells that resemble intermediate
trophoblast. Choriocarcinomas are typically intimately associated with dilated
vascular sinusoids. Partial or complete
replacement of the walls of blood vessels
are common. There are often vast areas
of haemorrhage and necrosis.
Mediastinal choriocarcinoma cannot be
distinguished morphologically from
metastatic choriocarcinoma. Since
gonadal choriocarcinoma often displays
extensive regressive alterations but still
may give rise to widespread metastasis,
the exclusion of a primary gonadal
choriocarcinoma is particularily difficult,
although mediastinal metastasis of
gonadal choriocarcinoma seem to be
very rare {997,1356}.
Trophoblastic neoplasms other than
choriocarcinoma, such as monophasic
choriocarcinoma and placental site trophoblastic tumour have not been reported in the mediastinum.

B

Fig. 3.78 Choriocarcinoma. A High power showing multinucleated and eosinophilic syncytiotrophoblastic cells intertwined with mononuclear cytotrophoblastic
cells. B beta-hCG staining of syncytiotrophoblastic cells.
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Immunohistochemistry
Syncytiotrophoblasts
and
cytotrophoblasts react with pankeratin markers
and CAM5.2, whereas they are negative
for PLAP, AFP, CEA, CD30 and vimentin.
The syncytiotrophoblasts additionally
express beta-hCG, while the cytotrophoblasts are variably positive for human
placental lactogen {1357,1920}.
Apart from metastasis of an extramediastinal choriocarcinoma, the differential
diagnoses include mediastinal mixed
germ cell tumour (in which a further germ

cell tumour component is found), sarcomatous component in teratoma, and
mediastinal metastasis from a carcinoma
with choriocarcinoma-like features/dedifferentiation.
Genetics
The genetic changes that have been
described in mediastinal choriocarcinoma are the same as those reported in the
testis and demonstrate the isochromosome i(12p) characteristic of postpubertal malignant germ cell tumours at all

Teratoma

Prognosis
In most of the reported cases, patients
died of disseminated disease shortly
after diagnosis (average survival time 1
to 2 months) {520,1357,1821}. However,
treament with cisplatin-based chemotherapy may improve the prognosis
{1955}.
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Definitions
A germ cell tumour (GCT) that is composed of several types of organoid
mature and/or immature somatic tissues
derived from two or three germinal layers (ectoderm, endoderm and mesoderm).

components of non-germ cell malignant
tumour, which may be a sarcoma or a
carcinoma (ICD-O code 9084/3).

Mature teratomas are tumours composed exclusively of mature, adult-type
tissues. Dermoid cyst is a variant consisting of one or more cysts lined predominantly by keratinizing squamous
epithelium with skin appendages.
Monodermal teratomas analogous to
struma ovarii have not been described in
the mediastinum.

Epidemiology
Mediastinal teratomas account for 79.3% of mediastinal tumours {708,1171}
and 50–70% of all mediastinal germ cell
tumours
{466,520,759,1356,1458,
1888,2116} Among teratomas of all
sites, up to 27% occur in the mediastinum in adults, and 4-13% in children
{708,1053,1763}.
Overall, there is an equal sex distribution
{1171} or a slight female preponderance
(M:F =1:1.4) {1808}, but immature tera-

Immature teratomas contain immature,
embryonic or fetal tissues exclusively or
in addition to mature tissues. Mature and
most immature mediastinal teratomas
are benign tumours {1053,1244,1764,
1808}.

sites {316}. Such tumours are most commonly aneuploid, with a minority having
near-tetraploid DNA content.

ICD-O codes
Mature teratoma
Immature teratoma

9080/0
9080/3

P. Ströbel
J.C.K. Chan
A. Marx

tomas occur almost exclusively in males
{1808}.
The mean age of adults is 28 years
(range 18–60) {1171}. In children, teratoma is the predominant mediastinal
tumour during the first year and has
been detected in fetuses as young as 28
weeks of gestation {708}. The proportion
of immature teratomas (up to 40%) is
much higher in the first year of life than
at older age (~4-6%) {1053,1356,2116}.
Mature teratoma can be associated with
classical (47, XXY) and very rarely,
mosaic Klinefelter syndrome {480}.
Clinical signs and symptoms
30-59% of mediastinal mature teratomas, particularly those in adults
{1955}, are asymptomatic {708,1171,
1337}. Other cases can be associated

Teratomatous component is the term
used to describe differentiated somatic
tissues associated with a seminoma,
embryonal carcinoma, yolk sac tumour
or choriocarcinoma. The teratomatous
component of mixed GCTs is very often
immature {1808}.
Teratoma with somatic-type malignancy
is a teratoma containing one or more

Fig. 3.79 Mature cystic mediastinal teratoma. The
yellow areas represent mature fat.
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Fig. 3.80 Immature mediastinal teratoma with a variegated cut surface. Cystic areas are less prominent than in mature teratoma.
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Fig. 3.81 Mature teratoma. A Dermoid cyst-like area (left), mature cartilage (top, right), mature intestinal type glands and villi (bottom, right). B High power of pancreatic tissue, including islets.

with chest, back or shoulder pain, dyspnoea, cough, and fever due to chronic
pneumonia {708,1764}. Rare symptoms
include superior vena cava syndrome,
erosion of bronchi or vessels, Horner
syndrome, or pneumothorax {696,708,
1764,1808}. Due to the occurrence of
exocrine pancreatic tissue, rupture is
more common in mediastinal teratomas
than teratomas of other sites {1808,2038}
and can result in pleural effusions or cardiac tamponade. Endocrine pancreatic
component can cause hyperinsulinism
and hypoglycaemia {1808}. Hydrops
fetalis is a complication of congenital
intra- and extrapericardial mediastinal
teratoma {708}.

Imaging
Mature teratomas show multilocular cystic structures in almost 90% of cases
{1888}. Attenuation is heterogeneous
with varying combinations of soft tissue,

A

fluid,
fat
and
calcium
{1337}.
Calcifications occur in in 26% {1171} to
53% {1337}. A shell-like tumour wall calcification or identifiable bone and teeth
occur in up to 8% each {1171, 1337}.
Immature teratomas appear more often
solid {1888}. With rare exceptions {1244},
the usual serum tumour markers (AFP;
beta-hCG) are not elevated.
Site of involvement
More than 80% of mature teratomas
occur in the anterior mediastinum, 3-8%
in the posterior mediastinum and 2% in
the middle mediastinum, while 13-15%
involve multiple mediastinal compartments {963,1337,1829}. Teratomas can
extend deeply into one or both thoracic
cavities and elicit atelectasis.
Macroscopy
Mature mediastinal teratomas are usually
encapsulated masses with a mean dia-

meter of 10 cm (range 3-25 cm) {1655,
2008,2116}. There can be adhesions to
the surrounding lung or great vessels.
The cut surface is variegated, showing
cystic spaces with fluid or grumous
materials, hair, fat, flecks of cartilage,
and rarely teeth or bone {1808,1888}.
Immature teratomas are often very large
(up to 40 cm) {1975} and solid. They
exhibit a soft to fleshy consistency or are
extensively fibrous or cartilaginous
{1808}. Haemorrhage and necrosis can
be present.
Histology
Mature teratomas
These are characterized by a haphazard
admixture of organoid mature tissues
derived from 2 or 3 germinal layers. Skin
and cutaneous appendages are consistent constituents and form cyst linings.
Bronchial,
neural,
gastrointestinal,
smooth muscle and adipose tissue com-

B

Fig. 3.82 Immature teratoma. A Immature neural tissue forming tubes. B Immature cartilage.
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ponents are very frequent (>80%), while
skeletal muscle, bone and cartilage are
less common {708,1808}. Salivary gland,
prostate, liver and melanocytes are even
less frequent; thyroid tissue has not been
reported {1808}. Pancreatic tissue is typical of mediastinal teratomas and found
in up to 60% of cases, but is rare or
absent in teratomas of other sites {521,
1808}.
Regressive changes, such as rupture of
cystic structures, can be accompanied
by a granulomatous inflammation {1808,
2116}. Remnant thymic tissue is found
outside the capsule in 75% of mature teratomas {708}.

Immature teratoma
These lesions are characterized by
embryonic or fetal tissues derived from
the various germinal layers, such as
immature glands lined by tall columnar
epithelial cells, fetal lung, immature cartilage and bone, rhabdomyoblasts,
blastema-like stromal cells. The most
common immature components are neuroectodermal tissues, with neuroepithelial cells forming tubules, rosettes or retinal anlage {708,1808,2116}. By definition, pure immature teratoma should not
harbour a morphologically malignant
component.
Immunohistochemistry
The main role of immunohistochemistry
in teratomas is: (i) to define the nature of
immature components, such as rhab

domyoblasts (desmin, myogenin), neural
components (S100; NSE) or immature
cartilage (S100; GFAP) {1490}, and (ii) to
exclude other germ cell or somatic
malignancies. Pure teratomas are negative for PLAP, beta-hCG and CD30. AFP
is usually negative, although liver cells
and immature neuroepithelium in teratomas may express AFP.

Differential diagnosis
The main differential diagnosis is mixed
germ cell tumour with a teratomatous
component. Immature teratoma may be
difficult to distinguish from teratoma with
somatic type malignancy; the latter usually shows frank cytologic atypia and
invasiveness that are absent in pure
immature teratomas.

Grading of immature teratoma
There are insufficient data to support a
particular grading system for immature
teratomas of the mediastinum. Grading
according to Gonzalez-Crussi {708} was
of no prognostic significance in children
{696,1244,1764,1808}. However, it is
important to realize the following: 1) the
more immaturity is present in a teratoma,
the higher the risk to find a yolk sac
tumour component; 2) immaturity in a teratoma in an adolescent male is highly
suspicious of a malignant i(12p)-containing germ cell tumour. Therefore, the
pathologist should communicate clearly
in the report the quantity (rough percentage) of immaturity.

Prognostic factors
Mature teratoma is a benign tumour irrespective of the patient´s age. The prognosis of pure immature teratoma is agedependent. In children, pure immature
teratoma has an excellent prognosis with
no risk of recurrence and metastasis
{1244,1764}. The presence of an
admixed malignant germ cell tumour
component (detected in up 30% of
immature teratomas after extensive sampling {1244}, and most commonly yolk
sac tumour) is associated with a recurrence rate of 25%. In children, such
mixed GCTs have a good prognosis after
cisplatin-based chemotherapy (>80% 3years-survival) {695,1244}.
In adults, the prognosis of pure immature
teratoma is more guarded but experience is limited {2116}. Apparently pure
immature teratomas with pulmonary
metasases have been reported in adults,
with only the metastasis showing a germ
cell and/or somatic type malignancy
{1808}.

Genetics
The pure mature and immature teratomas analyzed and reported to date do
not show recurrent genetic gains and
losses. This is in contrast to malignant
germ cell tumours {1765}. Mature teratoma can be associated with classical
and very rarely mosaic Klinefelter syndrome {480}.
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Mixed germ cell tumours

Definition
A neoplasm composed of two or more
types of germ cell tumours (GCTs). The
diagnosis should be complemented by
listing each component and its approximate proportion.
Polyembryoma represents a variant with
a unique growth pattern that is characterized by the predominance of embryoid body-like structures. Embryonal carcinoma, yolk sac tumour, syncytiotrophoblastic cells and teratomatous components can usually be recognized in
polyembryoma.
Embryonal carcinomas or seminomas
containing scattered syncytiotrophoblastic cells do not qualify as mixed GCTs,
but are classified as the respective
“pure” GCTs.
ICD-O code
Polyembryoma

9072/3

Synonyms
Malignant teratoma intermediate, teratocarcinoma. The use of terms that do not
precisely qualify the type and quantity of
tumour components is discouraged.
Epidemiology
In adults, mixed GCTs account for 1325% of all mediastinal GCTs {466,520,
1005,1033,2116}, second only to teratomas (40-60%) and as common as
seminomas (15-20%) {520,1005,1356,
1808,2116}. Virtually all patients are male
{1005,1356}.
In children, mixed GCTs account for
about 20% of cases, and yolk sac tumour
with mature or immature teratoma is the
characteristic constellation. Other types
of mixed GCTs are virtually nonexistent
during the first four years of life {1764}.
Among children <8 years of age, some
authors {1005,1765} but not others {167}
see a preponderance of females, while
almost all adolescent patients > 8 years
are males {1765}.
After the onset of puberty, mixed germ
cell tumours can be associated with
Klinefelter syndrome {150,795,1106,
1290,1765}.

Clinical features
Only ~10% of mixed GCTs are asymptomatic at diagnosis {1955}. Most patients
present with general and local symptoms
identical to those in other mediastinal
GCT: chest pain, cough, dyspnoea,
hoarseness, superior vena cava syndrome and cardiac tamponade {757,
1955}. Precocious puberty and gynecomastia are rare in polyembryoma {150}
and other mixed GCTs {1106,1808}. In
some cases, endocrinologic symptoms
induced by beta-hCG production may
precede tumour diagnosis by years
{1769}.
A minority of patients present with symptoms attributable to metastases {709,
757,1955}. Clonally related leukaemias
are rare (~2%) {40,729,789,1518}.
Imaging studies typically show a large
inhomogeneous mass with necrosis,
hemorrhage and infiltration of adjacent
structures. Cystic spaces or adipose tissue hint to the presence of a teratomatous component {757,1888}.
Most cases (~90%) show elevated
serum tumour marker levels {1005}.
Raised AFP (~80%) is strongly correlated
with a yolk sac tumour component,
although teratomatous hepatoid cells
and teratomatous neuroepithelium can
also produce small amounts of AFP.
Increased beta-hCG (~30%) levels occur
in mixed GCTs with a choriocarcinoma
component or with syncytiotrophoblast
cells {2169}.
Post-chemotherapy findings, including the Growing Teratoma Syndrome
During or following chemotherapy,
patients with GCT can alternatively show
{2169}: (1) Normalization of tumour markers and resolution of the tumour mass
(10%), (2) persistence of elevated tumour
markers and the tumour mass due to
resistance to chemotherapy (10%), or (3)
normalization of tumour markers with
residual tumour mass (80%).
In the latter group, 10-20% of patients
exhibit tumour enlargement. This phenomenon can be due to a) chemotherapy-resistant GCT components that
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do not secrete AFP or beta-hCG; b)
development of somatic-type malignancies; c) the “growing teratoma syndrome”
(GTS). GTS is a rare complication of
mixed GCTs {24} and defined by 1) an
increase in tumour size during or after
chemotherapy; 2) normalization of serum
tumour markers; 3) identification exclusively of mature teratoma on histological
analysis of the resected tumour specimen
{1199}. The growing mediastinal mass is
usually asymptomatic but can be accompanied by fever and dyspnoea {24,1256}.
Lymphatic spread can involve mediastinal and supraclavicular lymph nodes
{56}. Late GTS complications are local or
metastatic development of malignant
non-seminomatous GCTs and development of GCT-related sarcomas, carcinomas or leukaemias {56,1256}. The pathogenesis of GTS is largely unknown.
Tumour spread
Most mixed GCT exhibit extensive infiltration into mediastinal structures and
adjacent organs. Rates of metastasis at
time of diagnosis vary widely in different
reports, from 20-36% {520,1356,1764,
1955} up to >80% {997,2169}.
Metastasis to lung, pleura, lymph node,
liver, bone and brain have been reported
{156,1005,1765,1955}. Metastases to
supraclavicular lymph nodes and lung
due to occult mediastinal mixed GCTs
are rare {708}.
Macroscopy
The tumours are often poorly circumscribed or frankly infiltrative, and show a
heterogeneous cut surface with solid
areas, haemorrhage and necrosis. Cystic
spaces usually indicate presence of a
teratomatous component. The size
ranges between 3 and 20 cm (mean 10
cm) {908}. Tumours in the context of the
“growing teratoma syndrome” measure
up to 28 cm {24}.
Histopathology
Various types of GCTs can occur in any
combination in mediastinal mixed GCTs.
Their morphologies are identical to those
Mixed germ cell tumours 213

of pure GCTs. The reported frequencies
of the various GCT subtypes vary widely
in the literature, but the following conclusions can be drawn:
In adults, the two most frequent components are teratoma (50-73%; mean 65%)
and embryonal carcinoma (22–100%;
mean 66%) {237,520,1005,1356,1955}.
Less common are yolk sac tumour
(0-83%; mean 48%), seminoma (22-50%,
mean 38%), and choriocarcinoma
(10–67%, mean 28%) {520,1005,1033,
1356,1955}. The teratoma components
are more often immature than mature {17,
1033,1808}. The most common combination is teratoma and embryonal carcinoma (previously called teratocarcinoma),
encounterd in 15-56% of cases (mean
40%) {237,1005,1808,1955}.
In children, a yolk sac tumour component
occurs in most (>90%) mixed GCTs, followed by teratoma (~30%), and, in adolescents, seminoma, choriocarcinoma
and embryonal carcinoma (~20% each)
{709,1764}. In contrast to adults, the teratoma components in paediatric mixed
GCTs are more often mature than immature {167,1725,1765}.
Polyembryomas {150} show a unique
growth pattern mimicking embryoid bodies. These GCTs are composed of EC,
YST, syncytiotrophoblast cells and teratoma. Adult, but not childhood, mediastinal mixed GCTs are frequently associated with non-germ cell malignancies (sarcomas, carcinomas, and/or leukaemias).
Histology of metastasis
The histology of metastases usually
reflects the histology of the primary GCT
or one of its components {17} but other
GCT histologies and somatic type malignancies may occur, particularly after
chemotherapy {56,406,1230,1256,2046}.

Postchemotherapy histology
After chemotherapy, viable non-teratomatous tumour occurs in up to 50% of
cases even after normalization of serum
tumour markers {1808,2049}. In the
remaining cases, areas of necrosis, teratoma structures, inflammatory infiltrates
including xanthogranulomatous reactions, and fibrosis can be encountered.
Chemotherapy may unmask a previously
overlooked somatic-type tumour or a teratomatous component. Metastases do
not necessarily reflect the histology of
remnant viable tumour cells in the primary location {56,1256}.

Immunohistochemistry
The immunohistochemical profiles reflect
those of the various germ cell tumour
components contributing to a given
mixed GCT. AFP is expressed in virtually
all mixed GCTs, at least focally, due to
the frequent occurrence of yolk sac
tumour components.
Genetics
In adults and children > 8 years old, gain
of 12p and sex chromosomal abnormalities (often associated with Klinefelter
syndrome) are the most common recurrent abnormalities of mediastinal mixed
GCTs {258,1765}, including polyembryoma {150}. Additional recurrent changes
include gain of chromosome 21 and loss
of chromosome 13. These abnormalities
are also encountered in the mature teratoma component and/or somatic-type
malignant components of mixed GCTs,
while pure teratomas are typically devoid
of genetic imbalances {1394,1765}.
In children < 8 years old, i(12p) does not
occur {1765}, and gain of the X chromosome and trisomy 21 {258,1765} are rare
findings. Instead, gain of 1q, 3, and 20q
and loss of 1p, 4q, and 6q are common
{258,1765} in yolk sac tumour; teratomatous elements show no chromosomal abnormalities.
Postulated cell of origin
Toti- or pluripotent primordial germ cell.
Differential diagnosis
Embryonal carcinoma components may
be difficult to recognize against a background of yolk sac tumour due to the
heterogeneity of yolk sac tumour growth
patterns. CD30 staining is a helpful diagnostic adjunct to resolve this differential. Due to the lack of cytotrophoblastic
cells, scattered syncytiotrophoblasts in
“pure” seminomas and embryonal carcinomas can be distinguished from the
choriocarcinoma components of mixed
GCTs.
Prognostic factors
In adults, mixed GCTs exhibit a long-term
survival rate of 40-45% {1359} and there
appears to be no significant difference
between mixed and pure NSGCTs
{1955}. Therefore, tumour stage, particularly metastasis to brain, liver, lung, and
bone, and elevated beta-hCG levels
might be major risk factors for mixed
GCTs as for NSGCTs {199,790}. Modern
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cisplatin-based chemotherapies and
resection are the treatment of choice
{199,236,1462,2172}.
In children, mixed GCTs usually harbour
only yolk sac tumour and teratomatous
components and their prognosis is not
different from the prognosis of pure yolk
sac tumour {1764}, suggesting that
5-year overall survival rates of >80% can
be achieved with modern therapies
{1764}. Local stage, distant metastasis
and AFP levels have not been shown to
be of prognostic significance in a recent
paediatric series of NSGCTs that includes
24% mixed GCTs {1764}. In young children, mixed GCTs exhibiting microscopically small foci of NSGCTs in teratomas
have a good prognosis after complete
resection and chemotherapy {1244}.
Small series suggest that histology,
specifically an extensive seminoma component of mixed GCTs, has a beneficial
impact on survival {1349,1359}, while a
choriocarcinoma component might indicate a more aggressive clinical course
{466,2116}.
Postchemotherapy prognostic factors
Postchemotherapy findings are the most
important prognostic factors in the era of
multimodality treatments. Primary complete response, i.e. normalization of
tumour marker levels and disappearance
of the mediastinal mass after chemotherapy occurs in 10% of NSGCT patients
and is associated with 80% long-term
survival {587}. 20% of such patients
relapse usually within 2 years after
chemotherapy and may be amenable to
salvage therapy after early detection of
the relapse {2169}.
Among patients that show normalization
of tumour markers and a residual tumour
mass (80% of cases) {587,588,2169,
2172}, completeness of resection is the
most important prognostic factor in
adults {199} and children {11,1764}: salvage rates after incomplete resection are
<10% in adults and <50% in children.
In addition, postchemotherapy histology
has a bearing on prognosis {660,1655}:
complete lack of viable tumour cells is
associated with a 90% disease-free survival rate, while the rate drops to 60% if
viable teratoma, including the growing
teratoma syndrome, is encountered.
Viable non-teratomatous GCT tumour or
somatic-type malignant cells are associated with a 30% and <10% survival rate,
respectively.

Patients with persistently elevated
tumour markers have a worse prognosis
than patients with normalization of
tumour markers, although viable tumour
cells are detectable in only half of the
respective resection specimens {997}.
Relapses after chemotherapy and surgery and primary resistance to chemotherapy are poor prognostic factors due
to low salvage rates {199}.
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Germ cell tumours with somatic-type
malignancy

Definition
A germ cell tumour (GCT) accompanied
by a somatic-type malignant component
of sarcoma, carcinoma or both.
Leukaemias or lymphomas are also
somatic-type neoplasms that can
accompany mediastinal GCTs
Synonyms
Teratoma with malignant transformation
{1394}; Malignant teratoma with nongerminal malignant tumour {1808}; Teratoma
with non-germ cell malignancy.
Comments
Tumours included in this category have
been collectively called “Teratomas with
malignant components” etc. in the literature. However, since somatic-type malignancies are more common in mixed
germ cell tumours than in teratomas
{709,1230,1515,1808,2046} and can
also occur in pure yolk sac tumours
{2048} and seminomas {879,2047}, the
germ cell tumour component that
accompanies the somatic malignancy
should be specified accordingly.
A minimum size of one low-power field
has been suggested as the threshold for
the diagnosis of somatic-type malignancy in GCTs {1655,2047}. However, this
size criterion is arbitary. More important
is the independent growth pattern
demonstrated by the somatic-type malignancy. It would be helpful to estimate the
size and percentage areas occupied by
the somatic malignancy and give this
information in the patholgy report.
Epidemiology
GCTs with somatic-type malignancies
are rare (~ 2% of all male GCTs) {30}.
About 25-30% of cases occur in the
mediastinum {2047}. They account for up
to 29% of all mediastinal GCTs of adults
{40,199,1230,1394,1450,1808,1955}, but
are almost non-existent in children
{277,406,428,1005,1232,1764}. With few
exceptions {277,428,1033}, the tumours
occur in males. The age range is from 466 years {277,406,1005,1033,1230,

1356,1385}, with most cases occurring
between 20-40 years.
The somatic-type malignancies may
arise in the mediastinum or only in the
metastases {277,1394,1808}. They are
more common after chemotherapy and
in tumours of late recurences {1665}.
After removal of apparently mature teratomas, metastases with pure sarcomatous features have been rarely reported
{277,1808}.
Clinical features
Signs and symptoms
The tumours show the same local symptoms as other mediastinal GCTs, but they
are more frequently symptomatic (~90%)
than pure teratomas (~50%) {1808}.
Symptoms due to metastatic disease
may accompany or follow local symptoms {1394}.
Most but not all cases show elevated
AFP and/or beta-hCG levels in the
serum. Other tumour markers (e.g. carcinoembyonic antigen [CEA] or neuronspecific enolase [NSE]) may be elevated
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according to the malignant components
that are present.
Imaging studies typically reveal a solid
mass (representing the sacoma or carcinoma component) associated either with
a cystic teratomatous structure or with a
lesion showing heterogeneous attenuation, predominant areas of enhancing
soft tisuue elements, calcifications and
massive necrosis {1888}.
Tumour spread
Sarcoma and carcinoma components
can infiltrate into the mediastinal structures and the lung {1230}. Metastases
have been reported in the majority of
cases {1230,1505} and can be composed either of the somatic-type tumour
{406,1230}, the GCT or one of its components {1230}, or of both somatic-type and
germ cell tumour {1230,2046}. Metastatic
spread may involve lung {406,1394},
regional lymph nodes {40,997}, bone
{1515,2186}, brain {2046,2186}, liver
{40,2046} and spleen {1394,2046}.

Table 3.11
Mediastinal germ cell tumours and associated somatic-type malignancies.
Germ cell tumour component

Frequency1

Somatic-type malignancies2

Teratoma (mature; immature)

~ 10-20%

Non-teratomatous GCT of one
histological type (most commonly
seminoma or yolk sac tumour)

< 5%

Sarcomas/Neurogenic Tumours
Rhabdomyosarcoma
Angiosarcoma
Neuroblastoma
Liposarcoma
Leiomyosarcoma
Osteo-, Chondrosarcoma, Ewing
sarcoma/PNET3
Malignant fibrous histiocytoma
MPNST4
Glioblastoma

Mixed germ cell tumours
(almost all cases contain
teratoma components)

> 75%

1Percentage

Epithelial Malignancies
Adenocarcinoma
Adenosquamous carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma
Haematological malignancies

of all mediastinal GCTs with somatic-type malignancies
than one type of sarcoma and/or carcinoma can occur in a single GCT, and haematologic neoplasias
can accompany sarcomas {1394}
3PNET, primitive neuroectodermal tumour; 4 MPNST, malignant peripheral nerve sheath tumour
2More
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A

B
Fig. 3.83 Germ cell tumour (GCT) with somatic-type malignancy: Seminoma (left) and angiosarcoma (right).

Fig. 3.85 GCT with somatic-type malignancy (STM):
A Seminoma and B epithelioid angiosarcoma.

ciated with various sarcomas (63% of
cases) {428,2046,2047}, carcinomas
(37%) {1385,1808}, combinations of both
{1033,1808,2047} or carcinosarcoma
{1808}. The somatic malignancy can be
intimately intermingled with the GCT
component, or forms an expansile nodular proliferation of atypical cells, often
with increased mitotic rate and necrosis.
Embryonal
rhabdomyosarcoma
{428,1230,1450} is the single most frequent
somatic-type
malignancy.
Angiosarcoma {1230,2046}, leiomyosarcoma {1450} and neuroblastoma
{397,1505} are also common. Any other

type of sarcoma or combinations {1230}
may occur, including chondrosarcoma,
osteosarcoma, malignant fibrous histiocytoma, malignant peripheral nerve
sheath tumour, glioblastoma {1808}, and
liposarcoma {1359}.
The non-mesenchymal component can
be adenocarcinoma (usually of colonic
type) {1385,1394,1808,2047}, adenosquamous carcinoma {2047}, squamous
cell carcinoma {1655} or primitive neuroectodermal tumours (PNET) {1655}.
Melanocytic neuroectodermal tumours
{49} and carcinoids {1707} are rare.

Macroscopy
The tumours range in size from 6 to 30
cm {1230,1356}. They usually exhibit a
partially cystic and often variegated cut
surface with focally necrotic areas. The
carcinoma or sarcoma areas are firm and
gray or haemorrhagic (e.g. angiosarcoma) and often adherent to adjacent
mediastinal structures {2046}.
Histopathology
Mature {277,428,1033,1385} and immature {520,1195,1505,2186} teratomas, in
addition to seminomas, yolk sac tumours
or mixed germ cell tumours can be asso-

Immunohistochemistry
Somatic-type malignancies stain like
their counterparts occurring elsewhere in
the body. PLAP, AFP, beta-hCG, and
CD30 are generally not expressed, while
they can be detected in “pure” GCTs and
the respective components of mixed
GCTs. One should keep in mind that
rhabdomyoblasts, embryonal rhabdomyosarcomas and leiomyosarcomas
can express PLAP {700} and that hepatoid carcinomas can be AFP-positive.

Fig. 3.84 Germ cell tumour with somatic-type malignancy. Immature teratoma and angiosarcoma.

Genetics
An isochromosome i(12p) genotype
shared by the somatic-type neoplasia
and the associated germ cell tumour
component is typical {789,1113,1394}. In
a case of teratoma-associated rhabdomyosarcoma, an add(2)q35-q37
genetic abnormality that is characteristic
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for rhabdomyosarcoma was detected in
the sarcoma but not the germ cell component {1394}. Thus, tissue-specific secondary chromosomal aberrations may be
necessary for the development of somatic-type tumour components in GCTs.
Klinefelter syndrome has been reported
in association with GCT with somatictype malignancy {2186}.
Postulated cell of origin
Malignant transformation of mature teratoma cells or divergent differentiation of
a pluri- or totipotent primordial germ cell
towards a germ cell tumour and the
somatic-type malignancy have been
suggested {314}. The latter hypothesis is
favoured by the finding that “pure”
mature mediastinal teratomas show no
chromosome 12 abnormalities {1765}
while a shared i(12p) abnormality is characteristic of teratomas that are clonally
related with somatic type malignancies,
including leukaemias {1394}.
Differential diagnosis
Immature teratoma may be difficult to
distinguish from teratoma with somatictype malignancy. Frank atypia and infiltrative growth favour the latter interpretation. Likewise, chemotherapy-induced
atypia is usually diffusely distributed
throughout the tumour, while somatictype malignancy is a focal process often
forming a recognizable mass and invading adjacent structures {1888}.
Scattered rhabdomyoblasts are a frequent feature of mature and immature
teratomas and do not justify a diagnosis
of rhabdomyosarcoma unless they show
nodular tumour formation and/or infiltration of adjacent structures.
Rhabdomyoblasts can rarely occur in
thymic carcinomas. The thymic carcino-

A

B

C

D

Fig. 3.86 Germ cell tumour with somatic-type malignancy. A Angiosarcoma component of the case shown
in Fig. 3.85. B CD31 expression of the same case. C Immature teratoma and rhabdomyosarcoma.
D Adenocarcinoma component in immature teratoma.

ma is morphologically different form GCT
and commonly expresses CD5, while the
rhabdomyoblasts are devoid of atypia
and proliferative activity.
Prognostic factors
Presence of somatic-type malignancy in
a GCT confers a dismal prognosis
{406,520,709,997,1005,1230,1394,1515,
1655,2047}. There is no response to
chemotherapy used for treatment of
germ cell tumours. Only a minority of
patients will survive after chemotherapy
and complete surgical removal of mediastinal tumour remnants {879,1394,
2047}. Advanced local infiltration, metastatic disease, and incomplete resection
are bad prognostic factors {997,1230,
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2047}, while the type of somatic malignancy in the primary biopsy has no major
impact on survival {1394}. Persistence of
viable tumour after chemotherapy heralds an unfavourable outcome {660,
997,2169}. The median survival is only
approximately 9 months {406,520, 709,
997,1005,1230,1394,1515,1655, 2047}.

