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   Preface  

  Pleuropulmonary neoplasia is a practical approach to the diagnosis of a diverse group of tumors 
and pseudotumoral conditions that may appear primarily in the lungs and the pleura. The text 
of this book has been arranged by family of tumors, which have been divided into types and, 
in many respects, depending on the cell of origin. In addition, we tried to provide current con-
cepts that are being considered in the evaluation of new nomenclatures and in some cases in 
the classi fi cation of some tumors. Needless to say, in some areas we have taken the liberty of 
offering our personal opinion based on our experience and that of others from the literature. At 
the same time, we acknowledge that some of the current concepts may change with time, hope-
fully leading to further clari fi cation. As we have discussed each entity, we have also provided 
matching illustrations that the reader of this text may  fi nd useful. 

 In addition, the text provides insights into other areas that are closely related to the diagno-
sis of pulmonary and pleural tumors, including diagnostic imaging, surgical approach, staging, 
and molecular diagnostics. For these topics, we are indebted to Dr. Patricia De Groot and 
Dr. Edith Marom for their chapter on diagnostic imaging, Dr. David Rice for his chapter on 
surgical approach and staging, and to Dr. Luisa Solis and Dr. Ignacio Wistuba for their chapter 
on molecular diagnosis. Last but not least, we also want to acknowledge and thank Dr. Francisco 
Vega for his contribution on the chapter of lymphoproliferative tumors. All these experts have 
clearly enhanced the usefulness of this text, and we are very grateful for their contributions. 

 Finally, we hope that the reader will  fi nd this book useful in his/her daily practice, not only 
from the histopathological aspects but also from the radiological, surgical, and molecular 
aspects of pulmonary and pleural tumors, which in turn should lead to a better understanding 
of the diverse entities herein discussed. 

 Houston, TX, USA Annikka Weissferdt, M.D., FRCPath 
 Houston, TX, USA Cesar A. Moran, M.D.   
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         Introduction    

 Diagnosis, staging, and follow-up assessment of thoracic 
tumors rely heavily on imaging. Communication among 
clinicians and radiologists is important in optimizing imag-
ing modality selection for these tasks. In this chapter, we 
present a general overview of imaging of lung and pleural 
tumors with an emphasis on the strengths and limitations 
of various imaging methods employed in the evaluation of 
these malignancies. We emphasize a few pathognomonic 
imaging  fi ndings for which a diagnostic biopsy can be 
avoided. Our intent is to help guide selection of appropri-
ate imaging, thus decreasing the number of super fl uous 
imaging studies ordered.  

   Overview of Diagnostic Imaging Methods 

 Over the past few decades, the use of computers has revolu-
tionized medical imaging, allowing introduction and contin-
ual improvement of imaging technologies such as digitized 
radiography, computed tomography (CT), magnetic reso-
nance imaging (MRI), specialized ultrasound, positron emis-
sion tomography (PET), and, most recently, combined 
PET-CT, which offers simultaneous morphological and 
physiological imaging. Each of these techniques has bene fi ts 
and limitations. In some instances, different imaging meth-
ods may complement each other in clarifying a particular 
medical problem. In the diagnosis of tumors, the goal of 
imaging is to differentiate between benign and malignant 
tumors to correctly identify patients who need surgery. In 

addition to determining the resectability of tumors, imaging 
plays a vital role in selecting the most appropriate surgical 
approach and identifying tumor recurrence. 

   Chest Radiography 

 Chest radiographs effectively demonstrate pulmonary abnor-
malities because these abnormalities differ in density from 
the surrounding structures. The density of normal lungs, 
which contain air, differs signi fi cantly from the soft tissue 
density of tumors, leading to an air-tissue interface at the 
tumor margins. This interface is responsible for the exquisite 
display of lung tumors on radiographs. Chest radiography 
has the bene fi ts of simplicity, low cost, lack of associated 
pain, and safety, with relatively little radiation exposure to 
the patient  [  1  ] . These bene fi ts make chest radiography the 
initial imaging modality of choice, in the evaluation of symp-
toms suspected of originating in the lung or pleura. Although 
overlapping structures such as bones and crossing pulmo-
nary vessels may mimic pulmonary nodules, the advent of 
digital radiography and dual energy acquisition has resulted 
in post-processing techniques that can be used to subtract 
overlying bones from the lungs and soft tissues and reduce 
the interference caused by overlapping structures to improve 
detection of pulmonary parenchymal abnormalities. 

 After the intraparenchymal location of a pulmonary 
 nodule is established, the next goal of chest radiography is to 
determine whether it is benign or malignant. In the 1940s 
and 1950s, researchers attempted to identify radiographic 
features of benign and malignant disease. Before cross- 
sectional imaging emerged in the 1980s, de fi nitive preopera-
tive diagnosis of a solitary asymptomatic pulmonary nodule 
was uncommon; early exploratory thoracotomy was recom-
mended when such indeterminate pulmonary nodules were 
detected  [  2,   3  ] . Although large nodules are more likely than 
small ones to be malignant, no size criteria allow exclusion 
of malignancy  [  4  ] . Two methods of distinguishing benign 
and malignant nodules are in use today: (1) documentation 
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2 1 Diagnostic Imaging of Lung and Pleural Tumors

of the stability of the nodule over 2 years and (2) identi fi cation 
of benign-appearing calci fi cations. However, neither method 
is completely infallible. Speci fi cally, nodule stability has 
robustly and scienti fi cally proven to be unreliable, as data 
from the 1950s suggested that it has a positive predictive 
value of 65 % for benignity  [  5  ] . Also, identi fi cation of benign 
calci fi cations on radiographs has proven to be subjective  [  6  ] . 
However, review of prior radiographs is the most cost-
ef fi cient way to assess a pulmonary abnormality. If previous 
studies are not available for comparison to a current study, 
then shallow oblique radiographs,  fl uoroscopy, and/or chest 
CT scans are the possible next steps in investigation in deter-
mining whether a lung or pleural nodule is malignant.  

   CT 

 With its better contrast resolution, elimination of overlap-
ping structures, and ability to obtain thin slices, CT is more 
sensitive than chest radiography in detecting pulmonary nod-
ules (Fig.  1.1a, b )  [  7  ]  and superior to it in determining the 
margins and internal characteristics of these nodules. Its dis-
advantages in comparison with chest radiography are a much 
higher cost and greater radiation exposure to the patient.  

 When investigating a pulmonary nodule, in the absence 
of prior chest radiographs that may have con fi rmed benig-
nity, a patient is referred for a chest CT scan that will deter-
mine the nodule’s contours and internal characteristics. 
Tumor margins may be spiculated, smooth and well circum-
scribed, or have lobulations (Fig.  1.2a–c ). Spiculated mar-
gins are highly suggestive of, but not pathognomonic for, 
malignancy. Spiculations can re fl ect the presence of peritu-
moral  fi brosis, in fi ltration of tumor cells into adjacent lung 
parenchyma, or localized lymphangitic spread  [  8,   9  ] . In a 
study evaluating 634 pulmonary nodules, 50 of 53 nodules 
(94 %) with diffuse spiculation and 134 of 165 nodules 
(81 %) with focal spiculation were primary lung carcinomas 
 [  10  ] . Conversely, 8 of 66 (12 %) smoothly marginated, non-
lobulated nodules were primary lung tumors, 6 (9 %) were 
solitary metastases, and 52 (79 %) were benign. Lobulation 
of margins implies uneven growth that is often associated 
with malignancy  [  4  ] , but it is not useful in distinguishing 
benign and malignant nodules. Also in the study described 
previously, of 350 smoothly lobulated nodules, 91 (26 %) 
were primary lung cancer, 57 (16 %) were metastases, and 
202 (58 %) were benign  [  10  ] .  

 Internal characteristics of pulmonary nodules may include 
the presence of calci fi cation, macroscopic fat, or hypervas-
cularity, causing intense enhancement on CT scans follow-
ing administration of intravenous contrast material. 
Calci fi cation is readily seen on CT scans as very high-den-
sity foci measuring more than 200 Houns fi eld units (HU). 
Characteristics of benign calci fi cation include central, 

 diffuse, solid lamination, and a popcorn-like appearance 
(Fig.  1.3a–d ). Solid, central, and laminated calci fi cation typi-
cally results from a remote granulomatous infection, whereas 
popcorn-like calci fi cation is seen with hamartomas. For a 
nodule to be considered benign, it should display one of 
these four patterns of calci fi cation and must not have any 
other features suggestive of malignancy. If calci fi cations are 
eccentric, the nodule margins are bilobed, irregular, or spicu-
lated; if the nodule abuts a central bronchus, the nodule 
should not be considered benign despite the presence of 
benign-appearing calci fi cation, as calci fi cation can be 
engulfed by a malignancy  [  10  ] . Also, pulmonary metastases 

a

b

  Fig. 1.1    ( a ) Routine chest radiograph showing a small nodule in the 
right upper lobe that is barely visible ( arrow ) in a 59-year-old man who 
underwent follow-up assessment after treatment of squamous cell car-
cinoma of the piriform sinus. ( b ) Contrast-enhanced chest CT scan with 
lung window settings more readily showing this small 0.6-cm nodule       
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from osteosarcomas or chondrosarcomas can manifest as 
nodules with central or solid calci fi cation. Therefore, nod-
ules in patients with one of these cancers cannot be charac-
terized as benign or malignant according to the calci fi cation 
pattern (Fig.  1.4 ). In these patients, benignity is established 
by long-term nodule stability. Another type of calci fi cation, 
the sand-like, amorphous form, has occurred with 6 % of 
lung cancers imaged using CT  [  11  ]  but can also occur with 

benign disease. This pattern of calci fi cation is not useful for 
diagnostic purposes.   

 Most pulmonary nodules imaged using CT are not obvi-
ously calci fi ed. Because CT scans can objectively measure 
nodule density in Houns fi eld units, researchers attempted to 
identify microscopic calci fi cations in such lesions not obvi-
ous to the human eye by measuring their radiodensity in 
Houns fi eld units and establishing a threshold above which 

a b

c

  Fig. 1.2    A chest CT scan with lung window settings showing exam-
ples of pulmonary tumor margins. Tumor margins may be ( a ) spicu-
lated as in this adenocarcinoma ( arrow ), ( b ) well circumscribed and 

smooth as in this carcinoid tumor with spindle cell features ( arrow ), or 
( c ) lobulated as in this adenocarcinoma with mucinous features 
( arrow )       
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nodules were to be considered calci fi ed and thus benign, 
reducing the number of futile thoracotomies  [  12,   13  ] . 
However, more than 10 % of nodules with densities higher 
than the threshold of 185 HU (above which nodules were 
posited to be benign) were malignant, and the investigators 
abandoned the threshold method  [  13  ] . 

 Macroscopic fat is also readily recognized on CT scans. 
A well-demarcated pulmonary nodule containing fat with a 
density of -40 to -120 HU is considered pathognomonic for a 
benign hamartoma (Fig.  1.5 ). Approximately 60 % of hama-
rtomas on thin-section (1 mm) CT scans contain identi fi able 

fat alone or in combination with calci fi cation  [  14  ] . Such nod-
ules, even if they grow slowly (doubling time >2 years), are 
considered benign hamartomas. However, a third of hamar-
tomas do not exhibit calci fi cation or fat on CT scans and thus 
remain indeterminate nodules.  

 Air bronchograms are rare in benign pulmonary nodules 
(6 %) but are readily identi fi ed using CT (Fig.  1.6 ). Their 
presence is almost always associated with lung cancer of any 
cell type but is seen most often with adenocarcinoma—both 
adenocarcinoma in situ (AIS) and more invasive forms  [  15  ] . 
CT can also differentiate among solid nodules, ground-glass 

a b

c d

  Fig. 1.3    A chest CT scan with bone window settings showing benign 
patterns of pulmonary nodule calci fi cation ( arrow ). ( a ) Popcorn 
calci fi cation of a hamartoma in a 27-year-old woman with Carney triad.    
( b ) Pulmonary nodule with laminated calci fi cation in a 50-year-old 

woman with prior histoplasmosis. ( c ) Diffuse solid calci fi cation in a 
73-year-old man with a history of histoplasmosis infection. ( d ) Central 
calci fi cation in a small pulmonary nodule in a 67-year-old man with 
prior tuberculosis       
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nodules (in which the pulmonary vessels can be seen through 
the nodule), and mixed nodules, which are combined solid 
and ground-glass nodules (Fig.  1.7 ). The malignancy rate is 
highest for mixed nodules (63 %) and is higher for ground-
glass nodules (18 %) than for solid nodules (7 %)  [  16  ] .   

 Despite the superior sensitivity of CT over radiography 
in detecting benign pulmonary nodules by identifying fat 

and calcium, the majority of nodules on initial CT scans 
remain indeterminate. For further investigation of the inde-
terminate nodule, studying vascular enhancement may be 
helpful. The vessels supplying tumors differ both quantita-
tively and qualitatively from those supplying benign 
growths and tend to be more “leaky.” This inherent differ-
ence in blood supply between malignant and benign pul-
monary nodules can manifest in differences in their 
Houns fi eld unit values after intravenous contrast agent 
injection. This method, in which the indeterminate nodule 
is imaged at intervals before and after intravenous contrast 
administration, was perfected by Swensen et al.  [  17,   18  ] . 
Absence of signi fi cant lung nodule enhancement (  £  15 HU) 
on a CT scan is suggestive of benignity. Although this 
method is only 77 % accurate and 58 % speci fi c, it does 

  Fig.1.4    Contrast-enhanced chest CT scan with bone window settings 
showing multiple bilateral calci fi ed pulmonary metastases ( arrows ) in a 
38-year-old man with a mesenchymal chondrosarcoma of the left thigh 
(not shown)       

  Fig. 1.5    Unenhanced chest CT scan with mediastinal windows show-
ing a 6.5-cm mass in the superior segment of the left lower lobe in a 
65-year-old man with treated right upper lobe adenocarcinoma and pul-
monary hamartomas. Several foci of very low density in the mass 
( arrowheads ) are consistent with macroscopic fat; they are similar to 
the density of subcutaneous fat and measured -122 HU, making this 
lesion consistent with a hamartoma. Over a 10-year observation period, 
this mass had a doubling time of 4 years, compatible with a benign eti-
ology. A similar lesion was resected from the patient at the time of right 
upper lobectomy for carcinoma that proved to be a hamartoma       

  Fig. 1.6    Contrast-enhanced chest CT scan with lung window settings 
demonstrating a 3.4 × 3.2-cm lobulated mass in the left upper lobe of a 
67-year-old woman with lung adenocarcinoma. Multiple small linear 
lucencies coursing through the tumor are consistent with air broncho-
grams ( arrowheads )       

  Fig.1.7    Noncontrast thin-section chest CT scan with lung window set-
tings demonstrating a 2.5-cm left upper lobe ground-glass nodule with 
a central solid component ( arrow ) in a 77-year-old woman 2 years after 
a right upper lobectomy for an adenocarcinoma in the right upper lobe. 
Similar nodules were also seen in the remainder of the lobes, which 
were consistent with multifocal adenocarcinoma of the lung       
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identify 98 % of malignant nodules and thus can be used to 
guide follow-up examinations and intervention. 

 The CT features of pulmonary nodules described herein 
determine the patients having nodules with benign features 
not requiring follow-up (benign calci fi cations or fat), those 
who would bene fi t from an immediate biopsy, and those who 
would bene fi t from CT-based follow-up to measure nodule 
growth rates. Determination of a nodule’s benignity takes 
into account patient risk factors such as age and tobacco use, 
as well as the CT features that are statistically known to be 
strongly associated with malignancy (e.g., large tumor size, 
spiculation, mixed solid, and ground-glass appearance). 
However, radiologists and oncologists should not use the 
2-year stability criterion for benignity invariably. This crite-
rion is generally applied to nodules that are solid and larger 
than 1 cm in diameter. Reliably measuring the growth of 
nodules smaller than 1 cm can be challenging. Doubling of 
the volume of a nodule is equivalent to an increase in its 
diameter of approximately 25 %. Even using CT, visually 
detecting the doubling of a 4-mm nodule, which is a change 
in diameter from 4 to 5 mm, is dif fi cult. Thus, small lung 
tumors can double in volume yet appear to be stable. Even 
computerized volume measurements are not always accurate 
with such small nodules, which can appear to change in size 
with changes in inspiratory effort and slice selection  [  19  ] . 
Ground-glass and mixed solid/ground-glass nodules are most 
often identi fi ed by CT scans, not chest radiographs, and a 
stability criterion for such nodules on CT scans, such as the 
2-year stability rule used for solid nodules on chest radio-
graphs, has yet to be established. In fact, such nodules, which 
often are detected incidentally or with screening chest CT 
studies, can have very long doubling times. For example, in 
a screening study in Japan  [  20  ] , the mean ± standard devia-
tion doubling times for malignant ground-glass, mixed, and 
solid nodules were 813 ± 375, 457 ± 260, and 149 ± 125 days, 
respectively. In fact, 20 % of the nodules in that study had 
doubling times greater than 2 years; most of those nodules 
were ground-glass or mixed nodules. Thus, when a ground-
glass nodule smaller than 1 cm in diameter is monitored 
using CT to establish a benign etiology, recent management 
guidelines suggest a follow-up period of at least 3 years, 
potentially extending up to 5 years  [  21  ] .  

   MRI 

 The contrast resolution of MRI is superior to that of CT. 
However, the spatial resolution of MRI is inferior, particu-
larly in the thorax, primarily owing to intrinsic lung charac-
teristics such as low proton density and numerous air-tissue 
interfaces, as well as examination sensitivity to artifacts 
from respiratory and cardiac motion. These features make 
identi fi cation of pulmonary nodules smaller than 1 cm 

dif fi cult. However, once a malignancy is diagnosed, MRI is 
superior to CT in evaluation of potential soft tissue involve-
ment by the cancer, such as invasion of the chest wall or 
neural and vascular structures. Small studies showed that 
dynamic contrast-enhanced MRIs were sensitive in the dif-
ferentiating of malignant and benign solitary pulmonary 
nodules that were comparable with the sensitivity of dynamic 
contrast-enhanced CT, but the nodules investigated using 
MRI were usually larger than the incidental nodules discov-
ered using CT  [  22–  24  ] . 

 Because MRI examinations usually take considerable 
amounts of time, they are often tailored to speci fi c problem-
atic locations, not to searching the entire chest for distant 
metastatic disease.  

   PET and Integrated PET-CT 

 PET with 2-deoxy- d -glucose labeled with  18 Fluorine 
( 18 FDG) has emerged as a tool for evaluation of suspected 
and known thoracic malignancies.  18 FDG-PET is a physio-
logical imaging technique with poorer spatial resolution 
than that of anatomic imaging methods such as chest CT 
and radiography.  18 FDG is a glucose analog labeled with a 
radiotracer, and PET is a technique for assessing glucose 
use by metabolically active tissues that preferentially take 
up  18 FDG. Many tumors have higher metabolic rates than 
normal tissue and therefore accumulate  18 FDG more 
intensely than do surrounding tissues. For pulmonary nod-
ules that are indeterminate on CT scans,  18 FDG-PET can 
help identify patients who may bene fi t from immediate 
biopsy. Initial studies showed that  18 FDG-PET was effective 
in the differentiation of benign and malignant pulmonary 
lesions with overall sensitivity, speci fi city, and accuracy 
rates estimated to be 96, 88, and 94 %, respectively  [  25–  31  ] . 
The combination of  18 FDG-PET and CT, known as inte-
grated PET-CT, has provided signi fi cantly greater speci fi city 
than either CT or PET alone  [  32  ] . 

  18 FDG-PET does have several limitations. It is neither 
uniformly speci fi c nor sensitive if the target abnormality is 
small. In particular, nodules smaller than 1 cm in diameter 
are not measured accurately and sometimes fall below the 
resolution of the PET scan  [  33,   34  ] . Also, cell type can 
in fl uence  18 FDG uptake. Indolent cancers such as carcinoid 
tumors, well-differentiated adenocarcinomas, and AIS dem-
onstrate less  18 FDG avidity than do other non-small cell lung 
cancers (NSCLCs) and may exhibit no detectable increase in 
 18 FDG activity above background levels  [  28,   34–  39  ] . In these 
instances, the typical morphological features of some of 
these tumors, such as proximity of a carcinoid tumor to a 
bronchus or a consolidative tumor, mixed tumor, or ground-
glass AIS nodule, should be taken into account when inter-
preting the results of integrated PET-CT. 
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 In integrated PET-CT studies, quanti fi cation of  18 FDG 
uptake using CT for attenuation correction can introduce an 
artifact related to different breathing states in the nonsimul-
taneously acquired CT and PET scans, the latter performed 
without a breath hold. Nodules in the lower lobes of the 
lungs, which are more affected by respiratory motion than 
those in the upper lobes, can erroneously exhibit lower  18 FDG 
uptake as a result  [  40  ] . 

 Authors have reported false-positive results of studies 
of primary pulmonary lesions (e.g., a malignancy positive 
 18 FDG-PET result for a lesion that later proves to be 
benign) in patients with infectious and in fl ammatory pro-
cesses such as tuberculosis, histoplasmosis, and rheuma-
toid nodules  [  30,   41–  46  ] . The positive predictive value of 
PET in most patients is high (90 % if the patient is 
>60 years old)  [  42,   44  ] . Lesions with increased  18 FDG 
uptake should be considered malignant until proven other-
wise and managed accordingly. A negative PET scan, that 
is, one in which the nodule does not show increased  18 FDG 
uptake, should serve as a tool for treatment or follow-up 
planning, not a de fi nitive con fi rmation of benignity. If 
biopsy is deferred, a pulmonary abnormality with a nega-
tive PET result should be monitored using serial chest CT 
scans to measure any growth of the lesion. The data 
reported so far indicate that PET-negative lesions are indo-
lent; thus, this approach using lack of  18 FDG uptake to 
defer immediate biopsy should not adversely affect patient 
outcome  [  34  ] . 

 The use of combined PET-CT studies has enhanced the 
accuracy of lung cancer staging because these two studies, 
when integrated, complement each other by overcoming the 
lack of spatial resolution inherent to PET and lack of physi-
ological information inherent to CT. Therefore, these stud-
ies, in combination with clinical and laboratory  fi ndings, can 
be used to determine the necessity of additional imaging 
studies.  

   Ultrasound 

 Ultrasound has a very limited role in the evaluation of 
patients with intrathoracic malignancies, as the air within 
the lungs interferes with sound wave transmission. However, 
it has better soft tissue resolution than does CT and pro-
vides real-time imaging throughout the respiratory cycle 
and therefore can be helpful in limited applications. For 
instance, regarding imaging of focal chest wall involvement 
by pulmonary tumors, ultrasound is superior to CT, with a 
sensitivity rate of 89 % (compared with 40 % for CT), and 
similarly speci fi c, as both have speci fi city rates approach-
ing 100 %  [  47  ] . Additionally, ultrasound can be used to 
locate pockets of pleural  fl uid for diagnostic or therapeutic 
thoracentesis.   

   Primary Malignant Lung Tumors 

   Lung Carcinoma 

 Despite the advent of new diagnostic techniques, the overall 
5-year survival rate for lung cancer, which is the leading 
cause of cancer deaths, remains about 15 %, and most 
patients still present with advanced disease  [  48  ] . Because 
lung tumors are encased by the rib cage, early diagnosis of 
them using physical examination is unlikely. In addition, 
many lung cancers have no symptoms until they are advanced. 
In most cases, lung cancer appears as a pulmonary abnor-
mality—a nodule, mass, or consolidation—on chest images. 
Depending on the stage of the disease, additional smaller 
nodules, lymphadenopathy, and/or pleural involvement may 
be present. Over the second half of the twentieth century, 
multiple studies assessed the ef fi cacy of screening 
techniques— fi rst chest radiography and later CT—in detec-
tion of lung cancer at a stage when cure or control is possible. 
Nonrandomized uncontrolled screening studies in the 1950s 
 [  49–  52  ]  gave way to nonrandomized controlled trials  [  53,   54  ] , 
which showed that the screened population was more likely 
than the general population with lung cancer to have their 
cancer detected at an early stage, to have resectable disease, 
and to have better survival rates, but without any clear reduc-
tion in lung cancer mortality rates. This discrepancy between 
increased survival rates and stable mortality rates is gener-
ally attributed to a combination of lead time, length time, and 
overdiagnosis bias in screening studies  [  55  ] . 

 In the 1970s, four major randomized controlled screening 
trials, including the Mayo Lung Project, evaluated approxi-
mately 37,000 male smokers  [  56–  59  ] ,  fi nding that screening 
chest radiography yielded no change in mortality rates and 
no reduction in the number of advanced cancers (i.e., no 
stage shift), although the screened patients had higher 5-year 
survival rates than the patients who were not screened. 
A follow-up study more than 20 years after the Mayo Lung 
Project con fi rmed the absence of a signi fi cant difference in 
long-term mortality rates for lung cancer  [  60  ] . 

 In the late 1990s, advancements in CT technology began 
to enable detection of pulmonary nodules smaller than 1 cm 
in diameter in one breath hold and with reduced radiation 
exposure to the patient using low-dose CT (LDCT). Despite 
the published 10-year survival rate of 88 % in patients with 
stage I lung cancer  [  61  ]  and the increased likelihood that 
cancers detected using LDCT are operable, screening LDCT 
in early trials yielded no decreases in the number of advanced 
lung cancers detected or number of deaths caused by lung 
cancers compared with historical models in an unscreened 
population with lung cancer  [  62  ] . 

 The largest single randomized lung cancer screening 
study to date, the National Lung Screening Trial, was 
launched in 2002 to determine whether screening for lung 
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cancer using LDCT could reduce mortality rates in patients 
diagnosed this way with lung cancer. It compared the effect 
of two screening tests, LDCT and chest radiography, on both 
lung-cancer-speci fi c mortality and all-cause mortality in 
persons at high risk for lung cancer, including current and 
former heavy smokers. From August 2002 to April 2004, 
the researchers enrolled 53,454 participants, who underwent 
annual imaging for 3 consecutive years and then underwent 
follow-up evaluation using questionnaires. Data collection 
ended on December 31, 2009. This trial demonstrated a rela-
tive reduction in the mortality rate for lung cancer with 
LDCT screening of 20 %. Additionally, the mortality rate 
for any cause decreased in the LDCT group by 6.7 %  [  63  ] . 
The U.S. Preventive Services Task Force and American 
College of Radiology are expected to issue recommenda-
tions for lung cancer screening in 2012. A current initiative 
by the United Kingdom Lung Screen is designed to deter-
mine whether the results of the National Lung Screening 
Trial can be replicated in the United Kingdom, with 4,000 
patients being randomized to the United Kingdom Lung 
Screen pilot trial and a goal of 32,000 participants in the 
main study  [  64  ] .  

   Imaging of Lung Cancer Subtypes 

 Evidence-based guidelines for the management of lung can-
cer published by the American Society of Clinical Oncology 
(ASCO) in 2004  [  65  ]  recommend initial evaluation of lung 
cancer using both chest radiography and contrast-enhanced 
chest CT scanning. The coverage of these CT scans should 
include the adrenal glands and liver. A  18 FDG-PET scan is 
recommended with the absence of CT evidence of metastatic 
disease because  18 FDG-PET imaging provides improved 
nodal and distant metastasis staging over CT alone and fre-
quently improves staging to a degree that changes manage-
ment  [  66–  71  ] . Imaging does not replace histological sampling 
of lung masses, but certain subtypes of lung cancer can have 
typical imaging features. 

 Primary lung malignancies are grouped into two catego-
ries: (1) NSCLC, which accounts for approximately 85 % of 
all lung cancers and includes several subtypes, such as 
squamous cell cancer, adenocarcinoma, and carcinoid 
tumors, and (2) small-cell lung cancer (SCLC). 

   NSCLC 
 Squamous cell carcinoma typically originates in the cen-
tral lung and may cause partial or complete obstruction of 
a bronchus. Thus, patients with this cancer frequently pres-
ent with postobstructive pneumonia or atelectasis, which is 
readily identi fi ed on chest radiographs (Fig.  1.8a–d )  [  72–  74  ] . 
Less often, patients present with bronchial impaction and 
distal bronchiectasis associated with air trapping and 

hyperin fl ation  [  73–  75  ] . Approximately one-third of all 
squamous cell carcinomas originate beyond the segmental 
bronchi  [  73,   74  ] . Because most squamous cell carcinomas 
grow slowly and become symptomatic because of their 
central location, extrathoracic metastases are encountered 
less often in imaging at presentation compared to adeno-
carcinoma  [  73  ] . Also, squamous cell carcinomas are more 
likely to cavitate than are the other histological subtypes 
of lung cancer  [  73  ] . Cavitation occurs in 10–30 % of 
squamous cell cancers and is more common in large 
peripheral masses and poorly  differentiated tumors 
(Fig.  1.9a, b )  [  73  ] .   

 Adenocarcinomas typically manifest as peripheral pul-
monary nodules or masses. Historically, these nodules typi-
cally had soft tissue attenuation and irregular or spiculated 
margins (Fig.  1.10 )  [  73,   74  ] . With the expanding use of CT, 
however, an increasing number of adenocarcinomas present 
as ground-glass or mixed ground-glass/solid nodules. 
Investigators have found an association between the spec-
trum of CT appearances of adenocarcinoma and the 
classi fi cation system proposed by Noguchi and colleagues, 
in which small (  £  2 cm in diameter) peripheral adenocarcino-
mas are classi fi ed into six types based on their growth 
patterns: 

   Type A—localized bronchioloalveolar cell carcinoma • 
(BAC)  
  Type B—localized BAC with foci of structural collapse of • 
alveoli  
  Type C—localized BAC with active  fi broblastic • 
proliferation  
  Type D—poorly differentiated adenocarcinoma  • 
  Type E—tubular adenocarcinoma  • 
  Type F—papillary adenocarcinoma with a compressed • 
growth pattern  [  76–  78  ]     
 Authors have reported ground-glass attenuation of nodu-

lar opacities more often with type A–C than type D–F tumors, 
whereas they reported soft tissue attenuation more often with 
type B–F than with type A tumors  [  76  ] . The soft tissue atten-
uation component tends to be absent or account for less than 
a third of the opacity with type A tumors and account for 
more than two-thirds of the opacity in type D–F tumors. 
Mixed nodules with both ground-glass and solid components 
are more likely to be invasive and at a high stage than are 
pure ground-glass nodules  [  79,   80  ] . 

 Reclassi fi cation of lung adenocarcinoma in 2011 by an 
international multidisciplinary panel consisting of the 
International Association for the Study of Lung Cancer, 
American Thoracic Society, and European Respiratory 
Society introduced new terminology for the different 
classi fi cations of adenocarcinoma to provide uniformity in 
the lexicon and diagnostic criteria for this disease  [  81  ] . As a 
result, the terms BAC and mixed-subtype adenocarcinoma 
are no longer used. 
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 Lung adenocarcinoma is now classi fi ed into three main 
groups. The  fi rst group consists of preinvasive lesions and 
includes atypical adenomatous hyperplasia and AIS (previ-
ously BAC) of both the nonmucinous and mucinous type 
 [  81  ] . This group correlates with Noguchi type A and B 
tumors. Radiologically, the appearance of these tumors 
ranges from pure ground-glass nodules to ground-glass 
 nodules with internal foci of alveolar collapse. 

 The second group is minimally invasive adenocarcinoma, 
a tumor with a predominantly lepidic pattern and invasion of 

up to 5 mm  [  81  ] . These tumors appear as ground-glass 
 nodules with small internal solid foci (i.e., subsolid nodules). 
Patients with either preinvasive or minimally invasive adeno-
carcinomas have disease-speci fi c survival rates near 100 % 
when the tumors are completely resected. 

 The third group is invasive adenocarcinoma, which 
includes several histological subtypes according to the pre-
dominant cell pattern, including the lepidic, acinar, papillary, 
micropapillary, and solid patterns  [  81  ] . Some invasive ade-
nocarcinomas with lepidic patterns are included in the 

a b

c

d

  Fig. 1.8    ( a ) Posterior-anterior and ( b ) lateral chest radiographs demon-
strating a consolidated collapsed right middle lobe ( arrows ) in a 54-year-
old man with endobronchial squamous cell carcinoma of the lung and 
resultant lobar collapse. ( c, d ) Corresponding contrast-enhanced chest 

CT scans with lung window settings demonstrating a nodular growth 
almost  fi lling the lumen of the right bronchus intermedius ( arrow ), 
resulting in right middle lobe atelectasis ( At ).  PA  pulmonary artery,  Ao  
descending aorta       
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Noguchi type C category; the others are included in the 
Noguchi type D–F categories. The radiological appearances 
of the invasive adenocarcinomas are usually of a solid nodule 
with spiculated margins, but distinction between the different 
subtypes in this invasive group by radiology is not possible. 