Germ cell tumours with associated
haematologic malignancies

Definition
Germ cell tumours associated with
haematologic malignancies that are clonally related to the underlying GCTs. The
association represents a variant of
somatic-type malignancy that is unique
to mediastinal GCTs. The haematologic
malignancies can involve the mediastinum or present as infiltration of bone
marrow or lymphatic organs, leukaemia
or myelosarcoma. Haematopoietic malignancies that arise due to chemotherapy
are not included in this category.
Historical annotation
The association between mediastinal
GCTs and hematologic malignancies has
been recognized since the 1970s
{2599,2477}. Derivation from a GCTderived pluripotent cell {2592,1681,
1698} and independence from previous
radio-chemotherapy {1681,1698} were
suggested since the 1980s. Genetic
studies {1698,1735,1737} demonstrated
chromosomal aberrations that were
shared between GCTs and associated
haematologic malignancies, providing
evidence for a clonal relationship. Extramedullary haematopoiesis in a subgroup
of mediastinal GCTs {1310} suggests that
committed haematopoietic precursors
can be an alternative origin. The
predilection of the syndrome for mediastinal GCTs has remained unexplained.
Epidemiology
Haematologic malignancies develop in
2-6% of malignant nonseminomatous
mediastinal GCTs {789, 1450} (i.e.
0.5–1,5% of all mediastinal GCTs) but virtually never in GCTs of other sites {1243}.
Patients are typically adolescents or
young adults (age range 9–48 years) and
virtually all are males {315, 474,1461}.
About 10-20% of cases have been associated with Klinefelter syndrome {129,
490,1461}.
Clinical signs and findings
In a series of 17 patients the most common clinical features at the diagnosis of
the haematologic disorder include pancy-
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topenia, spleno-/hepatomegaly, or thrombocytopenia in a range of 20 to 35%
each. Bleeding complications and infections arise due to cytopenias in myelodysplastic syndromes and acute leukaemias
are also common events. Thromboembolic complications due to thrombocytosis and megakaryocytic hyperplasia
{1461}, and mediastinal mass formation
due to myelosarcoma is rare {1723}. Other
clinical signs are leukaemic skin lesions,
and flushing {789}, and the development
of haemo-phagocytic syndromes {2055}.
Haematological complications can
accompany, follow {199,2055,2087} or
precede local symptoms. Leukaemias
most commonly become apparent within
the first year after the diagnosis of GCTs
(range 0–122 months; median 6 months)
{474,789,1394,1461,1518}. There is no
increased overall risk for other second
tumours in mediastinal GCT patients
{199,788}.
Etiology and pathogenesis
The etiology is unresolved. It has been
speculated that expression of haematopoietic growth and differentiation factors
in some mediastinal GCTs could drive differentiation of primordial germ cells into
haematopoietic progeny. The profile of
differentiation factors expressed may also
underlie the preferred commitment of
transformed precusors to the megakaryocytic and monocytic lineage {1450,
1518}. Concommittant mediastinal and
extramediastinal leukaemias show a
comparable immunophenotype and
genotype, suggesting spread of haematopoietic tumour cells from GCTs to
blood, bone marrow, and extra-medullary
sites {1113,1394}.
Macroscopy
Gross findings are identical to those of
non-seminomatous malignant GCTs.
Histopathology
The GCTs underlying the haematologic
malignancies typically are non-seminomatous malignant GCT, most often yolk
sac tumours or mixed germ cell neo-

plasias with a yolk sac component,
though immature teratomas and mixed
germ cell tumours with somatic-type sarcomas have been observed {83,315,
1112,1394,1461}. In a series of 287
patients with nonseminomatous mediastinal germ cell tumours, yolk sac and
teratocarcinoma histology have been
significantly associated with the occurrence of haematologic neoplasias {789}.
Categories of haematological malignancies reported are: acute leukemias
{199,1132}, malignant (and rarely benign
{2246}) histiocytosis {83,129,474,1112,
1461}, myelodysplastic syndromes {1450,
1846,2087}, myeloproliferative diseases
{315,1113,1461}, and mastocytosis {335}.
Among acute leukaemias, acute megakaryoblastic leukaemia (AML M7) and
"malignant histiocytosis" (including AML
M4 {729,1113} and M5 {2074}) are most
common and account for about half of the
cases {199,1461,1518}. In addition, AML
M2 {2087}, M6 {1450,1729}, acute undifferentiated leukemia (AUL) {1461}, and
acute lymphoblastic leukaemia {1132,
1461} have been described.
Myelodysplastic syndromes (MDSs)
include refractory anaemia with excess
blasts {1846} or cases with megakaryocytic hyperplasia {1460}, suggesting the
5q- syndrome {1394}. Myelodysplasia
can precede AMLs {2087}.
Essential thrombocytemia and chronic
idiopathic myelofibrosis are the characteristic myeloproliferative disorders
encountered in association with mediastinal GCTs {663,814,1461}.
Leukaemias may diffusely or focally infiltrate the underlying GCT {1518} or can
form tumorous lesions (granulocytic sarcomas) in the mediastinum {1723}.
Extramediastinal manifestations (organomegaly, leukaemia) can occur in the
presence or absence of detectable
haematopoietic malignancy in the mediastinal GCT {1518}.
Immunohistochemistry
Interpretation of cytochemical findings in
blood or bone marrow smears, and
immunophenotypic profiles follows the
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Fig. 3.86a A-D Case of a mediastinal germ cell tumour with haematopoietic component. A, B Note the haematopoietic component in the yolk sac tumour blood vessels. C Poorly differentiated myeloid precursors showing focal myleoid peroxidase immunoreactivity. Myeloblasts were also positive for CD34 (not shown).
D Subsequent bone marrow biopsy shows acute myeloid leukaemia.

criteria of the WHO classification of
tumours of haematopoietic and lymphoid
tissues {919}. Useful immunohistochemical stainigs include myeloperoxidase
(MPO), lysozyme, CD10, CD20, CD34,
CD68, CD61, CD117, TdT, and glycophorin.
Genetics
Isochromosome 12 [i(12p)] is the most
specific and most common chromosomal
marker shared by GCTs and the associated haematologic malignancies {315,
1394,1461}. In addition, the haematologic malignancies can harbour genetic
alterations that are typical for specific
haematologic malignancies in general
(del(5q); trisomy 8), suggesting that
GCT-unspecific aberrations determine
the phenotype of the associated haematologic malignancy {1394}.

Postulated cell of origin
Toti- or pluripotent primordial germ cell.
Alternatively, the detection of non-neoplastic extramedullary haemotopoiesis in
the yolk sac tumour component of some
GCTs suggests that some haematologic
malignancies can arise from more committed, somatic-type haematopoietic
cells by malignant transformation {1518}.
Differential diagnosis
Clonally-related haematologic malignancies must be distinguished from secondary MDSs and AMLs that are related to
salvage chemotherapy regimens including etoposide in patients with mediastinal GCT {100,1047}. Secondary MDSs
ocurred in 0.7%, and AMLs in 1.3 % of
cases in a large series {1047}.
Chemotherapy-related AMLs do not show
i(12p) and usually manifest later (25–60
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months after chemotherapy) than germ
cell-related AMLs (median time to onset 6
months, range 0–122) {789, 1461}.
Prognostic factors
The occurrence of a clonally related
acute leukaemia in a patient with mediastinal GCT is among the most adverse
prognostic factors. In a recent series,
none of the reported patients has survived for more than 2 years after the
onset of leukemia (median survival time:
6 months) {789}. These leukaemias
appear to be refractory to current treatment protocols including aggressive
induction chemotherapy and allogenic
bone marrow transplantation. However,
the clinical course in patients with myeloproliferative diseases may be more protracted {663,814}.

Mediastinal lymphomas and
haematopoietic neoplasms:
Introduction
Principles of classification
The classification of haematological
malignancies has undergone significant
reappraisal in recent years. These
changes have resulted from insights
gained through the application of
immunological and genetic techniques,
as well a better understanding of the clinical aspects of lymphoid and myeloid
neoplasms through advances in diagnosis, staging and treatment. A multifaceted approach to both disease definition
and diagnosis, as proposed by the
Revised European and American
Lymphoma (REAL) classification {783}
and updated in the WHO classification
{919}, is now considered the state of the
art.
While morphology is still the starting
point for pathologic diagnosis, immunologic and genetic techniques have been
crucial in defining disease entities, and
are often useful in differential diagnosis.
The pathologist must also be cognizant
of the clinical history, as the site of presentation and other clinical parameters
are an important aspect of both disease
definition and diagnosis. Finally, in many
instances, lymphoid and myeloid neoplasms can be related to a normal cellular counterpart in the haematopoietic and
lymphoid systems.
Mediastinal lymphomas arise in either
mediastinal lymph nodes or the thymus
gland. Thymic lymphomas are unique in
many respects, as they reflect the function of the thymus gland as an organ
involved in T-cell generation and differentiation {1863}. Precursor T-lymphoblastic
lymphoma/leukaemia presents as a
mediastinal mass in 85% of cases, and
the immunophenotype of the neoplastic
cells reflects the stages of cortical thymocyte differentiation {157,1604}. There
are also rare reports of natural killer (NK)cell tumours with an immature phenotype
arising in the thymus gland {1046}, and
the fetal thymus is one site of NK-cell
development {1863}. B-cell lymphomas
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of the thymus gland are relatively rare.
The most common of these is mediastinal
large B-cell lymphoma (PMLBCL), of proposed origin from specialized thymic Bcells found in the medullary perivascular
space {22,906}. Classical Hodgkin lymphoma, nodular sclerosis type, (HLNS)
also arises in the thymus gland, and is
genotypically of B-cell origin, although Bcell markers may be absent. Lymphomas
of mucosa-associated lymphoid tissue
(MALT)-type may arise in the thymus
gland, as well as in other mucosal or
epithelial sites, and reflect the intimate
functional relationship between epithelial
and lymphoid components in the thymus
gland {891}. A functionally related lesion
is the multilocular thymic cyst seen in
autoimmune disease and HIV-infection
{1051,1326,1923}. Lymphomas involving
the mediastinal lymph nodes reflect to
some extent the spectrum of systemic
nodal lymphomas. However, because of
its inaccessibility as a biopsy site, the primary diagnosis of lymphoma is uncommonly made in mediastinal lymph nodes.
Myeloid neoplasms rarely have primary
presentations in the mediastinum. A
recently described entity, precursor Tlymphoblastic lymphoma with eosinophilia and t(8;13) typically presents with
a mediastinal tumour with the
immunophenotype of T-LBL, but is associated with development of acute
myeloid leukaemia in the bone marrow
{2179}. Acute myeloid leukaemias, often
with megakaryoblastic differentiation
may develop in the mediastinum and
bone marrow in association with nonseminomatous germ cell tumours with an
i(12)p {159,315,474,506,729,1113,1460,
1461,1723}.
Histiocytic and dendritic cell tumours are
rare tumours that occasionally may present in mediastinal lymph nodes and the
thymus gland. However, as with myeloid
neoplasms, most histiocytic neoplasms
presenting in the mediastinum are related to teratomatous germ cell tumours,

indicative of the capacity of germ cell
neoplasms to differentiate along many
cell lines {159,729,1052,1518,1723}.
Epidemiology
The epidemiology of haematopoietic and
lymphoid neoplasms of the mediastinum
and thymus gland is heterogeneous,
reflecting the diversity of disease entities
presenting in this site. Precursor T-cell
and NK-cell neoplasms are for the most
part diseases of children and young
adults, with an increased male: female
ratio. Mediastinal large B-cell lymphoma
and nodular sclerosis Hodgkin lymphoma share many epidemiological features, including prevalence in young
adult females, and propensity to present
with localized disease. This observation,
plus the fact that synchronous and
metachronous instances of mediastinal
large B-cell lymphoma and nodular sclerosis Hodgkin lymphoma may be
encountered, has suggested that these
neoplasms may share a common cell of
origin {710,1575}. In addition, there are
rare grey zone lymphomas with features
intermediate between both entities
{1270,1704}.
Clinical features
With the exception of the relatively rare
MALT-type lymphomas, most mediastinal
lymphomas and haematopoietic neoplasms are clinically aggressive; patients
typically present with symptoms related
to a large mediastinal mass, or with pericardial or pleural effusions in lymphoblastic lymphoma. Other clinical features vary with the type of lymphoma.
Genetic features
The genetic features of these neoplasms
for the most part are similar to their counterparts presenting in other sites. One
exception is mediastinal large B-cell lymphoma, which has genetic features distinct from that of other diffuse large B-cell
lymphomas {148,404,1756}.
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Primary mediastinal large
B-cell lymphoma

Definition
Primary mediastinal large B-cell lymphoma (PMLBCL) is a type of diffuse
large B-cell lymphoma arising in the
mediastinum, of putative thymic B-cell
origin,
with
distinctive
clinical,
immunophenotypic and genotypic features.
ICD-O code

9679/3

Synonyms
Primary mediastinal clear cell lymphoma
of B-cell type {1341}, mediastinal largecell lymphoma of B-type with sclerosis
{1296}. REAL: Primary mediastinal
(thymic) large B-cell lymphoma {783}
Epidemiology
It accounts for about 2-3% of nonHodgkin lymphomas and occurs predominantly in young adults (third and
fourth decade), with a slight female predominance {3,305,783,1143}. Both of
these factors distinguish PMLBCL from
other types of diffuse large B-cell lymphoma, which have a median age in the
7th decade and a male predominance.

without superficial lymphadenopathy or
hepato-splenomegaly. The thymus is typically involved and rare cases of lymphoma confined to the thymus have
been reported, suggesting that the
tumour arises in the thymus and secondarily involves mediastinal lymph nodes
{918,1121}. The mass is often “bulky”
(>10 cm in diameter) and is often locally
invasive, infiltrating lung, pleura, thoracic
wall and pericardium. Supraclavicular
extension is sometimes observed {22,
1296,1341}. At progression, PMLBCL
disseminates predominantly to extranodal sites, including lung and extrathoracic organs {305}: liver, kidney, and
adrenal are the most frequent sites of
parenchymal involvement; gastro-intestinal tract, ovary, CNS, and pancreas
{171} are other reported sites. Bone marrow involvement is extremely rare.

Etiology
It is unrelated to EBV or other known
tumour viruses {1340,2034}. It might be
driven by a still elusive oncogene, probably located on chromosome 9p {941}.

Clinical features
Signs and symptoms are related to the
mediastinal mass: superior vena cava
syndrome (most frequently), airway
obstruction, pleural and/or pericardial
effusion. B symptoms may be present
{1143}. Traditional or more sophisticated
imaging techniques are important in
detecting the mass, in documenting the
involvement of other intra-thoracic structures and in deciding on the best
approach to obtain a diagnostic biopsy.

Localization
At presentation, the disease affects the
antero-superior area of the mediastinum

Macroscopy
Radical surgery or debulking is rarely
performed, because the mass is typical-

Fig. 3.88 Chest X-ray of a bulky mediastinal large Bcell lymphoma (PMLBCL).
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Fig. 3.89 PMLBCL with fleshy, whitish tumour tissue, containing necrotic and pseudocystic areas.

F. Menestrina
N.L. Harris
P. Möller

Fig. 3.87 Summary of the cytological variants
encountered in a series of 109 mediastinal large
B-cell lymphomas (PMLBCL). From Paulli et al.
{1558}.

ly widely infiltrative at the time of the
diagnosis. In resected specimens, the
cut surface has a fleshy appearance,
often with necrotic areas. Thymic cysts
may be present. Diagnostic features may
be lacking in small (e.g., trans-thoracic
needle) biopsies when only sclerosing
and/or necrotic tissue is obtained.
Tumour spread and staging
PMLBCL
most
probably
arises
intrathymically {22} and then aggressively invades adjacent structures and tissues, including regional lymph nodes,
whereas distant lymph nodes are rarely
affected. Leukaemia is never observed;
however, haematogenous dissemination
occurs during progression, as evidenced
by distant organ involvement {305}.
Staging procedures must exclude a secondary mediastinal involvement by a systemic diffuse large B-cell lymphoma;
extrathoracic lymph nodes or bone marrow involvement would suggest this
diagnosis.
Histopathology
The growth pattern is diffuse. PMLBCL
has a broad range of cytomorphology;
however, individual cases tend to be
monomorphic. The cells range from
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Fig. 3.90 Mediastinal large B-cell lymphoma. A High power view of mediastinal large B-cell lymphoma. B Note the clear cytoplasm and the very irregular nuclei
with inconspicuous nucleoli. C Polymorphic tumour cells including Hodgkin-like cells. D Silver stain highlights the pseudoalveolar compartmentalization of the neoplastic tissue by collagen fibrils and fibers. E CD20 expression. F CD30 expression.

medium-sized to large (2-5 times the size
of a small lymphocyte), have abundant,
frequently clear cytoplasm and irregularly round or ovoid (occasionally multilobated) nuclei, usually with small nucleoli
{1558}. Some cases may have more
pleomorphic nuclei and abundant
amphophilic cytoplasm and may resem-

ble Hodgkin lymphoma or nonlymphoid
tumours. Mitotic activity is high, similar to
other large cell lymphomas. The centre
of the lesion contains predominantly neoplastic cells. However, at periphery of the
mass, a variable number of reactive cells
such as lymphocytes, macrophages and
granulocytes may be present. A frequent

but not consistent feature is a distinctive
fibrosis made up of irregular collagen
bands compartmentalizing cellular areas
of varying size {1296,1341,1558,2224}.
The combination of different architectural
patterns and cellular morphology might
raise the differential diagnosis of thymoma, seminoma or Hodgkin lymphoma.
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Depending on the surgical approach
and specimen size, thymic remnants can
be observed, usually better highlighted
by immunohistology. Cystic change may
be present in the thymic remnant. Lung,
pleura and pericardium can be included.
Rare cases of composite PMLBCL and
Hodgkin lymphoma are reported {1704}.
Immunophenotype
PMLBCL expresses B-cell lineage-specific surface molecules such as CD19,
CD20, CD22 {1344}, and the immunoglobulin-associated CD79a {1595} molecule, but not lineage-restricted T-cell antigens, except for MAL {404}, which is
regarded as T-cell restricted and is not
observed in other diffuse large B-cell
lymphomas. CD10 has been detected in
some studies in 20-25%, similar to its frequency in other large B–cell lymphomas
{448,1595}, but has not been detected in
other studies {1343,1344}. CD15 and
CD21 are always negative. BCL6 protein
may be detected by immunohistochemistry in 50-60% of the cases. Molecules
often found in/on PMLBCL cells like
CD38, PC-1, MUM1 and PAX5 {1595} in
the absence of CD138 favour a post-germinal centre stage of maturation. The
majority of PMLBCL do not express Ig
{1296,1341}. In fact, the discrepancy
between the lack of Ig and the constitutive CD79a {953} is characteristic of this
disease. The lack of Ig expression is likely not related to a defect in the Ig transcriptional machinery since the Ig transcription factors Oct2 and BoB.1 are
expressed {1595}. Furthermore, there is
frequently a defect of HLA class I and/or
II molecule expression {1342}.
CD30 expression, often weak and
restricted to a subset of the tumour cells,
is often observed in PMLBCL, especially
when antigen retrieval techniques are
used {829}. CD30 expression is typically
low compared with the strong CD30
expression in neoplastic cells of classic
Hodgkin lymphoma (HL) or in diffuse
large B-cell lymphoma (DLBCL) of
anaplastic type. This may result in differential diagnostic problems between
PMLBCL, Hodgkin disease, and the socalled “grey zone” lymphomas of the
mediastinum, which have features intermediate between HL and DLBCL {1704}.
Histogenesis
Histologically, PMLBCL has been attributed to the asteroid variant of thymic
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Fig. 3.91 Mediastinal large B-cell lymphoma. This tableau summarizes the data of the comparative genomic
hybridization (CGH) of 44 cases of PMLBCL. From M. Bentz et al. {148}.

medullary B-cells {862}. Genetically,
PMLBCL seems to be derived from Bcells that have been activated by a specific antigen, passed through the germinal centre and have shut down their
mutational machinery before neoplastic
transformation is completed {1158}.
Immunophenotypically, PMLBCL are at
post-germinal centre stage {1158,1344,
1595}.
Somatic genetics
Antigen receptor genes and BCL6. As in
other diffuse large B-cell lymphomas, Ig
heavy-chain and light-chain genes are
rearranged and have high loads of mutations {872,1098,1158,1753}. Further, the
vast majority of heavy-chain V genes are
potentially functional by showing evidence of selection for a functional antibody. No bias towards particular gene
families (such as VH4) were observed,
so selection by an autoantigen or superantigen is unlikely. Intraclonal variation
was not detected in the PMLBCL cases
analysed so far, indicating that continuing mutational activity is not a prominent
feature {1158}. The data on frequencies
of BCL-6 mutations in PMLBCL are conflicting, ranging from 6-50% {448,1532,
1595,2034}.
Genetic abnormalities. BCL-2 is
germline, suggesting that the regular
expression of bcl-2 protein in PMLBCL is
regulatory {1595,2034}. BCL-1 and N-ras
are not altered while p16, c-MYC, and
TP53 occasionally carry mutations
{1595,1754, 1755}. Different genetic

approaches, including comparative
genomic hybridization, FISH, arbitrarily
primed PCR fingerprinting and classical
cytogenetics have yielded a highly characteristic pattern of genomic alterations
in PMLBCL: chromosomal gains (2p, 6p,
7q, 9p, 12, and X) are much more frequent than losses {941,1661,1756}. Most
important is gain of chromosome arm 9p
(9p+), which is detectable in up to 75%
of cases {148}. This aberration is a chromosomal marker in PMLBCL, since 9+ is
very rare in other nodal and extranodal
B-cell lymphomas but, interestingly, is
detectable in about 25% of classic
Hodgkin disease {940}. In both tumours,
the consensus region of the recurrent
aberrations on 9p is subtelomeric. A second essential genomic region in PMLBCL is the long arm of chromosome X.
Aberrations of Xq, including high levels
of DNA amplification, are present in up to
87% of cases of PMLBCL {148}. Recent
molecular studies applying gene expression profiling show that classical
Hodgkin lymphoma and PMLBCL are
closely related {1694,1752}.
Prognosis and predictive factors
There are no histological {1558},
immunophenotypic or genotypic features
that have prognostic potential. Similarly
to other DLBCL, response to initial therapy is a good marker for prognosis. The
survival with aggressive therapy is similar to that of other localized DLBCL
{305,918,1143}.

Thymic extranodal marginal zone Bcell lymphoma of mucosa-associated
lymphoid tissue (MALT)
Definition
Primary thymic extranodal marginal zone
B-cell lymphoma of mucosa-associated
lymphoid tissue is a lymphoma consisting predominantly of small B-cells with a
centrocyte-like or monocytoid appearance, which surround reactive follicles
and infiltrate the thymic epithelium to produce lymphoepithelial lesions.
ICD-O code

currently no evidence for a histogenetic
link with mediastinal large B-cell lymphoma.
Localization
The bulk of the disease is in the anterior
mediastinum, but the regional lymph
nodes and other extranodal sites (e.g.
stomach, salivary gland, lung) may be
involved concurrently.

9699/3

Synonyms
Mucosa-associated lymphoid
(MALT) lymphoma; MALToma

tissue

Epidemiology
Primary thymic extranodal marginal zone
B-cell lymphoma is rare, with less than 30
cases having been reported in the literature {493,778,891,905,1209,1279,1426,
1556,1700,1945,2188}. Most patients are
in the fifth and sixth decades. There is
female predominance (M:F = 1:3), and
>60% of the reported cases are Asians.
Etiology
Primary thymic extranodal marginal zone
B-cell lymphoma is strongly associated
with autoimmune disease (>50% of the
cases), especially Sjögren syndrome
{891}. The autoimmune disease-associated reactive lymphoid hyperplasia may
provide a fertile ground for emergence of
the lymphoma. There is no association
with Epstein Barr virus {891}. There is

Clinical features
Patients are usually asymptomatic, with
the mediastinal tumour being discovered
incidentally on chest radiograph. A
minority of patients present with chest
pain, shortness of breath, haemoptysis
or back pain. In patients associated with
autoimmune disease, the time interval
between the onset of autoimmune disease and the discovery of the thymic
tumour ranges from 2-25 years {891}.
Monoclonal gammopathy (frequently
IgA, occasionally IgG or IgM) is common, and may sometimes result in hyperviscosity syndrome {891,1209}. An association with Sjögren disease is frequently
observed.

ly many interspersed epithelium-lined
cystic spaces. Reactive lymphoid follicles
are scattered within the lymphoid infiltrate. There is a proliferation of small lymphocytes and centrocyte-like cells
around and between these follicles. The
centrocyte-like cells have small to medium-sized irregular nuclei, indistinct nucleoli, and a moderate amount of pale cytoplasm. They show extensive invasion of
the Hassall corpuscles or the thymic
epithelium lining the cystic spaces, forming lymphoepithelial lesions. The lymphoid cells within and immediately
around the epithelial structures usually
possess an even greater amount of clear
cytoplasm, reminiscent of monocytoid Bcells. There are often interspersed aggregates of plasma cells, which are shown
on immunohistochemical staining to be

Macroscopy
Grossly, the tumour is often encapsulated and comprises solid greyish-white
fleshy tissue commonly interspersed with
multiple variable-sized cysts. Invasion
into the adjacent pericardium and pleura
is sometimes found.
Tumour spread and staging
Most tumours (>75%) are of low stage
(Stage I/II) at presentation {891}.
Concurrent extranodal marginal zone Bcell lymphoma in other MALT sites (e.g.
salivary gland, stomach, lung) occurs in
about 20% of cases, probably related to
the homing characteristics of extranodal
marginal zone B-cell lymphomas {891}.

Fig. 3.92 Primary extranodal marginal zone B-cell
lymphoma of the thymus. The cut surface shows
fleshy, tan-coloured tumour tissue interspersed
with multiple cystic spaces.

A.C.L. Chan
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H. Inagaki
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Histopathology
The normal thymic lobular architecture is
effaced by an abnormal dense lymphoid
infiltrate, but residual Hassall corpuscles
can still be identified. There are common-

Fig. 3.93 Primary extranodal marginal zone B-cell
lymphoma of the thymus. Part of a reactive lymphoid follicle is seen at the top. The lower field
shows thymic epithelium (including Hassall corpuscles), heavily infiltrated by lymphoma cells. The
cells within and immediately around the epithelial
unit have abundant clear cytoplasm, resembling
monocytoid B cells.
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Fig. 3.94 Primary extranodal marginal zone B-cell lymphoma of the thymus. A The thymic epithelium lining the cysts is extensively infiltrated by the lymphoma cells. Note
also the presence of small clusters of plasma cells. B The lymphomatous infiltrate comprises small lymphocytes, centrocyte-like cells and cells resembling monocytoid B cells. C Immunostaining for CD20 shows sheets of positive cells, confirming the B-cell lineage of the lymphoma. A residual Hassall corpuscle is seen in the left
middle field. Note that plasma cells do not react. D Many plasma cells are highlighted by immunostaining for immunoglobulin (lambda light chain in this case).

part of the neoplastic clone. Scattered
centroblast-like cells or immunoblasts are
frequently found. Transformation to diffuse large B-cell lymphoma has only
been rarely reported {1209}.
Immunophenotype
Immunohistochemically, the tumour cells
express B-cell specific markers, such as
CD20 and CD79a. They are negative for
CD3, CD5, CD10, CD23, CD43, and
cyclin D1. They commonly express BCL2.
More than 75% of the cases express IgA
{891}.
Differential diagnosis
The main differential diagnosis is reactive
lymphoid hyperplasia of the thymus. In
reactive lymphoid hyperplasia, which is
most frequently associated with myasthenia gravis, the thymic lobular architecture is preserved, and there is no bandlike or sheet-like proliferation of centro-
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cyte-like cells and monocytoid cells
{1556}.
Histogenesis
This lymphoma is derived from post-germinal centre marginal zone B-cells.
Somatic genetics
Immunoglobulin genes are clonally
rearranged {950}. Although API2-MALT1
fusion resulting from t(11;18) is present in
up to 50% of extranodal marginal zone
B-cell lymphomas in general, this chromosomal translocation is not detected in
thymic extranodal marginal zone B-cell
lymphomas {891}. Only one case has
been studied by cytogenetics, with the
finding of 46,X,dup(X)(p11p22) {778}.
Genetic susceptibility
There is no known genetic susceptibility.
It remains unclear whether this lymphoma
type shows a predilection for Asians.

Prognosis and predictive factors
Thymic extranodal marginal zone B-cell
lymphoma is associated with an excellent outcome. Only one documented
tumour-related death has been reported
{891}. High tumour stage at presentation
or concurrent involvement of other MALT
sites is not necessarily associated with a
poor prognosis. Most patients have
undergone surgical resection both for
diagnosis and treatment of low stage disease. Chemotherapy and radiotherapy
have also resulted in complete remission
in some cases.

Precursor T-lymphoblastic
lymphoma / leukaemia

Definition
Precursor T-lymphoblastic lymphoma/
leukaemia is a neoplasm of lymphoblasts
committed to the T-cell lineage, typically
composed of small to medium-sized
blast cells with scant cytoplasm, moderately condensed to dispersed chromatin
and indistinct nucleoli, variably involving
bone marrow and blood (precursor T-cell
acute lymphoblastic leukaemia), thymus
and/or lymph nodes (precursor T-cell
lymphoblastic lymphoma).
ICD-O code
Precursor T-lymphoblastic lymphoma
9729/3
Precursor T-lymphoblastic leukaemia
9837/3
Synonyms
Precursor T-cell acute lymphoblastic
leukaemia (ALL) / Precursor T-cell lymphoblastic lymphoma (LBL); T-cell lymphoblastic lymphoma; T-cell acute lymphoblastic leukaemia; convoluted lymphocytic lymphoma (Lukes-Collins); lymphoblastic lymphoma, convoluted cell
type (Kiel, Working formulation); poorlydifferentiated lymphocytic lymphoma
(Rappaport); leukosarcoma (Sternberg
sarcoma) (historical term) {1878}
Epidemiology
Precursor T-cell neoplasms occur most
frequently in late childhood, adolescence, and young adulthood, with a male
predominance. Fifteen percent of child-

Fig. 3.95 Infiltration of the heart by a T-lymphoblastic
lymphoma.

N. L. Harris
M. Borowitz
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hood and 25% of adult ALL are of precursor T-cell type {206}. Cases presenting without bone marrow and peripheral
blood involvement (lymphoblastic lymphoma) comprise 85% of lymphoblastic
lymphomas, 25-30% of childhood nonHodgkin lymphomas and only 2% of
adult non-Hodgkin lymphomas worldwide {3}. Some studies indicate an
increased prevalence of precursor T-cell
neoplasia in underdeveloped countries,
while precursor B-cell neoplasms are
more common in industrialized countries
{2016}.
Etiology
The etiology is unknown. No association
with viruses or immune status has been
demonstrated. Patients with ataxia
telangiectasia are at increased risk for
development of T-ALL, but the ATM gene
has not been implicated in sporadic
T-precursor neoplasia {1959}. In early
childhood T-ALL, the neoplastic clone
can be detected at birth by clone-specific T-cell receptor gene rearrangement,
suggesting that the transforming event
occurs in utero {559}.

effusions. Airway compromise is common, and the presentation is often as a
medical emergency
Histopathology
The thymus and mediastinal soft tissue
as well as adjacent lymph nodes are
involved. The epithelial meshwork is
destroyed, septa are effaced, and the
tumour cells spread through the capsule
into adjacent mediastinal tissue. In tissue
sections, the cells are small to mediumsized, with scant cytoplasm, round, oval,
or convoluted nuclei, with fine chromatin
and indistinct or small nucleoli.
Occasional cases have larger cells. In
lymph nodes the pattern is infiltrative
rather than destructive, often with partial
preservation of the subcapsular sinus
and germinal centres. A starry-sky pattern may be present, but is usually less
prominent than in Burkitt lymphoma.
Pleural or pericardial fluid may be the initial diagnostic specimen. On smears,
lymphoblasts vary from small cells with

Localization
The tumour typically involves the mediastinum, specifically the thymus, and
often
mediastinal
lymph
nodes.
Supradiaphragmatic lymph nodes may
also be involved, and tumour cells are
often shed into the pleural fluid. The
bone marrow and peripheral blood are
involved in the majority of the cases.
Central nervous system involvement is
also common. Clinically, a case is
defined as lymphoma if there is a mediastinal or other mass and <25% blasts in
the bone marrow, and as leukaemia if
there are >25% bone marrow blasts, with
or without a mass. This is an arbitrary distinction and should be regarded as staging rather than classification.

B

Clinical features
Patients typically present acutely with
symptoms related to a large mediastinal
mass, often with pleural or pericardial

Fig. 3.96 Precursor T-lymphoblastic lymphoma
A Monomorphous infiltrate with a starry-sky pattern. B Tumour cells have dispersed chromatin,
small nucleoli, and scant cytoplasm, such that the
nuclei appear to overlap.
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Fig. 3.97 Precursor T-cell acute lymphoblastic leukaemia (T-ALL). Flow cytometry of peripheral blood from
an adolescent male with a mediastinal mass. A Cells are positive for CD1 and dimly for surface CD3. B Cells
express both CD4 and CD8. C The cells express CD2 and CD10. D They are positive for CD5 and dimly for
CD3.

scant cytoplasm, condensed nuclear
chromatin, and indistinct nucleoli to larger cells with a moderate amount of cytoplasm, dispersed chromatin, and multiple nucleoli. Azurophilic granules may be
present.
Recently, cases of mediastinal precursor
T-cell lymphomas with increased tissue
and bone marrow eosinophils have been
described. Patients typically developed
acute leukaemia with myeloid antigen
expression. These cases were found to
have a translocation t(8;13) in both the
myeloid and lymphoid cells, indicating a
true biphenotypic malignancy {2179}.

Immunophenotype
The lymphoblasts are positive for terminal deoxynucleotidyl transferase (TdT) in
virtually all cases, and variably express
CD2, CD7, surface or cytoplasmic CD3,
CD5, CD1a, CD4 and/or CD8. Only surface CD3 is considered lineage-specific.
Minimal criteria for classification as T-LBL
are CD7+ and cytoplasmic CD3+. The
constellation of antigens defines stages
of differentiation, ranging from early or
pro-T (CD2, CD7 and cytoplasmic CD3),
to “common” thymocyte (CD1a, sCD3,
CD4 and CD8), to late thymocyte (CD4 or
CD8).
Although there is some correlation with
presentation and differentiation stage
(cases with bone marrow and blood
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presentation may show earlier differentiation stage than cases with thymic presentation {157,725}) there is overlap
{1632}. Among cases that express T-cell
receptor proteins, the majority are of the
alpha/beta type and a minority express
gamma/delta type; the latter appear to
have a more immature phenotype {1938}.
Rare cases of lymphoblastic lymphoma
presenting in the mediastinum have the
immunophenotype of immature natural
killer (NK) cells {325,1046,1795}.
Differential diagnosis
On biopsy specimens, the differential
diagnosis may include thymoma with a
prominent immature T-cell population (B1
or B2 thymoma). The immunophenotype
of T-LBL and of the normal precursor
T-cells in thymoma can be identical. The
infiltrative growth of the lymphoblasts
with destruction of the epithelium and
demonstration of clonality by molecular
genetic analysis can be helpful in confirming the diagnosis of lymphoma.
In a patient with a mediastinal mass and
lymphocytosis, a diagnosis of peripheral
T-cell lymphocytosis associated with thymoma has to be included among the differential diagnoses {116,445}.
Histogenesis
Precursor T lymphoblasts at varying
stages of differentiation.