 AIS and minimally invasive adenocarcinomas manifest-
ing as peripheral ground-glass and/or subsolid nodules 
have appeared as multiple tumors in up to 30 % of reported 
cases (Fig.  1.11 )  [  76,   82  ] . These tumors are better seen on 
chest CT scans and are often not apparent on chest radio-
graphs. Their size may remain stable for many years, with 
doubling times longer than 2 years. Cystic changes and 
cavitation occur rarely (  £  7 % of cases)  [  83,   84  ] . When a 
nodule of this type exhibits multiple small, focal low-
attenuation regions (pseudocavitation) or air broncho-
grams, the diagnosis of adenocarcinoma should be 
considered  [  9,   82,   84,   85  ] . The mucinous form of AIS 
infrequently manifests as ill-de fi ned consolidation but 
should be suspected if the patient’s “pneumonia” does not 
resolve with antibiotic-based treatment. On  18 FDG-PET-CT 
scans, AIS and minimally invasive adenocarcinomas can 
exhibit low FDG activity, speci fi cally lower than that 
expected for a malignancy  [  36,   86,   87  ] .  

 Large cell carcinoma usually occurs as a peripheral, rap-
idly growing, poorly marginated mass typically larger than 
7 cm in diameter  [  72–  74,   88–  90  ] . Cavitation is uncommon in 
this tumor. 

 Carcinoid tumors most often occur as central endobron-
chial masses with or without associated atelectasis or con-
solidation; less often, they occur as well-demarcated 
pulmonary nodules (Fig.  1.12 )  [  91,   92  ] . These tumors are 
usually less than 3 cm in diameter, although authors have 
reported tumors up to 10 cm in diameter  [  91,   93–  95  ] . 
Calci fi cation is seen in 25 % of carcinoids on CT scans  [  92  ] . 
Carcinoids can exhibit low  18 FDG uptake on PET-CT scans 
 [  34,   35,   96  ] , which is attributed to low metabolic activity 
rates in these often indolent tumors.   

   SCLC 
 Primary SCLCs are typically small, centrally located, and 
associated with marked hilar and mediastinal adenopathy 
that often engulfs the primary lesion until it is no longer 
identi fi able (Fig.  1.13a, b )  [  72,   74,   89,   97  ] . With the increased 
use of CT and screening CT scans in particular, the number 
of SCLCs diagnosed as small, early-stage peripheral solitary 
pulmonary nodules without intrathoracic adenopathy has 
increased. Historically, as reported in the literature, only 5 % 
of patients with SCLC have had early-stage disease at 
 presentation  [  97,   98  ] .    

   Staging of Lung Cancer 

   NSCLC 
 Accurate staging of lung cancer is important to manage-
ment of and prognosis for this disease. The primary goal of 
radiological staging is to distinguish potentially resectable 
(stage I–IIIA) and unresectable (stage IIIB and IV)  disease. 

a

b

  Fig. 1.9    Contrast-enhanced chest CT scan with ( a ) mediastinal win-
dow and ( b ) lung window settings showing a 4.0 × 4.9-cm right apical 
mass ( arrow ) with central cavitation ( C ) and irregularly thickened walls 
in a 62-year-old woman with squamous cell carcinoma       

  Fig. 1.10    Contrast-enhanced chest CT scan with lung window settings 
demonstrating a 1.9 × 2.1-cm peripheral nodule in the left upper lobe, 
with small linear extensions to the adjacent pleural surface and lung 
( arrows ), giving it a spiculated appearance, in a 51-year-old woman 
with primary adenocarcinoma of the lung       
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Tumor-nodes-metastasis (TNM) staging assesses the pri-
mary tumor (T), spread of the tumor into locoregional 
lymph nodes (N), and distant metastasis of the tumor (M). 
The original use of TNM staging was with conventional 
anatomic assessment based on tumor size and morphology, 
which did not take into account information such as meta-
bolic activity seen on  18 FDG-PET scans. However, infor-
mation from PET scans is now being integrated into TNM 
staging. 

 The current staging system for NSCLC is the seventh 
edition of the TNM system (Tables  1.1  and  1.2 ) and is 
based on analysis of long-term survival data on more than 
100,000 patients in a study conducted under the auspices 
of the International Association for the Study of Lung 
Cancer  [  99  ] .   

   Primary Tumor (T Status) 
 The T status is determined by the size and location of the 
primary tumor and its degree of invasion into surrounding 
structures. It is assessed primarily using CT, as the infe-
rior spatial resolution of PET does not lend itself to T 
staging, which is based on morphological tumor features. 
However, some evidence indicates that the amount of 
 18 FDG uptake correlates with the prognosis  [  100–  103  ]  and 
that patients whose primary tumors have high  18 FDG 
 avidity, even at an early stage, have shorter survival 
durations. 

  Fig. 1.11    Contrast-enhanced chest CT scan with lung window settings 
showing multiple ground-glass nodules ( arrows ) compatible with multi-
focal adenocarcinoma, which was con fi rmed via biopsy, in a 75-year-old 
woman 6 years after left upper lobectomy for adenocarcinoma       

  Fig. 1.12    Contrast-enhanced chest CT scan with mediastinal win-
dow settings showing a small endobronchial tumor ( arrow ) obstruct-
ing the left lower lobe superior segmental bronchus, resulting in 
postobstructive pneumonia ( P ) of that segment, in a 30-year-old man 
with a carcinoid tumor. A punctuate calci fi cation is present in the 
tumor ( arrowhead )       

a

b

  Fig. 1.13    ( a ) Contrast-enhanced chest CT scan with mediastinal win-
dow settings showing a con fl uent right upper lobe tumor and mediasti-
nal and right hilar lymphadenopathy compressing the superior vena 
cava ( arrow ) in a 66-year-old man with lung SCLC. Numerous dilated 
collateral vessels in the right anterior chest wall are brightly opaci fi ed 
by the intravenous contrast agent injected from the right arm ( arrow-
heads ). Also, the bronchus intermedius is markedly narrowed ( curved 
arrow ) by the tumor encasement. ( b ) CT scan of the upper abdomen in 
the same patient demonstrating a right adrenal nodule ( arrow ) as well 
as numerous low-density mesenteric nodal metastases ( arrowheads ), 
which are compatible with extensive stage SCLC.  Ao  aorta,  PA  pulmo-
nary artery,  IVC  inferior vena cava       
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 T status is determined by the tumor size and location and 
the presence of invasion of adjacent structures in the thorax. 
The T status descriptors are described in Table  1.1 . 

 Because of its superior spatial resolution over that of 
MRI and PET, CT more accurately measures the size of pri-
mary tumors and readily identi fi es features of tumors at 
advanced T stages, such as gross chest wall involvement 
with rib destruction and bulging chest wall abnormalities. 
However, CT is not as accurate in identifying more subtle 
chest wall involvement, such as invasion of the parietal 

pleura, in contrast with the tumor merely abutting this struc-
ture. In one study, CT had a sensitivity rate of 63 % in dis-
tinguishing T3–T4 tumors from T0–T2 tumors, and its 
speci fi city rate was 84 %  [  104  ] . Some CT  fi ndings that sug-
gest invasion of the chest wall include obliteration of the 
extrapleural fat plane, contact of the tumor with the pleural 
surface more than 3 cm in length, a high ratio of tumor-
pleura contact to tumor height, and formation of an obtuse 
angle between the tumor and the pleura  [  105  ] . Despite its 
superior contrast resolution compared to CT, the accuracy 

   Table 1.1    TNM descriptors of NSCLC (International staging system for lung cancer, seventh edition)   

  T (primary tumor)  
 TX  Primary tumor cannot be assessed; tumor proven by the presence of malignant cells in sputum or bronchial 

washings but not visualized using imaging or bronchoscopy 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor  £ 3 cm 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) a  
  T1a  Tumor  £ 2 cm in greatest dimension 
  T1b  Tumor >2 cm but  £ 3 cm in greatest dimension 
 T2  Tumor >3 cm but  £ 7 cm in greatest dimension or tumor with any of the following features (T2 tumors with 

these features are classi fi ed as T2a if  £ 5 cm) 

  Involves main bronchus,  ³ 2 cm from the carina 
  Invades visceral pleura 
  Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve 
the entire lung 

  T2a  Tumor >3 cm but  £ 5 cm in greatest dimension 
  T2b  Tumor >5 cm but  £ 7 cm in greatest dimension 
 T3  Tumor >7 cm; tumor that directly invades any of the following: chest wall (including superior sulcus tumors), 

diaphragm, phrenic nerve, mediastinal pleura, and parietal pericardium; tumor in the main bronchus <2 cm 
from the carina a  but without involvement of the carina; tumor-associated atelectasis or obstructive pneumonitis 
of the entire lung or a separate tumor nodule or nodules in the same lobe 

 T4  Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent 
laryngeal nerve, esophagus, vertebral body, and carina; separate tumor nodule or nodules in a different 
ipsilateral lobe 

  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 via direct extension 
 N2  Metastasis in an ipsilateral mediastinal and/or subcarinal lymph node or nodes 
 N3  Metastasis in a contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicu-

lar lymph node or nodes 
  M (distant metastasis)  
 MX  Distant metastasis cannot be assessed 
 M0  No distant metastasis 
 M1a  Separate tumor nodule or nodules in a contralateral lobe; tumor with pleural nodules or malignant pleural (or 

pericardial) effusion b  
 M1b  Distant metastasis 

  Used with permission from Goldstraw et al.  [  99  ]  
  a Uncommon super fi cial spreading tumors of any size with their invasive components limited to the bronchial wall, which may extend proximally 
to the main bronchus, are also classi fi ed as T1 tumors 
  b Most pleural (and pericardial) effusions with lung cancer are caused by the tumor. In a few patients, however, multiple cytopathological examina-
tions of pleural (and/or pericardial)  fl uid are negative for tumor cells, and the  fl uid is nonbloody and not an exudate. When these elements and clini-
cal judgment dictate that the effusion is not related to the tumor, the effusion should be excluded as a staging element, and the patient should be 
classi fi ed as having T1, T2, T3, or T4 disease  
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of MRI in identifying chest wall invasion is insuf fi cient and 
similar to that of CT  [  104,   106  ] . 

 For assessment of direct mediastinal involvement of lung 
tumors, CT and MRI  fi ndings suggestive of microscopic 
invasion of the mediastinum are tumor contact along the 
mediastinum of more than 3 cm, an angle of contact with the 
aorta greater than 90°, and a lack of a preserved fat plane 
between the mass and mediastinal structures  [  107–  109  ] . 
Although one study found that MRI was superior to CT in 
identifying mediastinal invasion by a lung tumor  [  104  ] , the 
accuracy of both imaging methods in assessment of medi-
astinal involvement was disappointing, with sensitivity rates 
of 55 % for CT and 64 % for MRI  [  110  ] . 

 The superb soft tissue contrast resolution and multiplanar 
capabilities of MRI are ideally suited for evaluation of neuro-
vascular invasion by lung tumors. This is particularly helpful 
in the evaluation of superior sulcus tumors. An absolute con-
traindication to surgery for superior sulcus tumors, for which 
surgical resection in the absence of nodal disease is associ-
ated with longer survival durations  [  111  ] , is invasion of the 
brachial plexus roots or trunks above the level of the T1 nerve 
root. Also, the brachial plexus can be readily assessed in the 
sagittal plane using MRI, but is barely detectable using CT 
 [  112  ] . At the time of imaging, MRI can determine whether 
the carotid and vertebral arteries are involved by a lung tumor, 
which is a relative contraindication to surgery. MRI also can 
determine whether the contralateral vessels are severely 
affected by atherosclerotic disease, in which case the patient 
may not be a candidate for surgery  [  113  ] . Researchers have 
developed MRI sequences to overcome  fl ow artifacts and 
improve vascular and cardiac images in motion. MRI also is 
used to determine whether and, if so, to what extent a tumor 
directly involves the heart in the preoperative assessment of 
surgical candidates.  

   Nodal Disease (N Status) 
 The seventh edition of the TNM staging system is identical 
to the sixth edition in terms of N staging (Table  1.1 ). 

 The role of chest radiography in N staging of NSCLC is 
limited, as mild to modest nodal enlargement is dif fi cult to 
detect radiographically. Bulky bilateral adenopathy indicates 
stage IIIB disease. If the patient is too ill or is unwilling to 
undergo treatment, chest radiography should suf fi ce for stag-
ing. In the majority of patients, however, a more accurate 
staging method is needed. 

 CT is routinely used for noninvasive N staging of lung 
tumors. The sole criterion for differentiating benign and met-
astatic lymph nodes in cross-sectional imaging studies is 
size: speci fi cally, a short axis diameter greater than 1 cm 
 [  114  ] . Researchers chose this threshold to create a  fi ne bal-
ance between sensitivity and speci fi city in an effort to mini-
mize false-negative results. A meta-analysis that pooled 
evaluations of the lymph nodes of 5,111 patients with lung 
cancer in 43 different studies found that the sensitivity and 
speci fi city rates for CT in detecting metastases in the medi-
astinal lymph node compartments according to size criteria 
were 51 and 86 %, respectively. Similarly, two other meta-
analyses showed sensitivity rates of 61–64 % and speci fi city 
rates of 74–79 % for CT in distinguishing benign from meta-
static lymph nodes  [  115,   116  ] . The accuracy of CT in detect-
ing nodal metastases is similar to that of MRI, as the accuracy 
rates for CT have ranged from 56 to 82 %, whereas those for 
MRI have ranged from 50 to 82 %  [  104,   110,   117–  120  ] . 
These low accuracy numbers result from the fact that nor-
mal-sized lymph nodes can harbor tumor cells and, con-
versely, that nodal enlargement may re fl ect a benign reactive 
process  [  121,   122  ] . Recent attempts to use MRI to identify 
lung cancer nodal metastases based on internal characteris-
tics of lymph nodes, such as high signal intensity, eccentric 
cortical thickening, and obliterated fatty hilum, had similarly 
disappointing results, with accuracy rates ranging from 70 to 
73 %  [  123,   124  ] . 

 The accuracy of  18 FDG-PET is superior to that of CT in N 
staging. However, the results of  18 FDG-PET performed for 
this purpose should be interpreted with caution and in con-
junction with CT assessment, as nonneoplastic in fl ammatory 
processes have increased  18 FDG activity. As with that of pul-
monary nodules, PET is less accurate than CT in the evalua-
tion of lymph nodes smaller than 10 mm in diameter. 
N staging using integrated  18 FDG-PET-CT is more accurate 
than that using  18 FDG-PET alone  [  66,   125  ] . 

 In a pooled analysis of results of multiple studies evaluat-
ing a total of 2,865 patients with lung cancer, the sensitivity 
and speci fi city rates for  18 FDG-PET in identifying metastatic 
lymph nodes were 74 and 85 %, respectively  [  126  ] . In a 
meta-analysis of 17 studies comprising 833 patients with 
lung cancer, the overall sensitivity and speci fi city rates for 
 18 FDG-PET in detecting nodal metastases were 83 and 92 %, 

   Table 1.2    NSCLC stage groups and TNM subsets (International stag-
ing system for lung cancer, seventh edition   

 Occult carcinoma  TX  N0  M0 

 Stage 0  Tis  N0  M0 
 Stage IA  T1a, b  N0  M0 
 Stage IB  T2a  N0  M0 
 Stage IIA  T1a, b  N1  M0 

 T2a  N1  M0 
 T2b  N0  M0 

 Stage IIB  T2b  N1  M0 
 T3  N0  M0 

 Stage IIIA  T1, T2  N2  M0 
 T3  N1, N2  M0 
 T4  N0, N1  M0 

 Stage IIIB  T4  N2  M0 
 Any T  N3  M0 

 Stage IV  Any T  Any N  M1a, b 

  Used with permission from Goldstraw et al.  [  99  ]   
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respectively, whereas the sensitivity and speci fi city rates for 
chest CT were 59 and 78 %, respectively  [  127  ] . In cases with 
enlarged lymph nodes, the speci fi city and accuracy of  18 FDG-
PET and  18 FDG-PET-CT decrease, but their sensitivity in 
detecting nodal metastatic spread increases  [  128–  132  ] . In 
one meta-analysis of patients with lung cancer who had 
enlarged lymph nodes, the median sensitivity and speci fi city 
rates for  18 FDG-PET were 100 and 78 %, respectively  [  116  ] . 
The lower speci fi city rate in the presence of enlarged lymph 
nodes means that almost a quarter of the patients diagnosed 
with metastatic lymph nodes according to CT and  18 FDG-
PET  fi ndings actually did not have nodal metastasis, but 
rather had reactive or in fl ammatory lymphadenopathy. In 
patients whose mediastinal lymph nodes are smaller than 
1 cm in diameter, about 20 % have false-negative PET results; 
in a meta-analysis of patients with lung cancer, the sensitiv-
ity and speci fi city rates for  18 FDG-PET scanning of small 
nodes were 82 and 93 %, respectively  [  116  ] . 

 Because of the accuracies previously described in identi-
fying lymph node metastases, ASCO recommends perform-
ing a con fi rmatory biopsy in lung cancer cases with 
 18 FDG-avid mediastinal lymph nodes so that patients with 
operable disease will not be denied curative surgery  [  65  ] . An 
 18 FDG-PET scan is justi fi ed even when a highly suspicious 
enlarged lymph node is identi fi ed on the initial chest CT 
scan. The  18 FDG-PET scan may in fl uence the site of biopsy 
by identifying a previously unsuspected metastasis (which 
may upstage the disease), or a metastasis for which biopsy is 
safer than a biopsy of the initially intended mediastinal 
lymph node. Whereas mediastinoscopy and transbronchial 
lymph node biopsy are unable to sample all lymph node sta-
tions, tissue sampling remains the most accurate method of 
preoperative identi fi cation of occult metastatic disease in 
mediastinal lymph nodes smaller than 1 cm in diameter.  

   Distant Metastasis (M Status) 
 The goal of identifying of metastatic lung cancer is prevent-
ing nontherapeutic thoracotomy. The seventh edition of the 
TNM staging system divides metastatic disease into M1a for 
metastases in the thoracic cavity and M1b for extrathoracic 
metastases. In addition, the M1a category includes malig-
nant pleural effusions and nodules and metastatic pulmonary 
nodules in the contralateral lung  [  99  ] . The common sites of 
distant metastatic disease in patients with NSCLC are the 
adrenal glands, liver, brain, and bone. 

 Establishing the diagnosis of a malignant pleural effusion, 
an M1a disease  [  99  ] , is frequently dif fi cult because  fl uid 
sampling via thoracentesis is positive for malignancy in only 
66 % of patients  [  133  ] . Pleural nodules in the presence of 
pleural  fl uid are strongly indicative of malignant effusion; 
however, the pleura does not always exhibit nodularity on 
CT scans.  18 FDG-PET is helpful in identifying pleural metas-
tases, but reported studies of the accuracy of  18 FDG-PET in 

establishing the diagnosis of a malignant effusion are few, 
with reported sensitivity rates of 92–100 %, speci fi city rates 
of 67–71 %, negative predictive values of 100 %, and posi-
tive predictive values of 63–79 %  [  134,   135  ] .  18 FDG-PET 
scanning for pleural malignancies should be interpreted with 
caution and in conjunction with CT scanning, as pleural 
in fl ammation following talc pleurodesis can persist for years 
and will exhibit increased  18 FDG uptake in the absence of 
malignant cells  [  136  ] . However, a negative PET result, that 
is, without increased pleural FDG uptake, can be useful in 
con fi rming the absence of metastatic pleural disease, particu-
larly when the results of thoracentesis are also negative for 
metastasis. 

 In patients with early-stage NSCLC (stage I or II) accord-
ing to their initial chest CT scans and with no clinical symp-
toms, additional imaging for metastatic disease has a low 
yield  [  137–  139  ] . Some advise further extrathoracic staging 
of tumors in such patients whose histological type has an 
increased likelihood of extrathoracic metastasis at the time of 
presentation, such as adenocarcinoma or large cell carcinoma 
 [  19,   137,   140,   141  ] ; however, a study of a large series of 
patients with early-stage lung cancer did not  fi nd this approach 
to be productive  [  139  ] . Nevertheless, a study in which 
researchers performed biopsy analysis of normal-appearing 
adrenal glands in patients with NSCLC staged using chest 
CT found that 12 % of the glands harbored metastatic disease 
 [  142  ] . Another study compared autopsy results with CT scans 
of the adrenal glands in 73 patients with NSCLC and 18 
patients with SCLC within 90 days before death, which 
showed that CT detected only 20 % of adrenal metastases; 
the authors attributed this low sensitivity of CT to the absence 
of substantial structural changes in the glands  [  143  ] . 

 Because of these  fi ndings, the American College of Chest 
Physicians  [  144  ]  and ASCO  [  65  ]  issued guidelines recom-
mending  18 FDG-PET scanning for staging of NSCLC. 
Further imaging is advised depending on patient symptoms 
or for abnormal lesions that remain indeterminate following 
initial investigations using  18 FDG-PET and CT. Except in the 
brain,  18 FDG-PET is more sensitive and speci fi c than CT and 
bone scanning in detecting metastatic disease  [  145–  147  ] . For 
example, in a study of 303 patients, the sensitivity and 
speci fi city rates for  18 FDG-PET in the identi fi cation of meta-
static disease were 83 and 90 %, respectively  [  68  ] .  18 FDG-
PET also has detected unexpected distant metastases in 
approximately 15 % of patients with lung cancer  [  71  ]  and 
prevented nontherapeutic thoracotomy in 20 % of patients 
with this disease  [  68,   69  ] . PET scanning has the bene fi ts of 
imaging the entire body in one examination and assessing 
areas less effectively evaluated using conventional imaging, 
such as the skin, muscles, and pelvis, facilitating detection of 
unusual metastatic foci. 

 The adrenal glands are the most common sites of meta-
static disease in patients with NSCLC  [  148,   149  ] , and  isolated 
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adrenal metastasis occurs in up to 6 % of patients  [  150  ] . 
However, the majority of adrenal nodules, as observed at ini-
tial presentation in up to 20 % of patients, are benign  [  142, 
  148,   149,   151–  159  ] . Adrenal nodules with a radiodensity of 
10 HU or less on CT scans may con fi dently be diagnosed as 
adrenal adenomas. This criterion has 98 % sensitivity but 
only 71 % speci fi city  [  160  ] , as 30 % of adenomas do not con-
tain a suf fi cient amount of lipid to be measured using CT 
 [  161  ] . In these cases, an effective choice is MRI using chem-
ical shift analysis to determine whether microscopic amounts 
of lipid are present and thus differentiate a benign adenoma 
from a malignant nodule  [  162–  164  ] . Chemical shift analyses 
(MRI) and Houns fi eld unit measurements (CT) can be erro-
neous when the adrenal nodule is small. CT and MRI fea-
tures of adrenal metastasis include diameter greater than 
3 cm, high signal intensity on T2-weighted MRI sequences, 
poorly de fi ned margins, an irregularly enhancing rim, and 
invasion of adjacent structures  [  165  ] . 

  18 FDG-PET can be helpful in establishing the benignity of 
adrenal nodules. Studies have shown that although the sensi-
tivity and speci fi city rates for  18 FDG-PET scanning of adre-
nal masses are high (100 and 80–90 %, respectively), 
adenomas can have increased FDG uptake  [  146,   166  ] . The 
accuracy of identifying an adrenal metastasis is increased 
when an adrenal nodule has greater  18 FDG avidity than the 
liver as opposed to using a speci fi c standardized uptake value 
(Fig.  1.14a–c )  [  167  ] . Because uptake can be high in ade-
nomas, ASCO recommends biopsy analysis of an isolated 
adrenal mass identi fi ed on imaging studies to rule out distant 
metastatic disease if the cancer would otherwise be  potentially 
resectable.  

 NSCLC frequently metastasizes to the liver, but the liver 
is rarely an isolated site of disease, particularly without 
evidence of metastatic disease to regional lymph nodes. 
One meta-analysis found that only 3 % of asymptomatic 
patients with NSCLC had liver metastases on CT scans. 
 18 FDG-PET can detect liver metastases with accuracy rates 
ranging from 92 to 100 %  [  147,   151,   168  ]  and only rare 
false-positive  fi ndings; nevertheless, the data in those stud-
ies were limited and were not compared with results of sys-
tematic biopsies or state-of-the-art liver imaging with CT 
or MRI. When a liver lesion is suspected to be a metastasis 
according to any imaging modality, the suspicion should be 
con fi rmed using biopsy if the disease is otherwise poten-
tially resectable  [  65  ] . In most cases, liver metastases do not 
signi fi cantly alter management of lung cancer because they 
are not isolated  [  169  ] . 

 Routine screening for brain metastases in asymptomatic 
patients presenting with newly diagnosed NSCLC remains 
controversial and is not universally recommended by ASCO 
 [  65  ] . Authors reported that when brain CT was performed in 
asymptomatic patients undergoing NSCLC staging, the 
median prevalence of brain metastasis was 3 % (range, 

0–21 %)  [  137,   170–  177  ] . In comparison, when brain CT was 
performed in a combination of symptomatic and asymptom-
atic patients, the prevalence of brain metastases was 14 % 
(range, 6–32 %)  [  178–  186  ] . Asymptomatic brain metastases 
are more common in patients with advanced intrathoracic 
disease than those presenting with early disease  [  141,   187  ] . 
Patients with stage I or II lung cancer have had a brain lesion 
detection rate of 4 % using CT or MRI, whereas those with 
stage III disease have had a detection rate of 11.4 %  [  177  ] . 
Although MRI can detect smaller and more numerous brain 
metastases than CT scan  [  177  ] , evidence showing that MRI 
can identify more patients with NSCLC metastases than CT 
scan is lacking. Consequently, ASCO determined that both 
CT and MRI are acceptable for evaluation of brain metasta-
ses of lung cancer. One of these imaging studies should be 
performed in patients who have neurological signs of a brain-
occupying lesion or have symptoms, as well as asymptom-
atic patients with stage III lung cancer who are being 
considered for aggressive local therapy such as thoracotomy 
or irradiation  [  65  ] . 

  18 FDG-PET is not recommended for assessment of brain 
metastases of lung cancer. The sensitivity rate for  18 FDG-
PET in detection of brain metastases has been shown to be as 
low as 60 %  [  147  ] .  18 FDG accumulates avidly in the gray 
matter, which is the location of most metastatic lesions, thus 
limiting their detectability. 

 Although patients with skeletal metastases from lung 
cancer often are symptomatic and/or have laboratory test 
results indicating calcium and phosphate level abnormalities 
 [  185  ] , one study demonstrated that up to 27 % of asymptom-
atic patients had skeletal metastases  [  188  ] . False-positive 
abnormalities on technetium 99 m methylene diphosphonate 
bone scintigrams are numerous, owing to the frequency of 
degenerative and traumatic skeletal changes which also 
cause radiotracer accumulation.  18 FDG-PET is superior to 
bone scintigraphy in identifying skeletal metastases. 
Speci fi cally,  18 FDG-PET is able to identify metastatic depos-
its in the bone marrow that typically are not detected by 
bone scintigraphy, and  18 FDG-PET yields few false-positive 
results. Furthermore, rates of the speci fi city, sensitivity, neg-
ative predictive value, positive predictive value, and accu-
racy of  18 FDG-PET scanning in the assessment of bone 
metastases have exceeded 90 %  [  145,   147,   188,   189  ] . Bone 
scintigraphy is therefore considered optional in patients who 
have evidence of bone metastases according to  18 FDG-PET 
unless they have symptoms suggestive of bone metastases in 
regions not included on PET scans. Because of the potential 
for false-positive uptake on both  18 FDG-PET scans and bone 
scintigrams, patients with lung cancer who are candidates 
for surgery are required to undergo histological con fi rmation 
or corroboration of bone metastasis using morphological 
imaging (radiography, CT, or MRI) of a lesion that will 
upstage their disease  [  65  ] . 
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 To summarize staging of NSCLC, imaging with a chest 
CT scan that includes the adrenal glands and liver is routine. 
If the disease does not appear to be metastatic, further stag-
ing with  18 FDG-PET or PET-CT is recommended  [  65  ] . 
Additional imaging, such as brain imaging for early-stage 
disease or dedicated bone imaging (plain  fi lm, scintigraphy, 
or MRI), is performed if the patient is symptomatic or to 
clarify uncertain initial  18 FDG-PET and CT  fi ndings. Patients 
with locally advanced disease scheduled to receive aggres-
sive therapy (surgery or irradiation) should undergo dedi-
cated brain imaging (MRI or contrast-enhanced CT) even if 
they are asymptomatic. Biopsy analysis of nodes suspected 
to have metastases (i.e., those larger than 1 cm in diameter or 

with increased FDG activity) is required for con fi rmation of 
the presence of nodal disease. A positive imaging  fi nding 
that would change the clinical management of lung cancer, 
such as an isolated distant metastasis in a patient whose dis-
ease is otherwise resectable, should be veri fi ed by biopsy.   

   SCLC 
 The number of studies on the best imaging methods for stag-
ing of SCLC is lower than that for NSCLC, which is proba-
bly due to the dismal prognosis of these patients. The great 
majority of SCLC patients undergo nonsurgical treatment. 
The Veterans Administration Lung Cancer Study Group 
developed a simpli fi ed method of dichotomous staging of 

a
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  Fig 1.14    ( a ) Contrast-enhanced 
CT scans with abdominal 
window settings through the 
upper abdomen showing 
bilateral adrenal gland 
nodules ( arrows ) in a 
58-year-old man with metastatic 
lung adenocarcinoma. ( b ) Fused 
image from subsequent PET-CT 
examination showing avid 
 18 FDG uptake in a right adrenal 
nodule ( arrow ), which was 
consistent with metastatic 
disease. ( c ) Fused image 
from same PET-CT showing 
background level activity, 
similar to splenic activity, in a 
left adrenal nodule, suggesting 
a benign etiology such as 
incidental adrenal adenoma. 
 S  spleen       
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SCLC  [  190  ] . According to this method, limited SCLC 
includes tumors con fi ned to the hemithorax of origin, medi-
astinum, and/or supraclavicular lymph nodes. Tumor spread 
beyond these sites constitutes extensive disease. Most 
patients with SCLC have disseminated disease at initial pre-
sentation  [  191  ] . The common sites of metastatic disease are 
the liver, bone, bone marrow, brain, and retroperitoneal 
lymph nodes, which can be identi fi ed on the initial staging 
chest CT scan. 

 Multiple studies, including bone marrow aspiration, brain 
MRI, CT scanning of the chest and abdomen, and bone scin-
tigraphy, are commonly performed for staging of SCLC  [  192  ] , 
but radiologists and oncologists have yet to reach a consensus 
regarding the routine use of imaging modalities for this pur-
pose. Researchers have attempted to use a single imaging 
modality for the entire body and reduce the multiplicity of 
studies currently used for staging of this disease. MRI is able 
to  fi ll this role, but it has not gained popularity  [  191  ] . Staging 
of SCLC with  18 FDG-PET or PET-CT is not recommended 
according to the second edition of the Evidence-Based 
Clinical Practice Guidelines of the American College of Chest 
Physicians  [  192  ]  because of a lack of randomized prospective 
trials showing that  18 FDG-PET improves staging. Many stud-
ies of SCLC have investigated fewer than 50 patients and 
lacked reference standards to verify the staging accuracy of 
 18 FDG-PET  [  193–  198  ] . Nevertheless, recent reports sug-
gested that staging of SCLC using  18 FDG-PET resulted in a 
change in management in 8–16 % of patients  [  199,   200  ] . As 
for NSCLC, PET-CT is more accurate than chest CT alone for 
staging of SCLC but is less accurate than conventional 
 imaging in detecting brain metastases  [  193–  201  ] . 