Somatic genetics
Rearrangement of antigen receptor
genes is variable in lymphoblastic neoplasms, and may not be lineage-specific;
thus, precursor T-cell neoplasms may
have either or both T-cell receptor (TCR)
beta or gamma chain gene rearrangements and immunoglobulin heavy chain
gene rearrangements {1939}. The majority have T-cell receptor gamma chain
rearrangements, with either beta or delta
rearrangements in the majority of the
cases {1938}.
Chromosomal translocations involving
the TCR alpha and delta loci at chromosome 14q11 and beta and gamma loci at
7q34 are present in about one-third of
the cases {998,2044}; the partner genes
are variable and include the transcription
factors c-MYC (8q24), TAL1/SCL (1p32),
RBTN1 (11p35), RBTN2 (11q13), and
HOX11 (10q24) and the cytoplasmic
tyrosine kinase LCK (1p34). In an additional 25%, the TAL1 locus at 1p32 has
deletions in the 5’ regulatory region
{136}. Deletions of 9p involving deletion
of the p16ink4a tumour suppressor gene
(CDK4 inhibitor) is also seen in T-lymphoblastic neoplasms {901,1601}.
Cases associated with eosinophilia and
myeloid neoplasia have a t(8;13) involving the fibroblast growth factor receptor
gene on chromosome 8 and a novel
zinc-finger gene on chromosome 13
{2179}.
Analysis by gene expression array has
shown that acute leukaemias of lymphoid
and myeloid types can be distinguished,
as can precursor T and precursor B-cell
lymphoblastic leukaemias. The utility of
these studies in diagnosis remains to be
determined, however, some differentially
expressed genes, such as TAL1/SCL can
be detected by immunohistochemistry
and may provide a marker for T-precursor neoplasia {552,706}
Prognostic factors
The prognosis with aggressive therapy is
similar to that of precursor B-cell neoplasms, and is not affected by immunophenotype or genetic abnormalities. In
children, treatment is generally more
aggressive than that for precursor B-ALL,
and is typically the same for lymphomatous and leukemic presentations {1361}.
The median disease-free survival in one
recent study of adult T-ALL was 28
months {206,2044}.

Anaplastic large-cell lymphoma and
mature T and NK cell lymphomas of
the mediastinum

S. Nakamura
T. Rüdiger
A. Marx

Definition
Mature T-cell and NK-cell neoplasms are
derived from mature or post-thymic
T cells and NK cells, respectively.
Because they share some immunophenotypic and functional properties, these
two classes of neoplasms are considered together.
ICD-O code
Anaplastic large-cell lymphoma
9714/3

Anaplastic large-cell
lymphoma (ALCL)
ALCL mainly occurs in children and
young adults, involving a variety of sites.
The incidence of a mass presentation in
the thymus and/or mediastinum varies
from 8-39% with or without lymphadenopathy {231,1775,1930}. The higher
figure of 39% likely results from inclusion
in some series of “Hodgkin-like” ALCL,
which is now thought to be a variant of
Hodgkin lymphoma in most cases {919}.
ALCL involving the thymus may be associated with cyst formation, evident on
gross or microscopic examination. ALCL
usually shows a cohesive growth pattern
and cytologic features as follows: the
cells are large, with round or indented
nuclei, often described as reniform,
embryo-, and horseshoe-shaped, multiple nucleoli that vary in size, and abundant cytoplasm. The so-called “hallmark
cell” has an indented nucleus with a
paranuclear, eosinophilic region corresponding to the Golgi region. Reactive
cells may be numerous in rare cases,
usually histiocytes or neutrophils;
eosinophils are not common.
The tumour cells are strongly and consistently positive for CD30. Although they
show T-cell receptor gene rearrangement
on a molecular level, phenotypically their
derivation from the T-cell lineage may be
difficult to prove. CD2 and CD4 are the
markers most frequently positive. CD3 is
often but not always positive. Most cases
express cytotoxic molecules such as
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Fig. 3.98 Anaplastic large-cell lymphoma. A Hallmark cells with embryoform or kidney shaped nuclei, broad
cytoplasm, and pale staining Golgi region; numerous apoptotic bodies and mitoses. B CD30 expression in
the membrane and Golgi region.

granzyme B and TIA-1. They also may
exhibit positivity for other T-cell markers
(CD43, CD45R0), EMA, while CD5 and
CD7 are frequently negative. Anaplastic
lymphoma kinase (ALK) is expressed in
40-70% of ALCL in various series. It may
be nuclear and cytoplasmic or cytoplasmic only, depending on the translocation;
it is more commonly expressed in pediatric cases, and is associated with an
excellent prognosis {919}.
ALCL may pose differential diagnostic
problems from carcinoma, mediastinal
large B-cell lymphoma or Hodgkin lymphoma. Immunophenotyping for CD15,
CD30, pan-B and pan-T antigens, cytotoxic molecules, EMA, keratin, and ALK
protein may be essential for their exact
diagnosis.

lymphoma primarily affecting the thymus,
5 of 142 cases registered in the NK Cell
Tumour Study Group in Japan showed
mediastinal involvement (unpublished).
In a patient with a mediastinal mass and
lymphocytosis, a diagnosis of peripheral
T-cell lymphocytosis associated with thymoma has to be included among the differential diagnoses {116,445}.

Somatic genetics
ALCL is associated with characteristic
chromosome translocations involving the
ALK gene on chromosome 2, with the
partner being the NPM gene on chromosome 5 in most cases, and other genes
in a minority of the cases {919}.

Mature T cell lymphomas
Mature T-cell neoplasms are very rare in
the thymus, despite the importance of
the thymus in T-cell ontogeny {1402,
1610,1827,2195}. Only 0.2% of peripheral T-cell lymphomas are diagnosed from
mediastinal biopsies. Although there is
no documented case of mature NK cell

Fig. 3.99 High power magnification of typical ‘hallmark’ cells in ALCL.
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Hodgkin lymphoma of the mediastinum

Definition
Hodgkin lymphoma (HL) is a neoplasm
derived from B-cells in most cases, characterized by large tumour cells scattered
in a characteristic inflammatory background. It encompasses two entities distinguishable by their phenotype and clinical presentation, namely nodular lymphocyte predominant Hodgkin lymphoma (NLPHL) and classical Hodgkin
lymphoma (cHL) {50,496}.
Since HLs other than nodular sclerosis
are exceedingly rare in biopsies from the
mediastinum, these should be referred to
in the WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues
{919}.
ICD-O code
Hodgkin lymphoma, nodular sclerosis
9650/3
Synonyms
In older publications, thymic HL was
often designated as granulomatous thymoma {968}. Since the tumour cells are
of lymphoid origin, the term Hodgkin lymphoma is preferred over Hodgkin’s disease.

at the third decade, and probably also a
second smaller peak in late life. The disease more commonly affects women
than men. Patients with a history of infectious mononucleosis have a slightly higher incidence of HL. Both familial and geographical
clustering
have
been
described {1270}.
Localization
NSHL of the anterior mediastinum often
takes origin from the thymus or mediastinal lymph nodes, or both may be
involved {988,1080}.
Clinical features
The patients present with symptoms due
to the presence of a large anterior mediastinal mass, such as chest discomfort
or dyspnoea, or occasionally are asymptomatic, being incidentally found to have
a mass lesion on chest radiograph.
Some patients have simultaneous
involvement of supraclavicular or lower
cervical lymph nodes. A proportion of
patients also have systemic symptoms.
Myasthenia gravis has been described in
one case of thymic HL {1494}.
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Macroscopy
The thymus or mediastinal lymph nodes
involved by NSHL show multiple firm
greyish-white nodules, with or without
visible fibrous bands. The thymus commonly exhibits interspersed cystic
spaces {988}.
Tumour spread and staging
Hodgkin lymphoma typically spreads to
contiguous lymph node regions, rather
than showing discontinuous dissemination. Mediastinal Hodgkin lymphoma
may be restricted to the mediastinum
(stage I), associated with extension to
adjacent lung (stage IE [E=extension]),
or may involve cervical or other lymph
nodes (stage II [2 nodal groups on the
same side of the diaphragm] or III [nodal
groups on both sides of the diaphragm]),
and rarely spleen (stage III), bone marrow, or nonlymphoid organs such as liver
(stage IV).
Histopathology
The architecture of the lymph node or the
thymus is effaced by a nodular infiltrate
that comprises variable numbers of

Epidemiology
Nodular sclerosis Hodgkin lymphoma
(NSHL) is especially predominant in
industrialized countries, in high socioeconomic groups and in urban areas
{782}. The age distribution shows a peak

Fig. 3.100 A 31 year-old female with cough and a
circumscribed thymic mass thought to be a thymoma. Cut surface shows a lobulated, firm, yellow-tan
mass. Microscopical examination disclosed NSHL.
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Fig. 3.101 Hodgkin lymphoma. Nodular sclerosis (classical Hodgkin lymphoma) of the thymus. Fibrous collagen bands completely surround a cellular nodule in the mediastinal fat.

Hodgkin and Reed-Sternberg cells associated with a rich inflammatory background. Classical Reed-Sternberg cells
are large cells with apparently double or
multiple
nuclei
and
abundant
eosinophilic or amphophilic cytoplasm.
The nuclei are often rounded in contour,
with thick nuclear membrane, pale chromatin, at least 2 eosinophilic nucleoli in 2
separate lobes, and perinucleolar clearing. Mononuclear variants are termed
Hodgkin cells. Some tumour cells may
have condensed cytoplasm and pyknotic nuclei, and are known as mummified
cells. The lacunar variant of ReedSternberg cells is characterised by relatively small, lobated nuclei, often with
small nucleoli, and abundant, pale cytoplasm that is retracted in formalin-fixed
tissues.
NSHL invariably shows sclerosis, which
in lymph nodes begins in the capsule,
and divides the tumour into nodules of
varying size. At least one fibrous band
encapsulating a tumour nodule is considered to be the minimal criterion for the
nodular sclerosis subtype. The inflammatory background of NSHL comprises
lymphocytes, plasma cells, and granulocytes, especially eosinophils. Geographic necrosis is common, frequently
accompanied by neutrophil infiltration
and concentration of tumour cells around
the necrotic areas.
Involvement of the thymus by cHL often
results in cystic changes, and pseudoepithelial hyperplasia of thymic epitheli-

B
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Fig. 3.102 Hodgkin lymphoma. A Hodgkin lymphoma, nodular sclerosis, BNLI Grade 2. A scalene lymph node
biopsy from a 20 year-old female with a mediastinal mass shows a confluent infiltrate of large neoplastic
cells with pleomorphic nuclei and pale cytoplasm, typical of lacunar variants of Reed-Sternberg cells.
B CD30 shows strong membrane and Golgi region staining of the neoplastic cells. The cells express CD15
in a similar pattern but lack T and B-cell associated antigens.

um mimicking thymoma on small biopsies. The cysts are lined by flat epithelium which is frequently non-keratinizingsquamous, but may be columnar, ciliated
or mucus producing {988,1080}. Tumour
may be detected within cyst walls, sometimes producing bulges into the lumen.
Similar cystic changes can also occur in
the thymus not involved by the lymphoma itself.
In small biopsies, both the characteristic
pattern and tumour cells may be difficult
to identify. To establish the primary diagnosis of cHL, either classical multinucleated Reed-Sternberg cells or lacunar
cells showing the typical immunophenotype should be identified, and this may
require examination of multiple levels of
the biopsy. If fibrous bands cannot be
identified, the case may be classified as

cHL not further classified, with a note that
the small specimen size precludes definitive subclassification.
Composite lymphomas with CHL and diffuse large B cell lymphoma infiltrates
side by side are rare.

Immunohistochemistry
In cHL, tumour cells strongly and consistently express CD30. CD15 is detectable
in more than 85% of the cases, although
sometimes only focally {2090}. CD20
may be expressed in up to 20% of cHL
{1760,2090,2248}, but it is usually weaker than in accompanying B-cells and
staining intensity varies among tumour
cells {1705}. CD79a is negative in the
majority of cases. EBV is expressed in
about 20% of NSHL, and may be detected by immunohistochemistry for its latent

Table 3.12
Synopsis of mediastinal Hodgkin lymphomas
Classification of Hodgkin lymphomas

Abbreviation

Frequency diagnosed from mediastinal biopsies with HL*

ICD-O code

Nodular lymphocyte predominant
Hodgkin lymphoma

NLPHL

1%

9659/3

Classical Hodgkin lymphoma

CHL

99%

9650/3

Nodular sclerosis classical Hodgkin
lymphoma

NSHL

80%

9663/3

Mixed cellularity classical Hodgkin
lymphoma

MCHL

18%

9652/3

Lymphocyte-rich classical Hodgkin
lymphoma

LRCHL

0%

9651/3

Lymphocyte-depleted classical
Hodgkin lymphoma

LDHL

1%

9653/3

* German Hodgkin Study Group data based on 169 mediastinal biopsies, unpublished data.
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Fig. 3.103 Classical Hodgkin lymphoma of the thymus. A Hodgkin cells and granulocytes in thymic medullary region around Hassall corpuscle. B Strong CD30
expression in tumour cells. C CK19 staining reveals pseudoepitheliomatous hyperplasia around Hodgkin and Reed-Sternberg cells; this is frequently accompanied
by thymic cyst formation. When tumour cells are less conspicuous than here, epithelial hyperplasia can be mistaken for thymoma on small biopsies.

membrane antigen or EBER probes
{692}, while EBNA2 is not expressed
{1991}. The incidence of EBV association
in NSHL is generally lower than in other
subtypes and varies geographically
{692,782}. Vimentin {1705} and fascin
{1600} are generally expressed in cHL,
but rare in large B-cell lymphomas. The
reactive background contains variable
numbers of B- and T-lymphocytes, with
the latter forming rosettes around individual tumour cells.
Histogenesis
Post germinal center activated B cells
are the presumed cells of origin.

Somatic genetics
On a single cell level, rearrangement of
the immunoglobulin genes can be
demonstrated in almost all cases, indicating B cell derivation of the ReedSternberg cells and variants {1096A}. In
cHL, the rearranged immunoglobulin
gene is not transcribed, either due to
non-functional
mutations
in
the
immunoglobulin genes {1099,1873} or
due to a lack in essential transcription
factors (such as OCT-2, BOB-1) {1874}.
Rare cases with rearranged T-cell receptor genes have been observed {1414,
1776}.
In CGH-analysis, gains on the short arms
of chromosomes 2 and 9, and on the

Fig. 3.104 Gene expression patterns shared between primary mediastinal large B-cell lymphoma (PMBL)
and Hodgkin lymphoma (HL). Several genes, including CD30, MAL, SNFT, Fas and TARC show expression in
PMBL and HL, in contrast to their low expression in the germinal center B-cell type of diffuse large B-cell
lymphoma (GC, DLBCL). From A. Rosenwald et al. {1694}.
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long arm of chromosome 12 are frequently detected. An overrepresentation
of the REL-protooncogene (2p15-p16)
and the JAK/STAT signal transduction
pathway may play a major role in the
pathogenesis {115,939,940,1249}.
Recent molecular studies applying gene
expression profiling show that classical
Hodgkin lymphoma and PMLBCL are
closely related {1694,1752}.
Prognostic factors
Patients are usually treated with
chemotherapy with or without radiotherapy, adapted to clinical stage. Stage is the
single most important prognostic factor.
The various subtypes of cHL do not differ
in their prognosis, which has greatly
improved with recent protocols {495}. In
one study, cases that lacked CD15
expression had a worse prognosis than
CD15+ cases {2090}. Grading systems
for nodular sclerosis have been shown in
some studies, but not others, to predict
prognosis {574,825,1221,2069,2091}.

Grey zone between Hodgkin lymphoma
and non-Hodgkin lymphomas (NHL)

Definitions
The term grey zone lymphoma has been
assigned to neoplasms exhibiting indeterminate features between classical
Hodgkin lymphoma (cHL) and large cell
non-Hodgkin lymphoma (NHL), such that
a definitive classification as cHL or NHL
is not possible.
Composite lymphomas exhibit clearly
separable lymphoma infiltrates with typical features of cHL and NHL side by
side. They may or may not be clonally
related. The different components and
their proportions should be stated in the
diagnosis.
ICD-O code
Composite Hodgkin and
non-Hodgkin lymphoma 9596/3
This code may also be used for grey
zone lymphomas.
Some tumours can exhibit indeterminate
features of both cHL and large B cell lymphoma, such that definitive classification
as cHL or NHL is impossible even after
extensive immunophenotypic and molecular studies {1270,1704}. These lymphomas are termed grey zone lymphomas. Their occurrence is not surprising. Since Hodgkin lymphoma is a lymphoid malignancy derived from B-cells in
nearly all cases {1097,1099,1237}, its
interface to B-cell NHL may not always
be clear-cut. The interface between
NSHL and primary mediastinal large Bcell lymphoma (PMLBCL) is currently felt
to comprise a biological transition: apart
from their frequent mediastinal presentation, both tumours frequently lack functional expression of HLA class I and
immunoglobulin genes. CHL is always
CD30 positive, and primary mediastinal
large B cell lymphoma is also frequently
CD30 positive. CGH studies suggest that
they share an overrepresentation of
genomic material on the short arms of
chromosomes 2 and 9 {148,1752}.
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Fig. 3.105 Hodgkin lymphoma. A Mediastinal lymph node with a composite classical Hodgkin lymphoma
(dark staining areas on upper and left side of the lymph node) and PMLBCL (pale area in the lower, middle
and right side). Giemsa stain. B Pale area of the lymph node shown in A. PMLBCL, immunoblastic variant.
Effacement of lymph node architecture by sheets of quite uniform medium-sized to large blasts showing
prominent nucleoli. Giemsa stain. C Dark-staining area of the lymph node shown in A. Classical Hodgkin
lymphoma, mixed cellularity subtype. Note the absence of fibrous bands. Hodgkin cells are surrounded by
reactive lymphocytes and plasma cells. Note rosettes. Giemsa stain. D PMLBCL in mediastinal lymph node.
Presence of scattered Hodgkin-like cells among B-blasts is insufficient for a diagnosis of composite
Hodgkin and Non-Hodgkin lymphoma. Note absence of a reactive infiltrate of lymphocytes, plasma cells
and eosinophils around the Hodgkin-like cells. Giemsa stain.

Finally, microarray-based studies have
documented largely overlapping gene
expression profiles in cHL and PMLBCL,
stressing their close keenship {1694,
1752}. However, as HL is treated differently than NHL, it is important to distinguish between them, if possible.
NSHL and large B-cell lymphoma may
occur metachronously {2233}, or synchronously (composite lymphoma) {710,
1575}.
Histopathology.
Grey zone lymphomas, by definition,
have no specific morphology. They may
manifest a vaguely nodular infiltrate with

focal fibrosis. There are sheets of malignant cells, some of which resemble
Reed-Sternberg cells or lacunar variants.
The inflammatory background may be
sparse or absent. The tumor cells typically all express CD20, and in addition
strongly express CD30. CD79a and
CD15 may be variably expressed.
Retrospective clinical data suggest that
the mostly male patients respond poorly
to radiotherapy alone, and relapses in
abdominal and extranodal locations are
common {1704}.

Grey zone lymphomas 233

Histiocytic tumours
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Histiocytic tumours rarely occur as a primary tumour in the mediastinum. Details
are available in the WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues {919}. This section focuses
on cases located in the thymus or mediastinum. Exceptionally, Rosai-Dorfman
disease (Sinus Histiocytosis with Massive
Lymphadenopathy, SHML) can also
involve these sites.

Langerhans cell histiocytosis
and sarcoma
Definitions
Langerhans cell histiocytosis is a neoplastic proliferation of Langerhans cells,
with expression of CD1a, S100 protein,
and the presence of Birbeck granules by
ultrastructural examination.
Langerhans cell sarcoma differs from
Langerhans cell histiocytosis in showing
overtly malignant cytologic features; it
can present de novo or progress from
antecedent Langerhans cell histiocytosis.
ICD-O codes
Langerhans cell histiocytosis
9751/1
Langerhans cell sarcoma
9756/3

A
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Synonym
Langerhans cell sarcoma was previously
termed malignant histiocytosis X.

Fig. 3.106 Langerhans cell histiocytosis (LCH). A LCH presenting as a thymic mass. There is a diffuse infiltrate of cells with grooved nuclei and delicate nuclear membrane. Note some admixed eosinophils. B LCH
with CD1a expression in tumour cells. Macrophages are spared.

Epidemiology and clinical features
Involvement of the thymus or mediastinal
lymph node by Langerhans cell histiocytosis or Langerhans cell sarcoma is rare
{1181}. It usually occurs in the setting of
disseminated disease {143,210,945,
1596,1761}.
Rare cases of Langerhans cell histiocytosis presenting with thymic involvement
have been reported {219,683,1491,
1578,2096}. In children, the thymus is
often markedly enlarged and extensively
infiltrated by Langerhans cells; there can
be invasion of the surrounding mediasti-

nal structures. In adults, the thymic
involvement is usually subtle, and is discovered incidentally in thymus removed
primarily for another indication; thus the
reported association with myasthenia
gravis is probably fortuitous {219,683,
1578,2096}.
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Histopathology
The key histologic feature of Langerhans
cell histiocytosis is a diffuse infiltrate of
non-cohesive Langerhans cells with
grooved or markedly contorted nuclei,
thin nuclear membranes, fine chromatin

and eosinophilic cytoplasm. There are
commonly admixed multinucleated giant
cells and eosinophils. Necrosis can be
present. The Langerhans cells typically
express S-100 protein and CD1a.
The thymus can be involved diffusely or
focally. The involved areas show destruction of the normal thymic parenchyma,
damage to Hassall corpuscles, interlobular connective tissue infiltration, and
scattered calcospherites {1761,1823}.
Localized thymic involvement in adults
often takes the form of scattered small
nodular aggregates of Langerhans cells.

This can be accompanied by reactive
lymphoid hyperplasia or multilocular
thymic cyst {2096}.
Differential diagnosis
An important differential diagnosis is histioeosinophilic granuloma of the mediastinum, which is a reactive lesion resulting from iatrogenic pneumomediastinum,
akin to reactive eosinophilic pleuritis
{762,1304}.
Although
both
histioeosinophilic
granuloma
and
Langerhans cell histiocytes feature
histiocytes and eosinophils, the histiocytes in the former are confined to the
capsule or septa of the thymus with sparing of the parenchyma, the nuclei are
uncommonly grooved, and S-100 protein
and CD1a immunostains are negative.

A

Somatic genetics
In contrast to pulmonary eosinophilic
granuloma, which in most cases is a nonneoplastic, reactive process in smokers,
most cases of Langerhans cell histiocytosis occurring in non-pulmonary sites
are believed to be clonal neoplasms, as
demonstrated by X-chromosome inactivation {2149}. Thymic cases have not,
however, been specifically studied.

Histiocytic sarcoma and
malignant histiocytosis
Definition
Histiocytic sarcoma is a malignant proliferation of cells showing morphologic
and immunophenotypic features similar
to those of mature tissue histiocytes.
There is expression of one or more histiocytic markers without accessory/dendritic cell markers. Tumourous masses of
acute monocytic leukaemia are excluded. The term ‘malignant histiocytosis’ is
sometimes applied for histiocytic sarcoma showing systemic disease, often with
liver, spleen and bone marrow involvement.
ICD-O code
Histiocytic sarcoma
Malignant histiocytosis

9755/3
9750/3

Synonyms
True histiocytic lymphoma, histiocytic
medullary reticulosis (obsolete)
Epidemiology
Among the recent series on histiocytic
sarcoma diagnosed using strict criteria

B
Fig. 3.107 Histiocytic sarcoma. A The neoplastic cells are large, and possess abundant eosinophilic cytoplasm. B The tumour cells show granular immunostaining for CD68 (PGM1).

(including over 50 cases) {405,774,949,
1140,1596}, there is only a single case
with predominant involvement of the
mediastinum {949}. There are reports on
malignant histiocytosis or histiocytic sarcoma associated with mediastinal nonseminomatous germ cells tumours, but
they lack vigorous documentation
regarding the true histiocytic nature of
the neoplasm {83,473,474,789,1460,
1461,2246}.

tive for CD45, CD4, CD43, CD45RO and
HLA-DR; occasionally positive for S100
protein; and negative for myeloid markers, dendritic cell markers (CD1a, CD21,
CD35), T lineage-specific markers, B lineage-specific markers and CD30 {1596}.

Histopathology
Histiocytic sarcoma is characterized by a
diffuse infiltrate of large cells with voluminous eosinophilic, and sometimes finely
vacuolated, cytoplasm. The nuclei are
round, oval, indented, grooved or irregularly folded, often with vesicular chromatin and small nucleoli. Nuclear pleomorphism can be significant.
The diagnosis has to be confirmed by
immunohistochemical staining: positive
for CD68 and lysozyme; frequently posiHistiocytic tumours 235
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Follicular dendritic cell
tumour / sarcoma
Definition
Follicular dendritic cell (FDC) tumour/sarcoma is a neoplastic proliferation of spindle to ovoid cells showing morphologic
and phenotypic features of follicular dendritic cells. The terms tumour and sarcoma are both used because of the variable cytologic grade and indeterminate
clinical behaviour of these neoplasms.
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ICD-O code
Follicular dendritic cell tumour 9758/1
Follicular dendritic cell sarcoma 9758/3
Clinical features
These neoplasms are uncommon, with
only a small number of cases having
been reported to show primary involvement of the thymus or mediastinal lymph
nodes {58,323,482, 560,1571,1596}. The
patients are adults with a mean age of 46
years, being comparable to that of the
same tumour occurring in other sites
{323,1571}. However, they differ in showing marked male predominance, but this
may be due to bias from the small number of cases. The patients are asymptomatic, or present with cough, haemoptysis or chest discomfort.
Etiology and precursor lesions
A proportion of cases of follicular dendritic tumour/sarcoma arise in the setting
of hyaline-vascular Castleman disease,
often through an intermediary phase of
follicular dendritic cell proliferation outside the follicles {320,323,1186}. Both
components of hyaline-vascular Castleman disease and follicular dendritic cell
tumour/sarcoma may be identified in the
same tumour mass in the mediastinum
{482}.
Histopathology
Tumours are often large, with a broad.
histologic spectrum. The growth pattern
can be storiform, whorled, fascicular,
nodular, diffuse or even trabecular. The
individual tumour cells are spindle or
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Fig. 3.108 Follicular dendritic cell sarcoma of the thymus. A Fascicular to storiform growth pattern.
Characteristic irregular clustering of nuclei and sprinkling of small lymphocytes. B This tumour comprises
spindle cells with indistinct cell borders, elongated pale nuclei and small distinct nucleoli. The nuclei
appear irregularly clustered. Sprinkling of small lymphocytes. C Membrane immunostaining for CD21 in a
meshwork pattern. D On the right a component resembling hyaline-vascular Castleman disease.

ovoid, and the lightly eosinophilic cytoplasm often exhibits indistinct cell borders. The nuclei are elongated or oval,
with thin nuclear membrane, vesicular or
granular chromatin, and small distinct
nucleoli. There is often an irregular clustering of the nuclei, and occasional multinucleated tumour giant cells can be
seen. Some cases can exhibit significant
nuclear pleomorphism, mitotic activity
and coagulative necrosis. The tumour is
typically sprinkled with small lymphocytes, which can show clustering around
blood vessels. A diagnosis of follicular
dendritic cell sarcoma should be confirmed by immunohistochemical studies
(positive for CD21 and CD35, and variably CD23), and preferably also by ultrastructural studies (numerous long slender cytoplasmic processes and mature
desmosomes).
Differential diagnosis
Mediastinal follicular dendritic cell sarcoma can be mistaken for type A thymoma

because of the mediastinal location,
spindle cell growth and lymphocytic infiltration. To add to the confusion, follicular
dendritic cell sarcoma can exhibit jigsaw
puzzle-like lobulation and perivascular
spaces as commonly seen in thymomas
{359}. In contrast to type A thymoma,
there is no focal glandular differentiation,
cytokeratin is negative, and follicular
dendritic cell-associated markers are
expressed.
Histogenesis
Follicular dendritic cells of the B-cell follicle.
Prognosis and predictive factors
Among 5 patients with mediastinal FDC
tumour/sarcoma with follow-up information, two developed pulmonary metastases after two years, one developed
local recurrence at 3 years, and two were
alive without evidence of disease after
surgery and radiochemotherapy.

Interdigitating dendritic cell
tumour / sarcoma
Definition
Interdigitating dendritic cell sarcoma/
tumour is a neoplastic proliferation of
spindle to ovoid cells with phenotypic
features similar to those of interdigitating
dendritic cells.
ICD-O code
Interdigitating dendritic cell tumour
9757/1
Interdigitating dendritic cell sarcoma
9757/3
Epidemiology, localization and clinical
features
Interdigitating dendritic cell sarcomas
are very rare, and mediastinal involvement is even rarer. The few reported
cases have involved the mediastinal
lymph nodes as a component of disseminated disease {569,1309,1635,1698,
2067}. There is a reported case of mediastinal tumour showing hybrid features of
follicular dendritic cells and interdigitating dendritic cells {499}.

Histopathology
The tumour shows a fascicular, storiform,
whorled or diffuse growth pattern, comprising spindle or plump cells with indistinct cell borders and abundant
eosinophilic cytoplasm. The nuclei often
exhibit finely dispersed chromatin and
distinct nucleoli. Cytologic atypia is variable.
Differential diagnosis
The diagnosis should always be confirmed by immunohistochemical staining,
with or without ultrastructural studies
(complex interdigitating cell processes
lacking well-formed macula adherenstype desmosomes and lacking Birbeck
granules). The neoplastic cells strongly
express S-100 protein, and often show
variable weak staining for CD68,
lysozyme, CD4 and CD45. They should
be negative for CD1a, follicular dendritic
cell markers (CD21, CD35), myeloperoxidase, T lineage specific markers, B-cellspecific markers and CD30.
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Myeloid sarcoma and extramedullary
acute myeloid leukaemia

Definition
Myeloid sarcoma is a mass forming neoplastic proliferation of myeloblasts or
immature myeloid cells occurring in an
extramedullary site. It may occur de novo
or simultaneously with acute myeloid
leukaemia (AML), myeloproliferative disorders, or myelodysplastic syndromes,
but may also be the first manifestation of
leukaemic relapse in a previously treated
patient {1518}. Interstitial infiltration of
myeloid blasts without a nodular mass
can be termed extramedullary AML.
ICD-O code

9930/3

Synonyms
Extramedullary myeloid tumour; granulocytic sarcoma; chloroma
Clinical features
Mediastinal myeloid sarcoma has been
reported in association with a superior
vena cava syndrome {1643}. Most
mediastinal cases occur simultaneously
with AML or are followed by AML shortly.
Patients who presented with “primary”
mediastinal granulocytic sarcoma without concurrent AML, all eventually
relapsed as frank leukaemia {369}.
Histopathology
The most common type of myeloid sarcoma occurring in the mediastinum is
known as granulocytic sarcoma {2193}, a
tumour composed of myeloblasts and
promyelocytes. The degree of maturation
is variable in different cases. The blastic
subtype is entirely composed of
myeloblasts; in the more differentiated
subtypes, promyelocytes are also present {919,2108}. Rare cases composed
of monoblasts (termed monoblastic sarcoma), can also occur in this location.
Cases associated with acute transformation of an underlying myeloproliferative
disorder may show foci of trilineage
extramedullary hematopoiesis associated with the blastic proliferation.
In patients with mediastinal germ cell
tumours with mediastinal myeloid sarcoma or extramedullary myeloid leukaemia,
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the possibility of a “local” origin of the
tumour should also be considered

Cytochemistry and immunophenotype
Cytochemical stains to detect myeloid
differentiation in AML can be applied to
imprints of biopsy material. Flow cytometry may demonstrate myeloid antigen
expression. Myeloid associated markers
which that can confirm the diagnosis
include lysozyme, myeloperoxidase,
CD43, CD117, CD68, and CD61. The
lack of expression of lymphoid associated antigens helps in the differential
diagnosis versus large cell lymphomas
and lymphoblastic lymphoma. The histochemical stain for chloroacetate esterase
may be helpful in identifying promyelocytes and more differentiated myeloid
elements in differentiated myeloid sarcoma subtypes.
Differential diagnosis
The major differential diagnosis is with
non-Hodgkin lymphomas, lymphoblastic
lymphoma and diffuse large cell lymphoma; in children, the differential
includes various metastatic small round
cell tumours. Cases of myeloid sarcoma
with prominent sclerosis may closely
mimic sclerosing mediastinal (thymic)
large B-cell lymphoma. In patients with
mediastinal germ cell tumours, the possi-
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bility of a “local” origin of the myeloid sarcoma from haematopoietic precursor
cells occurring within the germ cell
tumour should also be considered
{1278}.
Somatic genetics
AML with t(8;21) has an increased frequency of granulocytc sarcomas, as do
monocytic and monoblastic leukemias
with 11q23 abnormalities.
The presence of genetic abnormalities in
myeloid sarcoma, can be detected by
reverse transcriptase-polymerase chain
reaction, conventional cytogenetics, or
fluorescence in-situ hybridization studies.
Prognosis and predictive factors
Mediastinal myeloid sarcoma is an
aggressive disease. Patients who presented with a “primary” mediastinal MS
and were treated by local irradiation only
(prior to developing AML), eventually all
relapsed as frank leukaemia and died
soon afterwards {369}. In contrast,
patients who were considered to have
AML and given upfront systemic
chemotherapy achieved better outcomes, their prognosis being that of the
underlying leukaemia {369,919}.