 Isolated bone and bone marrow metastases of SCLC are 
not common  [  190,   202,   203  ] . Therefore, evaluation for 
osseous metastatic disease using bone scintigraphy, bone 
marrow aspiration, or MRI is not performed in asymptom-
atic patients with limited SCLC, but rather is usually reserved 
for patients with extensive disease. Brain metastases, on the 
other hand, are common in patients with SCLC. Speci fi cally, 
intracranial lesions are seen at presentation in up to 24 % of 
asymptomatic patients who undergo contrast-enhanced brain 
MRI. Therefore, dedicated brain imaging is advocated by 
many oncologists as part of routine staging workup  [  191,   204  ] . 
Liver and retroperitoneal lymph node metastases are also 
common at presentation in patients with SCLC but are usu-
ally asymptomatic  [  190,   202  ] . Thus, staging of SCLC should 
include contrast-enhanced imaging of the entire liver using 
either CT or MRI. 

   Uncommon Primary Pulmonary Malignancies 
 Some types of primary lung tumors are rare, but when they 
do occur, they often have radiological features that may sug-
gest their diagnosis. 

   Sarcomatoid Carcinoma 
 Carcinomas with pleomorphic, sarcomatoid, or sarcomatous 
elements are uncommon. On radiological images, these neo-
plasms can appear either as large peripheral masses or poly-
poid endobronchial lesions with attendant atelectasis or 
postobstructive pneumonia  [  205–  208  ] . Calci fi cation and 
cavitation are unusual, but necrosis and hemorrhage can 
appear as heterogeneous attenuation on CT scans  [  206–  208  ] . 
Also, hilar and mediastinal adenopathy are uncommon  [  207  ] . 
Pleural effusion can occur as a result of local invasion  [  209  ] . 
Metastases develop in sites similar to those in patients with 
lung cancer: lung, liver, bones, adrenal glands, and brain 
(Fig.  1.15 )  [  208  ] .   

   Pulmonary Blastoma 
 The typical appearance of pulmonary blastoma is a single, large 
(2.5–26.0 cm), well-marginated peripheral mass  [  210–  213  ] . 
Multiplicity, cavitation, and calci fi cation are rare  [  213  ] . Local 
invasion of the mediastinum and pleura occurs in 8 and 25 % of 
cases, respectively  [  211  ] . Hilar and mediastinal lymph node 
metastasis occurs in 30 % of resected cases  [  211  ] . Extrathoracic 
metastases are common and have distributions similar to that of 
primary lung cancer  [  211,   214  ] .   

   Neoplasms of the Tracheobronchial Glands 
 Tracheobronchial gland neoplasms are usually located in the 
central airways but may occasionally manifest as peripheral 
pulmonary nodules. These tumors are frequently missed on 
chest radiographs unless they are large enough to cause 
obstructions and postobstructive lung parenchymal  fi ndings, 
such as atelectasis or pneumonia, as the tracheal air column 

  Fig. 1.15    Contrast-enhanced chest CT scan with lung window settings 
showing a large left upper lobe primary tumor ( P ) and left hilar lymph-
adenopathy ( curved arrow ) in a 74-year-old man with sarcomatoid 
carcinoma of the lung. A satellite metastasis ( arrow ) is shown in the 
same lobe       
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and proximal bronchi are “blind spots” on radiographs for 
many radiologists. CT, which readily demonstrates the air-
ways, is an important diagnostic tool for adult patients who 
present with new-onset “asthma.” 

 Adenoid cystic carcinomas are con fi ned to the trachea or 
main central bronchi in 80 % of patients, whereas 10–15 % 
of these tumors may manifest as peripheral pulmonary nod-
ules  [  215–  218  ] . The typical radiological appearance of an 
adenoid cystic carcinoma is an endotracheal or endobron-
chial mass, usually lobulated or polypoid, that narrows the 
airway lumen (Fig.  1.16 ). These lesions can be circumferen-
tial and may manifest as diffuse stenosis  [  219  ] . Metastatic 
spread of an adenoid cystic carcinoma has a distribution sim-
ilar to that of metastatic spread of NSCLC  [  218  ] . Adenoid 
cystic carcinomas exhibit slow, progressive local growth 
 [  216  ]  and metastasize at a late stage; consequently, patients 
with this cancer are usually considered candidates for sur-
gery. CT is used for surgical planning and readily demon-
strates the extratracheal extent of these tumors. However, CT 
can underestimate the longitudinal extent of an adenoid cys-
tic carcinoma  [  220  ]  even when it is evaluated in multiplanar 
reformatted reconstructions, as this tumor has a tendency to 
in fi ltrate beneath the mucosa, a microscopic phenomenon 
that is not identi fi able on CT scans.  

 Mucoepidermoid carcinomas typically occur as central 
endobronchial masses in the main or lobar bronchi. Less 
common presentations include a polypoid intraluminal nod-
ule in the trachea and pulmonary nodule or mass in the lung 
periphery  [  221–  223  ] . Mucoepidermoid carcinomas are usu-
ally slow-growing, low-grade neoplasms with benign clini-
cal courses, although some have more aggressive high-grade 
features  [  223–  225  ] . These two forms, adenoid cystic and 
mucoepidermoid carcinomas, have similar radiological 
appearances and thus cannot be distinguished from each 
other using imaging studies alone  [  223  ] .  

   Malignant Mesenchymal Lung Tumors 
 Spindle cell sarcomas (malignant  fi brous histiocytoma, 
hemangiopericytoma,  fi brosarcoma, leiomyosarcoma, and 
synovial sarcoma) are the most common primary pulmonary 
sarcomas  [  226–  229  ] . They are most often located in the 
periphery of the lung, although central and endobronchial 
masses can occur  [  227,   228,   230–  232  ] . Authors have reported 
spindle cell sarcomas as large as 25 cm in diameter; their 
large size at presentation probably results from their slow 
growth and tendency to metastasize late. These tumors are 
typically sharply marginated and occasionally calci fi ed 
 [  226–  228,   230,   233  ] . Cavitation is uncommon, although het-
erogeneous attenuation resulting from necrosis in the mass 
may be seen on CT scans  [  226,   233  ] . In particular, the rich 
vascularity of hemangiopericytomas in the lung can be dem-
onstrated using CT, MRI, and ultrasound, but this tumor can-
not be radiologically distinguished from other sarcomas, 

which can contain similar-appearing vascularity. Features of 
these tumors that suggest hypervascularity include feeding 
arteries that can be visualized directly using CT or MR 
angiography and indirect signs such as avid nodule enhance-
ment on contrast-enhanced chest CT or MRI scans. Evidence 
of internal hemorrhaging includes high attenuation on unen-
hanced chest CT scans and hyperintense areas on both T1- 
and T2-weighted images  [  232,   234,   235  ] . 

 Sarcomas of vascular origin (angiosarcomas and epithe-
lioid hemangioendotheliomas) are extremely rare primary 
lung tumors  [  228,   236,   237  ] . Angiosarcomas of the lung are 
described as multiple bilateral nodules, but most probably 
represent metastases, and a primary tumor located outside 
the lung that must be excluded  [  228  ] . Pulmonary epithelioid 
hemangioendothelioma usually appears radiologically as 
multiple 1–2-cm bilateral pulmonary nodules, although 
about 25 % of patients have single nodules and unilateral 
distribution  [  236,   238,   239  ] . Authors recently described 
irregular thickening of the bronchovascular bundles and per-
ilobular structures caused by lymphangitic spread and asso-
ciated multiple bilateral pulmonary nodules on high-resolution 
CT scans  [  240  ] . Calci fi cation is rarely detected radiologi-
cally but is frequently detected histologically  [  238,   239  ] . 
Although primary lung sarcomas are usually indolent, the 
presence of hemorrhagic pleural effusion is a sign of poor 
prognosis  [  236  ] .  

   Primary Lung Lymphoma 
 The radiological  fi ndings for primary lymphoma of the lung 
may vary according to the criteria used to de fi ne this disease. 
The most widely accepted de fi nition is intrathoracic 

  Fig 1.16    Contrast-enhanced chest CT scan with mediastinal window 
settings showing an irregular nodule ( arrow ) in the left main bronchus 
with both endobronchial and extrabronchial extension in a 51-year-old 
man with primary adenoid cystic carcinoma of the left bronchus. 
Because the tumor did not completely obstruct the airway, the distal left 
main bronchus ( arrowhead ) remained patent.  Ao  aorta,  PA  pulmonary 
artery       
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 monoclonal lymphoid proliferation without extrathoracic 
sites of disease at presentation and for at least 3 months after 
diagnosis. Some authors restrict the diagnosis to pulmonary 
parenchymal disease only, whereas others include hilar ade-
nopathy with or without mediastinal adenopathy  [  241–  247  ] . 
The parenchymal manifestations of lymphoma include soli-
tary or multiple nodules or masses, focal or multifocal con-
solidation, reticulonodular opacities, and atelectasis (Fig.  1.17 ) 
 [  242,   248–  252  ] . Hilar adenopathy is rare, and pleural effusion 
occurs in 7–25 % of patients  [  242,   249,   253  ] .   

   Secondary Malignant Lung Tumors 
 Metastasis to the lungs occurs via multiple routes: the pul-
monary and bronchial arteries, lymphatics, and airways. The 
four patterns of metastasis to the lung parenchyma are paren-
chymal nodules, interstitial thickening (lymphangitic carci-
nomatosis), tumor emboli with or without pulmonary 
hypertension or infarction, and airway obstruction by an 
endobronchial tumor. 

 Parenchymal nodules are the most common manifestations 
of metastatic disease in the lungs and are usually multiple and 
predominantly located in the lower lobes (Fig.  1.18 )  [  254  ] . 
When multiple pulmonary nodules are present, they are usu-
ally well demarcated, although they may have irregular mar-
gins as seen with some adenocarcinomas  [  255  ] . They can 
vary in size from large “cannonball” metastases, as seen with 
sarcomas, to multiple, small 1-mm nodules distributed in a 
miliary pattern, as seen with thyroid cancer (Fig.  1.19a, b ).   

 Use of multidetector spiral CT, with improved resolution 
and decreasing slice thickness, has led to increased sensitiv-
ity in the detection of pulmonary nodules. However, the 
appearance of these nodules on CT is not speci fi c, and many 
of the nodules identi fi ed using CT are benign. When pulmo-
nary nodules are new, growing, and multiple in a patient with 
a primary malignancy, they are most likely metastases. When 
an oncologist is in doubt about whether they are metastases, 
he or she should consider biopsy analysis of the largest nod-
ule. Monitoring of small nodules (<4 mm in diameter) in a 
patient with a known malignancy is recommended for assess-
ment of their growth, as these nodules are below the  resolution 
of PET. 

 Solitary lung metastases are uncommon, as researchers 
have observed them in 2–10 % of patients presenting with 
pulmonary nodules  [  2,   10,   256  ] . Certain primary malignan-
cies are more likely than others to metastasize to the lung in 
the form of a solitary nodule, including sarcoma, melanoma, 
and carcinoma of the colon, kidney, testicle, or breast 
 [  2,   257,   258  ] . Reliable radiological criteria distinguishing a 
primary lung tumor from a solitary pulmonary metastasis are 
lacking  [  10,   256  ]  because their imaging features overlap. 

 Pulmonary metastatic nodules may have an unusual 
appearance. Cavitation in metastatic nodules is detected 
using chest radiography in approximately 4 % of patients 

with metastases, most often those of squamous cell histology 
(Fig.  1.20a–c )  [  259,   260  ] . On CT scans, however, cavitation 
is seen in 9 % of metastatic nodules, with equal distribution 
of the adenocarcinoma and squamous cell carcinoma sub-
types of NSCLC  [  261  ] . Metastatic sarcoma also can cavitate, 
and a pneumothorax can be the presenting feature of the 
 disease  [  262,   263  ] . As described previously, pulmonary 

  Fig. 1.17    Contrast-enhanced chest CT scan with lung window settings 
demonstrating an irregular consolidative mass in the lingula ( arrow ) in 
an 81-year-old woman with primary B-cell lymphoma of the lung.  H  
heart       

  Fig. 1.18    Contrast-enhanced chest CT scan with mediastinal window 
settings showing a very large number of rounded, well-circumscribed 
bilateral pulmonary nodules ( two marked with arrows ) with a lower 
lobe predominance in a 68-year-old woman 3 years after treatment of 
an adenoid cystic carcinoma in the right neck. Biopsy analysis demon-
strated a metastatic adenoid cystic carcinoma, cribriform type.  LD  liver 
dome,  H  heart       
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 nodules with certain calci fi cation patterns are considered 
benign except in patients with primary osteosarcoma or 
chondrosarcoma, as calci fi cation and ossi fi cation can occur 
in pulmonary metastases of these tumors  [  262  ] . Calci fi cation 
in pulmonary metastases of other primary malignancies is 
much less common, but authors have reported it in patients 
with synovial sarcoma, giant cell tumors of the bone, and 
carcinomas of the colon, ovary, breast, and thyroid 
 [  262,   264–  266  ] .    A solid pulmonary nodule surrounded by a 
ground-glass halo suggests peritumoral hemorrhage 
(Fig.  1.21 )  [  255  ]  but should be distinguished from other dis-
ease processes that have this appearance, such as invasive 
fungal infections, AIS, and lymphoma  [  267–  269  ] .   

 Lymphangitic carcinomatosis is uncommon but can occur 
in patients with primary tumors in the lung, breast, stomach, 
pancreas, prostate, cervix, or thyroid  [  262,   270  ] . Chest radio-
graphic  fi ndings of lymphangitic carcinomatosis may mimic 
those of pulmonary edema, from which it must be distin-
guished, and include thickened bronchovascular markings, 
interlobular septal thickening, and, in some cases, pleural 
effusion  [  271,   272  ] . Up to 50 % of patients with pathologi-
cally proven lymphangitic carcinomatosis have normal- 
appearing chest radiographs  [  273,   274  ] . A study showed that 
the use of chest CT, in addition to a chest radiograph, 
increased the rate of con fi dent diagnosis of lymphangitic 
carcinomatosis from 54 % (by clinical examination, history, 
and chest radiography alone) to 92 %, whereas a lack of 
imaging resulted in no con fi dent diagnoses  [  275  ] . On thin-
section CT scans, lymphangitic carcinomatosis typically 
appears with irregular nodular thickening of the interlobular 
septa and peribronchovascular bundles  [  272,   276  ] . This pat-
tern of interstitial thickening causes a CT appearance of 
polygonal shapes with a central dot superimposed on the 
normal lung architecture (Fig.  1.22 ). This appearance, in 
association with nodularity of the interlobular septa, is 
pathognomonic for lymphangitic carcinomatosis and distin-
guishes it from pulmonary edema, in which septal thickening 
is smooth  [  277  ] . When nodularity is not seen, the nondepen-
dent distribution and asymmetry of lymphangitic carcinoma-
tosis may help differentiate it from edema. Approximately 
30 % of patients with lymphangitic carcinomatosis also pres-
ent with pleural effusion, and 40 % present with mediastinal 
or hilar adenopathy  [  272  ] .  

 Tumor emboli are rarely identi fi ed using imaging despite 
being observed microscopically in as many as 26 % of 
patients with lung metastases at autopsy  [  278,   279  ] . These 
emboli are usually located in small or medium-sized pulmo-
nary arteries, which make radiology-based diagnosis of them 
dif fi cult  [  280  ] . On CT scans, tumor emboli appear as dilation 
or beading of the subsegmental arteries (Fig.  1.23a, b ), which 
may be accompanied by peripheral wedge-shaped areas of 
low parenchymal attenuation owing to pulmonary infarction 
 [  281–  283  ] . Researchers have described the tree-in-bud 
appearance (branching peripheral centrilobular opacities) as 
a manifestation of pulmonary tumor embolism  [  284,   285  ] . 
Tumors frequently associated with pulmonary tumor emboli 
are hepatomas, breast and renal cell carcinomas, gastric and 
prostatic cancers, and choriocarcinomas  [  279,   280  ] .  

 Endobronchial metastasis is uncommon, and its origin is 
most frequently renal, colorectal, or breast carcinoma or 
melanoma  [  286–  291  ] . Secondary chest radiography  fi ndings 
of endobronchial metastases are caused by bronchial obstruc-
tion and include atelectasis, postobstructive pneumonitis, 
and air trapping. On CT scans, endobronchial metastases 
appear as polypoid, sometimes branching intraluminal soft 
tissue masses (Fig.  1.24a, b )  [  292  ] .      

a

b

  Fig. 1.19    ( a ) Chest radiograph demonstrating a very large number of 
diffuse bilateral nodules approximately 3 mm in size in diameter in a 
13-year-old boy with metastatic papillary thyroid cancer. ( b ) Noncontrast 
chest CT scan with lung window settings through the mid-lungs 
con fi rming the presence of bilateral miliary nodules in a random 
distribution       
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   Primary Malignant Pleural Tumors 

   Mesothelioma 

 Imaging plays an integral part in the diagnosis, staging, 
and treatment response assessment of mesothelioma. This 
disease poses challenges in imaging because of its com-
plex three-dimensional con fi guration. Treatment options 
for mesothelioma, which range from conservative man-
agement to radical surgery, depend on staging, which 
requires accurate delineation of the tumor using imaging. 
Typically, mesothelioma manifests as a unilateral pleural 
mass with moderate to large pleural effusion. The subtypes 
of mesothelioma do not have distinct imaging features and 

are only identi fi ed histologically. This locally aggressive 
tumor rarely metastasizes to distant sites, yet most patients 
present with advanced disease and die within 1 year after 
presentation  [  293–  300  ] .  

   Imaging of Mesothelioma 

 Malignant pleural mesothelioma (MPM) is often detected  fi rst 
on chest radiographs as a unilateral pleural abnormality with 
moderate to large effusion  [  301–  305  ] . In 45–60 % of patients, 
mesothelioma manifests as a smooth, lobular pleural mass 
that in fi ltrates the pleural space and  fi ssures  [  301–  303  ] . As the 
tumor grows, it typically encases the lung and causes an 

a b

c

  Fig. 1.20    Chest CT scans with 
lung window settings showing 
cavitary metastases in the lung. 
( a ) A well-circumscribed round 
nodule with a central lucency 
( arrow ) in a 38-year-old woman 
with metastatic rectal 
adenocarcinoma with mucinous 
features. ( b ) A somewhat 
irregular nodule with a central 
lucency ( arrow ) corresponding 
to pulmonary metastasis in a 
62-year-old man with 
keratinizing squamous cell 
carcinoma of the tongue. 
( c ) Bilateral small cyst-like 
structures ( arrows ) with thin 
walls in a 58-year-old woman 
with widely metastatic 
adenocarcinoma of the lung       
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ipsilateral shift of the mediastinum with narrowing of inter-
costal spaces (Fig.  1.25a–d )  [  305  ] . Signs of chest wall inva-
sion of MPM on plain chest radiographs are osseous destruction 
and periosteal reaction of the ribs  [  302,   305,   306  ] . Lymph 
node involvement is rarely assessed using chest radiography 
because the tumor abuts and obscures the contours of the ipsi-
lateral mediastinum and hilum. Metastasis of MPM to the 
lungs may produce pulmonary nodules or thickening of the 
interlobular septa  [  305,   307,   308  ]  but is uncommon at presen-
tation. Contralateral pleural abnormalities are usually caused 
by underlying asbestos-related pleural disease, although they 
can be caused by pleural metastases in rare cases.  

 Contrast-enhanced multidetector chest CT is the exami-
nation of choice for the initial evaluation of MPM and has 

surpassed MRI as the primary modality for determining the 
T status of this tumor. To ensure that the entire pleura is eval-
uated, scanning must include the chest from the thoracic inlet 
to the level of the L3 vertebra  [  309  ] . Occasionally, more cau-
dal imaging may be required if a bulky tumor causes 
de fl ection of the hemidiaphragm. 

 On CT scans, the features of MPM and other metastases 
to the pleura can overlap. The vast majority of patients with 
MPM have pleural effusion and nodular pleural thickening, 
usually with lower zone predominance. Whereas abnormal, 
nodular-enhancing pleura can be readily demonstrated using 
CT, this may not be the case early in MPM or following sur-
gical intervention for pleurodesis. Biopsy analysis is required 
for de fi nitive diagnosis to distinguish between MPM and 
pleural metastatic disease. 

 Late in the course of MPM, the tumor grows circumfer-
entially around the lung (Fig.  1.25a–d )  [  184,   305,    310–  314  ] . 

  Fig. 1.21    Contrast-enhanced chest CT scan with lung window settings 
showing multiple small nodules with ground-glass halos in a 38-year-old 
woman 2 years after treatment of an angiosarcoma of the left breast. The 
largest nodule ( arrow ) in the right lower lobe is bilobed and measures 
2.2 cm in length, including the surrounding ground-glass halo 
( arrowheads )       

  Fig. 1.22    High-resolution chest CT scan with lung window settings 
showing nodular interlobular septal thickening ( arrows ) in the lungs 
bilaterally along with centrilobular nodular densities and multiple 
ground-glass opacities, which are consistent with lymphangitic carci-
nomatosis, in a 26-year-old man with previously treated primary colon 
cancer       

a

b

  Fig. 1.23    ( a ) Contrast-enhanced chest CT scan with mediastinal win-
dow settings demonstrating beading of the pulmonary arteries ( arrows ) 
secondary to pulmonary arterial tumor emboli in a 41-year-old woman 
with chondrosarcoma of the right pelvis and sacrum after hemipelvec-
tomy. ( b ) Contrast-enhanced chest CT scan performed 7 months before 
the scan in ( a ), showing no abnormalities in the pulmonary vessels       
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Aggressive tumors can invade local structures. Chest wall 
invasion obscures and in fi ltrates the extrapleural fat and 
intercostal muscles, displaces ribs, and may destroy adja-
cent bones  [  310,   313,   315  ] . Occasionally, CT scans dem-
onstrate focal chest wall involvement at a site of a previous 
biopsy, surgical scar, or chest tube tract  [  308  ] . Direct medi-
astinal extension of MPM can cause in fi ltration of fat 
planes, and concomitant invasion of local mediastinal 
structures—the great vessels, esophagus, and trachea—
may occur; tumor tissue surrounding more than 50 % of a 
structure strongly suggests invasion  [  308,   316  ] . Pericardial 
invasion of MPM is suggested by nodular pericardial 

 thickening, which may be accompanied by pericardial 
effusion. Using up-to-date imaging techniques with thin-
section images as well as coronal and sagittal reconstruc-
tions, radiologists can demonstrate gross diaphragmatic 
invasion of MPM directly rather than relying solely on 
indirect signs of tumor diaphragmatic invasion (Fig.  1.26 ). 
In assessment of diaphragmatic invasion, a clear fat plane 
between the inferior diaphragmatic surface and adjacent 
abdominal organs and a smooth diaphragmatic contour 
suggest that the tumor does not extend through the dia-
phragm  [  316  ] .  

 CT is limited in the evaluation of mesothelioma. 
Because of the complex shape of the pleura, differentiat-
ing abnormal pleura from adjacent pleural effusion or a 
collapsed adjacent lung can be dif fi cult. A complicating 
factor is that many patients with MPM have undergone 
invasive biopsy or pleurodesis, resulting in in fl ammatory 
and/or  fi brotic changes that can mimic malignancy by the 
time of the staging CT scan. 

 MRI is usually reserved for patients with MPM whose 
disease is potentially resectable and who have equivocal 
 fi ndings on initial chest CT scans regarding chest wall, 
pericardial, or diaphragmatic invasion. Marked enhance-
ment of MPM on MRI scans using gadolinium-based con-
trast agents and the multiplanar imaging capabilities of 
MRI are particularly useful for delineating multifocal chest 
wall invasion and transdiaphragmatic invasion by this 
tumor  [  317  ] . The signal intensity of MPM typically is equal 
to or slightly greater than that of the adjacent chest wall 
muscle on T1-weighted images and moderately greater on 
T2-weighted images. Administration of a contrast agent 
produces intense enhancement of the pleural tumor. As on 
CT scans, loss of normal fat planes, gross extension into 
mediastinal fat, and tumor tissue surrounding more than 
50 % of a mediastinal structure on MRI scans all suggest 
tumor invasion  [  316  ] . 

 MPM exhibits  18 FDG avidity on PET scans  [  318–  323  ] , 
but the poor spatial resolution of PET limits its use as the 
sole imaging method for MPM. However, use of integrated 
PET-CT has improved identi fi cation of regions of MPM 
involvement with increased  18 FDG uptake and the accuracy 
of staging in patients with MPM  [  324  ] .  18 FDG-PET does 
not overcome the limitations of other imaging methods in 
the evaluation of microscopic transdiaphragmatic invasion 
of MPM, though. The major strength of  18 FDG-PET in 
imaging MPM is delineation of metastatic spread that is 
not detected morphologically, including that in lymph 
nodes and at distant sites. Moreover, authors have reported 
that  18 FDG-PET can predict survival rates in patients with 
mesothelioma when the entire pleural disease is assessed 
according to total glycolytic volume but not when disease 
foci are assessed according to the maximal standardized 
uptake value  [  325  ] .  

a

b

  Fig. 1.24    Contrast-enhanced chest CT scan with ( a ) lung and ( b ) 
mediastinal window settings demonstrating three large tubular opacities 
appearing to branch in the right lower lobe, which are compatible with 
metastatic disease in the segmental right lower lobe bronchi, in a 
53-year-old man with invasive ductal breast carcinoma that became 
metastasized. The small high-density linear structures at the periphery 
of these opacities ( arrowhead ) are the pulmonary vessels running adja-
cent to the airways       
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   Staging of Primary MPM 

 The International Mesothelioma Interest Group staging 
system for MPM has been gaining acceptance for differen-
tiation of patients who would bene fi t from surgical resec-
tion from those needing palliative treatment only (Tables  1.3  
and  1.4 )  [  326  ] . The presence of an advanced locoregional 
primary tumor (T4); N2–N3 disease in the mediastinal, 
internal mammary, and/or supraclavicular lymph nodes; 
and M1 disease preclude surgery. Because the extent of the 
local tumor and regional lymph node status are factors in 
selecting patients for potentially curative resection of meso-
thelioma and because all imaging modalities are suboptimal 

in this evaluation, extended surgical staging is offered to 
surgery candidates. This staging includes mediastinal nodal 
biopsy analysis of sites suspicious for metastases by imag-
ing studies, which can be performed using mediastinoscopy, 
transbronchial biopsy, or transthoracic needle biopsy as 
well as laparoscopy and peritoneal lavage for exclusion of 
transdiaphragmatic involvement  [  326  ] .   

   Primary Tumor (T Status) 
 The T status distinguishes MPM tumors that are resectable 
from those that are not (T3 and T4 disease, respectively) 
 [  327  ] . In patients with locally advanced mesothelioma, fea-
tures of potentially resectable T3 disease include a solitary 

a b

c d

  Fig. 1.25    ( a ) Chest radiograph showing an irregular thickened pleural 
rind ( arrows ) as well as a dependent pleural effusion in the left hemith-
orax in a 66-year-old man with MPM. Of note is that the left hemitho-
rax is smaller than the right one, including narrowing of the left 
intercostal spaces ( arrowheads ). ( b ,  c ) Contrast-enhanced chest CT 

scan with mediastinal window settings demonstrating a ( b ) lobular cir-
cumferential pleural rind ( R ) enclosing the left lung and ( c ) dependent 
moderate pleural effusion ( e ). ( d ) Fused image from a subsequent 
PET-CT examination demonstrating avid  18 FDG uptake throughout the 
pleural tumor.  Ao  aorta,  T  trachea       
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focus of chest wall involvement, endothoracic fascial 
involvement, mediastinal fat extension, and nontransmural 
pericardial involvement. Unresectable T4 disease may have 
diffuse tumor extension or multiple invasive chest wall foci; 
direct extension to the mediastinal organs, spine, internal 
pericardial surface, or contralateral pleura; or transdiaphrag-
matic invasion. Many of these T-stage-differentiating factors 
are descriptors identi fi ed in the pathology specimen that are 
often minute or microscopic and thus cannot be detected 
using current imaging techniques. 

 In an early study from the 1990s, MRI and nonspiral CT 
had nearly equal diagnostic accuracy in overall staging of 
mesothelioma (~50–65 %)  [  317  ] . However, the investigators 
observed two signi fi cant differences in the accuracy of CT 
and MRI in T staging: invasion of the diaphragm (accuracy 
rate: 55 and 82 % for CT and MRI, respectively;  P  = 0.01) 
and invasion of endothoracic fascia or a single chest wall 
focus (accuracy rate: 46 and 69 % for CT and MRI, respec-
tively;  P  = 0.05). 

 Because of the poor spatial resolution of PET, the sensi-
tivity rate for  18 FDG-PET alone in T staging of mesothelioma 
is 19 %  [  319  ] . However, the accuracy of integrated modern 
multidetector CT and  18 FDG-PET was greater than that of 
either nonspiral CT or  18 FDG-PET alone in a previously pub-
lished study, with a sensitivity rate in staging of T4 disease of 
67 %  [  324  ] . 

 Because of limitations in evaluating the minute and 
 microscopic invasion that affect T status and therefore stag-
ing of mesothelioma, the goal of imaging of T4 disease is 
identi fi cation of visible tumor, whereas accurate staging of 

apparent T3 disease requires extensive surgical staging via 
laparoscopy. In a study assessing the value of laparoscopy in 
staging prior to surgical resection of MPM, 9 % (10/109) of 
patients had diaphragmatic invasion or peritoneal metastases 
at laparoscopy, but cross-sectional imaging identi fi ed only 
3 % (3/109) of these patients with transdiaphragmatic exten-
sion of disease  [  328  ] .  

   Nodal Disease (N Status) 
 Hilar lymph node enlargement (N1 disease) usually cannot 
be differentiated from the primary tumor in patients with 
MPM because the latter engulfs the hilar region. A more 
important goal for imaging is to correctly identify mediasti-
nal and supraclavicular involvement of MPM, as survival 
rates are poor in patients with mediastinal, supraclavicular, 
or internal mammary nodal metastases  [  329,   330  ] . Patients 
with N2 or N3 MPM are precluded from curative resection. 

 Using the criterion of 1 cm as the upper limit for the short 
axis diameter of a benign mediastinal lymph node, the accu-
racy rate for both CT and MRI in determining the N status 
of MPM is approximately 50 %  [  317,   331  ] . In comparison, 
the sensitivity of  18 FDG-PET in detecting nodal metastatic 
MPM is poor: only 11 % for  18 FDG-PET alone and 38 % for 
integrated PET-CT  [  319,   324  ] .  18 FDG-PET therefore cannot 
replace invasive mediastinal lymph node staging in patients 
with MPM. However,  18 FDG-PET does play an important 
role in staging of mediastinal lymph nodes by guiding 
biopsy toward the most suspect lymph node or nodes. 
Aggressive biopsy, whether performed using mediastinos-
copy or via transesophageal or transbronchial routes, cannot 
access all lymph nodes, and the pattern of lymphatic spread 
of MPM is less predictable than that of other intrathoracic 
tumors  [  318,   321,   322,   330  ] . This may explain the poorer 
sensitivity of mediastinoscopy-based staging (36 %) than of 
intraoperative staging of N2 disease in patients with MPM 
in one study  [  328  ] . Another study found the overall nodal 
staging sensitivity of mediastinoscopy in patients with MPM 
to be 80 %  [  331  ] . Thus, sampling of all FDG-avid lymph 
nodes may be necessary to improve preoperative staging of 
MPM in patients who are candidates for extrapleural 
pneumonectomy.  

   Metastatic Disease (M Status) 
 Researchers have considered distant hematogenous spread 
of MPM to be rare, yet distant metastasis can be the initial 
recurrence following extrapleural pneumonectomy  [  329  ] , 
suggesting the presence of undetected metastatic disease 
prior to surgery. The increasing use of  18 FDG-PET-CT in 
staging MPM has shown that distant hematogenous dis-
ease is more common than previously thought.  18 FDG-PET 
can often detect hematogenous metastatic MPM not 
detected using the other routine imaging methods 

  Fig. 1.26    Contrast-enhanced chest CT of the upper abdomen, medi-
astinal window settings, in a 48-year-old woman with recurrent pleural 
mesothelioma. The tumor extends below the diaphragm and into the left 
retroperitoneal space, where it partially encircles the left kidney and 
encases the left renal artery ( arrow ). The tumor also transverses the 
posterior intercostal spaces and invades the left abdominal wall 
( arrowheads )       
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 [  319,   322,   324  ] . These metastases can be focal or diffuse, 
with involvement of the brain, lung, bone, adrenal gland, 
 peritoneum,  abdominal lymph nodes, and abdominal wall. 