Fig. 3.109 Myeloid sarcoma (monoblastic). Sclerotic bands divide the neoplasm into irregular alveolar clusters and cords. Note the kidney shaped immature nuclei with vesicular or granular chromatin, multiple small
nucleoli, and pale abundant cytoplasm.

Soft tissue tumours of the
thymus and mediastinum

A variety of mesenchymal and neurogenic tumours can arise in the mediastinum. For those that occur in the anterior mediastinum, it is often difficult to
ascertain whether they are of thymic origin or derived from other mediastinal
constituents {1529}. An exception is thymolipoma, since the intimate admixture
of lipomatous tissue with thymic
parenchyma strongly supports its thymic
derivation. Some sarcomas arise in
mediastinal germ cell tumours {1230,
1932}.
Principles of the classification
The classification of mesenchymal and
neurogenic tumours of the thymus and
mediastinum follows the WHO classifications of tumours of soft tissues and bone
{590} and of tumours of the nervous system {1026}. Since thymolipoma is a
unique thymic tumour with a predominant mesenchymal component, it is
described and discussed here in more
detail.
Epidemiology
Mesenchymal and neurogenic tumours
of the thymus and mediastinum are all
very rare, constituting less than 10% of
all mediastinal neoplasms. Almost all
neurogenic neoplasms of the mediastinum occur in the posterior mediastinum.
Clinical features
Mesenchymal and neurogenic tumours
of the anterior mediastinum or thymus
are frequently detected incidentally, but
may present as cough, chest pain, pleural effusion, respiratory distress or the
superior vena cava syndrome. Hypoglycaemia is a rare complication of solitary
fibrous tumour {2164}. Tumours in the
middle and posterior mediastinum,
which are mostly neurogenic neoplasms,
often produce symptoms due to compression of large vessels, heart, nerves
or spinal cord.

A. Marx
T.T. Kuo
Ph. Ströbel
P.J. Zhang
Y. Shimosato
J.K.C. Chan

Thymolipoma
Definitions
Thymolipoma is a well-circumscribed
tumour consisting of mature adipose tissue with interspersed islands of non-neoplastic thymic tissue.
ICD-O code

8850/0

Synonym
Thymolipomatous hamartoma
Epidemiology
Thymolipomas are rare tumours (about
80-100 published cases) that may occur
at any age, but are most commonly
encountered in young adults (10-30
years, mean age 33 years) {1352,1683}.
There is no sex predilection.
Localization
All documented cases arose in the anterior mediastinum.
Clinical features
Thymolipomas may remain asymptomatic
for a long period. The majority of cases
are incidental findings on routine chest
radiographs and may simulate cardiomegaly {44,1818} or other mediastinal
neoplasms. Thymolipomas may become
symptomatic either due to the size of the
lesion, or, less frequently, due to associated autoimmune phenomena. Among
these, myasthenia gravis is the most fre-

A

Fig. 3.110 Thinly encapsulated thymolipoma in a
6-year-old male child. The cut surface is yellow,
bulging, and lobulated, resembling lipoma. From
Y. Shimosato and K. Mukai {1808}.

quent (about 7% of cases {1352}), but single cases with other manifestations such
as aplastic anaemia {113} and Graves
disease {147} have been reported.
Macroscopy
The size of thymolipoma ranges from 4 to
over 30 cm {1352}. The tumours are yellow, soft, fairly well circumscribed with
scattered white streaks or focal solid
areas on the cut surface.
Histopathology
Histologically, they consist of abundant
mature adipose tissue admixed with
areas containing remnants of thymic tissue. The fat cells show no cytologic atypia or mitotic activity {1352}. The thymic
tissue component may vary from strands
of atrophic thymic epithelium to large

B

Fig. 3.111 Thymolipoma. A Thymolipoma showing a delicate but distinct fibrous capsule and thin septae of
atrophic thymic tissue. B Strands of thymic epithelial cells within thymolipoma. The lymphocyte content is
virtually absent in this case, possibly related to the age of the patient. The content of fibrous tissue may be
extensive: ‘Thymofibrolipoma’ {1372). Note single melanocytes scattered among thymic epithelial cells.
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areas containing inconspicuous thymic
parenchyma containing numerous, often
calcified, Hassall´s corpuscles {1352}.
Myoid cells are present {907}. The thymic
compartment may show single lymph follicles.
Differential diagnosis
Diagnosis of thymolipoma is usually not
problematic. However, due to the large
size of some lesions, careful sampling is
necessary in order to rule out the possibility of atypical or malignant areas. In
rare cases, thymomas may arise within
thymolipomas {69}. Histologically, the
main differential diagnoses include lipoma of the thymus (no thymic epithelial
component) and mediastinal liposarcomas (scattered lipoblasts).
Histogenesis
The pathogenesis and biological nature of
thymolipoma are controversial, but most

authors favour a benign neoplasm {69,
763,1352}. An origin from specialized
thymic stroma has been postulated {69,
763}.
Prognosis and predictive factors
There have been no reports on recurrences, metastasis or tumour-related
deaths, and local excision is curative.
Thymoma in thymolipoma
There is a single case report about thymoma within a thymolipoma occurring in
a 67 years old female patient without
myasthenia gravis {69}. The thymoma
was classified as “cortical” (type B2).
There was no recurrence within 10 years
after radical surgery. We observed an
almost identical case.

Lipoma
ICD-O code

8850/0

A

B

C

D

Lipoma is the most common benign mesenchymal tumour of the mediastinum
{1529,1932}. In contrast to thymolipoma
it does not contain foci of thymic
parenchyma. Other rare benign lipomatous tumours are lipoblastoma/lipoblastomatosis {517}, hibernoma {31}, and
angiolipoma {1031}.

Liposarcoma
ICD-O code

8850/3

Liposarcoma is the most common sarcoma in the anterior mediastinum, and
some cases may represent thymic stromal sarcomas {801,938}, i.e. malignant
counterparts of thymolipoma (thymoliposarcoma) {1030}. Mediastinal liposarcoma usually occurs in adults (mean age
43 years), and is rare in children {357}. In
some cases, there is synchronous

Fig. 3.112 Thymoliposarcoma. A Macroscopy of a recurrent tumour (2 years after first treatment): well circumscribed and partially encapsulated tumour from the
anterior mediastinum. B Bland looking well differentiated (lipoma-like) liposarcoma adjacent to thymic remnant tissue with some lipoblasts (arrows).
C Multinucleated neoplastic lipoblasts and a heavy inflammatory reaction in the more fibrotic stroma of the recurrent tumour. D Higher magnification demonstrating
multinucleated tumour cells and the inflammatory reaction.
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involvement of other sites such as the
retroperitoneum.
Well-differentiated liposarcoma is the
most frequent subtype (60% of cases),
including lipoma-like, inflammatory
{1030} spindle cell {1138,1835}, leiomyomatous and dedifferentiated variants
{601}, followed by myxoid liposarcoma
(28%), and other subtypes (12%) {1030},
such as the highly aggressive pleomorphic liposarcoma {513}. In some cases,
the presence of heavy lymphoid infiltration may result in mimicry of lymphoma or
an inflammatory process {1030}.
Like the same tumour occurring in other
sites, mediastinal myxoid liposarcoma
shows TLS/FUS-CHOP fusion transcripts
{1762}.
The tumours are curable by surgical
excision in some patients {47,256,
357,740}, but recurrences develop in up
to 32% of cases after a mean interval of
36 months. Myxoid liposarcoma has a
worse prognosis than well-differentiated
liposarcoma {1030}.

Solitary fibrous tumour
Definition
Solitary fibrous tumour (SFT) is an
uncommon, locally aggressive mesenchymal neoplasm with highly variegating morphologic appearance, characterized by two basic elements encountered
in varying proportions: a solid spindle
cell component and a diffuse sclerosing
component.
ICD-O code

Table 3.13
Comparison of immunophenotype of solitary fibrous tumour (SFT) with other spindle cell tumours of the thymus and mediastinum.
Diagnosis

CD34

Bcl-2

CD99

CK1

S100

Desmin

SFT

+++

+++

+++

-

-

-/+

Type A Thymoma

-

-

-2

+++

-

-

Spindle Cell Liposarcoma

+++

+

+/-

-

+

-

Synovial Sarcoma

-

+++

+/-

+/++

-

-

Fibromatosis

-

-

-

-

-

-

Leiomyoma

-

-

-/+3

-

-

+++3

Nerve Sheath Tumour

-4

+++ > -

-

-5

+++6

-

1CK,

cytokeratin; 2Immature T-cells may be +; 3An identical phenotype is observed in some angiomatoid
fibrous histiocytomas; 4S100-negative “dendritic cells” may be positive {1000,2121}; 5Rare glandular
structures may be +; 6Malignant peripheral nerve sheath tumours may be negative.

Histopathology
Solitary fibrous tumour (SFT) of the
mediastinum is identical to SFT of the
pleura in terms of morphology and
immunophenotype
[CD34+(>90%),
CD99+ (>90%), bcl2+ (80-90%), cytokeratin-] {772,791,999,1384,2063}.
In contrast to the usually bland-looking
pleural or thyroid SFT {1674,2164}, high
mitotic activity (> 1-4/10HPF), cytologic

atypia and coagulative necrosis occur in
more than 50% of mediastinal SFT, suggesting a high propensity for sarcomatous transformation {637,772,2164}. In
such cases there is sometimes an identifiable component of bland-looking SFT.
Differential diagnosis
The typical collagenous stroma around
individual tumour cells and the charac-

8815/0

Epidemiology
Mediastinal SFT is a rare tumour of adults
(28-78 years of age) {999}. Mediastinal
SFT on average account for 15% of all
SFT, and about 25% of extrapleural SFT
{772,791,999,1384}.

A

B

C

D

Localization
Some mediastinal SFT may represent
extensions from pleural SFT, but others
arise from the mediastinal (including
thymic) stroma {1685}.
Macroscopy
Mediastinal SFT can reach a large size,
of up to 16 cm {2164}.

Fig. 3.113 Solitary fibrous tumour. A Characteristic unevenly distributed celluarity: hypocellular spindle cell
area (on the right side), and a cellular area on the left. Note the inconspicuous vessels. B Patternless architecture composed of spindle cells in a haphazard arrangement. C Cellular area in the same tumour as
shown B. Bland looking spindle cells with inconspicuous cell borders and oval nuclei. D Characteristic
strong cell membrane CD34 expression in almost all tumour cells.
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A

A

B

B

Fig. 3.114 Embryonal rhabdomyosarcoma. A Embryonal rhabdomyosarcoma of the mediastinum. B Desmin
expression with occasional cells showing cross-striations.

teristic immunophenotype distinguish
SFT from type A thymoma, synovial sarcoma, low-grade spindle cell liposarcoma, leiomyomatous tumours and neural
tumours {1908}.

(>1/10 HPF) and necrosis herald an
aggressive course.

Rhabdomyosarcoma (RMS)
ICD-O code

Somatic genetics
Genetic findings in mediastinal SFT have
not been reported.
Prognosis and predictive factors
Primary mediastinal SFT are more
aggressive than pleural or thyroid SFT
{1674}. Local recurrences and tumourrelated deaths occur in about 50% and
25% of cases, respectively {2164}. SFT
may recur late (13 years after surgery)
and can rarely develop intrathoracic
metastases {2164}. High mitotic activity

A

8900/3

RMS most commonly arise in thymic
germ cell tumour {1932}, or may occur as
a component of sarcomatoid thymic carcinoma {1509}, but can also rarely arise
de novo. Embryonal, pleomorphic and
alveolar RMS of the thymus, one with
unusual clear cell features, have been
reported {135,1922,1932}. The tumours
can occur in adults and children, and follow a very aggressive clinical course
{135,1922}.
The t(2;13)(q35; q14) translocation
resulting in a PAX3/FKHR fusion gene

B

Fig. 3.116 Alveolar rhabdomyosarcoma. A Solid
variant in the anterior mediastinum in a 2 monthsold girl. Primitive round cells are arranged in solid
sheets, with focal alveolar pattern. Tumour cells
have a high N:C ratio and dense chromatin, many
apoptotic bodies and mitoses. B RT-PCR analysis
of solid variant of alveolar rhabdomyosarcoma
(RMS) in a 2 months old girl (same case as A). Note
the 409 bp PAX3-FKHR fusion product in frozen
tumour tissue (lower panel). Abbreviations: B,
blank; NC, negative control (tonsil); PC, positive
control [t(2;13) positive RMS]; S1, specimen 1, current case; S2-S3, two other RMS specimens negative for t(2;13); WT, wild type FKHR segment (324bp;
upper panel). Molecular size markers (ladder) on
the right side in the upper panel. For RT-PCR protocol see refs {114,658}.

has been observed in an example of
mediastinal alveolar RMS of the solid
variant {1742}. “Rhabdomyomatous thymomas” {1351,1730} with myoid cells,
should not be mistaken for RMS.

C

Fig. 3.115 Synovial sarcoma (SS). A Monophasic spindle cell SS focally with gaping vessels resembling haemangiopericytoma. B Spindle cell component calcifying SS (30% of all SS cases ). Unusual biphasic type: solid epithelial cords and few spindle cells. C Round cell component. High power of the solid epithelial component (if single component: = "monophasic epithelial SS").
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A

B

Fig. 3.117 A Capillary haemangioma of the anterior mediastinum. The tumour forms distinct lobules separated by a loose stroma. B Epithelioid haemangioendothelioma. Cords of tumour cells with abundant eosinophilic cytoplasm. Occasional tumour cells show vacuolation. Some primitive vascular channels contain
blood. This case also shows interspersed osteoclastic giant cells.

A

B

C

D

Fig. 3.118 Angiosarcoma. A The tumour forms anastomosing channels, and the lining cells show significant nuclear pleomorphism and atypia. B Angiosarcoma can
show a solid growth, obscuring the vascular nature of this malignant tumour. C Typical immunostaining of tumour cell membranes for CD31. D Immunostaining of
remnant thymic epithelial cell network for cytokeratin 19.
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Synovial sarcoma (SS)
ICD-O code

9040/3

Several cases of SS have been reported
{871,2033,2163}. The tumours usually
occur in adults but rarely in children {871}
and manifest by pain, dyspnoea or superior vena cava syndrome. Most cases followed an aggressive clinical course, with
3 of 5 patients dying of tumour on followup of 10 months to 4 years. Detection of
SYT-SSX chimeric RNA transcripts, resulting from the t(X;18) translocation is often
essential to distinguish SS from mesothelioma, sarcomatoid (thymic and other)
carcinomas, malignant peripheral nerve
sheath tumour with glandular differentiation, germ cell tumour-associated sarcomas or metastases {71,2033}.

A

B

Fig. 3.120 Angiomatoid fibrous histiocytoma of the central mediastinum involving the ascending aorta and
thymus. A The tumour typically comprises spindle cells that may raise the differential diagnosis of leiomyoma. In contrast to leiomyoma, AFH is typically accompanied in the tumour periphery by a dense inflammatory infiltrate composed of lymphocytes and plasma cells. B Desmin positivity in the neoplastic cells.
Inflammatory cells are negative.

thymic germ cell tumour {1230,1356})
have also been described {962,1921,
1932}

Vascular tumours

Leiomyomatous tumours

Mediastinal lymphangioma is a common
mediastinal tumour in children {1932}.
Hemangiomas of the cavernous, and less
frequently, capillary subtype have been
reported and may be complicated by the
Kasabach-Merritt syndrome {838,1353,
1932}. Hemangiopericytoma, epithelioid
hemangioendothelioma and angiosarcoma (the latter usually arising from a

Leiomyomas, probably derived from the
aortic arch {1789}, and even rarer,
leiomyosarcomas {96,1370} have been
reported in the mediastinum, including its
anterior compartment. They should be
distinguished from liposarcomas with
leiomyomatous differentiation {601}, and
angiomatoid fibrous histiocytomas (AFH)
of the mediastinum. AFH can exhibit spin-

dle cell features, and half of the cases
show desmin expression. However, it is
often accompanied by an infiltrate of lymphocytes and plasma cells, particularly in
the peripheral portion. Frequent coexpression of CD99, CD68 and EMA, and a
characteristic t(12;16)(q13; p11) translocation generating FUS/ATF1 fusion transcripts distinguish AFH from leiomyoma
and leiomyosarcoma {590}.

A

B

C

D

E

F

Fig. 3.119 Paraganglioma. A Macroscopy of a well encapsulated paraganglioma of the anterior mediastinum with central scar formation. B The tumour comprises
packets of cells with abundant eosinophilic cytoplasm, traversed by a delicate vasculature. C Low power histology showing the "Zellballen-Pattern" of a mediastinal paraganglioma. D High power of the same case shows marked variability of cell and nuclear size. E Typical strong cytoplasmic granular immunostaining for
synaptophysin. F Immunostaining for S100 protein reveals the delicate sustentacular cells that wrap around the tumour cell packets.

244 Tumours of the thymus - Soft tissue tumours

A

B

Fig. 3.121 A Ganglioneuroma of the posterior mediastinum. Clusters of ganglion cells merge into a spindle cell component that resembles neurofibroma or schwannoma. Calcification is common. By definition, there should not be identifiable neuroblasts. B Differentiating neuroblastoma of the posterior mediastinum with abundant neuropil. The latter should not be confused with the schwannian stroma required for a diagnosis of ganglioneuroblastoma.

Neurogenic tumours
Neurogenic tumours of the mediastinum
occur almost exclusively in the middle
and posterior compartments, where they
constitute the most frequent neoplasms.
However, benign schwannomas {1597},
and malignant peripheral nerve sheath
tumours, including malignant Triton
tumours {1525} have also been
described in the anterior mediastinum,
mainly in patients with neurofibromatosis
{1726,1851}.
About 20% of mediastinal paragangliomas occur in the anterior compartment {1365} and they may be pigmented
{1350}. They tend to occur in older individuals (mean age 46 years). The
patients are asymptomatic, or present
with compression symptoms, or rarely
with Cushing syndrome {1548}. Posterior
mediastinal paragangliomas tend to
occur in younger patients (mean age 29
years), and about half of the cases have
hypertension or other symptoms due to
release of catecholamines by the
tumours {1350}. They recur locally and
metastasize in 55% and 26% of cases,
respectively {1123}. Paragangliomas typ-

ically show a nesting pattern associated
with a prominent vasculature. The tumour
cells are immunoreactive for synaptophysin, and S100 protein positive sustentacular cells are often demonstrable
around tumour cell nests. In contrast to
neuroendocrine carcinomas, paragangliomas do not form ribbons or rosettelike structures, and cytokeratin is usually
negative.
Tumours related to the sympathetic ganglia include neuroblastoma, ganglioneuroblastoma and ganglioneuroma. They
occur almost exclusively in the posterior
mediastinum, although neuroblastomas
{70} and ganglioneuroblastomas have
also been rarely described in the thymus
{76,1964,2141}. In fact, neuroblastoma is
the most common malignant tumour of
the posterior mediastinum in young children. Ganglioneuroblastoma and ganglioneuroma occur mostly in adults.
Primary ependymoma of the posterior
mediastinum in adults, is typically associated with a prolonged indolent course
{503,2153}.

A
Fig. 3.122 Fibromatosis (desmoid tumour) of the
thoracic wall and pleura.

Other rare neoplasms
Other thymic/mediastinal soft tissue
tumours include Ewing sarcoma which
usually extends into the mediastinum from
the thoracic wall {690}, malignant rhabdoid tumour {166,1160,1691}, inflammatory myofibroblastic tumour (inflammatory
pseudotumour) {422,467}, calcifying
fibrous tumour {1443}, giant cell angiofibroma {636}, elastofibrolipoma {455},
desmoid fibromatosis {1036}, benign
mesenchymoma {2054}, rhabdomyoma
{1315}, alveolar soft part sarcoma {593}
and malignant fibrous histiocytoma
{344,1932}.
Primary malignant melanoma {42,642,
1804,2088} probably arises from thymic
nevus cell aggregates {642,1552}. Other
rare tumours include meningioma {553,
2150}, osteosarcoma {454,739,888},
chondrosarcoma {1592}, giant cell
tumour {622}, chordoma {32,1675,1910},
myelolipoma {1008,1706,1884}, and
extramedullary haematopoietic tumours
{449,834,1366,1400,1481,1788}.

B

Fig. 3.123 A Ewing sarcoma of the mediastinum with B CD99 (MIC-2) expression.
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Ectopic thyroid and
parathyroid tumours

Ectopic thyroid tumour
Definition
Ectopic thyroid tumour is a thyroid neoplasm that occurs in sites other than the
cervical thyroid gland proper.

J.K.C. Chan

Histogenesis
Thyroid tissue that has aberrantly migrated to the mediastinum during embryologic development is the cell of origin for
the ectopic thyroid tumours in the mediastinum.

Genetics of Tumours of Endocrine
Organs”). Parathyroid adenomas are circumscribed or thinly encapsulated
tumours comprising sheets, cords and
acini of polygonal cells traversed by a
delicate vasculature. There is often a
mixture of tumour cells with clear, lightly
eosinophilic and oxyphilic cytoplasm.
Some tumours have abundant interspersed adipose cells (lipoadenomas)
{1444,2167}. Mitotic figures are absent or
rare, and focal nucleomegaly is acceptable. Parathyroid carcinomas often show
capsular or vascular invasion, sclerotic
bands, and mitotic figures. If there are
uncertainties whether a neoplasm is of
parathyroid origin, positive immunostaining for parathyroid hormone would provide a strong support for the diagnosis.

Thyroid tumours occurring in the mediastinum are often of cervical thyroid
gland origin with extension into the mediastinum. Ectopic thyroid tumours arising
in the mediastinum without connection to
the cervical thyroid gland are very rare.
They are either discovered incidentally,
or present with symptoms referable to a
mediastinal mass. The nomenclature and
diagnostic criteria of these thyroid
tumours should follow those of the World
Health Organization classification of
tumours of endocrine organs {9}.
Follicular adenoma and papillary carcinoma are the commonest, but other
tumour types have also been described,
such as follicular carcinoma, oncocytic
(Hürthle cell) carcinoma and poorly differentiated insular carcinoma {507,966,
1191,1328,1527,1889,2133}. If there are
uncertainties as to whether the tumour is
of thyroid origin, positive immunostaining
for thyroglobulin would provide a strong
support for the diagnosis. Information on
the behaviour of these tumours is limited,
but it is likely that the outcome is similar
to comparable stage tumours occurring
in the cervical thyroid gland {2133}.

Ectopic parathyroid tumour

Fig. 3.124 Ectopic papillary thyroid carcinoma of
the anterior mediastinum. The tumour comprises
papillae lined by cells with overlapping and pale
nuclei.

Fig. 3.125 Ectopic parathyroid adenoma of the anterior mediastinum. A The tumour cells form packets and
acini, separated by a delicate vasculature. Many clear cells are evident. B Positive immunostaining for
parathyroid hormone provides confirmation that the tumour is of parathyroid origin.

Definition
Ectopic parathyroid tumour is a parathyroid cell neoplasm occurring in sites
other than the usual locations of the
parathyroid glands in the neck {1889}.
Epidemiology, clinical features
Approximately 10-20% of all parathyroid
adenomas (including lipoadenomas)
occur in the mediastinum, most commonly the anterosuperior mediastinum in
the vicinity or within the thymus gland
{376,399,1444,2103,2141}. The patients
present with symptoms due to hyperparathyroidism. Ectopic parathyroid carcinomas of the mediastinum are very
rare, and they may or may not be functional {990,1412,1627}.

Histogenesis
Ectopic or supernumerary parathyroid
gland in the anterosuperior mediastinum
is the cell of origin for the ectopic
parathyroid tumours. Such a localization
for the parathyroid gland is not surprising
since the inferior parathyroid glands
share a common origin with the thymus
from the third branchial pouch {2141}.

Histopathology
The nomenclature and diagnostic criteria
for ectopic parathyroid tumours should
follow those of the World Health
Organization Classification of endocrine
tumours (see “World Health Organization
Classification of Tumours: Pathology and

A
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Metastases to thymus and
anterior mediastinum

H.K. Müller-Hermelink
Ph. Ströbel
A. Zettl
A. Marx

Definition
Malignant tumours that metastasize to
the thymus or anterior mediastinum from
distant primary tumours. Neoplasms that
extend directly from adjacent organs or
tissues are also included in this category.
The most common primary tumours
involving these sites are lung, thyroid,
breast and prostatic carcinomas {948,
1188,1287,1288,1305}, while melanoma
and various sarcomas (liposarcoma,
osteosarcoma,
rhabdomyosarcoma,
Kaposi sarcoma and malignant fibrous
histiocytoma) are rare primary tumours
{33,702,843,1852,1865}.
The distinction between squamous and
neuroendocrine carcinomas of the thymus and mediastinal metastases with
this differentiation can be difficult. In
about 50% of carcinomas, morphological
and immunohistochemical features can
clarify the thymic derivation, while clinical
staging procedures are required to clarify the derivation of the other cases. The
different genetic characteristics of carcinomas of the thymus {896,2238,2242}
compared to those of lung and the head
and neck region {188,1582,1585,1866}
are of diagnostic value.
Clinical data is also necessary to distinguish primary thymic melanomas {42,
642,1804,2088} or sarcomas {256,1742,
1932} from metastasis with a respective
differentiation.

B

A

Fig. 3.126 Metastases to thymus and anterior mediastinum. A Summary of recurrent genetic gains and losses as determined by CGH discriminating between squamous cell carcinomas of the thymus, lung and head
& neck region. There is considerable overlap between the carcinomas arising in the lung and head & neck.
By contrast, the major genetic aberrations of thymic carcinomas are not shared with lung and head & neck
carcinomas. B Diagnostic value of CGH-based genetic profiles for the distinction between squamous cell
carcinomas of the thymus and mediastinal metastases of primary lung and head and neck tumours.
Percentages indicate the probabilities for a primary lung or head and neck carcinoma in the presence of
highly discriminating genetic alterations {188,1267,1866,2238}.

Fig. 3.127 Metastasis of an adenocarcinoma of the rectum to the thymus. Note the formation of thymic cyst
adjacent to and infiltrated by the metastatic tumour.

Table 3.14
Morphological and immunohistochemical criteria for the differential diagnosis of features of primary thymic carcinomas from metastases to the anterior mediastinum arising from carcinomas of the lung and head and neck region.
Tumour

Primary of the thymus

Primary of lung or head and neck

Squamous cell, basaloid, lymphoepithelioma-like carcinoma

Lobular growth pattern 70%
Perivascular spaces 50%
CD5 expression 50%
CD70 expression 50%
CD117 expression 40-100%1

Lobular growth pattern rare
Perivascular spaces very rare
CD5 not expressed
CD70 not expressed
CD117 not expressed

Neuroendocrine carcinoma2

TTF-1 expression absent3

TTF-1 expression frequent

1Ströbel et al. in a series of 34 thymic carcinomas (unpublished) 2Oliveira et al, 2001 {1513}; Pomplun et al. 2002 {1609}; 3Muller-Hermelink et al. in a series of 15 neuro-

endocrine carcinomas (unpublished).
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CHAPTER 4

Tumours of the Heart
Although tumours of the heart do not contribute significantly to
the overall tumour burden, they may cause a variety of cardiac
and systemic symptoms. Clinical features depend not only on
the size, but, to a significant extent, on the anatomic location.
Small, benign neoplasms may have devastating clinical consequences if in a critical location.
Progress in imaging and cardiac surgery have considerably
improved the prognosis. However, cardiac sarcomas are still
life-threatening diseases.
Due to the low frequency, there is no specific garding scheme
for malignant heart tumours. This volume largely follows the
principles of classification and grading detailed in the WHO
Classification of Tumours of Soft Tissue and Bone.