In one study, use of  18 FDG-PET alone in staging of MPM 
identi fi ed 11 % of patients with MPM as having extratho-
racic metastatic disease, obviating futile surgery  [  322  ] . In 
another study,  18 FDG-PET-CT identi fi ed extrathoracic 
metastases that were not detected using clinical examina-
tion and morphological imaging in 24 % of patients with 
MPM  [  324  ] . 

 In summary, CT, MRI, and  18 FDG-PET-CT can be used 
for staging of mesothelioma, but because of their suboptimal 
accuracy in T and N staging of this cancer and the morbidity 
and mortality associated with extrapleural pneumonectomy, 
extended surgical staging is still required for MPM patients 
being evaluated for resection. The use of integrated PET-CT 
in routine staging of MPM can lead to more appropriate 
selection of patients for extrapleural pneumonectomy, pre-
dominantly by identifying previously unsuspected sites of 
extrathoracic metastatic disease.   

   Table 1.3    TNM International staging system for diffuse MPM   

  T (primary tumor)  
 T1a  Tumor limited to ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura; no involvement of visceral 

pleura 
 T1b  Tumor involving ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura; scattered foci of tumor also 

involving visceral pleura 
 T2  Tumor involving each ipsilateral pleural surface with at least one of the following features: 

  Involvement of diaphragmatic muscle 
 Con fl uent visceral pleural tumor (including  fi ssures) or extension of tumor from visceral pleura into underlying 
pulmonary parenchyma 

 T3  Locally advanced but potentially resectable tumor; tumor involving all of ipsilateral pleural surfaces with at least one of 
the following: 
  Involvement of endothoracic fascia 
  Extension into mediastinal fat 
  Solitary, completely resectable focus of tumor extending into soft tissues of chest wall 
 Nontransmural involvement of pericardium 

 T4  Locally advanced, technically unresectable tumor; tumor involving all of ipsilateral pleural surfaces with at least one of 
the following: 
  Diffuse extension or multifocal masses of tumor in chest wall with or without associated rib destruction 
  Direct transdiaphragmatic extension of tumor to peritoneum 
  Direct extension of tumor to contralateral pleura 
  Direct extension of tumor to one or more mediastinal organs 
  Direct extension of tumor into spine 
   Tumor extending through to internal surface of pericardium with or without pericardial effusion; tumor involving 

myocardium 
  N (lymph nodes)  
 NX  Regional lymph nodes not assessable 
 N0  No regional lymph node metastases 
 N1  Metastases in ipsilateral bronchopulmonary or hilar lymph nodes 
 N2  Metastases in subcarinal or ipsilateral mediastinal lymph nodes, including ipsilateral internal mammary nodes 
 N3  Metastases in contralateral mediastinal, contralateral internal mammary, and ipsilateral or contralateral supraclavicular 

lymph nodes 
  M (metastases)  
 MX  Distant metastases not assessable 
 M0  No distant metastases 
 M1  Distant metastases present 

  Used with permission from Truong et al.  [  326  ]   

   Table 1.4    Classi fi cation of mesothelioma stage according to TNM 
descriptors   

 Stage  Description 

 Ia  TIaN0M0 
 Ib  TIbN0M0 
 II  T2N0M0 
 IIII  Any T3M0 

 Any N1M0 
 Any N2M0 

 IV  Any T4 
 Any N3 
 Any M1 

  Used with permission from Truong et al.  [  326  ]   
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   Localized Fibrous Tumor of the Pleura 

 Although localized  fi brous tumor of the pleura is usually 
benign, malignant tumors do occur. At times, histological 
distinction of the benign and malignant forms is dif fi cult. 
However, some imaging features are seen more often with 
malignant than benign tumors. 

 Both malignant and benign  fi brous tumor of the pleura 
can grow slowly and appear as incidental masses on rou-
tine chest radiographs. Studies of patients with localized 
 fi brous tumors of the pleura published from 1942 to 1972 
found that 72 % of patients were symptomatic at presenta-
tion, whereas studies published from 1973 to 1980 found 
symptoms in only 54 % of patients. This decrease in the 
prevalence of symptoms in patients with localized  fi brous 
tumors of the pleura may be related to increased imaging 
of asymptomatic populations and resultant early detection 
of incidental tumors  [  332  ] . These tumors are often large at 
presentation and are sharply de fi ned, smooth, or somewhat 
lobulated masses of homogenous density ranging in diam-
eter from 1 to 40 cm  [  332–  334  ] . In a large series in which 
investigators assessed localized  fi brous tumors of the 
pleura, nearly 80 % of the tumors occupied the lower 
hemithorax, about 30 % (both benign and malignant forms) 
occupied more than a half of a hemithorax, and 91 % had 
at least one well-de fi ned border  [  332  ] . In patients with 
small lesions,   £  4 cm in diameter, the typical imaging 
appearance of extraparenchymal growths can be seen, as 
these tumors form obtuse angles with the chest wall. In 
those with larger lesions, however, establishing the site of 
disease origin is more dif fi cult. No features on plain radio-
graphs distinguish benign and malignant  fi brous tumor of 
the pleura. 

 Localized  fi brous tumors of the pleura typically displace 
rather than invade thoracic organs, causing compressive 
atelectasis (Fig.  1.27 ). Features suggestive of, but not 
de fi nitively indicative of, a malignant localized  fi brous 
tumor of the pleura are ipsilateral pleural effusion, tumor 
diameter larger than 10 cm, and central low attenuation 
consistent with necrosis  [  332,   334  ] . Low-attenuation 
regions on CT are seen in 100 % of malignant  fi brous tumor 
of the pleura tumors as well as 35 % of benign tumors 
 [  332  ] . Authors have reported calci fi cation in 7–26 % of 
cases of these tumors and that it usually occurs with large 
lesions in association with necrosis  [  332,   334,   335  ] . These 
tumors avidly enhance with contrast injection. Homogenous 
enhancement is typically seen with benign but not malig-
nant tumors. In comparison, researchers observed that het-
erogenous enhancement after intravenous contrast injection 
occurred in all patients with malignant  fi brous tumors of 
the pleura and 60 % of those with benign tumors  [  332  ] . 
Chest wall involvement of these tumors is rare but can 
occur; in patients with benign tumors, it primarily  manifests 

as rib sclerosis, while in those with malignant forms, chest 
wall involvement takes the form of soft tissue invasion 
 [  332  ] .  

 The MRI features of localized  fi brous tumors of the 
pleura re fl ect histological  fi ndings and the relative 
amounts of  fi brous tissue, necrosis, and hemorrhaging. 
Typically, these tumors have predominant low or interme-
diate signal intensity on both T1- and T2-weighted images 
 [  332,   336–  340  ] , which re fl ect the tumor’s  fi brous collag-
enous tissue. In some cases, high, heterogeneous signal 
intensity on T2-weighted images is observed, re fl ecting 
necrosis and cystic or myxoid degeneration. Intense 
enhancement after intravenous injection of a gadolinium-
based contrast agent is typical. Although the multiplanar 
imaging capabilities of MRI have been bene fi cial in dem-
onstrating the relationship of a  fi brous tumor of the pleura 
with the diaphragm for preoperative planning of these 
tumors, lately, thin-section multidetector CT has been 
replacing MRI, as the former better shows the vascular 
pedicle of the tumor as an aid in surgical resection  [  341  ] . 

 Few studies, which assessed only small numbers of 
patients, have examined the use of  18 FDG-PET imaging 
of localized  fi brous tumors of the pleura. These studies 
demonstrated that all of the malignant tumors assessed 
using PET had increased FDG activity, whereas the 
benign tumors did not. Further studies are needed to 
determine the true sensitivity and speci fi city of FDG-PET 
in discriminating malignant and benign localized  fi brous 
tumors of the pleura  [  342,   343  ] .  

  Fig. 1.27    Contrast-enhanced chest CT scan with mediastinal window 
settings showing a large 25-cm heterogeneous mass ( M ) occupying the 
majority of the right lower hemithorax in a 64-year-old woman with a 
localized  fi brous tumor of the pleura. The mass was resected, revealing 
a malignant solitary  fi brous tumor    of the pleura. Histologically, the 
mass was largely homogeneous with focal areas of necrosis and 50 % 
hyalinization. A represents compressive atelectasis of the lung       
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   Secondary Malignant Pleural Tumors 

 Pleural metastases can appear on the different imaging 
modalities as pleural nodularity, which is highly suggestive 
of malignancy, or as nonspeci fi c pleural effusion. The pres-
ence of a malignant pleural effusion at the time of initial 
staging is a poor prognostic sign (considered M1a NSCLC) 
and renders the disease inoperable. The major sources of 
pleural metastases are carcinomas of the lung, breast, ovary, 
and stomach, and lymphoma. Not all pleural metastases 
occur with pleural effusion. An autopsy series looking at 
191 patients with malignancy found that 29 % of them had 
pleural metastases, only half of whom had accompanying 
pleural effusion  [  344  ] . The etiology of a pleural effusion 
may be a condition other than a pleural metastasis even in a 
patient with a known primary malignancy, such as a reactive 
 fl uid collection or infection. Cytological analysis of malig-
nant pleural  fl uid has identi fi ed malignant cells in only 
about two-thirds of cases of NSCLC  [  133  ] . Moreover, 
repeat thoracentesis has yielded metastasis-positive speci-
mens in only another 30 % of cases  [  345  ] . Biochemical 
analysis of pleural  fl uid does not accurately differentiate 
benign and malignant effusion  [  346–  348  ] . Thoracoscopy 
and pleuroscopy have excellent diagnostic yields (>95 %) 
 [  349  ]  but are invasive and require a trained surgical staff 
and appropriate facilities. 

 Chest radiographic  fi ndings of pleural effusion are vari-
able. Malignant pleural effusion can be large (opacifying the 
entire hemithorax), moderate, or small. It also can be locu-
lated or free- fl owing. Determining whether a lobular contour 
on a chest radiograph is caused by pleural  fl uid loculation or 
soft tissue nodularity is impossible. Thus, ultrasound, CT, or 
MRI is required for further characterization of a pleural lob-
ulation. CT and MRI provide a better overview of the entire 
pleural surface than ultrasound and are not operator depen-
dent. However, morphological imaging, including CT and 
MRI, cannot be the sole imaging method used in diagnosis of 
malignant pleural effusion unless pleural nodularity is 
de fi nitely identi fi ed, as empyemas and parapneumonic effu-
sion can have similar imaging characteristics  [  350–  352  ] . 
Multiple pleural nodules and nodular pleural thickening are 
seen almost exclusively in patients with malignant effusion. 
However, their absence does not exclude metastatic disease, 
as metastatic pleural nodules may be too small to identify 
using imaging  [  350  ] . 

 The accuracy of the different imaging methods in identi-
fying malignant pleural tumors is unknown. Studies attempt-
ing to assess imaging accuracy in this context have been 
limited to strictly selected groups of patients because cyto-
logical  fi ndings are not accurate and thus are suboptimal as 
reference standards. Studies investigating the role of CT in 
differentiation of benign and malignant pleural thickening in 

the absence of pleural  fl uid have found that the following 
features are highly speci fi c for malignant pleural tumors: cir-
cumferential thickening (100 % speci fi city), pleural nodular-
ity (94 %), parietal pleural thickening greater than 1 cm 
(94 %), and mediastinal pleural involvement (88 %)  [  311  ] . 
Also, a study of 50 patients with early-stage NSCLC who 
were candidates for surgery assessed the value of preopera-
tive thoracoscopy versus CT in determining T status  [  350  ] . 
Thoracoscopic staging ruled out malignant pleural effusion 
in 7 (14 %) patients with radiologically obvious effusion, 
and it identi fi ed radiologically silent malignant pleural effu-
sion in 3 (6 %) patients. In that study, errors in thoracoscopic 
staging did not result in any inappropriate operations. 
However, errors in CT staging would have resulted in the 
performance of operations unlikely to help the patients or 
inappropriately excluded patients from surgery. Thoracoscopic 
staging was more accurate than CT staging in this cohort of 
patients with NSCLC and negative mediastinoscopic  fi ndings 
for nodal metastases. 

 Studies have shown that  18 FDG-PET is an accurate diag-
nostic tool in differentiating benign and malignant pleural 
effusion in patients with malignant disease, with sensitivity 
rates ranging from 88 to 100 % and speci fi city rates ranging 
from 71 to 94 %  [  134,   135,   353–  356  ] . In one of these stud-
ies, the sensitivity rate, speci fi city rate, positive predictive 
value, negative predictive value, and accuracy rate of  18 FDG-
PET in detection of pleural involvement were 100, 71, 63, 
100, and 80 %, respectively, in 92 patients with NSCLC and 
pleural abnormalities  [  135  ] . When the  fi ndings of a CT scan 
performed separately were combined with those of the 
 18 FDG-PET study, the speci fi city rate increased from 71 to 
76 %, the positive predictive value increased from 63 to 
67 %, and the accuracy rate increased from 80 to 84 %. The 
relatively low speci fi city and positive predictive value of 
 18 FDG-PET were caused by false-positive increased  18 FDG 
uptake in cases of infection. 

 Of note is that foci of pleural  18 FDG uptake require care-
ful evaluation on corresponding CT images. In patients who 
have undergone talc pleurodesis, PET can show increased 
 18 FDG activity that can persist for years owing to in fl ammation. 
Talc pleurodesis has a typical CT appearance of pleural 
thickening with increased linear high attenuation correlating 
with the talc deposition. Pleural  18 FDG activity correlating 
with this classic CT pattern should be attributed to talc 
deposits rather than a tumor  [  136  ] . 

 Pleural nodularity detected using any imaging modality 
is highly suggestive of metastatic disease. Although early 
studies using  18 FDG-PET and integrated  18 FDG-PET-CT 
showed that  18 FDG-PET is highly accurate in identi fi cation 
of malignant pleural effusion, reports of its performance in 
the absence of morphological abnormalities have yet to be 
published.   
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   Conclusion 

 Lung and pleural tumors are radiologically diverse. In 
some cases, speci fi c imaging features, such as macro-
scopic fat and certain calci fi cation patterns, may point 
toward a de fi nite diagnosis, obviating the need for biopsy. 
Usually, radiological  fi ndings suggestive of malignancy 
are complementary with pathological data in guiding 
treatment decisions. Good communication among the 
radiologist, pathologist, and clinical team is required 
for selection of the most advantageous imaging method 
for each patient. This multidisciplinary approach opti-
mizes imaging protocols selected by the radiologist and 
limits the number of required imaging techniques for 
identi fi cation and correct staging in the most ef fi cient, 
cost-effective way.      
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         Introduction 

 Staging is one of the most important components in the man-
agement of lung cancer. Accurate staging is important 
because it allows the clinician to predict prognosis and assign 
appropriate therapy and also provides a system that allows 
clinicians and researchers to stratify patients into reasonably 
homogenous groups so that treatment outcomes can be 
appropriately compared. Tumor staging is broadly broken 
down into clinical staging and pathologic staging. Clinical 
stage refers to the best prediction of lung cancer stage prior 
to the commencement of therapy. Pathologic stage refers to 
the best prediction of stage following pathologic analysis of 
the patient’s tumor, lymph nodes, and/or metastases and is 
usually applied following surgical resection or exploration. 
The distinction between clinical and pathologic stage 
becomes slightly less clear, however, when patients undergo 
some form of histologic staging without surgical resection or 
exploration. Thus, a patient may undergo histologic assess-
ment of mediastinal nodes by endobronchial ultrasound 
(EBUS)  fi ne-needle aspiration (FNA) prior to surgical resec-
tion. The information thus gained is considered to contribute 
to the clinical not pathologic stage, which would be deter-
mined by the pathologic  fi ndings at surgery. If the same 
patient was found to have ipsilateral lymph node metastases 
at EBUS and then went on to receive nonsurgical therapy, he 
would be considered to have pathologic stage N2 (p-stage 
IIIa) disease. Ultimately, pathologic stage is determined by 
the highest level histologic evidence that is available. 
Following preoperative therapy (such as chemotherapy and 
radiation), subsequent pathologic staging is associated with 
the pre fi x “y”. Thus a patient with ipsilateral nodal metasta-
ses might be downstaged by preoperative chemotherapy 

from pN2 prior to treatment to ypN0 after pathologic  analysis 
of the post-chemotherapy surgical specimen. 