WHO histological classification of tumours of the heart
Benign tumours and tumour-like lesions
Rhabdomyoma
Histiocytoid cardiomyopathy
Hamartoma of mature cardiac myocytes
Adult Cellular Rhabdomyoma
Cardiac myxoma
Papillary fibroelastoma
Haemangioma
Cardiac fibroma
Inflammatory myofibroblastic tumor
Lipoma
Cystic tumour of the atrioventricular node

8900/0

8904/0
8840/0
9120/0
8810/0
8825/1
8850/0

Malignant tumours
Angiosarcoma
Epithelioid haemangioendothelioma
Malignant pleomorphic fibrous histiocytoma
(MFH)/Undifferenciated pleomorphic sarcoma
Fibrosarcoma and myxoid fibrosarcoma
Rhabdomyosarcoma
Leiomyosarcoma
Synovial sarcoma
Liposarcoma
Cardiac lymphomas
Metastatic tumours
Pericardial tumours
Solitary fibrous tumour
Malignant mesothelioma
Germ cell tumours
Metastatic pericardial tumours

9120/3
9133/3
8830/3
8840/3
8900/3
8890/3
9040/3
8854/3

8815/1
9050/3

__________
1
Morphology code of the International Classification of Diseases for Oncology (ICD-O) {6} and the Systematized Nomenclature of Medicine (http://snomed.org).
Behaviour is coded /0 for benign tumours, /3 for malignant tumours, and /1 for borderline or uncertain behaviour.
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Tumours of the heart: Introduction

Epidemiology
The estimated frequency of cardiac
tumours ranges from 0.0017-0.33%
{2165}. In a review of 22 autopsy-based
series of primary cardiac tumours a frequency of 0.021% was identified among
731,309 patients {1656}. In one 20-year
(1972-1991) review of 12,485 autopsy
cases, there was a 0.056% incidence of
primary tumours and a 1.23% incidence
of secondary tumours {1116}. However,
these data may have a high referral bias
and may not reflect population-based
incidence rates {2079}. At the Mayo
Clinic, the autopsy incidence of primary
cardiac tumours from 1915 to 1931 was
0.05%, but more than tripled to 0.17%
between 1954 and 1970 {2165}; again,
referral bias may have played a role in
this change.
When most cardiac tumours were diagnosed at autopsy, myxomas and sarcomas were reported at a similar frequency.
With the utilization of cardiopulmonary
bypass and surgical excision, the reported frequency of myxomas as opposed to
cardiac sarcomas has increased substantially {249,1568}. In a review of surgical series, cardiac myxomas constitute
77% of surgically excised tumours, and
cardiac sarcomas, 10% {249}.
In children, cardiac tumours are not common and most are benign {249}. The
most common pediatric tumours include
rhabdomyomas, fibromas, myxomas,
and teratomas {249,356}.
Secondary cardiac tumours, either
metastatic or by direct invasion, outnumber primary cardiac neoplasms {1116}. A
review of 3,314 autopsies found a 2.9%
frequency of metastatic tumours involving the heart {12}. The most common primary sites are lung, breast, and cutaneous melanoma.
Clinical features
Cardiac neoplasms may cause a variety
of signs and symptoms {1225,1791,
2079}. The clinical presentation depends
on the size of the tumour and its anatomic location. Growth rate, friability, and
invasiveness are also important factors

that determine clinical features {737}.
Large tumours may be relatively silent,
whereas small tumours in a critical location may give rise to devastating clinic
consequences.
Left atrial tumours, especially those that
are mobile or pedunculated, may lead to
systemic embolism involving the coronary, cerebral and peripheral circulations
{737,1568,2077}, resulting in myocardial
infarction, stroke or ischemic viscera or
limbs. Left atrial tumours may also interfere with mitral valve function resulting in
mitral stenosis or regurgitation. Cardiac
murmurs and a characteristic tumour
“plop” may be auscultated. Valve dysfunction manifests as left-sided heart failure with shortness of breath, orthopnea,
paroxysmal nocturnal dyspnoea, pulmonary edema, fatigue, cough, and
chest pain {356}.
Intramural left ventricular tumours may
be asymptomatic or present with a mass
effect. With protrusion into the cavity,
hemodynamic compromise may result
{1225}. Local extension of the tumour
may cause conduction or coronary artery
compromise with chest pain, myocardial
infarction, arrhythmia, heart block or sudden death {356,737,1225,1791}.
Right atrial or right ventricular tumours
may result in right heart failure from atrioventricular or pulmonary outflow
obstruction, resulting in peripheral
edema, hepatomegaly, ascites, shortness of breath, syncope and sometimes,
sudden death {737}. If the tumours interfere with valve function they may result in
regurgitation or stenosis {1791}.
Right-sided cardiac tumours may
embolize to the lungs and present as pulmonary emboli with chest pain, pulmonary infarction and haemoptysis
{1634,1791}. Chronic embolization may
also mimic chronic thromboembolic disease with signs and symptoms of pulmonary hypertension.
Pericardial tumours may cause chest
pain typical of pericarditis {1225,1568}.
The tumours may be haemorrhagic and
cause pericardial effusion and tamponade {1634}. However, constrictive peri-
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carditis may also result from tumour infiltration.
Rarely, tumours such as myxoma, cause
systemic symptoms, including anorexia,
weight loss, fatigue and malaise which
may mimic a variety of systemic disorders {356,737,1774,2077}. Interestingly,
they may also cause haematologic
abnormalities, including anemia, polycythemia, leukocytosis, thrombocytosis
and elevated sedimentation rate {1225}.
Tumour production of mediators, including interleukins, has been reported
{1774}.
Imaging
Primary tumours of the heart and pericardium may be detected as an abnormal finding on a chest radiogram or
another imaging test obtained for an
unrelated reason. Once detected cardiac imaging is needed to define (1)
tumour location, extent and boundaries;
(2) relationships with adjacent key cardiac structures such as valves and coronary arteries; (3) tumour type; and (4)
presence and degree of functional
impairment. The main non-invasive imaging modalities for evaluating primary cardiac tumours each have advantages and
disadvantages. They are often used
together in a complementary manner for
diagnosis and surgical planning.
Echocardiography
The primary advantage of echocardiography is that it has the best spatial and
temporal resolution and provides excellent anatomic and functional information
{492,705,1070,1162,2104,2215}. It is the
optimal imaging modality for small masses (<1 cm) or masses arising from
valves. A second major advantage of
echocardiography is the ability to image
velocities with Doppler, which allows for
assessment of presence, degree, and
location of obstructions to blood flow or
valve regurgitation. Echocardiography is
typically the modality used for the initial
evaluation of cardiac tumours and may
be the only diagnostic test required in
some patients. Disadvantages include
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suboptimal image quality in patients with
poor acoustic windows, inability to image
extent of disease outside of the mediastinum, and relatively low soft tissue
contrast, which limits detection of tumour
infiltration and characterization of tumour
tissue. Also, intravenous contrast agents
are not routinely used with echocardiography, which limits the ability to characterize tumour vascularity.
Magnetic Resonance Imaging (MRI)
The primary advantage of MRI is its
excellent soft tissue contrast which
makes it the most sensitive modality for
detection of tumour infiltration. MRI has
more manipulable imaging parameters
than other imaging modalities. Because
of this, MRI is the best modality for characterizing tumour tissue {1003,1768,
1831,2156}. For example, a T2-weighted
standard or fast spin echo sequence distinguishes tumours with high water content, such as haemangioma, from
tumours with low water content, such as
fibroma. A third advantage of MRI is the
ability to characterize tumour vascularity
with intravenous contrast. Though not as
flexible as echocardiography, MRI does
allow assessment of wall motion and
assessment of velocities through large
vessels. This allows for characterization
of ventricular function, inflow or outflow
obstruction and valve regurgitation. The
primary disadvantage of MRI is long
examination times, which translates into
the need for sedation in children, and the
need for reliable ECG gating. MRI should
be considered when the tissue type,
exact location, or the relationships of the
tumour with neighbouring structures are
not completely defined by echocardiography or when surgical resection of the
tumour is considered.
Computed Tomography (CT)
ECG gated CT scans with the latest generation of multidetector scanners or with
electron beam scanners are also very
useful for cardiac imaging {65,275}. In
many ways, the advantages and disadvantages of CT are intermediate between
those of echocardiography and MRI.
Modern CT scanners have excellent spatial resolution, which is better than that of
MRI, but not as high echocardiograpy.
CT has better soft tissue contrast than
echocardiography, and can be used to
definitively characterize fatty content and
calcifications; however, the overall soft
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Fig. 4.01
Parameters of the grading system for sarcomas of
the Féderation Nationale des Centres de Lutte
Contre le Cancer (FNCLCC).
Tumour differentiation
Score 1: Sarcomas closely resembling
normal adult mesenchymal tissue
(e.g., low-grade leiomyosarcoma).
Score 2: Sarcomas for which histological
typing is certain (e.g., Myxoid
Fibrosarcoma)
Score 3: Undifferentiated, angiosarcoma
Mitotic count
Score 1: 0-9 mitoses per 10 HPF*
Score 2: 10-19 mitoses per 10 HPF
Score 3: ≥20 mitoses per 10 HPF
Tumour necrosis
Score 0: No necrosis
Score 1: <50% tumour necrosis
Score 2: ≥50% tumour necrosis
Histologic grade
Grade 1: Total score 2,3
Grade 2: Total score 4,5
Grade 3: Total score 6, 7, 8
Modified from Trojani et al {2031}.
*A high-power field (hpf) measures 0.1734mm2

tissue contrast and ability to characterize
tumour infiltration and tumour type is less
than that of MRI. Intravenous contrast
can provide information about tumour
vascularity, an advantage CT shares with
MRI. CT may be used as an adjunct to
both echocardiography and MRI.
Cardiac Catheterization
This is seldom required for diagnosis of
cardiac tumours, but may be performed
in adults to exclude coronary artery disease. Angiography provides indirect and
nonspecific imaging based on filling
defects within the cardiac chambers and
displacement of the coronary arteries
{347,1840}. Two exceptions are worth
noting. First, endomyocardial biopsy for
tissue typing may be considered in
selected patients. Second, selective
coronary angiography is helpful when
planning surgical resection of an
intramyocardial tumour.
Tumour grading and staging
Given the low frequency of malignant
cardiac tumours, there is no grading
scheme specifically referring to malignant heart tumours. This volume uses the
criteria published in the recent WHO

Classification of Tumours of Soft Tissue
and Bone {590}. The concept of grading
sarcomas was first introduced in 1977
{1712}. Several grading systems have
since been proposed which have shown
to correlate with prognosis {412,1247,
1418,2031,2070}. The two most important parameters in non-cardiac soft tissue seem to be the mitotic index and
extent of tumour necrosis {1793,2031,
2070}. Most pathologists recognize three
grades of malignancy: G1, low grade;
G2, intermediate grade; and G3, high
grade. Some use a 4-tiered system.
The two most widely used systems are
those of the NCI (U.S. National Cancer
Institute) {412,413} and the FNCLCC
(Fédération Nationale des Centres de
Lutte Contre le Cancer) {387-389,748,
2031}.
According to the methodology defined in
1984 {412} and refined in 1999 {413}, the
NCI system uses a combination of histologic type, cellularity, pleomorphism and
mitotic rate for attributing grade 1 or 3.
All the other types of sarcomas are classified as either grade 2 or grade 3
depending on the amount of tumour
necrosis, with 15% necrosis as the
threshold for separation of grade 2 and
grade 3 lesions.
The FNCLCC system is based on a score
obtained by evaluating three features:
tumour differentiation, mitotic rate and
amount of tumour necrosis {2031}. A
score is attributed independently to each
parameter and the grade is obtained by
adding the three attributed scores.
Tumour differentiation is highly dependent on histologic type and subtype. The
reproducibility of this system has been
tested by 15 pathologists: the crude proportion of agreement was 75% for tumour
grade, but only 61% for histologic type
{748}.
Because of the limitations and pitfalls of
grading, the following guidelines have
been suggested to improve reliablility:
> Grading should be used only for
untreated primary soft tissue sarcomas.
> Grading should be performed on representative and well-processed material.
> Grading is not a substitute for a histologic diagnosis and does not differentiate
benign and malignant lesions. Before
grading a soft tissue lesion, one must be
sure that one is dealing with a true sarcoma and not a pseudosarcoma.
> Parameters of grading must be carefully
evaluated, particularly the mitotic rate.

The WHO Classification of Tumuors of
Soft Tissue and Bone {590} offers additional information on the grading of soft
tissue sarcomas.There is no TNM classification for cardiac malignancies.
Treatment and prognosis
In general, surgical resection, when possible, is the treatment of choice for primary cardiac tumours in symptomatic
patients. It is also highly desirable for
patients whose tumours are identified
incidentally because of the ever-present
risk of sudden death, embolism, obstruction, or arrhythmia {307,952}. In patients
with rhabdomyomas and so called histiocytoid cardiomyopathy, predominantly
children, there are some who suggest
that surgical intervention is only necessary in the face of life-threatening symptoms, as these tumours are benign and
known to regress with age {1880}.

Surgical strategy varies by tumour type.
Cardiac myxomas arise mainly from the
left atrial septum, and the surgical strategy usually includes complete tumour
resection
with
underlying
stalk.
Sometimes reconstruction using a prosthetic patch is necessary {952}. The
prognosis of patients with cardiac myxomas is excellent. They may occasionally
recur, especially in patients with Carney
complex, an autosomal dominant syndrome characterized by associated skin
lesions, endocrine abnormalities and
other unusual tumours {1018}. It is difficult to suggest a regular surgical strategy for other cardiac tumours as they
arise in various locations. The prognosis
for other benign tumours is generally
favourable with low recurrence, and it is
quite good even if incompletely excised
{307,952,1880}. Orthotopic heart transplantation is an option if tumour resection

and reconstruction would be expected to
cause irreparable damage to essential
cardiac structures {731}.
For malignant cardiac tumours, complete
resection is often impossible because of
local spread {2071}. The prognosis of
patients with primary malignant cardiac
tumours is very poor even if complete resection is attempted {952,2071}. Adjuvant
chemotherapy and irradiation are usually
also given, but these are not effective in
most cases {2071}. Favourable results of
heart transplantation for primary malignant cardiac tumours have been reported
despite immunosuppression {731,733,
1962, 2071}.
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Rhabdomyoma

be identified as early as 21 weeks by
ultrasound {863}. The tumours may
cause infant respiratory distress, congestive heart failure, or low cardiac output. Right-sided tumours that cause
obstruction may cause cyanosis, or features suggestive of tetralogy of Fallot or
pulmonary stenosis {41,583}. Left-sided
tumours may present as subaortic
obstruction, or hypoplastic left heart syndrome {2068}. Rarely they can be associated with structural cardiac defects
{2113}. Patients with “rhabdomyomatosis” or diffuse microscopic involvement
of the myocardium may present as
though they have a cardiomyopathy.
Spontaneous regression is a common
feature {1254,1840}.
Electrocardiographic abnormalities will
vary depending on location, but evidence of ventricular hypertrophy and STT wave abnormalities consistent with
ischemia and/or strain are common. The
conduction abnormalities consist of bundle branch block, preexcitation, and first
to third degree atrioventricular block.

Definition
A benign tumour of the cardiac myocyte,
which can be solitary or multiple. The
cells typically contain large glycogen
filled vacuoles.
ICD-O code

8900/0

Epidemiology
Cardiac rhabdomyoma is commonly
associated with tuberous sclerosis, an
autosomal dominant disorder with a high
mutation rate. It involves multiple organs
including brain, kidney, pancreas, retina
and skin. In autopsy series, patients with
tuberous sclerosis have a 30% incidence
of
cardiac
rhabdomyoma
{571}.
However, the actual incidence is likely
higher since series that have evaluated
patients with echocardiography have
found an incidence between 40% and
86% {119,492,777}. The presence of
multiple cardiac rhabdomyomas prenatally may be the earliest manifestation of
tuberous sclerosis.
Localization
Rhabdomyomas are firm, white, well-circumscribed lobulated nodules that occur

A

in any location in the heart, but are more
common in the ventricles. In patients with
tuberous sclerosis, tumours are usually
multiple (> 90%) and can consist of
numerous miliary nodules measuring less
than 1 mm; in this instance, the term
“rhabdomyomatosis” has been used. The
most common locations are the left ventricle and ventricular septum, although
30% will have atrial wall or right ventricular involvement {1602}. In contrast to
patients with tuberous sclerosis, approximately 50% of sporadic rhabdomyomas
occur singley.
Clinical features
Signs and symptoms
Rhabdomyomas are the most common
tumours in the pediatric age group. They
are also the tumours most commonly
diagnosed during the prenatal period by
foetal echocardiography. Intrauterine as
well as sudden death after birth has
been attributed to these tumours.
Clinical and hemodynamic findings are
related to the number, position, and size
of the tumours. For instance large intramural or intracavitary tumours may
obstruct valvular orifices, or occlude
intracavitory spaces {1254}. Foetal dysrhythmias or non-immune hydrops may

B

Fig. 4.01 Rhabdomyoma. A Echocardiogram of an infant who presented with supraventricular tachycardia.
There are multiple rhabdomyomas. These eventually regressed and the arrhythmias resolved.
B Echocardiographic imaging from the apical chamber view, showing multiple cardiac rhabdomyomas
involving the left (LV) and right (RV) ventricles.
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Imaging
At echocardiography rhabdomyomas
appear as homogeneous, well-circumscribed echogenic masses in the ventricular myocardium, possibly protruding
into the ventricular cavity. Although
uncommon, extensive rhabdomyomas
can be associated with ventricular dysfunction. Given that the finding of multiple cardiac masses is diagnostic of rhabdomyoma, especially in patients with
tuberous sclerosis, and that the tumours
are not infiltrative, echocardiography
usually provides adequate information
for diagnosis and clinical management. If
there is question of tumour type or of
tumour invasion, MRI or CT may be used
to further define the tumours. At MRI,
rhabdomyomas appear as well-circumscribed masses with signal characteristics similar to that of normal myocardium
{155,737,1003}. Compared with the signal from uninvolved myocardium, the
masses are hypointense on postgadolinium imaging. At CT, rhabdomy-

with sparse myofilaments. There is a
strong reaction with periodic acid-Schiff
reagent, reflecting the presence of abundant intracellular glycogen.
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Fig. 4.02 Cardiac rhabdomyoma. A Multiple rhabdomyomas in an infant with tuberous sclerosis complex
(courtesy of William D. Edwards, M.D.). B Intraoperative photograph. The tumour nearly fills the ventricular cavity, and is glistening and polypoid. C Stillborn child with a ventricular rhabdomyoma. D Subaortic
rhabdomyoma in an 5 months old child.

omas also appear as multiple nodules,
which may be hyper or hypoattenuating
compared to normal myocardium. With
MRI or CT, the rest of the body can be
imaged for signs of tuberous sclerosis.
However, because rhabdomyoma has
many imaging features similar to normal
myocardium, echocardiography, MRI,
and CT may be complementary as rhabdomyomas that are not visible by one
modality may be visible on another {737}.
Macroscopy
Single or multiple, they are well-circumscribed, non-capsulated white or grey
white nodules which may vary in size
from millimeters to several centimeters.
Tumours can become quite large, espe-

A

cially in sporadic cases. In one series of
14 cases, the range was 0.3-9.0 cm, with
a mean of 3.4 cm {248}. They most often
occur in the ventricle, but can be found
in the atria, at the cavoatrial junction and
on the epicardial surface. Large tumours
may obliterate and distort a ventricular
cavity.
Histopathology
Cardiac rhabdomyomas are well-demarcated nodules of enlarged cardiac
myocytes with cleared cytoplasm. In
some cells, strands of eosinophilic cytoplasm stretch from a central nucleus to
the cell membrane giving rise to cells
that resemble a spider (“spider cells”).
The majority of cells show vacuolization

Immunoprofile
Immunohistochemical studies document
the striated muscle characteristics of
rhabdomyoma cells, which express myoglobin, desmin, actin, and vimentin.
Tumour cells do not express cell proliferation markers such as Ki-67 and PCNA,
indicating that the lesions are more likely
hamartomas as opposed to neoplasms
{248}.
Electron microscopy
By electron microscopy, the cells resemble altered myocytes. They possess
abundant glycogen, small and sparse
mitochondria, and cellular junctions
resembling intercalated disks surround
the cell periphery. In contrast, the intercalated disks of differentiated myocytes
are located exclusively at the poles of the
cell. Intercalated discs and myofibrils or
collections of Z band material are present. Rarely one may observe there primitive T-tubules. Leptomeric fibers close to
the sarcolemma may also be identified.
Differential diagnosis
The diagnosis of cardiac rhabdomyoma
in infants and young children is straightforward. In patients with multiple non-calcifying masses, especially with other
manifestations of tuberous sclerosis
complex, a tissue diagnosis is unnecessary. However, because the tumours
have been shown to regress with age
and multiple biopsies do not allow for
evaluation of the morphologic changes
that characterize this process, the relationship between persistent rhabdomyomas and so-called adult rhabdomy-

B

Fig. 4.03 Rhabdomyoma. A The subendocardium shows a poorly demarcated area of cellular vacuolization.
B A higher magnification note "spider" cells, several vacuolated tumor cells, and cells with abundant
eosinophilic cytoplasm , which is more typical for rhabdomyomas in older children.

Fig. 4.04 Cardiac rhabdomyoma with classic spider
cell.
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omas and hamartomas is not clear. In the
rare examples of rhabdomyomas in older
children, there is often a paucity of spider
cells, resulting in a tumour with some
characteristics of adult rhabdomyomas,
but without the proliferative activity.
Hamartoma of mature cardiac myocytes,
which, like rhabdomyoma, is a non-proliferative hamartomatous lesion, occurs in
adults. These tumours lack circumscription and spider cells.
Genetic alterations
The familial form of tuberous sclerosis,
which is present in up to 50% of patients
with cardiac rhabdomyoma, exhibits
autosomal dominant inheritance. Two
disease genes have been identified:
TSC-1 at chromosome 9q34, and TSC-2
at chromosome 16p13 {1613}. The TSC1 gene encodes hamartin, and TSC-2
tuberin, proteins involved in tumour suppression. Loss of heterozygosity is often
found at these loci in tumours from
patients with tuberous sclerosis. The precise roles of TSC-1 and TSC-2 in the
development of cardiac tumours and
regulation of embryonic and neonatal
cardiomyocyte growth remain to be elucidated.
Treatment and Prognosis
Rhabdomyomas have a natural history of
spontaneous regression {204,556,1840}.
However, serious symptoms may precipitate the need for surgical resection.
When arrhythmias are the presenting
symptom, treatment with anti-arrhythmic
drugs is commenced. If control is
achieved by that means, then drugs can
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be continued until the arrhythmias or
tumours regress. If drugs fail to control
arrhythmias, surgical resection is indicated. When a tumour is causing intracardiac obstruction, surgery is necessary
{180,525,538,1289}.

Histiocytoid cardiomyopathy
Definition
Histiocytoid cardiomyopathy is a rare,
but distinctive arrhythmogenic disorder
caused by a neoplastic or hamartomatous proliferation of cardiac cells with
some Purkinje cell characteristics.
Synonyms
Purkinje cell hamartoma, arachnocytosis
of the myocardium, infantile cardiomyopathy, infantile xanthomatous cardiomyopathy, oncocytic cardiomyopathy,
focal lipid cardiomyopathy, isolated cardiac lipidosis, infantile cardiomyopathy
with histiocytoid changes, myocardial or
conduction system hamartoma, foamy
myocardial transformation, and congenital cardiomyopathy.
Epidemiology
Histiocytoid cardiomyopathy occurs predominantly in the first two years of life;
20% of cases are diagnosed in the first
month, 60% in the first year, and less
than 3% after two years of life. The prevalence of this disease may be higher than
the reported cases would suggest, since
some cases are undoubtedly diagnosed
as Sudden Infant Death Syndrome
(SIDS).

The female preponderance is 3:1. In
approximately 5% of cases there seems
to be a familial tendency.
Clinical features
Histiocytoid cardiomyopathy is an
arrhythmogenic disorder; 70% of published cases the patients present with a
spectrum of arrhythmias and electrical
disturbances including: paroxysmal atrial
tachycardia, atrial fibrillation, ventricular
fibrillation, ventricular tachycardia, premature atrial contractions, premature
ventricular contractions, Wolff-ParkinsonWhite syndrome, and right or left bundle
branch block.
Approximately 20% of patients present
as sudden death and often such cases
have been misclassified as Sudden
Infant Death Syndrome (SIDS). Other
infants experience flu-like symptoms preceding or accompanying the cardiac
manifestations. The majority of patients
(95%) display cardiomegaly, but may
also have a number of associated anomalies, including cardiac malformation
(16%): ventricular and atrial septal
defects, hypoplastic left heart syndrome;
and endocardial fibroelastosis. Extracardiac anomalies occur in 17% of
patients including corneal opacities,
microcephaly, cataract, aphakia, hydrocephalus, agenesis of the corpus callosum, cleft palate, laryngeal web, and linear skin defect. Combined cardiac and
extracardiac anomalies occur in 4%, and
7% show extracardiac histiocytoid cells
in exocrine and endocrine glands {1794}.

B

Fig .4.05 Histiocytoid cardiomyopathy. A Gross picture of the heart, showing multiple histiocytoid nodules in the aortic valve leaflets, endocardium, and papillary
muscles (arrows). B Macroscopic photograph of a heart demonstrating the left ventricle and portion of the mitral valve. Note pale tan endocardial nodules at the
level of the annulus.
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Fig. 4.06 Histiocytoid cardiomyopathy. A Discrete, circumscribed nodule of pale cells, superficially resembling foamy macrophages in the subendocardium.
B Subendocardial histiocytoid nodule. Note the ill-defined border with adjacent myocardial fibers.

Etiology
Many theories of the etiopathogenesis
have been proposed, including viral
infection, myocardial ischemia, toxic
exposure, and metabolic disorders such
as glycogen storage disease, cardiac
lipidosis, and various mitochondrial
myopathies. However, the clinical, gross,
microscopic, and ultrastructural findings
show clear differences between the
above-mentioned disorders and histiocytoid cardiomyopathy. The clinical presentation (arrhythmia), the distribution of histiocytoid cells, and their ultrastructural
and immunohistochemical characteristics, all point to the cardiac conduction
system as playing a key role. The primitive Purkinje cells of the developing heart
show a striking resemblance to histiocytoid cells. Both types of cells show strong
positivity for cholinesterase by frozen
section histochemistry and for neutral
lipids with the Sudan Black stain.
Cholinesterase is present only in the conduction tissue of the heart; it is not present in contractile myocytes {1794}.
Macroscopy
Single or multiple subendocardial yellowtan nodules or plaques ranging from 115 mm may be seen in both ventricles,
the septum, and on all four cardiac
valves. Although these nodules are mainly seen beneath the endocardium following the distribution of the bundle branches of the conduction system, they can
also be seen in the inner myocardium
and subepicardial areas. Lesions may be
grossly inapparent as nodules, but multiple cross sections of the myocardium

may show a mottled appearance with
irregular ill-defined yellowish-tan areas.

able size, scattered desmosomes, intercalated discs, and leptometric fibers.

Histopathology
Histiocytoid cardiomyopathy lesions
appear as multifocal, ill-defined islands
of large polygonal cells with granular
eosinophilic cytoplasm, small round to
oval shaped nuclei containing occasional nucleoli. The cytoplasmic appearance
is due to extensive accumulation of mitochondria. The cells are distributed along
the bundle branches of the conduction
system. The sinoatrial and atrioventricular nodes are involved in 28% of cases;
however, these areas are not sampled
routinely {1794}.
Immunoprofile
Histiocytoid cardiomyopathy cells react
with anribodies to desmin, myoglobin,
myosin, and muscle specific actin. There
is no expression of macrophage or histiocyte antigens (CD68, CD69, MAC 387,
LN3, HAM-56). The cells also fail to react
with antibodies to vimentin and cytokeratin (CAM-5.2), whereas S-100 protein
reactivity is variable. Cell proliferation
markers (Ki-67 and MIB-1) are usually
negative {682,1713}.

Differential diagnosis
The disease has been confused with mitochondrial cardiomyopathy. However, there
are major gross, light microscopic, and
ultrastructural differences between the two
diseases. Mitochondrial cardiomyopathy
shows no discrete nodules as present in
histiocytoid cardiomyopathy. Additionally,
in mitochondrial cardiomyopathy, all
myocytes are affected, but to a variable
degree, whereas in histiocytoid cardiomyopathy, only focal areas of the heart are
involved, but the affected cells are affected totally. The ultrastructural changes in
histiocytoid cardiomyopathy cells consist
of increased numbers of mitochondria with
and without structural changes and
reduced myofibrils. In mitochondrial cardiomyopathy, the mitochondria are consistently abnormal in a varitey of ways. They
are enlarged, show variation in size and
shape, contain occasional glycogen particles, and have cristae which are
increased in number and on cross section,
are arranged in a concentric circular fashion (like growth rings of a tree) surrounding
occasional dense bodies.

Electron microscopy
Ultrastructurally, the cells of histiocytoid
cardiomyopathy show poorly developed
intercellular junctions. Their cytoplasm
contains a superabundance of swollen
mitochondria with disorganized cristae
and dense membrane bounded granules, which push the diminished myofibrils to the periphery of the cell. The cytoplasm also contains lipid droplets of vari-

Genetic susceptibility
Familial recurrence of histiocytoid cardiomyopathy in 5% of cases has led to
several proposals of a genetic mechanism. The female preponderance of
cases suggests an X-linked mutation
causing prenatal lethality in the homozygous male {168,234,1898}. A female
infant with “oncocytic cardiomyopathy”
and microphthalmia with linear skin
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defects showed monosomy for Xp22
{1543}. Biochemical {1543} and molecular (mitochondrial DNA) {57} evidence
suggest a defect of complex III (reduced
coenzyme Q-cytochrome c reductase) of
the respiratory chain in cardiac mitochondria. Such a mechanism could be
responsible for the mitochondrial
changes observed by light and electron
microscopy, and the systemic involvement in some patients. It has been suggested that the disease is due to a mutation in Sox6 gene (p100H), which is associated with widespread myopathies
{385}. From reported cases with known
ethnic background, histiocytoid cardiomyopathy appears to be more common in Caucasian (80%) followed by
African-American (15%), and LatinAmerican infants (3%); it is rare in Asian
infants {1794}.
Prognosis and predictive factors
Histiocytoid cardiomyopahty causes
incessant ventricular tachycardia in small
children and can result in sudden death.
Surgical excision or direct-vision cryoablation of the multiple small nodular
tumours is required for long-term cure
{665}. Surgical intervention, electrophysiologic mapping, and ablation of the
arrhythmogenic foci result in a survival
rate of approximately 80%. Some authors
have found that aggressive anti-arrhythmic treatment may allow the tumours to
regress without subjectiing patients to
surgery. A few patients with extensive
disease have undergone cardiac transplant {664,678,984,1286}.

Hamartoma of mature cardiac
myocytes
Definition
The term “hamartoma” has been loosely
applied to several cardiac tumours, most
commonly histiocytoid cardiomyopathy
(“Purkinje cell hamartoma”). The term
has also been applied to lesions or malformations composed of a variety of cardiac elements, and other tumours composed primarily of a single cell type (e.g.,
rhabdomyoma). The term hamartoma of
mature cardiac myocytes is used for a
distinct tumour in adults, composed of
cardiac myocytes. This lesion may be
single or multiple.
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Fig. 4.07 Histiocytoid cardiomyopathy. A Electron microscopic illustration showing histiocytoid cells packed
with mitochondria. The diminished myofibrils are displaced to the periphery of the cell (arrows). B Higher
magnification showing abundant swollen mitochondria with disorganized cristae and dense membrane
bounded granules.

Etiology
The etiology of cardiac hamartoma is
unknown. Some have suggested that
these tumours may represent maturing
congenital rhabdomyomas. However,
there has been no association of hamartoma of mature cardiac myocytes with
other syndromes including the tuberous
sclerosis complex, making this unlikely.
Localization
Hamartomas of mature cardiac myocytes
may occur in the ventricles or atria, and
may be single or multiple {243}. Unusual
examples of diffuse multiple tumourlets
similar to so-called rhabdomyomatosis,
have also been described.
Clinical features
As is the case with most cardiac
tumours, the clinical features depend on
the location. Tumours in the atria may
result in supraventricular arrhythmias
and Wolf Parkinson White syndrome, and
those in the ventricles sudden death, or
no symptoms at all.
Macroscopy
They are usually poorly demarcated firm
white masses and range in size from 2
mm to 5 cm in greatest dimension. They
resemble normal myocardium, but the
bundles of muscle may appear disorganized and associated with bands of connective tissue.
Histopathology
They are composed of enlarged
myocytes with obvious cross striations,
and contain enlarged, irregular nuclei.
They are poorly demarcated and may
interdigitate with normal myocytes at the
edges of the tumour. The interstitium
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demonstrates
increased
collagen.
Interspersed fat cells may be present in
small numbers.
Immunoprofile
The tumours are similar to normal cardiac myocytes, and express actin and
myosin. Abnormal accumulations of
these intermediate filaments may be
appreciated, particularly of actin. There
is no evidence of proliferation by
immunohistochemical stains for Ki-67 or
PCNA.
Electron microscopy
The cells show features of myocytes, but
abnormal accumulations of actin and
myosin may be identified.
Differential diagnosis
The disorganized hypertrophied muscle
fibers of a hamartoma are also reminiscent of the disarray characteristic of
hypertrophic cardiomyopathy, but with
rare exception (apical variant), hypertrophic cardiomyopathy is not associated
with a focal mass lesion.
Prognosis and predictive factors
These tumours are benign neoplasms
and can be excised, resulting in cure.
However, arrhythmias and sudden death
may be the initial presentation.

B

A

Fig. 4.08 Hamartoma of mature cardiac myocytes. A The tumour was circumscribed, with the appearance
of muscle. B The tumour cells are hypertrophic, forming disorganized bundles with interstitial fibrosis.

Fig. 4.09 Adult cellular rhabdomyoma. Note the
monomorphic, bland spindled cells; their myogenic
nature is not clearly evident on routine stains.

Adult cellular rhabdomyoma

tumours, the absence of tumour necrosis, mitotic figures, myogenin expression,
and the presence of a well-defined
pseudocapsule help to distinguish it from
rhabdomyosarcoma.

Definition
Adult cellular rhabdomyoma is a benign
neoplasm of striated myocytes. A similar
tumour frequently occurs in the head and
neck region (extracardiac rhabdomyoma).
ICD-O code

8904/0

Epidemiology
The adult form of extracardiac rhabdomyoma occurs primarily in the head
and neck region of men and women over
40 years. Four cases of “extracardiac”
rhabdomyomas have been described in
the heart {241,2226}.
Clinical features and localization
Three of the four reported cases of adult
cellular rhabdomyoma have occurred in
the atria, and all have occurred in adults
from 35-55 years of age. Common to any
heart tumour, the mode of presentation is
often electrical disturbance such as
supraventricular tachycardia or nonsustained ventricular tachycardia. The
masses may be identified incidentally.
Macroscopy
They range in size from 2–5 cm. The
tumours are soft, bulging, tan to brown
and have a pseudocapsule. These fea-

tures distinguish these tumours from
other cardiac tumours with muscle differentiation.
Histopathology
These tumours are histologically distinct
from cardiac rhabdomyomas, and are
composed of tightly packed, round to
polygonal cells with eosinophilic, finely
granular cytoplasm, occasional vacuoles
and occasional spider cells. Conversely,
cardiac rhabdomyomas are composed
of large cells with clear cytoplasm containing abundant glycogen and many
spider cells.
Differential diagnosis
In contrast to congenital rhabdomyomas,
adult cellular rhabdomyomas occur in
adults, demonstrate evidence of cellular
proliferation e.g. by expression of Ki-67
antigen, and contain relatively few vacuolated or spider cells. Unlike hamartoma of mature cardiac myocytes, the
tumours are well circumscribed, and
although not as frequent as in congential
rhabdomyoma, some vacuolated cells
are usually present. Furthermore, the disorganized masses of myofilaments characteristic of hamartoma of mature cardiac myocytes are not seen. Rhabdomyosarcoma shares some features with
adult cellular rhabdomyoma. Despite the
evidence of cell proliferation in the latter

Histogenesis
The lesion is believed to be a true neoplasm of striated muscle origin.
Somatic genetics
Due to the rarity of these lesions, molecular and genetic characterization has not
been undertaken. In extracardiac rhabdomyoma, a reciprocal translocation
between chromosomes 15 and 17 and
abnormalities of the long arm of chromosome 10 have been described {680}.
Prognosis and predictive factors
The prognosis of adult cellular rhabdomyoma is unknown, but presumed to
be benign, based on the biologic behaviour of extracardiac rhabdomyomas in
adults. Late recurrences have been
described in extracardiac rhabdomyoma
{680}.
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Cardiac myxoma

Embolism
Embolic phenomena are the second
most common manifestation (30-40% of
patients). Frequent sites of embolization
inclulde the central nervous system, kidney, spleen and extremities. Coronary
embolism may result in myocardial
infarction {524,1542}. There is some evidence that fibrous lesions are more likely
to produce valvular obstruction while
polypoid and myxoid ones are more likely to embolize {722,736}.

Definition
Myxoma is a neoplasm composed of
stellate to plump cytologically bland
mesenchymal cells set in a myxoid stroma.
ICD-O code

8840/0

Epidemiology
Cardiac myxoma represents one of the
most common benign cardiac tumours
{2013,2165}. In most surgical series, they
account for almost 80% of cases
{249,1986}. In large registries and repositories with significant referral bias myxomas represent between 20 and 40% of
primary cardiac tumours {249,1338}.
Patient age ranges from 2-97 years.
Mean age at presentation is 50 years
{1133}. About 90% of individuals are
between the ages of 30 and 60 years
{2165}. A recent analysis of 1,195 individuals with myxomas revealed that 67%
were female and 33% were male {2212}.
Patients with the myxoma (Carney) complex are generally younger and more
often male than patients with sporadic
myxomas.

A

Clinical features
Clinical presentation is diverse and
dependent upon tumour location and to
a lesser extent morphology {175,643,
1598,1616}. About 20% of cardiac myxomas are asymptomatic; they are usually
smaller than 40 mm {722,736}.

Cardiac symptoms
In over 50% of patients left atrial myxomas cause symptoms of mitral valve
stenosis or obstruction (dyspnoea and
orthopnoea from pulmonary oedema or
heart failure). Right atrial myxomas may
obstruct the tricuspid valve and cause
symptoms of right-sided heart failure.
The majority of patients have an abnormal physical examination, most characteristically a diastolic or systolic murmur.
A “tumour plop” may be occasionally
heard in early diastole {722,1598,1616}.
Abnormal, but nonspecific electrocardiographic changes may be identified in 2040% of patients and include atrial fibrilation or flutter and left and right bundle
branch block {643,1616}. Chest
roentgenograms also show only nonspecific findings, including cardiomegaly,
chamber enlargement, and pulmonary
oedema {1616}.

B

Fig. 4.10 Cardiac myxoma. A Long axis MRI view of the left ventricle demonstrating a well-circumscribed
myxoma (T) centered in the left atrium. The inferior portion of the mass abuts the tricuspid valve. B The
mass seen in the previous figure (T) originates from the atrial septum and is best demonstrated on the axial
view. The right-sided effusion and consolidation (E) are unrelated to the myxoma (the patient had metastatic malignant melanoma, with an incidental cardiac myxoma).
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Systemic symptoms
These are possibly related to IL-6 production by tumour cells. They are seen in
approximately 20% of patients and
include myalgia, muscle weakness,
arthralgia, fever, fatigue and weight loss.
Although infection of a myxoma is rare,
when present the initial manifestations
mimic those of infective endocarditis,
and can include fever, chills, petechiae,
subconjunctival haemorrhages, Osler
nodes and positive blood culture.
Anaemia, leukocytosis and elevated erythrocyte sedimentation rate are the most
common laboratory findings {175,1616}.
Most myxomas are sporadic, although
syndromic and familial cases (Carney or
myxoma complex) are well recognised.
In familial cases, the patients present at
a younger age, they occur in unusual
locations and have a higher recurrence
rate than in non-familial cases
{296,2114}.
Imaging
At echocardiography carciac myxomas
typically appear as a mobile mass
attached to the endocardial surface by a
stalk, usually arising from the fossa
ovalis. Myxomas with this appearance
can be confidently diaganosed by
echocardiography and further imaging is
not necessary {1298}. In fact, because
the tumours are usually small and
mobile, myxomas are typically better
defined by echocardiography than by
either MRI or CT, because echocardiog-
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Fig. 4.11 Cardiac myxoma. A This incidental finding at autopsy is a sessile smooth surfaced mass attached
to the endocardium of the let atrium at the level of the oval fossa. Note the relationship to the mitral valve,
which may often become partly obstructed in patients with left atrial myxoma, resulting in pulmonary hypertension. B Myxoma of the left atrium, with typical localization at the fossa ovalis. C Cut surface of a papillary myxoma of the left atrium. D Papillary myxoma with necrosis, left atrium. E Left atrial myxoma after
resection. F Left atrial myxoma with an old and recent haemorrhages.

raphy has the best spatial and temporal
resolution. If the narrow stalk is not visible, the diagnosis cannot be made by
echocardiography and further imaging,
usually MRI, is necessary to show the
tumour’s margins and to exclude tumour
infiltration. At MRI and CT myxoma
appears as an intracavitary heterogeneous, lobular mass. As with echocardiography, if the narrow stalk is visible, myxoma can be diagnosed by MRI or CT
{66}.
Macroscopy
Cardiac myxomas are intracavitary
masses that occur most often in the left
atrium {361}. They arise from the endocardium of the atrial septum near the
fossa ovalis in 85-90% of cases. Most of
the remainder are located in the right atrium. Rarely, they arise in the ventricles.

Multiple tumours occurring at sites other
than fossa ovalis and ventricles are generally found in the inherited form of cardiac myxoma. Very rarely, cardiac myxomas have also been documented to
occur on valves and chordae tendineae.
The external appearance, consistency,
size and weight are extremely variable.
They may be as small as a few millimeters and as large as 14 cm in diameter.
The weight ranges from 2-250 gm. Tiny
cardiac myxomas may be totally asymptomatic and discovered incidentally at
surgery for another purpose or autopsy.
Larger ones are either sessile or pedunculated, but the site of attachment is
always discrete and usually in the region
of the fossa ovalis. Occasionally, the
stalk may be long, resulting in free mobility of the tumour within the atrial cavity.

Myxomas are ovoid, globular, lobulated
or polypoid. They may be smooth and
glistening or have multiple papillary, villous, finger-like projections. They may be
grey white and fibrous, gelatinous and
myxoid, or a combination of both. The
papillary structures may be quite friable
increasing the risk of embolisation.
Superficial thrombi also embolize.
Marked variation in colour is characteristic. Pale grey, pearly white or yellow
brown areas are frequently admixed with
haemorrhagic dark brown or red areas.
Tumour consistency depends on the
quantity and distribution of fibrous tissue,
and calcification. Rarely, the bulk of the
tumour becomes calcified {120,1180}.
Histopathology
The myxoma cells may be arranged
singly, in cords, or in vasoformative ring
structures {245,361,1625}. The cells can
be elongated, fusiform or stellate. They
contain modest amounts of eosinophilic
cytoplasm. Nuclei are oval, round, or
elongated and mitoses are very rare.
Myxoma cells have a tendency to form
primitive or differentiated vessels, reflected in expression of endothelial markers.
Less myxoid stroma often forms a halo
around the vascular formations.
The stroma contains variable amounts of
proteoglycans, collagen and elastin. It
shows strong reactivity with alcian blue,
resistant to predigestion by hyaluronidase. The vessels within the tumour are
thin-walled and lack pericytes. Occasionally, cavernous vascular spaces containing blood or proteinaceous material
are encountered. Thick walled blood vessels with prominent muscular walls are
present predominantly at the base of
tumour and in the stalk. Extravasated red
cells, foci of recent and organizing
haemorrhage and hemosiderin deposition are frequent. Hemosiderin is seen
free within the stroma, within histiocytes
and myxoma cells. Variable numbers of
lymphocytes, plasma cells, macrophages, dendritic cells, and mast cells
may be present.
Gamna-Gandy bodies as seen in chronic venous congestion of the spleen may
be encountered infrequently. Calcification and metaplastic bone formation
may also occur. The latter are more frequent in right atrial myxomas. The surface is usually composed of a single
layer of flattened cells, but multilayering
and tufting may occur.
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Heterologous components
Well-defined columnar epithelium, occasionally forming glands occurs in about
2% of myxomas. The epithelium may
show moderate cytologic atypia, mitotic
activity and express cytokeratin. Age
and sex distribution of patients, signs
and symptoms, frequency of syndromic
association and sites of occurrence are
similar for cardiac myxoma with or without glands. Recognition of the glands as
a component of a myxoma is important
since these structures may be confused
with metastatic adenocarcinoma. The
glandular cells are positive for PAS-diastase, alcian blue and mucicarmine; they
stain for cytokeratin (diffuse cytoplasmic
staining with antibodies to cytokeratin 7,
AE1/AE3, 4betaE12 and Cam 5.2; and
focal staining for cytokeratin 20), EMA
(diffuse cytoplasmic), and CEA (apical
cell border). Reactivity for CA19.9 has
also been observed on the apical epithelial membrane of the glandular component of a myxoma from a patient with elevated serum CA19 {1190}. Foci of
extramedullary haematopoiesis may be
seen in 7% of myxomas {245}. Thymic
rests have also been observed {245}.
Immunoprofile
The cells are cytokeratin negative, variably S-100 positive, and variably positive
for smooth muscle and endothelial markers e.g. CD 34 and CD31 {362,1269,
1625,2013}. Calretinin is expressed in
about 75% of cardiac myxomas {16}.
Histogenesis
Some years ago myxomas were considered nothing more than organised thrombi. Their neoplastic nature is supported
by the presence of chromosomal abnormalities {489}, abnormal DNA content
{1226} and the presence of microsatellite
instability {1853}. The presence of heterologous elements, however, still suggest to some that they may be reactive or
hamartomatous {1925}. The origin of
myxoma cells is unclear. They are
thought to arise from subendothelial
vasoformative reserve cells or primitive
cells which reside in the fossa ovalis and
surrounding endocardium. The minute
endocardial structures described by
Prichard {1618} do not seem to correspond to the hypothetical subendothelial
pluripotential vasoformative reserve cells
from which the myxomas would arise,
because they do not share the immuno-
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Fig. 4.12 Cardiac myxoma. A Numerous rudimentary vessels. B Three stages of rudimentary vessels.
C A primitive endothelial marker, CD34 is often present within the central areas of the vascular structures
formed by cardiac myxoma. D Cardiac myxoma glands with PAS-positive-diastase resistant material consistent with mucus. E Cardiac myxoma with complex glands whose cells show moderate cytologic atypia.
F Cytokeratin 7 staining of a cardiac myxoma with heterologous components.

histochemical properties of myxoma
cells {15,16}. On the other hand, cardiomyocyte-specific transcription factor
mRNAs have been recently found in RNA
extracted from myxoma lysates, suggesting cardiomyogenic differentiation in
myxoma cells and a possible origin in
cardiomyocite progenitor cells {1037}.
Genetic susceptibility
Although most myxomas are sporadic,
some have been associated with the
myxoma complex {295,483}. This autosomal dominat syndrome has been
reported under the acronyms NAME
(nevi, atrial myxoma, myxoid neurofibroma, ephelides), LAMB (lentigines, atrial
myxoma, mucocutaneous myxomas,
blue nevi), and more recently as Carney
syndrome {295,299,530}. This syndrome
includes cardiac myxomas and extracar-
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diac manifestations: abnormal skin pigmentation (lentigines and blue nevi), calcifying Sertoli-Leydig testicular tumours,
cutaneous myxomas, myxoid breast
fibroadenomas, pigmented adrenal cortical hyperplasia, pituitary hyperactivity,
psammomatous melanotic schwannoma
and thyroid tumours {295}. Familial myxomas are estimated to account for 7% of
atrial myxomas {299}, are more often
multiple, recurrent and right sided, as
compared to sporadic myxomas. The
affected patients are also younger, most
presenting at 20-30 years of age
{530,1133,1544}.
Somatic genetics
The chromosomal patterns of sporadic
cardiac myxoma are characterised by
extensive intratumour heterogeneity. In
the seventeen cases published to date,

multiple unspecific chromosome aberrations have been reported, including
dicentric chromosomes and, in particular, telomeric associations {489,497,498,
502}. Intratumour heterogeneity, as found
in a variety of tumour types and grades
{688}, is considered a sign of genetic
instability presumably resulting from disruption of genes that control genomic
integrity. Studies of cardiac myxomas
suggest that the chromosomal regions
12p1 and 17p1 may play a specific role
in the development of these neoplasms
since they are frequently rearranged
{497}.
Cytogenetic analyses of three cases of
cardiac myxoma derived from patients
with the myxoma syndrome reveal chromosome patterns similar to those
observed in sporadic cases {489,1658,
1882}. Whether there is a common
genetic mechanism underlying sporadic
and familial cardiac myxomas is unclear.
Based on linkage analysis, 2 loci have
been proposed for genes causally related to the myxoma syndrome: 2p16
{1882} and 17q2 {299}. Recently, a gene
located at 17q24 was cloned that
showed mutations in myxoma patients
{122,598,1018}. This gene, PRKAR1A,
represents a putative tumour suppressor
gene, coding for the type 1 alpha regulatory subunit of protein kinase A (CNC1,
OMIM #160980). No causal gene has
been identified at the 2p16 locus, and
some families that were initially thought
to have disease related to this locus
actually have chromosome 17q24
PRKAR1A mutations {122}. At least one
further locus remains to be identified. As
yet, neither mutations of PRKAR1A nor
loss of heterozygosity of markers at 17q2
and 2p16 have been found in sporadic
cardiac myxomas {598}.
Flow cytometry shows abnormally high
tetraploid DNA patterns in all cases of
syndromic myxomas, whereas in sporadic myxomas it is present only in about
20%.
Prognosis and predictive factors
There is a remarkably different prognosis
between patients with sporadic and
familial myxomas. Patients with sporadic
tumours have a good prognosis, with 13% recurrence rate {1275,296,2227}.
However, about 10% of patients with
familial myxomas either have recurrent
tumours or develop another tumour in a
different location {1276,1598}. The recur-
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Fig. 4.13 Papillary fibroelastoma. A Papillary fibroelastoma from aortic valve. Note multiple translucent papillary fronds. B Multiple papillary fibroelastomas (greater than 40) developing 17 years following open heart
surgery. From A.N. Kurup et al. {1105}.

rence interval in one series was 47.8
months {296}. The probability of recurrence has been related to DNA chromosomal pattern {296,1276}. Patients with a
familial tumour need to followed long
term.
Embolization is the major complication of
myxoma and may result in ischemic
symptoms in a variety of arterial beds.
Intracranial aneurysm due to embolization is also a rare, but potentially morbid,
complication. The etiology of these
aneurysms is unclear but histologic verification of myxoma cells in arterial walls
has been reported {1758}.
Treatment
Immediate surgical resection is advised
when the diagnosis of cardiac myxoma is
suspected {1454}, because of the risk of
embolism {2001}. The tumour is removed
under cardiac arrest with cardiopulmonary bypass. Minimal manipulation
and gentle management of the heart is
recommended so as not to precipitate
embolism. After the tumour is resected,
the cardiac chamber should be irrigated
with saline solution to wash out residual
tumour fragments.
The approach to a left atrial myxoma is
usually through a vertical incision. When
the tumour is not large, a transseptal
approach useful, whereas a transseptal
biatriotomy {516} is recommended for a
large tumour. As the majority of left atrial
myxomas arise from the interatrial septum, the tumours can be removed en
bloc with a 5 mm margin of normal tissue. The fossa ovalis, where the pretumour cells of myxomas are thought
likely to exist {2102}, should also be
excised if possible. For a right atrial myxoma, direct caval cannulation avoids
tumour fragmentation. When direct cannulation to the inferior vena cava is

impractical, a cannula should be inserted from the femoral vein for the inferior
vena cava. Tumour resection with the full
thickness of the septum and patch repair
is required for tumours with a broad
based attachment. However, when the
tumour originates from the atrial wall,
resection of the attachment, and 5 mm of
normal tissue including endocardium
and underlying myocardium are recommended.

Papillary fibroelastoma
Definition
An endocardial based papilloma lined by
endothelial cells with proteoglycan rich
avascualar stroma, usually rich in elastin.
Synonyms
Giant Lambl excrescence, fibroelastic
papilloma
Epidemiology
Papillary fibroelastoma is a rare and
benign tumour representing less than
10% of primary cardiac tumours
{121,247}. The true incidence is difficult
to determine, as the tumour may be overlooked and there is morphologic overlap
with Lambl excresences, a reactive agerelated valvular lesion {249,2080} In
recent series of surgically excised cardiac tumours papillary fibroelastoma represents the second most frequent benign
lesion.
Papillary fibroelastoma is the most common primary tumour of cardiac valves. In
two recent series of primary valve
tumours, papillary fibroelastoma constituted 73% and 89% of cases {531,1714}.
Mean age of the patients is 60 years
(range, newborn to 83 years) and there is
an equal gender predilection {1714,
1903}.
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Etiology
The histogenesis continues to be a
source of controversy. Various gross,
microscopic, and molecular characteristics of papillary fibroelastoma have led to
the lesions’ being described as neoplasms, hamartomas, organized thrombi,
and unusual endocardial responses to
trauma. The histochemical presence of
fibrin, hyaluronic acid, and laminated
elastic fibers within the fronds supports
the hypothesis that papillary fibroelastomas may be related to organizing
thrombi. Evidence favouring the hamartoma hypothesis includes a histologic
appearance that suggests the proliferation of miniature tendinous cords and
apparent congenital papillary fibroelastomas associated with other congenital
cardiac anomalies. Due to the presence
of dendritic cells and cytomegalovirus in
the intermediate layers of some papillary
fibroelastomas, a recent study proposed
that papillary fibroelastomas may be
related to a chronic form of viral endocarditis {734}.
Repetitive hemodynamic trauma may
contribute to their development as they
have been reported in association with
diseases resulting in abnormal flow of
blood in the heart including rheumatic
heart disease, hypertrophic cardiomyopathy, mitral valve prolapse and atrial
septal defect, among other diseases.
However, the mechanisms by which such
hemodynamic abnormalities contribute to
papillary fibroelastoma growth are unclear.
There is increasing evidence that at least
a subset (18%) of these tumours develop
as a result of iatrogenic factors, including
thoracic irradiation and open-heart surgery (subaortic septal myectomy, valve
repair, valve replacement and repair of
congenital defects {1105}. In contrast to
sporadic cases, which are most common
on cardiac valves, iatrogenic papillary
fibroelastomas tend to occur in a variety
of non-valvular endocardial surfaces,
usually in close proximity to the predisposing iatrogenic factor, e.g. in the
chamber most closely associated with
the site of surgery.
Localization
Ninety percent of papillary fibroelastomas occur on heart valves, including
aortic, posterior and anterior mitral
leaflets {531,597,842,1397,1819,2015},
mitral chordae and papillary muscles
{313,659}. Unusual locations include the

Table 4.02
Immunohistochemical profile of cardiac papillary fibroelastomas.
From D. Grandmougin et al. {734}
Marker

Central fibrous
core

Intermediate layer

Endothelial border

Vimentin

(+)

(+)

(+)

S 100 Protein

(-)

(+)

(-)

CD 31

(-)

(-)

(+)

CD 34

(-)

(-)

(+)

Factor VIII

(-)

(-)

(+)*

CMV-LMP-1

(+)

EBV-LMP-1

(-)

*Staining intensity decreased in comparison to the adjacent normal endocardial endothelium with an
immunoreactivity ratio of 0.4

tricuspid and pulmonary valves, right
and left atrial and ventricular endocardial
walls, Chiari’s network, and coronary
ostia {43,202,254,913,977,1179,1770,
2249}. Autopsy series show an equal
right and left heart distribution {205,
531,1274}. However, surgical series have
a high prevalence (81%) of left sided
papillary fibroelastomas because leftsided lesions are much more frequently
symptomatic.
Tumours are found most commonly
(69.5%) on diseased valves - 37.8%
post-rheumatic valves and 62.2% valves
with fibrosis and calcification {1903}.
Papillary fibroelastomas have been
likened to Lambl excrescence, but unlike
Lambl excrescences, which occur at the
line of closure of semilunar valves, papillary fibroelastomas occur anywhere on
the valve surface.
Clinical features
The clinical diagnosis of papillary fibroelastoma can be difficult because
embolic complications can mimic a variety of underlying diseases {1714}.
Integrity of the superficial endothelial
layer of the fronds has been demonstrated to be the main element leading to
occurrence of embolic events {734}.
Embolism is related to the aggregation of
platelets and fibrin {567,734,742}.
Lesions adjacent to coronary ostia may
prolapse resulting in angina, syncope or
sudden death {205,262}. The majority of
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surgically excised cases occur in
patients with symptoms related to cerebral ischemia. The diagnosis is made by
multiplanar transthoracic and transesophageal echocardiography {713,
1151,1770,2015}. High-resolution echocardiography shows an echolucent centre.
Macroscopy
Papillary fibroelastomas range in size
from 2-50 mm in greatest dimension,
although the majority are less than 10
mm. They are generally opalescent
white, but this colour may be obscured
by thrombus. They are usually attached
to the endocardial surface by a short single stalk, but those with more than one
attachment to the endocardium have
been observed. Papillary fibroelastomas
have multiple papillary fronds and, particularly when immersed in water, they
resemble a pom-pom or sea anemone.
Papillary fibroelastomas most often
occur singly (80-90%), but among
patients with iatrogenic tumours, multiple
tumours (2 to greater than 40) occur with
great frequency (67%). Such tumours are
less likely to occur on the valves and
have been reported in a wide variety of
locations (on papillary muscles, tendinous cords, and atrial and ventricular
septal and free walls).
Histopathology
Papillary fibroelastomas have a superficial endothelial layer, an intermediate
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Fig. 4.14 Papillary fibroelastoma. A Location at the aortic valve. B Movat pentachrome stain demonstrating an incidental papillary fibroelastoma on the surface of
the valve. In this example, there is little elastic tissue within the papillae. C Papillary fibroelastoma showing multiple fronds with prominent elastic tissue cores
(elastic van Gieson). D Fibroelastic papilloma with young vegetations.

layer rich in proteoglycans and a central
avascular core. The inner layers contain
fibroblasts and occasional inflammatory
cells including macrophages and dendritic cells {742,1703}. Elastic fibres are
most prominent in the core but may be
sparse or absent in the distal parts of the
papillae. Acute and organizing thrombi
may be seen on the surface and obscure
the papillary surfaces.

Immunohistochemistry
Immunohistologic studies demonstrate a
disparity between surface and deeper
layers. Surface endothelial cells express
vimentin and CD34 with some loss of
intensity for CD31 and factor VIII related
antigen in comparison to normal endocardial endothelium. It has been proposed that the decreased expression of
endothelial markers indicates endothelial

trauma or dysfunction {734,1200,1703}.
Spindle cells in deeper layers may focally express S100 protein. The S100 cells
likely represent competent antigen presenting dendritic cells. The presence of T
cells has not been investigated in these
regions.
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Haemangioma

Definition
Haemangiomas (angiomas) are benign
tumours composed predominantly of
blood vessels. The histologic classification includes those composed of multiple
dilated thin-walled vessels (cavernous
type), smaller vessels resembling capillaries (capillary type), and dysplastic malformed arteries and veins (arterio-venous
haemangioma, cirsoid aneurysm). Cardiac haemangiomas often have combined features of cavernous, capillary and
arteriovenous haemangiomas, and many
contain fibrous tissue and fat. These features are reminiscent of intramuscular
haemangiomas of skeletal muscle.
ICD-O code

9120/0

Clinical features
Most cardiac haemangiomas are discovered incidentally but patients may present with dyspnoea on exertion, arrhythmias, right-sided heart failure, pericarditis, pericardial effusion, and failure to
thrive. Patients may have associated
vascular syndomes e.g. KasabachMerritt {675}.
Imaging
At echocardiography, haemangiomas
are usually hyperechoic, circumscribed,
and intracavitary solitary masss. At MRI,
hemaniogmas may be intermediate to
high on T1 weighted images, often are
very intense on T2 weighted images, and
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also enhance brightly with contrast
administration {1003}. At CT the tumors
are usually circumscribed, low attenuation, heterogeneous and also enhance
brightly with contrast administration.
{737}. The circumscribed, non-infiltrative
appearance of haemangioma, particularly on MRI which is most sensitive to tissue infiltration, can be used to suggest
that the neoplasm is benign, but a specific diagnosis cannot be made with
imaging.
Localization
The most frequent locations are the lateral wall of the left ventricle (21%), the
anterior wall of the right ventricle (21%),
the interventricular septum (17%) and
occasionally, the right ventricular outflow
tract {226}.
Macroscopy
The tumours are often large and gross
appearance depends on the size of the
vascular spaces in the tumour. The capillary type is frequently slightly raised
from the endocardial sruface and
appears red to purple. Intramuscular
types will appear infiltrative. Cavernous
haemangiomas are usually large and are
also poorly circumscribed.
Histopathology
Capillary haemangiomas are composed
of nodules of small capillary-size vessels,
each of which is subserved by a “feeder”

B

Fig. 4.15 Cardiac haemangioma. A MRI of right atrial haemangioma in a newborn who underwent partial
surgical resection of the tumor. ECG-triggered breath-hold T2-weighted fast spin echo sequence shows a
markedly hyperintense signal from the tumor (arrow). B Echocardiographic imaging of cardiac haemangioma involving the interventricular septum in a 7-year-old boy.
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vessel. This lobular or grouped arrangement of vessels is helpful for distinguishing these benign from malignant vascular proliferations. Mast cells and factor
XIII-positive interstitial cells are a consistent feature.
Intramuscular cardiac haemangioma has
superficial resemblance to arteriovenous
malformation, with the presence of heterogeneous vessel types, including muscularized arteries, veins, and capillaries.
In contrast to capillary haemangioma,
they are infiltrative lesions and occur
within the myocardium. They are histologically identical to intramuscular haemangiomas within skeletal muscle, and
may possess, in addition to the vessels,
fat and fibrous tissue. Because of the latter features, some intramuscular cardiac
haemangiomas are misclassified as lipomas or fibrolipomas.
Cavernous haemangiomas are composed of large dilated vascular spaces.
They tend to infiltrate the myocardium.
The lining cells are bland and flattened
and mitotically inactive.
Genetic susceptibility
Genetic susceptibility to cardiac haemangiomas has not been identified.
Extracardiac haemangiomas occur in a
variety of contexts. They may be single
sporadic lesions or multiple lesions that
are components of complex genetic syndromes. Capillary haemangiomas occur
in up to 10% of live births and are the
most frequent tumour in newborns
{1409}. When these tumours occur in the
absence of associated syndromes, they
may represent manifestations of an autosomal dominant mendelian trait (OMIM
#602089) {7}. Linkage analyses {224,
2101} of multiplex kindreds affected by
hereditary capillary haemangiomas have
identified loci on chromosome 5 (q31q33 and q13-q22) that appear to contain
as yet unidentified causal disease
genes.
A wide array of complex syndromes,
such as von Hippel Lindau syndrome
(OMIM #193300) and SC phocomelia/
Roberts syndrome (OMIM #269000), that

can be transmitted in a mendelian fashion include haemangiomas as components of their clinical presentations. The
Klippel-Trenaunay-Weber syndrome, in
which cutaneous haemangiomas occur
in the setting of osseous hypertrophy,
shows familial clustering, but a clear
mode of inheritance has not been established. Autosomal paradominant and
dominant modes of inheritance have
been proposed {306,775}. Translocations {2105 2130} have been identified
in 2 Klippel-Trenaunay-Weber patients,
t(5;11) (q13.3;p15.1) and t(8;14)(q22.3;
q13), but specific gene defects remain to
be identified.
Somatic genetics
Specific genes have been associated
with two disorders involving arteriovenous malformations. Mutations in the
gene on chromosome 9p21 encoding the
endothelial cell-specific receptor tyrosine
kinase TIE2 cause the autosomal dominant Bean or “Blue rubber-bleb nevus”
syndrome (OMIM #112200) and familial
multiple cutaneous and mucosal venous
malformations (OMIM#600195) {2084}. At
least some cases of hereditary cerebral
cavernous
malformations
(OMIM
#116860) are caused by mutations in the
chromosome 7q21-q22 Krev interaction
trapped-1, KRIT-1, gene {1110}. KRIT1
normal binds to RAP1A, a Ras GTPase,
and the disease causing mutations
appear to disrupt these interactions.
Other genetic loci for this disorder have
been identified at chromosomes 17p15p13 and 3q25.2-q27 and remain to be
studied. The genetic and clinical relationship of this disorder to hereditary neurocutaneous angioma (OMIM #106070) is
unclear.
Syndromic associations
The majority of cardiac haemangiomas
are sporadic, without evidence of extracardiac vascular lesions. Rarely, there
may be extracardiac haemangiomas of
the gastrointestinal tract and port-wine
stain of the face. Giant cardiac haemangiomas can result in thrombosis and
coagulopathies (Kasabach-Merritt syndrome) {239,675}.

Fig. 4.16 Haemangioma. This lesion has some features of arteriovenous malformation, with a non-uniform
collection of thick walled arteries, dilated veins and capillaries. In addition, there is fat and fibrous tissue,
as ooccasionally seen in an intramuscular haemangioma.

Fig. 4.17 Haemangioma. This tumor shows a relatively uniform population of capillary type vessels with variable degrees of dilatation. The myxoid background may suggest myxoma, but other features of myxoma are
absent, and the vessels are mature.
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Benign tumours with myofibroblastic
differentiation

Cardiac fibroma

8810/0

Synonyms
Fibroelastic hamartoma, fibrous hamartoma.
Epidemiology
Most cardiac fibromas are discovered in
children and often before one year of age
{737,1944}. Prenatal diagnosis with
sonography is possible {121,134,538}.
However, cases are also reported in
adults {307} and even as an incidental
finding in the elderly {2093}. There is no
sex predominance. The incidence is very
low with only about 200 cases reported
to date.
Localization
The most common site of cardiac fibroma is the ventricular septum, but the free
walls of the left and right ventricle are
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other common locations. Atrial fibromas
are quite rare.

Definition
Fibroma is a rare primary heart tumour
composed of fibroblasts or myofibroblasts with a matrix containing collagen. It
almost exclusively occurs within the
myocardium of the ventricles or ventricular septum. It is not clear whether it is a
hamartoma or a true neoplasm. Because
most cases occur in infants and children
it is likely congenital.
ICD-O code
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Clinical features
One-third of cardiac fibromas cause
symptoms because of their mass effect,
either through obstruction of blood flow
or interference with valvular function and
patients present with cardiac failure or
cyanosis. In another third of the cases,
cardiac fibromas, whatever their location,
cause significant arrhythmias, syncope
or sudden death. The remaining patients
are asymptomatic and tumours are discovered because of heart murmur or a
radiographic abnormality. Embolic phenomena are not a feature of cardiac fibromas {121,134,538,737,1944}.
Imaging
At echocardiography fibromas typically
appear as a large, well-circumscribed,
solitary mass in the septum or ventricular
free wall {1010,1242} and in some cases
may be confused with hypertrophic cardiomyopathy {66}. The tumors are frequently very large and may cause
obstruction, which can be assessed by
colour Doppler. MRI likewise shows a
large, solitary, homogeneous myocardial
mass centered in the ventricles {1003,
1215,1660}. Because of the fibrous
nature of the tumour, the signal intensity
is often less than that of adjacent uninvolved myocardium, and contrast-
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Fig. 4.19 Cardiac fibroma. A The tumour fills the left
ventricular cavity, which is obliterated. The right
ventricle and tricuspid valve are on the left.
B Cardiac fibroma with prominent whorled surface.

enhanced imaging usually demonstrates
a hypoperfused tumour core. CT also
shows a large, solitary, ventricular mass,
which is usually low attenuation on CT.
Unlike other imaging modalities CT may
detect calcification which is a helpful feature in making a confident diagnosis.
{66}. Overall, the imaging finding of a

C

Fig. 4.18 Cardiac fibroma. A Left ventricular fibroma in a 6-month-old infant. A. ECG-triggered breath-hold proton-density fast spin echo MRI with double inversion
recovery sequence in the axial plane showing a large inhomogeneous mass involving the left ventricular free wall. B MRI of left ventricular fibroma in a 6-monthsold infant. Post-gadolinium imaging shows enhancement of the uninvolved myocardium and the tumour’s periphery. Note the hypoperfused tumor core.
C Echocardiogram of an infant with a large right ventricular fibroma causing right ventricular outflow tract obstruction.
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ages, but is somewhat more common in
older individuals. Wavy elastic fibers are
frequent and may be prominent. Focal
myxoid change in the stroma and chronic inflammation may also be present
{244}.
Immunoprofile
Tumour cells express vimentin and
smooth muscle actin, both in cellular and
fibrous lesions. They do not express
desmin, CD34 or S-100 protein.
Reacitivity for markers of proliferation,
are much more frequent in cellular
tumours than in the fibrous ones {451}.
Somatic genetics
A clonal translocation has been
described in cell cultures of a subepicardial fibroma resected from an infant.
Cytogenetic analysis in this tumor
showed a clonal reciprocal translocation,
46,XY,t(1;9)(q32;q22),inv(9)(p11q12)c
{572}.

A

B
Fig. 4.20 Cardiac fibroma. A Fibroma infiltration into adjacent myocardium. B Calcifications in a fibrous
lesion from a 19-year-old patient.

solitary, very large, hypovascular mass in a
child is suggestive of a cardiac fibroma.
Macroscopy
They are typically rounded masses that
are fibrous, white and whorled, reminiscent of uterine leimyomas. The margin
may be either circumscribed or infiltrative. In some cases, fibromas are massive and can obliterate ventricular cavities. They are nearly always mural,
although polypoid endocardial based
lesions have been reported. Most occur
singly. The mean diameter is 5 cm.
Histopathology
Fibromas are composed of bland-looking
spindle cells forming loose intersecting

bundles. They are not encapsulated and
extend into the surrounding myocardium.
Even in grossly circumscribed cases,
entrapped myocytes can often be seen
deep within the tumours, far from the
gross margins {244,451}. The fibroma
cells have oval or tapered nuclei without
nucleoli. Their cytoplasm is pale. These
cells are associated with abundant collagenous stroma, which increases with
the age of the patient. Cellular lesions are
observed in infants during their first
months of life, while fibromas in older
patients contain large amounts of collagen. Mitoses and foci of extramedullary
haematopoiesis may be present in cellular tumours {451}. Calcification is
observed in lesions from patients of all

Genetic susceptibility
Approximately 3% of patients with Gorlin
syndrome have cardiac fibromas {418,
547,716}. Gorlin syndrome (or nevoid
basal cell carcinoma syndrome) is an
autosomal dominant disorder characterized by generalized body overgrowth,
jaw keratocysts, developmental abnormalities of the skeleton, and a predisposition to neoplasms, specifically cardiac
fibroma. Gorlin syndrome results from
germline mutations in the PTC gene,
which maps to chromosome 9q22.3 and
is homologous to the Drosophila patched
(ptc) gene {756}. The ptc gene encodes
a transmembrane protein in Drosophila
that represses the Hedgehog signaling
pathway to control cell fate, growth, and
development {756,893}. These data suggest that the PTC gene not only functions
as a tumour suppressor gene, but also
plays a critical role in development.
However, the precise role of the PTC
gene in myocardial cell growth and differentiation and its role in the development of cardiac fibroma remains to be
defined {2077}.
Associated hydrocephalus, cleft lip and
palate, and Sotos syndrome (megalencephaly with gigantism) have been
reported {446,1242}.
Prognosis and predictive factors
The cardiac fibroma is benign, but its
nature of slow but continuous growth
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may cause conduction defects and
arrhythmias. Extension into the ventricular free walls may result in atrioventricular
valve inflow or arterial outflow obstruction. Spontaneous regression as can
occur with congenital rhabdomyoma has
not been observed.
Treatment
Operative intervention is usually required
{451,615,2071}. When the tumour proves
unresectable, heart transplantation is an
option {731,2071}. However, favourable
late results even after incomplete excision have been reported {132,307,1880}.

Inflammatory myofibroblastic
tumour
Definition
Inflammatory myofibroblastic tumour is
composed of myofibroblasts accompanied by a variable number of inflammatory cells including lymphocytes, macrophages, plasma cells and eosinophils.
ICD-O code

8825/1

Synonyms
Plasma cell granuloma, inflammatory
pseudotumour and possibly inflammatory fibrosarcoma
Epidemiology
These tumours are very rare in the heart,
and only small series and case reports
appear in the literature.
Localization
Although there is a predilection for the
ventricles, especially the right ventricular
outflow tract, any site in the heart may be
involved {1177}.
Clinical features
Signs and symptoms
There are no specific signs or symptoms
related to cardiac inflammatory myofibroblastic tumour, as these are related to
location within the heart. One cardiac

Fig. 4.21 Inflammatory myofibroblastic tumour of the left ventricle. Plump spindle cells are arranged in a
haphazard fashion and focally surround myocytes. A modest chronic inflammatory cell infiltrate including
plasma cells is also present.

inflammatory myofibroblastic tumour has
been reported in a patient with systemic
vasculitis and another tumour regressed
spontaneously.
Macroscopy
Inflammatory myofibroblastic tumours of
the heart are large lesions, measuring up
to 8 cm {451}. Grossly, they tend to have
relatively narrow attachments to the
endocardium and project into the ventricular lumen.
Histopathology
Inflammatory myofibroblastic tumor is
composed of spindled myofibroblasts,
fibroblasts, chronic inflammatory cells
and sometimes eosinophils. Various
combinations of these cell types make
these tumours quite variable from one
case to another Occasional mitoses and
foci of necrosis may be present.
Immunoprofile
The tumour cells strongly express actin
and vimentin, but not desmin, CD34, S-
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100 protein and p53. It is unknown if
ALK-1 expression is diagnostically useful
in cardiac inflammatory myofibroblastic
tumours as is the case with extracardiac
tumours.
Differential diagnosis
In contrast to fibromas, inflammatory
myofibroblastic tumours are endocardial
lesions, and there is often organizing fibrin thrombus on the surface. In addition
the tumours are more histologically variable, the spindle cells are larger than in
fibromas and the cells often have nucleoli.
Prognosis and predictive factors
The biologic behavior of inflammatory
myofibroblastic tumour is that of a lowgrade lesion with the propensity for recurrence, but overt malignancy is rare. No
case of metastases arising from cardiac
inflammatory myofibroblastic tumour has
been reported.

Cardiac lipoma

A.P. Burke
P.A. Araoz

Definition
Benign tumour composed of mature,
white adipocytes.
ICD-O code

8850/0

Epidemiology
Cardiac lipoma is rare and found in fewer
than 1 in 10,000 autopsies {1116}.
Lipomas generally account for only 0.53% of excised heart tumours {121,573,
952,1257,1672}. Higher estimates of up
to 10% of heart tumours are likely because lipomatous hypertrophy, a separate entity, has been included
{1257,1628}. Lipomas occur in children,
but account for less than 2% of heart
tumours similar to the relative incidence
in adults {134}.
Localization
Cardiac lipomas may occur anywhere in
the heart. There is a predilection for the
pericardium and epicardial surfaces
{540,1125,1628,2060}, where they may
attain enormous sizes. Other sites
include the ventricular septum {1869},
and cardiac valves. When they involve

Fig. 4.22 Lipomatous hypertophy of atrial septum.

Fig. 4.23 Lipomatous hypertrophy. Lipomatous hypertrophy of atrial septum. Note the multivacuolated
adipocytes which can mimic liposarcoma.

the latter site, the designation “fibrolipoma” has been used {149,280,1562}.
Clinical features
As is the case with other heart tumours,
the presentation is varied, and depends
on location. Many cardiac lipomas are
incidental findings, or cause a variety of
arrhythmias, syncope and electrocardiographic abnormalities {342,638,1383,
1562,1735}. Rarely, outflow tract obstruction may occur {1869}. Computed
tomography and magnetic resonance
imaging may establish the fatty nature of
the tumour {1383}. Recurrences are rare
{2146}.
Imaging
The echocardiographic appearance of
cardiac lipomas varies with their location.
Lipomas in the pericardial space have
variable echogenecity but are often
hypoechogenic, while intracavitary lipomas are typically echogenic {66}. The
reason for this difference is unknown. At
echocardiography, intracavitary lipomas
are usually circumscribed but cannot be
differentiated from other circumscribed
cardiac masses. However, MRI and CT
both allow for very specific identification
of fat and therefore can be used to definitively diagnose lipomas {66}.

Histopathology
Similar to extracardiac lipomas, cardiac
lipomas are circumscribed masses of
mature adipocytes. Unusual histologic
variants of lipoma have not been
described in the heart, with the exception of pediatric cardiac lipoblastoma in a
child, which possessed immature and
mature adipocytes, with focal vascular
myxoid areas containing lipoblasts {500}.
Differential diagnosis
The main differential is lipomatous hypertrophy, a non-encapsulated lesion composed of mature fat and adipocytes
resembling brown fat cells intermixed
with enlarged cardiac myocytes occurring solely in the interatrial septum.
Lipomatous hypertrophy is most often an
incidental finding at autopsy, but may
uncommonly be the cause of unexplained atrial arrhythmias, congestive
heart failure, or superior vena cava
obstruction {242,365}.
The differential diagnosis also includes
the intramuscular variant of haemangioma, which may contain variable numbers of adipocytes.
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Cystic tumour of atrioventricular node

Definition
Congenital multicystic tumour or rest
located at the base of the atrial septum in
the region of the atrioventricular node.
Lining cells may be derived from primitive endoderm.
ICD-O code

8454/0

Synonyms
Mesothelioma of atrioventricular node,
lymphangioma, endothelioma, inclusion
cyst, Tawarian node, benign mesothelioma of Mahaim, endodermal rest, congenital polycystic tumour of atrioventricular node, intracardiac endodermal heterotopia.
Epidemiology
The mean age at presentation is 38 years
(range birth- 78 years) and women are
more frequently affected than men
(approximately 3:1). One patient with
long standing heart block survived to
age 95, at which time the diagnosis was
made at autopsy {64}.
Etiology
Because most patients have a history of
congenital heart block, they likely are
congenital rests. In 10% of patients the
tumours occur in association with other
midline defects {240,1189,1617,1719,
2021}. The precise intrauterine migration
defect is unknown. The cell of origin is
foregut endoderm, not mesothelium as
previously believed. Because diagnosis

in advanced years occurs, the congenital nature is not proved in all. Evidence
that limited cell proliferation occurs in
some cases may explain presentation
later in life, and patients may live for
decades with complete heart block {64}.
Localization
By definition they occur adjacent to the
atrioventricular node. Similar lesions
have not been described elsewhere in
the body.
Clinical features
Two-thirds of patients present with complete heart block, 15% with lesser
degress of atrioventricular block, and
10% with sudden death without documented history of heart block {240}. The
remainder are incidental findings in newborns and infants with structural heart
defects. Only rarely are atrioventricular
nodal tumours detected in patients with
normal sinus rhythm. Most tumours have
first been diagnosed at autopsy but in
vivo diagnosis has been reported {102}.
Macroscopy
They range in size from 2-20 mm and are
multicystic, the cysts often barely perceptible.
Histopathology
They arise in the inferior interatrial septum and generally respect the boundaries of the central fibrous body, and do
not involve ventricular myocardium or the
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valves. Tumour cells occur in nests or
line the variably sized cystic spaces.
Cells can interdigitate with myocytes
within the inferior septum, resulting in
degenerative changes within the
myocytes. Cells may be cuboidal, transitional, squamoid or show sebaceous differentiation. Multilayering may occur
along the cyst walls {240,1157,1189}.
Immunohistochemistry
The cells strongly express cytokeratin,
epithelial membrane antigen, carcinoembryonic antigen and B72.3. Cells may
also express calcitonin and serotonin.
{465,523,1173,1345}.
Electron microscopy
Two cells types are characteristic. Within
the solid nests, cells have well formed
basement membrane, cytoplasmic
tonofilaments and desmosomes. Cells
lining the spaces are also connected by
desmosomes, have short microvilli and
may contain electron dense material
{240}.
Prognosis
The tumours are benign neoplasms but
may result in significant arrythmias or
sudden death. Surgical excision has
been reported in a few patients
{951,1541}.

Cardiac sarcomas

Angiosarcoma
Definition
Angiosarcoma is a malignant tumour
whose cells display endothelial differentiation.
ICD-O code

9120/3

Synonyms
Haemangioendothelioma,
malignant
haemangioendothelioma,
haemangiosarcoma, haemangioendothelial sarcoma, malignant haemangioma and
malignant angioendothelioma {1179}.
Epidemiology
Angiosarcomas are the most common
malignant differentiated cardiac neoplasms {259,691}. They occur over a
wide age range (36 months to 80 years)
{259,1693} with a peak incidence in the
fourth decade. It occurs with equal frequency in men and women.
Localization
It most often arises in the right atrium
near the atrioventricular groove (80%),
but has been reported in the other three
chambers as well as in the pericardium
{921,1654}. Left atrial involvement is
unusual though it has been reported
{203,478,799}. In one series the right atrium was involved in 55.6% and showed
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co-involvement of the right ventricle
(6.5%), pericardium (6.5%), and the left
atrium (0.9%) {1653}.
Clinical features
Signs and symptoms
Clinical features reflect location, size and
the extent of regional involvement, and
the presence or absence of metastases
{259}. Most are initially silent. Because of
frequent pericardial involvement {1653},
dyspnoea is not an early symptom as is
the case with other cardiac sarcomas.
The most common presenting symptom
is chest pain (46%) {259}. Right-sided
heart failure, often associated with hemopericardium and supraventricular arrhyth
mias are also frequent {1128A, 1398A}. A
significant number of patients present
with or have co-existent haemorrhagic
episodes, coagulopathy, anaemia, persistent haematomas or easy bruisability
{25}. Sometimes, early pericardial
involvement may lead to pericardial
biopsy during emergency surgical cardiac decompression for tamponade.
Cardiac rupture may occur, but is rare.
Presentation with lung metastases is not
uncommon {23,186,2216}. In 10% of
cases, fever, weight loss, and fatigue
remain unexplained for several months,
resulting in delayed diagnosis, large
tumour size, and advanced stage when
surgery is performed.
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The predominant right-sided location
allows for diagnosis by endomyocardial
biopsy, generally out of reach of other
sarcoma types (which have a predilection for the left atrium). Sometimes the
neoplasm remains undiagnosed in life
due to the absence of specific symptoms.
Imaging
At echocardiography angiosarcomas
typically appear as an echogenic, nodular or lobulated mass in the right atrium.
Pericardial effusion or direct pericardial
extension/invasion are frequently seen
{66}. At MRI angiosarcoma also usually
appears as a heterogeneous, nodular
mass in the right atrium. MRI imaging
sequences sensitive for hemorrhage (T1
weighted images) may show areas of
hemorrhage which may be diffuse or
nodular {65}. After administration of intravenous contrast (gadolinium-DTPA)
enhancement along vascular lakes may
be seen which has been described as a
“sunray” appearance {527}. Like echocardiography, MRI may also show pericardial effusion or direct pericardial invasion, though MRI is more sensitive than
echocardiography for distinguishing
between pericardial fluid and pericardial
tumour. CT findings are similar to the MRI
findings. CT usually shows a heterogeneous, nodular mass in the right atrium
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Fig. 4.24 Cardiac angiosarcoma. A CT section at the level of the aortic valve demonstrates a soft tissue mass completely filling the right atrium. B Cardiac angiosarcoma arising in right atrioventricular groove, forming a papillary right atrial mass. Note the extensive pericardial involvement. C Metastatic angiosarcoma to the
lung, forming multiple haemorrhagic subpleural nodules (courtesy of Dr. William D. Edwards).
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Fig. 4.25 Cardiac angiosarcoma. A Cardiac angiosarcoma with papillary features. Serpiginous and gaping
vascular spaces lined by plump hyperchromatic endothelial cells. B Cardiac angiosarcoma with irregular
vascular spaces lined by atypical hyperchromatic, somewhat epithelioid endothelial cells.

with possible pericardial effusion or invasion. At CT angiosarcomas are usually
low attenuation due to necrosis but may
have focal high areas of attenuation due
to hemorrhage. CT may show a similar
pattern of contrast enhancement as MRI.
With MRI or CT, the presence of a hemorrhagic, irregular right atrial mass is
very suggestive of angiosarcoma, especially if accompanied by a pericardial
effusion {66}.
Macroscopy
Angiosarcomas usually form lobulated
variegated masses in the right atrial wall,
protruding into the chamber. They range
from 2.0 cm to several centimeters. The
masses are classically dark, grey-brown
to black in colour and may resemble a
melanoma {249}, but tumours with less
well-developed vascular spaces may
appear firm, yellow-white in colour, lacking the classic hemorrhagic appearance.
The pericardium is frequently involved
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and hence a hemorrhagic pericardial
effusion is a frequent accompaniment.
While involvement of the tricuspid valve
and extension or invasion of the vena
cavae is reported, involvement of the pulmonary artery and interatrial septum are
unusual. In rare instances, the pericardium is the sole site of involvement.

Fig. 4.26 Epithelioid angiosarcoma. Note the prominent eosinophilic cytoplasm (arrows).

Histopathology
Over two-thirds of cardiac angiosarcomas are well to moderately differentiated
showing well-formed vascular channels
and papillary structures. The vascular
channels are irregular, anastomosing,
and sinusoidal. The lining cells are usually pleomorphic and atypical. They may
form cord-like structures in which lumina
are difficult to demonstrate. Mitoses are
usually present {249,259,590}. The
remaining third are poorly differentiated
and composed predominantly of
anaplastic spindle cells. In angiosarcoma with a focal or dominant spindle cell
pattern, poorly formed vascular channels
and extravascular red blood cells can
usually be identified focally. Generous
sampling may be necessary in order to
identify diagnostic areas in such cases
{249}. Often, metastatic as opposed to
primary lesions, show areas of better differentiation. Angiosarcoma with a solid
pattern of growth and individual cells
having epithelioid features have been
reported {2059}. In these cases the neoplastic cells have eosinophilic cytoplasm
with occasional cytoplasmic vacuoles.
The nuclei in this variety are usually
large, hyperchromatic and have prominent eosinophilic nucleoli. The stroma
can be abundant and hyalinized.
Immunoprofile
Immunohistochemical staining is important for the definitive diagnosis of vascular lesions, especially those with poorly
differentiated patterns in which vascular
channels are difficult to identify. Most
angiosarcomas express, to variable
degrees, usual endothelial cell antigens
including factor VIII (von Willebrand factor), CD31 and CD34. Of these, CD31
gives the most consistent results, has
good specificity and excellent sensitivity
(approximately
90%)
{462,2119}.
Vascular channels may be highlighted by
the use of laminin and type IV collagen.
Cytokeratin and epithelial membrane
antigen may be focally positive in conventional angiosarcoma and may be diffusely positive in epitheloid angiosarcomas {2247}.
Electron microscopy
With the wide availability of immunohistochemistry, ultrastructural study is less
critical for diagnosis. The classic ultrastructural feature of endothelial cells, the
Weibel-Palade body, is not demonstrable

Epithelioid
haemangioendothelioma

in most neoplastic cells. However,
pinocytotic vesicles, abundant intermediate filaments, and a moderate amount
of rough endoplasmic reticulum and
Golgi apparatus may be identified.
Pericytes may be demonstrated adjacent
to tumour cells {1291}.
Differential diagnosis
In cases with a dominant spindle cell pattern distinction from an unclassified spindle cell sarcoma, fibrosarcoma or malignant fibrous histiocytoma may be difficult. The detection of endothelial vacuoles or papillary structures are helpful.
Immunohistochemical stains for laminin,
type IV collagen and even reticulin stains
may help highlight the vascular lumina
{545}. The increasing incidence of
Kaposi sarcoma makes differentiation
from the spindle cell areas of angiosarcoma essential, though cardiac Kaposi
sarcoma is usually metastatic.
Pericardial angiosarcomas can be mistaken for mesotheliomas {1277} and
clumps of reactive mesothelial cells may
be trapped in areas of an angiosarcoma.
Stains for cytokeratin, calretinin, cytokeratin 5/6 and CD31 can help to differentiate the two populations of cells.
Genetics
Genetics studies involving cardiac
angiosarcomas are rare and they only
analyze isolated patients with heart primary tumours. Cytogenetic analyses of
cardiac angiosarcoma show no consistent chromosomal abnormality {590}. A
case of right atrial angiosarcoma demonstrated hyperdiploid clonal populations
with changes in chromosome number, as
follows: 55, XY, +der (1;17) (q10:q10),
+2,+7, +8, +19, +20, +21, +22, as well
as polysomy of chromosome 8 {2247}.
Other chromosomal changes reported
are gains of 5pter-p11, 8p12-qter,
20pter-q12 and losses of 4p, 7p15-pter-y
and abnormalities involving 22q
{310,590}. Molecular analyses on tumour
tissues have focused on genetic alterations of TP53 and K-ras. The few reports
available show that TP53 is more frequently altered than K-ras. Mutations of
the TP53 tumour suppressor gene have
been revealed by PCR-SSCP and
sequencing studies and by immunohistochemical staining in up to 50% of
tumours studied {662,1428,2247}. A Kras mutation has also been documented
in heart angiosarcoma {662}: a G-to-A

Fig. 4.27 Epithelioid haemangioendothelioma.
There are cords of tumor cells arranged circumferentially within a vessel wall. The cells show focal
vacuolization, representing intracytoplasmic vascular lumina.

transition at the first base of codon 13,
which resulted in one amino acid substitution (Gly-13-Ser), in 2 relatively young
patients (31 and 36 years old).
Prognosis and predictive factors
Cardiac angiosarcomas have an especially poor prognosis because they typically present in the face of advanced
disease {249}. In one study, 80% of
patients had metastatic disease at the
time of diagnosis and 90% survived less
than nine months {921}. A mean survival
of ten months after surgical excision, with
or without adjuvant therapy, has been
reported in another study {823}. In soft
tissue angiosarcomas, morphologic features that have statistically correlated
with poor outcome include age, large
size and high proliferative (Ki-67) index
{478,590}. Metastases occur most frequently to the lung (70%), then liver. No
significant correlation has been reported
between DNA ploidy patterns and clinical
outcome {590}.
Treatment
There are no randomized treatment trials,
but patients are generally treated by a
combination of surgery and radiation
with or without sarcoma-type chemotherapy. Surgical resection is necessary, but
complete excision cannot be achieved in
most cases, because lack of a dissection
plane and myocardial encroachment of
tumoural tissue. However, even partial
resection (with possible valve repair)
may provide some months of symptomfree survival. However, local recurrence
is the rule, even when resection was
thought to be complete. Heart transplantation has been used to treat cardiac
angiosarcoma, but without long-term survival {1654, 2043}.

Definition
Epithelioid haemangioendothelioma is a
vascular tumour composed of epithelioid
cells arranged in short strands or solid
nests. The constituent endothelial cells
are round or oval, contain small intracellular lumina, and frequently infiltrate muscular walls of vessels.
ICD-O code

9133/3

Epidemiology
Fewer than five have been reported in
the heart {26,249,1241}. Epithelioid haemangioendothelioma has been reported
in association with myelodysplastic syndrome {26}.
Histopathology
The intracellular lumens of epithelioid
haemangioendothelioma may mimic the
vacuoles of adenocarcinoma, which may
be initially considered in the microscopic
differential diagnosis. Immuno-histochemical stains for factor VIII-related
antigen, CD31, or CD34 identify the cells
as endothelial. The differential diagnosis
also includes epithelioid haemangioma,
a tumour even rarer as a cardiac primary
{453}.
Prognosis
Approximately 10% of extracardiac haemangioendotheliomas develop metastases, and up to one third recur. The biologic behaviour of epithelioid haemangioendotheliomas of the heart is
unknown. They should be considered
low-grade malignant, based on available
data on histologically similar extracardiac tumours, and a case report of a
tumour that developed distant metastases {1241}.
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Fig. 4.28 Malignant fibrous histiocytoma. A Primary malignant fibrous histiocytoma with ossesous differentiation (osteosarcoma). B Malignant fibrous histiocytoma
with osseous differentiation (osteosarcoma). C Large nodules in the right atrium.

Pleomorphic malignant fibrous
histiocytoma (MFH) /
Undifferentiated pleomorphic
sarcoma
Definition
Malignant fibrous histiocytoma or undifferentiated plemorphic sarcoma is highgrade malignancy showing fibroblastic
or myobroblastic differentiation and
areas of marked cellular pleomorphism.
Malignant fibrous histiocytomas and
fibrosarcomas represent a broad spectrum of mesenchymal tumours and the
degree of cellular pleomorphism is the
major distinguishing feature.
ICD-O code
Malignant fibrous
histiocytoma

In a recent review, 81% of 47 cases were
left atrial {1508}. The other reported locations included the pericardial space (3
cases), right ventricle/ pulmonary valve
(3 cases), right atrium (1 case), and left
ventricle (1 case) {1508}. Although the

majority occur in the left atrium, where
they most often present like cardiac myxomas, they more commonly arise along
the posterior wall in comparison to the
septum {1056,1142,1526}.

A

B

8830/3

Synonym
Malignant fibrous histiocytoma is now
regarded as synonymous with undifferentiated pleomorphic sarcoma, as many
tumours formerly classified as MFH have
been found to have evidence of myogenic or other more specific differentiation.

C

D

Epidemiology
Malignant fibrous histiocytoma, as historically defined, is the second most common malignant cardiac sarcoma in adults
and, if considered with all undifferentiated sarcomas represents the most common sarcoma. There is no gender
predilection and the mean age is around
45 years (range, 20-80 years). Rare
cases have been reported in infants.

E

F

Localization
Malignant fibrous histiocytoma tends to
be located in the left atrium of the heart,
most commonly the posterior wall and /
or interatrial septum {1056,1142,1526}.

Fig. 4.29 Malignant fibrous histiocytoma (pleomorphic undifferentiated sarcoma). A In this example, there
is a myxoid background and a prominent vascular pattern reminiscent of myxoid malignant fibrous histiocytoma found in soft tissue. B Malignant fibrous histiocytoma arising in left atrium where it initially mimicked a cardiac myxoma. Note mitotic activity. C Note pleomorphic growth pattern. D Malignant fibrous
histiocytoma with osseous differentiation (osteosarcoma). Note formation of the mature bone trabeculae.
E Osteoid formation. F Cartilagenous differentiation.
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Clinical features
Most occur on the left side of the heart
and cause signs and symptoms related
to pulmonary congestion, mitral stenosis
and pulmonary vein obstruction.
Tumours may also present with metastases and the lungs, lymph nodes, kidney and skin are common sites.
Constitutional signs and symptoms may
precede symptoms referable to the
heart. Diagnosis of cardiac sarcoma
rests on echocardiography; MRI is helpful preoperatively to determine precise
tumour size, location, and adjacent tissues invasion, and post-operatively for
assessment of excision and recurrence.
Macroscopy
Malignant fibrous histiocytoma typically
presents as a soft or firm polypoid endocardial based tumour. It may be sessile
or pedunculated, simulating myxoma,
but unlike myxoma, may form multiple
masses not obviously part of the same
tumour {1142}. The mass may distend
the atrium and impinge upon the mitral
valve. Extension into the pulmonary veins
and lung parenchyma may be present
{1056} They may be uniform tan-white or
variegated due to haemorrhage and
necrosis. Calcification is uncommon.
Histopathology
Malignant fibrous histiocytoma or undifferentiated pleomorphic sarcoma is a
diagnosis of exclusion, and immunohistochemical studies are important in ruling
out metastatic myogenic, melanocytic
and neurogenic tumours as well as sarcomatoid carcinomas. Of the subtypes of
malignant
fibrous
histiocytoma
described in the soft tissue, the pleomorphic (greater than 90%) and giant cell
subtypes have been recognized in the
heart. The tumours are heterogeneous in
appearance and are variably cellular.
The constituent cells may be spindled or
epithelioid and sometimes have abundant eosinophilic cytoplasm. Intermixed
giant cells are common. A storiform
arrangement of tumour cells is common
and they usually have marked pleomorphism. Mitotic activity is easy to find.
Osteosarcoma
Undifferentiated pleomorphic sarcomas
demonstrate areas of osseous differentiation in 15% of cases. There is debate as
to whether these tumours should be classified as extra skeletal osteosarcomas or

undifferentiated pleomorphic sarcomas
with osteosarcomatous differentiation.
Virtually all osteosarcomas of the heart
reported thus far have occurred in the left
atrium. Like skeletal osteosarcoma,
areas of malignant giant cell tumour
(giant cell malignant fibrous histiocytoma), chondroid differentiation, and
osseous differentiation have been found
to coexist in variable amounts in a single
lesion.

A

Genetics
Genetic studies of cardiac sarcomas are
limited. In studies of extra cardiac malignant fibrous histiocytoma, the common
signature of genetic alterations includes
recurring low-level copy number increases at new sites on chromosome 7, and
losses of chromosome 2 sequences
{1546}. Genomic imbalance at chromosome 13 has also been observed, with
high gains for Xp and bands 1q21-22,
1p31, 3q27 and 9q3. The losses at chromosome 13 were observed in a large
proportion at regions 13q12-14 and
13q21-22 {1131,1224}. Specific losses in
regions that harbour tumour suppressor
genes like INK4a (9p21) and RB1
(13q14) have been revealed by Southern
blot and comparative genomic hybridization {1828}. RB1 gene is probably implicated in tumourigenesis of malignant
fibrous histiocytoma due to the high correlation between absence of RB1 protein
expression and chromosome 13 losses
and mutations found in this gene {353}.
Mutations localized to the core domain of
TP53 have been found by immunohistochemical and sequencing procedures
{1982}, as have other abnormalities like
protein accumulation {1647}. TP53 mutations and accumulation of p53 protein
have been detected in tumours with
MDM2 gene amplification {1647}.
Treatment
Complete resection of malignant primary
cardiac tumours can rarely be achieved,
but palliative surgery is usually undertaken because many patients present with
mechanical obstruction {731}. Adjunctive
chemotherapy, radiation therapy or both
are sometimes used {731}, however, the
optimal protocol and efficacy are unclear
{731,1508,1962,2043}. Patients with
unresectable primary malignant cardiac
tumours who are free of metastases may
be considered for heart transplantation
{731,1962,2043}.

B
Fig. 4.30 A Myxosarcoma from the left atrium. Cut
surface showing variable solid, soft and haemorrhagic regions. B Fibromyxosarcoma. A portion of
the tumor near the endocardial surface shows an
undifferentiated spindle cell sarcoma without
prominent vascularity or pleomorphism and an
abundant proteoglycan matrix.

Prognosis and predictive factors
For malignant fibrous histiocytoma and
fibrosarcoma there is some evidence that
grading is useful in predicting survival,
but the majority of patients with these
tumours die of either local or metastatic
disease {731,952,1508}. The mean postoperative survival is 5-18 months. The
cause of death may be related to
metastatic disease, bulky intracardiac
recurrences, or general debilitation.

Fibrosarcoma and
myxosarcoma
Definition
Fibrosarcoma is a malignant tumour
composed of fibroblasts with variable
amounts of intercellular collagen and a
classic herringbone architecture. Some
fibrosarcomas with abundant myxoid
stroma have been called myxosarcomas
but are not considered malignant variants of cardiac myxoma. Tumours with
marked pleomorphism, or a prominent
vascular or storiform pattern are better
classified as malignant fibrous histiocytoma.
ICD-O code
Fibrosarcoma

8810/3
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Epidemiology
Fibrosarcoma represents 5-10% of all
cardiac sarcomas depending on the criteria used for diagnosis. Fibrosarcomas
are less frequent, and occur over a
broader age range than malignant
fibrous histiocytoma, some having been
reported in children.
Localization
Fibrosarcomas are most common in the
left atrium, but have been reported to
arise in all chambers. Fibrosarcomas
may also infiltrate the pericardial space,
thus mimicking mesothelioma {1034}.
Clinical features
The clinical features of fibrosarcomas
have not been well-delineated from related cardiac sarcomas such as malignant
fibrous histiocytoma (undifferentiated
pleomorphic sarcoma) as the classification of these lesions has not been standardized in large series. As with other
sarcomas, signs and symptoms vary
depending on the location of the tumour.
Because most occur on the left side of
the heart, signs and symptoms related to
pulmonary congestion, mitral stenosis
and pulmonary vein obstruction are most
frequent. Rarely, cardiac fibrosarcoma
may present with metastases in the
lungs, lymph nodes, skin, and kidney.
Macroscopy
Fibrosarcoma typically presents as a soft
polypoid tumour projecting into the
chamber from whose walls they arise.
They have a gross appearance similar to
MFH {329}, but haemorrhage, necrosis,
and variegation are less common.
Histopathology
Fibrosarcoma of adult type is composed
of spindle shaped cells arranged in
sweeping fascicles that are often
arranged at angles to one another resulting in a “herringbone” pattern. The nuclei
are usually elongate with tapered ends
and darkly staining. Mitotic activity is
variable. In the myxoid variant tumour
cells spindling is less pronounced and
cells may take on a stellate or ovoid configuration. However in all types pleomorphism is minimal and prominent vascularity is absent.
Differential diagnosis
The differential diagnosis for the typical
variant of fibrosarcoma includes mono-
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Fig. 4.31 Embryonal rhabdomyosarcoma predenting as small cell undifferentiated tumor with cellular areas
concentrated towards the surface.

phasic synovial sarcoma, inflammatory
myofibroblastic tumours and localized
fibrous tumours, and for the myxoid variant, other myxoid sarcomas (MFH,
leiomyosarcoma, etc.) and cardiac myxoma. The latter is generally distinguished
by the presence of myxoma cells, abundant organizing hemorrhage, and
absence of mitotic figures and high cellularity. Fibromas are easily distinguished
from typical fibrosarcoma by lack of cellularity and abundant collagen.
Prognosis and predictive factors
See discussion on treatment of maligant
fibrous histiocytoma. There is no proven
difference in prognosis between cardiac
fibrosarcoma and malignant fibrous histiocytoma as demonstrated in a metaanalysis using actuarial methods {249}.

Rhabdomyosarcoma
Definition
Rhabdomyosarcoma is a malignant
tumour with striated muscle differentiation.
ICD-O code

8900/3

Epidemiology
Rhabdomyosarcoma is a very rare subtype of cardiac sarcoma. In the past,
before immunohistochemical documentation of tumour histogenesis was routine,
it was stated that a large proportion of
cardiac sarcomas were rhabdomyosarcomas. However, in more recent series,
the proportion is less than 5% {250}, and
in one recent series of cardiac sarcomas
with rigorous immunohistochemical documentation, none of 24 was classified as
rhabdomyosarcoma {509}.
Localization
Rhabdomyosarcomas occur anywhere in
the heart. Approximately 50% occur in
the atria, and 50% in the ventricles. The
frequency of ventricular involvement is
greater than other cardiac sarcomas.
Contrary to sarcomas with fibro- or myofibroblastic differentiation, they are not
usually intracavitary tumours, but are
more often mural.

Fig. 4.32 Embryonal rhabdomyosarcoma with rhabdomyoblasts containing abundant eosinophilic
cytoplasm.

Clinical features
Cardiac rhabdomyosarcomas are usually of the embryonal variant and, there-

A

B

Fig. 4.33 Leiomyosarcoma. A The tumour is cellular, composed of fascicles of relatively uniform cells. B Note tumour cellularity and focal necrosis.

fore, occur most frequently in children
and young adults; it is the most common
primary cardiac malignancy in children.
The mean age at presentation is approximately 20 years, compared to 40-50
years of age for other subtypes of cardiac sarcoma. Rhabdomyosarcoma is
more likely than other primary cardiac
sarcomas to involve the valves. The clinical presentation, as with other cardiac
tumours, depends on the cardiac location.

genin greatly facilitates the diagnosis
{1630}. Desmin is also useful in documenting
muscular
differentiation.
Alveolar rhabdomyosarcoma, characterized by a collagenous stroma and a
paucity of rhabdomyoblasts, has been
described in the heart generally as a
metastatic lesion.Sarcoma botryoides,
with characteristic grape-like structures
and a so-called cambium layer, a form of
embryonal rhabdomyosarcoma, has also
been described in the heart {760}.

Macroscopy
Cardiac rhabdomyosarcomas are bulky,
invasive tumours that may be grossly
mucoid or gelatinous, similar to cardiac
myxoma, or soft and necrotic, with variegation and heterogeneity. They usually
arise within the myocardium and are less
likely than sarcomas with myofibroblastic
or fibroblastic differentiation to be endocardial based, luminal tumours.

Differential diagnosis
The differential diagnosis includes other
cardiac sarcomas, especially undifferentiated lesions and metastatic small round
cell tumours in children and young
adults. Immunohistochemical stains are
vital in identifying rhabdomyoblasts.
Adult cellular rhabdomyomas, in contrast
to rhabdomyosarcoma, lack significant
mitotic activity, necrosis, and do not
express myogenin.

Tumour spread and staging
Sites of metastatic spread are, in order of
descending frequency: lungs, regional
lymph nodes, central nervous system,
gastrointestinal tract, kidney, adrenals,
thyroid, ovary, bone and pancreas.
Histopathology
Cardiac rhabdomyosarcomas are almost
exclusively embryonal. Embryonal rhabdomyosarcoma is small cell neoplasm
with variable numbers of PAS-positive
rhabdomyoblasts (tadpole or strap
cells). Well-differentiated embryonal
rhabdomyosarcoma has numerous tadpole-shaped rhabdomyoblasts. Nuclear
staining with antibodies against myo-

Electron microscopy
The diagnostic features are thick and thin
filaments reminiscent of normal striated
muscle. Internal A and I banding may or
may not be present, but Z-bands are frequently well formed. Plentiful glycogen
granules and abundant mitochondria are
also present. Tumour nuclei are lobulated, containing variable amounts of condensed chromatin. Occasionally, several
grids must be examined before rhabdomyoblasts are identified.
Somatic genetics
At exon 1 of K-ras, a mutation at the first
base of codon 13 (G to A transition) has

been detected in cardiac rhabdomyosarcoma {662}.
Treatment
Surgery
Surgical resection of the tumour is usually indicated even if it is considered as
palliative to relieve obstruction to cardiac
blood flow and to clarify the diagnosis
{301,470,952}. Total orthotopic heart
transplantation may offer relatively longterm survival {67,701,733} if there are no
distant metastases.
Chemotherapy
Although the outcome of chemotherapy
on cardiac rhabdomyosarcoma has not
been fully studied, due to the rarity of the
tumour, there have been advances in the
treatment of soft tissue rhabdomyosarcoma {423,529, 1194,1749} with a threeyear progression-free survival of approximately 65%. Neoadjuvant chemotherapy
may optimize a surgical approach
{1749}.
Radiotherapy
Adjuvant radiotherapy is commonly
mandatory to preclude local relapse or to
optimize the results of a surgical
approach. However radiotherapy may be
used preoperatively to decrease tumor
size and allow surgical resection.
Prognosis and predictive factors
Specific prognostic microscopic features
have not been devised for cardiac rhabdomyosarcomas. However, grading is
similar for other subtypes of cardiac sarcomas, and includes an assessment of
mitotic activity and necrosis {509}. The
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Fig. 4.34 Synovial sarcoma. A The tumour is highly cellular and composed predominantly of spindled cells. The epithelial areas may be difficult to discern on routine stains. B Immunohistochemical stain demonstrating expression of pancytokeratin in islands of epithelial cells.

prognosis is poor, with recurrence and
eventual metastasis with death of the
patient within months the rule {1944}. The
mean survival rarely exceeds 12 months.

Leiomyosarcoma
Definition
A malignant tumour composed of cells
with distinct smooth muscle features.
ICD-O code

8890/3

Epidemiology
Cardiac leiomyosarcoma is uncommon,
representing less 10% of cardiac sarcomas. There is no sex predilection, and
most occur in patients between 40 and
50 years of age.
Clinical features
Dyspnoea is the main clinical feature.
Sometimes patients present with chest
pain, cough, atrial arrythmias, or haemoptysis.
Macroscopy
Most of them are located in the left atrium
(posterior wall) and invade pulmonary
veins or mitral valve. But, tumours can
arise elsewhere, including the right atrium and ventricle, or pulmonary valve or
trunk. The tumours tend to be firm, fleshy,
grey and sessile. They may present as
multiple intra-cavitary nodules.

oriented at sharp angle or 90° to one
another. Inconstant characteristic features include the presence of cytoplasmic glycogen and perinuclear vacuoles.
Pleomorphic and giant cells may be
present. Zones of necrosis and mitotic
figures are generally plentiful. Usual
immunohistochemical markers of neoplastic cells are smooth muscle alpha
actin and desmin. Alpha actin also
shows numerous normal little vessels in
the tumour tissue. There may occasionally be aberrant expression of cytokeratin
and epithelial membrane antigen.
Demonstration of smooth muscle cell
derivation virtually confirms malignancy,
as leiomyomas remain undescribed in
this location.
Treatment and prognosis
Treatment consists of surgical excision,
almost always incomplete. This may
allow some patients several months of
symptom free survival, typically less than
one year. Chemotherapy and radiation
therapy may provide palliation.

Synovial sarcoma
Definition
Synovial sarcoma is a biphasic tumour
composed of spindled and epithelioid
areas, characterized by X;18 chromosomal translocations.
ICD-O code

Histopathology
Leiomyosarcoma is composed of compact bundles of spindle cells that possess blunt-ended nuclei and are often

280 Tumours of the heart - Sarcomas

9040/3

Epidemiology
Synovial sarcomas account for approximately 5% of cardiac sarcomas {173,

300,400,1466}. The true incidence has
probably been underestimated, as
molecular studies can now confirm the
diagnosis in the monophasic variant,
which is the most common form in the
heart. An association between cardiac
synovial sarcoma and asbestos exposure has been reported {1144}.
Localization
There is a predilection for the atria and
pericardial surfaces.
Clinical features
Clinical symptoms may arise from
obstruction, embolism, and tamponade.
Macroscopy
Synovial sarcomas are bulky, infiltrative
tumours that are typically firm and white.
Necrosis or hemorrhage may be present.
Histopathology
The classic lesion is biphasic, but the
monomorphic variant is especially common in the heart. The spindle component
resembles a fibrosarcoma, but alternating
cellular and oedematous areas are typical. The spindle cells are small, compact,
and often infiltrated by sparse mononuclear lymphoid cells. The epithelioid cells
form clusters and nests, and occasionally larger gland–like spaces which may
show branching. Immunohistochemically,
cytokeratin and epithelial membrane antigen are strongly expressed in the epithelioid cells. Staining for these markers in
the spindle cells may be very focal.
Spindle cells express vimentin and occasionally smooth muscle actin. The cells
do not express CD34.
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Fig. 4.35 Synovial sarcoma. A An example of detection of fusion SS18/SSX transcripts by RT-PCR. M; 1kb ladder, lane 1; a biphasic synovial sarcoma of soft tissue,
lane 2; a synovial sarcoma of peritoneum, lane 3; a malignant mesothelioma, lane 4; an adenocarcinoma of the lung. B Schematic diagram of domain structure of
the SS18, SSX, and SS18/SSX proteins. SNH (SS18 amino terminal domain) might act as a inhibitor of the QPGY domain, which is a C-Terminal domain rich in glutamine, proline, glycine and tyrosine and might function as a transcription activation domain. KRAB (kruppel-associated box) is a transcription repression domain.
However, the KRAB-like domain of SSX appears to be an inefficient or even inactive repressor domain. SSX-RD is a novel repressor domain, which is highly conserved in the SSX family. C Schematic representation of the translocation t(X;18)(p11.2;q11.2).

Differential diagnosis
Distinction of synovial sarcoma from
mesothelioma, another biphasic tumour,
can usually be made on the basis of
tumour location (mesotheliomas do not
occur within the atria) and growth pattern
(synovial sarcoma is usually a circumscribed solitary lesion while mesothelioma tends to grow diffusely over the
pericardium. Additionally, the spindle cell
areas of synovial sarcoma tend to be relatively monomophic. The X;18 translocation may be confirmed on formalin fixed,
paraffin embedded tissues and has a
high degree of sensitivity and specificity
{1506}. Reactivity for calretinin has been
described in both mesothelioma and synovial sarcoma, and is not helpful in the

differential diagnosis. Unlike mesothelioma, solitary fibrous tumour is generally
lower-grade, usually expresses CD34
antigen, is less cellular and tends to have
alternating hyper- and hypocellular areas.
Somatic genetics
Cytogenetically the reciprocal translocation t(X;18)(p11.2;q11.2) is seen in more
than 90% of soft tissue synovial sarcomas {1330}. This is considered to be the
primary cytogenetic abnormality and
specific for synovial sarcomas.
The breakpoints of the t(X;18) have been
cloned, and it has been shown that this
translocation results in fusion of SS18
gene (previously described as SYT or
SSXT) at the chromosome 18q11.2 to

either of two genes, SSX1 or SSX2, at
Xp11.2. This rearrangement of genes
produces a chimeric SS18 /SSX transcript, which could be implicated in
tumourigenesis {375}. The SS18/SSX
transcripts can be specific markers of
synovial sarcoma that can be detected
by the reverse transcriptase-polymerase
chain reaction (RT-PCR). The transcripts
can be identified in almost all synovial
sarcomas when there is adequate
tumour RNA {837}. This molecular diagnostic method also can be applied to
paraffin-embedded tissue {747}.
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Cardiac lymphomas

Definition
Primary cardiac lymphoma (PCL) is an
extra-nodal lymphoma involving only the
heart and/or the pericardium. A less
restrictive definition includes small secondary lesions elsewhere, with the vast
bulk of the tumour arising in the heart. It
is clinically defined as a lymphoma presenting as cardiac disease with the bulk
of the tumour being intra-pericardial.
Cardiac involvement by disseminated
non-Hodgkin lymphoma should be
excluded.
Epidemiology
PCL is an uncommon malignancy,
accounting for 1.3% of primary cardiac
tumours and 0.5% of extranodal lymphomas {249,273,1679}. The published
series account for about 80 cases, while
cardiac involvement in disseminated
lymphoma has been documented in
nearly 20% of autopsy cases {1280}. The
appearance of PCL in patients with AIDS
{1736} and in a kidney recipient {1667}
suggests that immunodeficiency may be

Fig. 4.36 Cardiac lymphoma. Mulitofocal masses
involving both atria and ventricular walls.
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a predisposing factor. However, the heart
is an uncommon site for immunodeficiency-related lymphoma. Most PCL arise in
immunocompetent patients. The median
age of the reported cases is 62 years
(range, 5-90 years) with a male-to-female
ratio of 3:1.
The clinical course is generally short,
with a mean survival of 7 months (range,
0-48 months).
Clinical features
Signs and symptoms
The clinical course is generally acute in
onset. There is no pathognomonic clinical presentation and patients are generally investigated because of chest pain,
pericardial effusion, refractory heart failure, arrhythmia, or lightheadness and
syncope due to a myxoma-like intracavitary mass {308}. Superior vena cava
obstruction {363}, multiple pulmonary
emboli and infarction {1832} and hypertrophic cardiomyopathy {266} have also
been reported as initial diagnosis in
patients with PCL. Complete atrio-ventricular block may be the major clinical
presentation {1416}.
Imaging
Because the gross pathologic features of
primary cardiac lymphoma are variable,
the imaging findings are variable.
Cardiac lymphomas most commonly
manifest as circumscribed, nodular
masses in the myocardium, often with an
associated pericardial effusion. These
findings are usually well seen at echocardiography, MRI, and CT. Lymphoma may
also manifest as an ill-defined, infiltrative
mass, in which case, they are typically
best depicted with MRI because of its
superior soft tissue contrast {66}. Internal
imaging features and contrast enhancement patterns are very variable with cardiac lymphomas. Lymphomas may have
high or low signal on MRI, may have similar attenuation as muscle or lower attenuation than muscle on CT, and may show
increased, or decreased contrast
enhancement. In some cases, pericardial effusion or pericardial thickening

may be the only findings. In additon to
echocardiography, MRI, and CT, nuclear
medicine techniques may be useful procedures for the non-invasive assessment
of cardiac lymphomas. Gallium-67
uptake is non-specific, though a marked
accumulation in the heart without extracardiac uptake can suggest the diagnosis
of PCL {1680}.
Diagnostic approach
When pericardial effusion is present its
drainage may have both palliative and
diagnostic purposes. Lymphoma cells
may be detected in serous fluid in up to
88% of cases {308}.
When cytology is not available, the diagnosis of PCL is usually assessed by
explorative thoracotomy with cardiac
mass biopsy. Recently, less invasive procedures have been performed, such as
transoesophageal echocardiography
(TEE) guided percutaneous intracardiac
biopsy {46,947}.
Macroscopy
PCL may arise in either atrium or ventricle. Usually the tumour is large, infiltrating myocardium and extending into the
right atrium and ventricle in the form of
multiple intracavitary polypoid nodules,
which may eventually obliterate the cavities. The right atrium is involved in more
than 2/3 of patients. The pericardium is
usually thickened by white-greyish
tumour infiltration. Pericardial effusion,
which is generally massive, may be isolated (12.5% of cases) or associated with
a heart mass (near half of cases) {737}.
Cytology
A diagnostic cytologic sample sample is
obtained in less than 20% of primary cardiac lymphomas (PCL) {1680}. It may be
difficult to differentiate PCL from benign
reactive lymphocytosis by cytology
alone. Immunocytochemical staining
{1724}, cytogenetic studies {1} and polymerase chain reaction {964} have been
performed successfully to confirm the
lymphoid lineage and detect the presence of a monoclonal population.
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Fig. 4.37 Cardiac lymphomas. A Mass limited to the myocardium in a 40-year old man. Tumour cells are moderately sized with high mitotic rate; immunophenotype
was consistent with diffuse large B-cell lymphoma. B In this example of a localized left ventricular tumour, the lymphoma cells are large and irregular.
Immunophenotypically, the tumour typed as a diffuse large B-cell lymphoma. C Occasionally, cardiac lymphomas are of the high-grade small cell type (lymphoblastic lymphoma). In this lesion, the immunophenotype confirmed B-cell Burkitt subtype.

Histopathology
Diffuse large B-cell lymphoma is the subtype most frequently observed (80% of
published cases). Non-cleaved small
cell lymphoma has been reported in a
few cases; the histopathology was
unspecified in the other cases. Recently
two cases of diffuse large B-cell lymphoma with CD5 expression have been
reported {317}. This is a recently identified subgroup of diffuse large B-cell lymphomas, which differs for clinical characteristics (elderly, female and extranodal
involvement) and aggressive clinical
course {2181}. One case of Burkitt lymphoma in an immunocompetent patient
has been described {317}.

Somatic genetics
A complex abnormal karyotype containing t(8;14) (q24;q32) has been reported
in a case of diffuse large B-cell lymphoma mainly involving the heart with
cells which were CD5+ and CD20+ with
a c-myc rearrangement {1948}. In situ
hybridization for EBER-1 was negative.

response (mean follow-up 17 months;
range 3-40 months). PCL should be
treated like other aggressive lymphomas
arising in other primary sites.

Prognosis and predictive factors
Late diagnosis appears to be a major
factor in the poor outcome in PCL
patients. Irrespective of the treatment
applied, 60% of the patients died of their
tumour 1.8 months after diagnosis {317}.
Prompt anthracycline-based chemotherapy results in near 60% of complete
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Metastatic tumours to the heart

Definition
Malignant cardiac neoplasm with a nonpericardial or myocardial primary site.
Metastatic tumors that infiltrate myocardium are frequently accompanied by pericardial metastases, especially in the
cases of carcinomas, which additionally
involve mediastinal lymph nodes.
Epidemiology
In a series of 133 surgically resected cardiac tumors, 14% were metastatic
{1411}. In a recent review, cardiac
metastases were present in 12% of
autopsies performed for widespread
malignancy {12}. Primary tumors in
decreasing order of frequency include
carcinomas of the lung, lymphomas, carcinomas of the breast, leukemia, carcinomas of the stomach, malignant
melanoma, hepatocellular carcinoma
and carcinomas of the colon. The following tumors have an especially high rate
of cardiac metastasis if the incidence of
the primary tumor is considered:
leukemia, melanoma, thyroid carcinoma,
extracardiac sarcomas, lymphomas,
renal cell carcinomas, carcinomas of the
lung and carcinomas of the breast.
These tumors all had a greater than 15%
rate of cardiac metastasis in a large
autopsy study {1398}.
The rate of cardiac involvement by
metastatic disease has not appeared to
change over a 14-year period, indicating
that current treatment modalities may not
have a significant effect on the rate of
metastatic malignancy to the heart.

tumor; haematogenously; via lymphatics;
and rarely by intracavitary extension from
the inferior vena cava or pulmonary
veins. Lymphatic spread is generally
accompanied by involvement and
enlargement of pulmonary hilar or mediastinal lymph nodes. Haematogenous
spread is characterized by myocardial
involvement.
Epithelial malignancies typically spread
to the heart by lymphatics. Melanoma,
sarcomas, leukemia and renal cell carcinoma metastasize to the heart by a
haematogenous route. Melanomas, renal
tumours, including Wilms’ tumour and
renal cell carcinoma, adrenal tumours,
liver tumours, and uterine tumours are
the most frequent intracavitary tumours.
Metastatic cardiac tumours affect the
right side of the heart in 20-30% of
cases, the left side in 10-33% of cases,
and show bilateral or diffuse involvement
in approximately 30-35% of cases. The
endocardium or chamber cavities are
involved in 5% of cases {1398}. The most
common epithelial malignancies to
metastasize to the heart are carcinomas
of the breast and lung. In most cases
there is pericardial involvement with
superficial myocardial infiltration. The
valves and endocardium are usually
spared. Generally, the heart is not the
only organ involved, and metastatic
deposits are usually present in extracardiac sites.
The myocardium is involved in virtually
100% of cases of metastatic melanoma,

Clinical features
The cardiac location of the tumor greatly
affects the signs and symptoms. These
can include symptoms related pericardial effusions, arrhythmias, or congestive
heart failure. Obstruction of the mitral or
aortic valve may cause syncope. Involvement of the right heart and tricuspid
valves may give rise to right-sided failure.
Localization
Malignancies spread to the heart by
direct extension, usually from mediastinal

Fig. 4.38 Metastases of a large cell carcinoma of
the lung in the heart.
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and there is less frequent infiltration of
epi- and endocardium.
Leukemic and lymphomatous infiltrates
are typically widespread, involving the
epicardium (61%), and myocardium diffusely. The left ventricle is involved in
55%, and right atrium in 54% of cases.
Sarcomatous deposits are found within
the myocardium (50%), pericardium
(33%), or both myocardium and pericardium (17% of cases). Valvular metastases
are
uncommon
{764}.
Osteosarcoma, liposarcoma, leiomyosarcoma, unclassifiable sarcomas, rhabdomyosarcoma, neurofibrosarcoma, synovial sarcoma, and maligant fibrous histiocytoma have been reported to involve
the heart secondarily.
Pathologic findings
Metastatic deposits may be diffuse,
multinodular, or consist of a single dominant mass. Especially with carcinomas,
there may be diffuse studding and thickening of the pericardial surfaces. This
pattern can grossly be confused with
mesothelioma, or benign fibrosing pericarditis. The tumour burden in the heart
is the highest with melanoma, as compared to any other malignancy.
Carcinomatous spread in the myocardium is frequently most prominent in
subepicardial lymphatics, whereas
melanomas, sarcomas, renal cell carcinomas and lymphoid neoplasms form
intramyocardial interstitial tumours. The
histopathologic distinction between primary and metastatic sarcoma may be
impossible upon surgical resection of a
cardiac tumour. Most sarcomas metastatic to the heart cause symptoms at their
primary site before cardiac symptoms
are evident, however {764}. Although primary sarcomas of the heart are uncommon, extracardiac sarcomas presenting
as cardiac metastases are even rarer.

Pericardial tumours

Solitary fibrous tumour
Definition
An uncommon, spindle-cell, fibroblastic
tumour which often shows a prominent
haemangiopericytoma-like vascular pattern.
ICD-O code
Solitary fibrous tumour

8815/1

Synonyms
Benign mesothelioma, fibrous mesothelioma, submesothelial fibroma
Localization
The most common locations, outside the
pleura, include the head and neck, especially orbit, soft tissue, especially
abdomen, extremities, and meninges
{233,1384,1473}. As with any lesion common to the pleura, there have been
examples of solitary fibrous tumour
reported in the pericardium and rarely
within the heart.
Clinical features
Clinical features are related to pericardial
mass effect.
Macroscopy
Solitary fibrous tumours tend to be wellcircumscribed, firm, fleshy or white

A. Burke
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although diffuse mesothelial surface
involvement has been described.
Histopathology
Histologic variability is the rule and multiple growth patterns have been described.
Most tumours will have a predominant
monomorphic spindle cell pattern resembling low-grade fibrosarcoma although
broad tumour cell fascicles are rare.
Areas of hypercellularity typically alternate
with those that are less cellular. The less
cellular areas can by myxoid or contain
abundant collagen {459}. Typically the
nuclei of tumour cells are closely apposed
to collagen bundles. A haemangiopericytoma-like vascular pattern may be conspicuous, present in a small portion of the
lesion, or absent. The differential diagnosis includes other monomorphic spindle
cell tumours, including neurogenic
tumours, spindle cell mesotheliomas,
monophasic synovial sarcoma, and
fibrosarcoma {1311}. Recently, desmoid
tumour of the pleura has been added in
the list of differential diagnostic considerations {2151}. See pleural section for
additional information.
Immunoprofile
Solitary fibrous tumours are CD34 and
bcl-2 positive. They are consistently negative for epithelial markers, muscle spe-

A

B
Fig. 4.39 Mesothelioma of pericardium. A Note the
extensive tumour encasing the pericardium. B In
many cases, the pericardial mass is in continuity
with pleural mesothelioma.

cific actin, desmin, CD31, CD117 (c-kit),
S-100 protein calretinin, and inhibin
{596,772,1473,2127}.
Differential diagnosis
Sarcomatous mesotheliomas of the pericardium are distinguished from solitary
fibrous tumours by their diffuse growth
pattern, and keratin and calretinin reactivity. On the other hand, solitary fibrous
tumour may closely mimic monophasic
synovial sarcoma and low- grade
fibrosarcoma. Fibrosarcoma tends to be
more architecturally monomorphic and
negative for CD34. Monophasic synovial
sarcoma has higher grade cytology,
plumper nuclei and shows focal keratin
reactivity. Endometrial stromal sarcoma,
and metastatic granulosa cell tumour
may be excluded by negative reactivity
for cytokeratin, estrogen and progesterone receptors, and inhibin.

Fig. 4.40 Localized fibrous tumor of the mesothelium is identical in appearance to those of the pleura. Note
the spindle cell growth with prominent vascularity and variable cellularity.
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A

B

C

Fig. 4.41 Pericardial mesothelioma. A The majority of pericardial mesotheliomas are epithelioid. B Strong expression of calretinin. C Strong expression of cytokeratin 7.

Prognosis and predictive factors
The prognosis is generally good,
although recurrences and local spread
have been reported. Criteria for malignancy of pleural tumours include necrosis and a mitotic count of greater than 4
per 10 high powered fields, but the applicability of these criteria to tumours in the
heart and pericardium is unknown.

Malignant mesothelioma
Definition
Malignant mesothelioma arises from
mesothelial cells or demonstrates
mesothelial differentiation. The definition
of primary pericardial mesothelioma stipulates that there is no tumour present
outside the pericardium, with the exception of lymph node metastases.
ICD-O code

9050/3

Epidemiology
Mesothelioma of the pericardium represents approximately 0.7% of malignant
mesotheliomas {831}. As with mesotheliomas in other sites, the incidence may
be increasing, due to the latency
between asbestos exposure and tumour
development {1074}.
Etiology
Like pleural mesotheliomas, a large proportion of mesotheliomas of the pericardium are induced by asbestos {1074}.
Iatrogenically
induced
pericardial
mesotheliomas have been reported
decades after exposure to pericardial
dusting with asbestos and fibreglass as
a treatment for angina pectoris.
Therapeutic radiation for breast cancer
and mediastinal lymphoma has also
been implicated in rare patients.
However, there remains a subset of
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patients with mesothelioma who have no
known exposure history.
Clinical features
Signs and symptoms
The mean age of patients with pericardial
mesothelioma is about 45 years, with a
wide age range, including elderly, older
children and young adults. The initial
course is usually related to pericardial
effusions. Tamponade may eventually
occur {1202}.
Imaging
Echocardiography usually shows pericardial effusions and may show pericardial thickening. However, because pericardium is at the periphery of the field of
view obtainable with echocardiography,
MRI or CT are usually necessary. MRI
and CT usually demonstrate pericardial
fluid as well as pericardial thickening
and/or pericardial masses {737}.
Macroscopy
Malignant mesotheliomas of the pericardium can form bulky nodules that fill
the pericardial cavity. The tumour can
also spread diffusely over the pericardial
surface and completely encase the
heart. They can further encircle the great
vessels and may obstruct the venae
cavae.
Histopathology
Malignant mesotheliomas of the pericardium resemble pleural mesotheliomas. Although the majority are of the
epithelioid type, forming tubules, papillary structures, and cords of infiltrating
cells that can incite a desmoplastic
response, the sarcomatous variant is
also common. Variants similar to those
described in the pleura may also be seen
in the pericardium e.g. microcystic, adenomatoid, deciduoid {1649,1802}.

Immunoprofile
The immunohistochemical profile of pericardial mesothelioma is similar to that of
pleural mesothelioma. Expression of
mesothelial antigens, such as calretinin,
and cytokeratins 5/6 are helpful in the
diagnosis, as are negative reactions for
adenocarcinoma markers, such as carcinoembryonic antigen.
Electron microscopy
Ultrastructurally, mesothelioma cells from
epithelioid areas contain branched,
bushy microvilli. Cytoplasmic tonofibrils
are present in approximately 50% of
tumours. Asbestos bodies may be identified within pericardial mesothelioma, but
are of no diagnostic utility.
Differential diagnosis
The distinction between mesothelioma
and pleural-based lung adenocarcinoma
can be quite difficult, and is generally
based on immunohistochemical findings.
Distinction from reactive mesothelial cell
proliferations may also be difficult; in
comparison to reactive pleural mesothelial proliferations, reactive pericardial
mesothelial cells may be more deeply
“invasive”. Reactive stromal cells may
also often attain bizarre and pleomorphic
shapes, confusing the histopathologic
picture. Other malignancies that may be
confused with mesothelioma include
pericardial-based angiosarcoma, which
may elicit a prominent mesothelial
response, malignant solitary fibrous
tumour
and
synovial
sarcoma.
Immunohistochemistry is invaluable in
such circumstances. Mesothelioma lacks
the X;18 translocation of synovial sarcoma.
Prognosis and predictive factors
The prognosis of pericardial mesothelioma is poor. Fifty per cent of patients

ed, over 90% within the pericardium, and
the remainder in the myocardium. The
majority are pericardial teratomas {248},
and the remainder are yolk sac tumours
{411,1178}. Reports of intrapericardial
teratoma describing the presence of only
one or two germ cell layers may represent misclassified bronchogenic cysts.

Fig. 4.42 Pericardial teratoma. T1-weighted spin
echo MR image in the coronal plane showing large
pericardial teratoma (T). The right atrium (RA) is
compressed by the tumour.

survive 6 months, and an exceptional
patient may live as long as 48 months
{248}.

Germ cell tumours
Definition
A neoplasm of germ cell origin classified
by histologic type into seminoma (dysgerminoma), embryonal carcinoma, yolk
sac tumour (endodermal sinus tumour),
choriocarcinoma, and teratoma.
Epidemiology
Approximately 100 cases of intrapericardial germ cell tumours have been report-

Clinical features
Patient age ranges from intrauterine life
to 66 years {411}. Teratomas generally
occur in infants while adults tend to have
malignant germ cell tumours. Over 75%
of cardiac teratomas occur in children
under age 15. There is a slight female
predominance. Symptoms include respiratory distress, pericardial tamponade,
and cyanosis. Occasionally mediastinal
teratomas in adults may secondarily
involve the pericardium.
Due to the routine use of fetal echocardiography, an increasing number of pericardial teratomas are being diagnosed in
second and third trimester fetuses {1615,
1786,2005}. Neonates may die at birth
from cardiac tamponade and cardiac
compression. Prenatal resection and
intrauterine pericardiocentesis have
been successfully accomplished {1615,
1935}.
Intramyocardial
teratomas
have
occurred in the newborn period or in the
first 6 years of life {1615}. Most patients
are symptomatic and present with congestive heart failure; rarely, a patient may
be asymptomatic, or sudden death may

be the first symptom, due to acute
arrhythmia caused from the tumour’s
interventricular location.
Macroscopy
Cardiac teratomas may be massive,
measuring up to 15 cm. They have a
smooth surface and are lobulated. The
tumours are multicystic with intervening
solid areas. The tumours usually displace the heart and rotate it along its longitudinal axis. Intrapericardial teratomas
are usually located on the right side of
the heart, displacing the organs to the
left and posteriorly; those located on the
left side will produce the opposite effect.
Teratomas are usually attached by a
pedicle to one of the great vessels with
arterial supply directly from the aorta.
Histopathology
Teratomas of the heart are similar to
extracardiac teratomas. A minority of
germ cell tumours of the pericardium are
yolk sac tumours {248,411,1792}.
Histogenesis
The cell of origin of extragonadal teratoma, including pericardial teratoma, is
the primordial germ cell. Although normal germ cells migrate from the yolk sac
to the gonad, they may lodge early in
embryogenesis in midline structures
such as the mediastinum.
Treatment
Surgical excision is the only effective
treatment for cardiac teratoma. Since the
blood supply is usually from the root of
the ascending aorta, the surgeon must
perform a careful dissection and ligation
of these vessels to prevent massive hemorrhage.
Intracardiac
teratomas,
because of their location in the interventricular septum, are more difficult to
remove than pericardial teratomas.
Malignant germ cell tumours require
standard chemotherapy.

Metastatic pericardial tumours

Fig. 4.43 Yolk sac tumour. The patient was a young woman with a pericardial mass, detected incidentally.

A high percentage of pericardial biopsies occur in patients in whom the diagnosis of malignancy has not yet been
made, either for life-threatening tamponade or to establish the cause of pericarditis {1201,1499}. In about two-thirds
of patients with positive pericardial biopsy, the clinical diagnosis is pericarditis,
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Table 4.03
Malignant tumours diagnosed at pericardial biopsy
{1201}.
Tumour type

Number

Fraction

Carcinoma
Adenocarcinoma
Squamous cell
Large cell
Small cell
Lymphoma
Sarcoma
MFH
Angiosarcoma
Leiomyosarcoma
Neurofibrosarcoma
Thymoma
Melanoma

54
32
14
7
1
12
7
3
2
1

68%
40%
18%
9%
1%
15%
9%
3%
2%
1%

5
2

6%
2%

Total

80

100%

and in the remainder, tamponade. False
negative biopsies may occur due to sampling, and it is not uncommon to have a
positive cytology and a negative biopsy.
Most adenocarcinomas presenting as
pericardial metastases originate either in
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the lung or an undetermined primary site.
Breast carcinoma, unlike lung carcinoma,
usually manifests as pericardial disease
only after the primary site is known. Other
tumours found in pericardial biopsies
include lymphoma, melanoma, multiple
myeloma, thymoma, metastatic seminoma {121,249,1398}. The sites of origin of
tumours discovered initially at pericardial
biopsy are shown in Table 4.03.
The distinction between reactive
mesothelial hyperplasia and metastatic
carcinoma can be difficult, and is assisted by immunohistochemistry. The presence of carcinoembryonic antigen,
berEP4, B72.3 antigen, and Leu M1
favour carcinoma over mesothelial
hyperplasia. Calretinin and cytokeratin
5/6 reactivity favour the diagnosis of a
mesothelial process.
The treatment of malignant pericardial
disease includes establishing a pericardial window, sclerosis with tetracycline or
other agents, and radiation therapy
{1069}. Malignant pericardial effusions
are generally a sign of rapidly progressive disease, necessitating emergency
treatment. Patients with metastatic pericardial disease have a mean survival of
4.3 months {1201}. In contrast, patients

Fig. 4.44 Metastatic pericardial tumors. Gross large
metastatic nodules in cardiac chambers and
myocardium (renal cell carcinoma).

with pericardial malignant lymphoma or
with involvement by thymoma often fare
significantly better.
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Thymic squamous cell carcinoma 172
Thymolipoma 239
Thymolipomatous hamartoma 239
Thymoma (type X) 152
Thymoma type A 154
Thymoma with pseudosarcomatous stroma 169
Thyroid transcription factor 1 (TTF-1) 41
TIE2 gene /Bean or “Blue rubber-bleb
nevus” syndrome 267
Tissue inhibitor of metalloproteinase
(TIMP) 70
Tobacco smoking 12, 14, 15, 53, 88
Tobacco specific nitrosamine 24
Topoisomerase alpha II 79
Transcription factor YB-1 30
Transitional papillomas 81
Translocation t(8;13) 228
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