 In common with most other solid malignancies, lung can-
cer staging is de fi ned by the local extent of the primary tumor 
(T), involvement of associated lymph nodes (N), and whether 
or not metastases (M) exist. The TNM classi fi cation for lung 
cancer was originally proposed by Mountain in the early 
1970s based on an analysis of 2,155 surgically resected 
patients at the MD Anderson Cancer Center (MDACC). This 
staging system was adopted by the American Joint Committee 
on Cancer (AJCC) in 1973 and by the Union Internationale 
Contre le Cancer (UICC) the following year. In 1997, 
Mountain re fi ned the staging system based on analysis of an 
expanded dataset, which included 5,319 surgically treated 
patients collected from the MD Anderson Cancer Center 
between 1975 and 1988 and the North American Lung 
Cancer Study Group between 1977 and 1982  [  1  ] . The sixth 
iteration of the lung cancer staging system was in 1997. At 
the time it was clear that there were signi fi cant limitations 
with the staging system. First, the system was based almost 
exclusively on outcome analysis of patients who underwent 
surgical resection, a subset of patients, which represents a 
small proportion of the population of patients with lung can-
cer. Second, the stage classi fi cations were based on analysis 
of a relatively small number of patients, so there were small 
populations of patients and whose stage assignment was fre-
quently based on intuition rather than data-derived evidence. 
Third, most patients in the analysis came from a single aca-
demic institution, and all were treated at North American 
centers; thus, the relevance and applicability to patients with 
lung cancer in other geographic regions was uncertain. 
Acknowledging these limitations, the International 
Association for the Study of Lung Cancer (IASLC) convened 
a lung cancer staging workgroup in 1998 and collected data 
on a total of 100,869 patients from multiple institutions 
worldwide  [  2  ] . The database included lung tumor cases diag-
nosed between 1990 and 2000, a relatively short time inter-
val during which staging methods have remained fairly 
consistent and that allowed at least 5 years of follow-up 
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before analysis. Ultimately, there were a total of 81,015 
 analyzable cases from 46 institutions in 19 countries of 
which 67,725 were non-small cell lung cancer, 13,290 were 
small cell lung cancer, and 513 were carcinoid tumors. The 
IASLC published their staging analyses in a series of publi-
cations in 2007  [  3–  6  ] , and the data were externally validated 
using the population-based Surveillance, Epidemiology and 
End Results (SEER) cancer registry data  [  3  ] . In January 
2010, the revised staging criteria for tumor (T) and metasta-
ses (M) were of fi cially adopted by the 7th edition of the 
American Joint Commission on Cancer (AJCC) and the 
International Union Against Cancer (UICC) Staging 
Manual. 

   The Revised TNM Staging System 
for Non-small Cell Lung Cancer (AJCC 7th Edition) 

 Based on the  fi ndings of the IASLC Staging Project, a num-
ber of changes were incorporated into the previous staging 
system (AJCC 6th edition). These included changes in the 
criteria for T and M staging; however, no changes were 
adopted for nodal (N) staging (Table  2.1 ). The major differ-
ences in T-stage included changes in the stage assignment 
based on size. Major cutoff points that portended changes in 
outcome were seen for tumors at 2, 3, 5, and 7 cm. Thus, T1 
tumors are now subclassi fi ed as T1a (tumor  £ 2 cm) and T1b 
(tumor >2 and  £ 3 cm), T2 tumors as T2a (tumor >3 and 
 £ 5 cm) and T2b (tumor >5 and  £ 7 cm), and T3 (tumor 
>7 cm), which in the previous AJCC 6th edition was included 
in the T2 group. Furthermore, changes in the classi fi cation of 
satellite nodules and ipsilateral, different-lobe nodules were 
made. Because of an observed improved survival over T4 
tumors (by direct invasion), homo-lobar satellite nodules 
were reclassi fi ed as T3, and hetero-lobar, ipsilateral nodules 
(previously, M1) were reclassi fi ed as T4  [  5  ] . The revisions 
included in the AJCC 7th edition staging system did not 
affect other previous anatomic determinates of tumor stage 
such as visceral pleural involvement, invasion of a major 
bronchus, post-obstructive atelectasis, and invasion of the 
carina, mediastinum, or other organs by direct extension. 
These factors retain their prognostic signi fi cance and stage 
assignment (Table  2.1 ).  

 The IASLC also recommended changes to the staging of 
metastases (M). Major results from their analysis included 
the  fi nding that patients with metastases outside the thorax 
had worse survival than those with metastases con fi ned to 
the chest. Thus, the AJCC 7th edition now divides the M1 
descriptor into M1a (intrathoracic metastases) and M1b 
(extrathoracic metastases). In addition, patients with ipsilat-
eral pleural effusion (T4/stage IIIb in the AJCC 6th edition) 
have been found to have survival similar to patients with 
M1a metastases and are now classi fi ed as such (stage IV)  [  4  ] . 

And, as described previously, patients with hetero-lobar, 
ipsilateral nodules (previously, M1) have been reclassi fi ed as 
T4 (stage IIIb instead of stage IV) to re fl ect prognosis supe-
rior to that of patients with metastatic disease. 

 The IASLC also examined nodal stage, and though 
signi fi cant changes in survival were noted between patients 
with single-zone N1 and multi-zone N1 metastases and 
between single-zone N2 and multi-zone N2 metastases, 
because these survival differences did not maintain 
signi fi cance independent of T-stage, no revisions in the 
nodal staging system were recommended (Fig.  2.1 ). 
Nonetheless, it is worthwhile noting that extent of nodal 
involvement within a given N class did appear to in fl uence 
survival with nodal metastases to multiple zones adversely 
impacting survival compared to single-zone disease  [  6  ] . 
Patients with a single N1 nodal zone involved fared the 
best, whereas patients with multiple positive N2 zones had 
very poor survival. Interestingly, however, patients with a 
single N2 zone involved had similar survival to patients 
with multiple N1 zones.   

   Signi fi cance of the Revised TNM Classi fi cation 
System for Non-small Cell Lung Cancer 
(AJCC 7th Edition) 

 The clinical utility of the revised staging system for non-
small cell lung cancer has been evaluated by several investi-
gators  [  7–  9  ] . A group of 1,154 patients who had undergone 
complete surgical resection for NSCLC at the University of 
Texas, MD Anderson Cancer Center, was retrospectively 
classi fi ed according to both the AJCC 6th edition and 7th 
edition staging systems. The AJCC 7th edition staging sys-
tem was more effective at ordering and differentiating 
patients ( p  = 0.009)  [  10  ] . In addition, we found that the appli-
cation of AJCC 7th edition to patients previously staged by 
AJCC 6th edition resulted in a change in overall stage assign-
ment in 17.5 % of cases, with the most common stage shifts 
consisting of patients being upstaged from stage IB to IIA 
and downstaged from IIIB to IIIA (Table  2.2 ). This has 
implications with respect to treatment assignment, as patients 
with stage II NSCLC are generally treated with adjuvant 
chemotherapy, and surgery may be recommended for patients 
with stage IIIa disease but is generally contraindicated for 
stage IIIb tumors. In a similar manner, Suzuki and colleagues 
applied both AJCC 6th and the revised TNM systems to 
1,623 patients who underwent lung cancer resection  [  11  ] . 
Better separation of stage survival curves were seen using 
the revised TNM system as well as an increase in the propor-
tion of patients with stage IIA, IIB, IIIA, and IV tumors and 
a decrease in the numbers of patients with stage IB and IIIB 
disease. The largest shifts occurred in upstaging of IB to IIA 
and downstaging of IIIB to IIIA. Lyons and colleagues have 
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reported similar results  [  12  ] . In an analysis of 414 surgical 
cases, 18 % of patients had a change in stage designation 
after application of the revised TNM staging system, with 
6 % of patients downstaged (mainly from IIIB) and 12 % 
upstaged (mainly from stage IB).    

   Noninvasive Staging of Lung Cancer 

   Computed Tomography 

 Computed tomography (CT) is usually the initial imaging 
modality used to de fi ne the anatomic extent of lung cancer. It 
provides not only staging information but also provides 
information about anatomic relationships that are important 
for surgical or radiation therapy planning. CT scans for lung 

cancer staging should be contrast enhanced to de fi ne  anatomic 
relationships between the tumor and the mediastinal and pul-
monary vessels and also to visualize mediastinal and hilar 
lymph nodes  [  13  ] . CTs should be performed at a minimum 
of 3.75-mm collimation (slice thickness) and should extend 
from the supraclavicular region to below the kidneys to allow 
for visualization of supraclavicular lymph nodes, both 
 adrenal glands, and the majority of the liver  [  14  ] . 

 CT scans can provide rough information about tumor 
size, but at the stage-determining cut points (e.g., 3, 5 and 
7 cm), it is not suf fi ciently sensitive to determine T-stage. 
However, at the extremes of tumor size, T-stage may be reli-
ably predicted  [  15  ] . Thus, a tumor measuring 1 cm on CT 
will most likely be a true T1 tumor at pathology, and a 10 cm 
tumor will likely be a T3 tumor. For tumors that abut the 
surface of the lung, CT cannot reliably determine visceral 

   Table 2.1    Tumor, node, and metastases (TNM) de fi nitions   

  Primary tumor  ( T ) 
 TX  Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not 

visualized by imaging or bronchoscopy 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor 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) a  
  T1a  Tumor 2 cm or less in greatest dimension 
  T1b  Tumor more than 2 cm but 3 cm or less in greatest dimension 
 T2  Tumor more than 3 cm but 7 cm or less or tumor with any of the following features (T2 tumors with these features are classi fi ed T2a 

if 5 cm or less): involves main bronchus, 2 cm or more distal to the carina; invades visceral pleura (PL1 or PL2); associated with 
atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung 

  T2a  Tumor more than 3 cm but 5 cm or less in greatest dimension 
  T2b  Tumor more than 5 cm but 7 cm or less in greatest dimension 
 T3  Tumor more than 7 cm or one that directly invades any of the following: parietal pleural (PL3), chest wall (including superior sulcus 

tumors), diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium; or tumor in the main bronchus (less than 2 cm distal to 
the carina a  but without involvement of the carina); or associated atelectasis or obstructive pneumonitis of the entire lung or separate 
tumor nodule(s) in the same lobe 

 T4  Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, 
vertebral body, carina, separate tumor nodule(s) in a different ipsilateral lobe 

  Regional lymph nodes  ( N ) 
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional node metastases 
 N1  Metastases to ipsilateral peribronchial and/or ipsilateral hilar node(s) and intrapulmonary nodes, including involvement by direct 

extension 
 N2  Metastases to ipsilateral mediastinal and/or subcarinal lymph node(s) 
 N3  Metastases in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular node(s) 
  Distant metastasis  ( M ) 
 M0  No distant metastasis 
 M1  Distant metastasis 
  M1a  Separate tumor nodule(s) in a contralateral lobe tumor with pleural nodules or malignant pleural (or pericardial) effusion b  
  M1b  Distant metastasis (in extrathoracic organs) 

  Reprinted with permission from the  AJCC Cancer Staging Manual, 7th Edition,  2010, American Joint Committee on Cancer 
   a  The uncommon super fi cial spreading tumor of any size with its invasive component limited to the bronchial wall, which may extend proximally 
to the main bronchus, is also classi fi ed as T1a 
  b Most pleural (and pericardial) effusions with lung cancer are due to tumor. In a few patients, however, multiple cytopathologic examinations of 
pleural (pericardial)  fl uid are negative for tumor, and the  fl uid is nonbloody and is not an exudate. Where these elements and clinical judgment 
dictate that the effusion is not related to the tumor, the effusion should be excluded as a staging element and the patient should be classi fi ed as M0  
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pleural invasion, and so the differentiation of T1 from T2 
(by visceral pleural invasion) is not possible, though pleu-
ral puckering is often suggestive of visceral pleural inva-
sion. Chest wall invasion is often obvious on CT but may 
also be subtle enough to not be detected except at the time 
of surgery. Tumors extending into tissue outside of the 
chest wall or rib erosion are usually reliable predictors of 
chest wall invasion (T3), and the accuracy of CT for pre-
dicting chest wall invasion has been reported to be only 
39–87 %  [  16,   17  ] . Invasion of mediastinal structures such 

as the esophagus, mediastinal fat, pericardium, and trachea 
can similarly be imprecise on CT unless there is extensive 
invasion. Generally, additional con fi rmatory tests will be 
required to establish invasion such as bronchoscopy, 
esophagoscopy, and esophageal (EUS) or endobronchial 
ultrasound (EBUS), and clinical  fi ndings such as phrenic 
nerve paralysis or intrascapular pain (suggestive of aortic 
involvement) can aid in establishing T4 status when cou-
pled with CT  fi ndings. Invasion of the spine can often be 
diagnosed if bone destruction is evident; however, early 

1 Low cervical, supraclavicular, and
   sternal notch nodes

2R Upper Paratracheal (right)

3a Prevascular

3p Retrotracheal

4L Lower Paratracheal (left)

4R Lower Paratracheal (right)

2R Upper Paratracheal (left)

7 Subcarinal

6 Para-aortic (asending aorta or phrenic)

8 Paraesophageal (below carina)

9 Pulmonary ligament

5 Subaortic
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14 Subsegmental
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  Fig. 2.1    The International 
Association for the Study of 
Lung Cancer (IASLC) lymph 
node map, including the 
proposed grouping of lymph 
node stations into “zones” for 
the purposes of prognostic 
analyses       
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invasion may be missed. In cases of suspected spine 
involvement, magnetic resonance imaging (MRI) comple-
ments CT imaging in assessing vertebral invasion. In a pro-
spective study by Webb, CT was able to discriminate 
between advanced-stage (T3/T4) and early stage lung can-
cers (T1/T2) with a sensitivity, speci fi city, and accuracy of 
84, 70, and 78 %, respectively  [  17  ] . 

 CT can readily identify noncalci fi ed nodules in other 
lobes but does not provide pathologic diagnosis. Therefore, 
unless different-lobe nodules are obviously metastatic, 
their histology should be determined if they would change 
stage assignment. In the case of larger nodules (>1 cm), 
this can usually be easily accomplished via percutaneous 
CT-guided biopsy or navigational bronchoscopic biopsy. 
Frequently, however, the clinician is faced with multiple 
small nodules or ground-glass opacities (GGO) that are 
impossible to biopsy without video-assisted thoracoscopy 
(VATS) and maybe even thoracotomy. The judgment of the 
clinician is required to decide whether to pursue histologic 
sampling or not and whether their presence will in fl uence 
de fi nitive therapy.  

   CT and Mediastinal Nodal Staging 

 By convention, a cutoff point of 1 cm or greater is used to 
differentiate a potentially metastatically involved node from 
a noninvolved node. Unfortunately, the accuracy of CT for 
predicting metastases to the mediastinal nodes is low, the 
false-positive rate of CT in the diagnosis of nodal metastases 
is between 15 and 80 %  [  18  ] , and the false-negative rate is as 
high as 12 %  [  19–  21  ] . A recent meta-analysis by Toloza 
et al. included 3,438 patients from 20 studies and found that 
pooled sensitivity and speci fi city of CT scanning was 57 and 
82 %, respectively, with a positive predictive value of only 
56 %  [  22  ] . An inherent limitation of CT prediction of nodal 
metastases is that lymph node size is not a reliable indicator 
of nodal metastatic disease. In a recent analysis of 256 
patients (2,891 nodes), Prenzel and colleagues reported that 
at least 77 % of patients without nodal metastases had at least 
one lymph node greater than 1 cm in diameter. Furthermore, 
12 % of patients with N2 metastases had no enlarged nodes 
on CT scanning  [  23  ] .  

   Positron Emission Tomography (PET) 

 A major advance in the preoperative staging of lung cancer 
has been the development of positron emission tomogra-
phy (PET). PET works by taking advantage of the fact that 
cancer cells and cells with high metabolic activity have 
increased cellular uptake of glucose and increased rates of 
glycolysis. Radiolabeled  fl uorodeoxyglucose (FDG), 
a glucose analog, undergoes uptake by cancer cells but fol-
lowing phosphorylation is unable to undergo further 
metabolization and is retained intracellularly. The intensity 
of FDG uptake can be quanti fi ed (standardized uptake 
value or SUV) and is considered abnormal if greater than 
2.5 or if it is above the normal background uptake in the 
mediastinum  [  24  ] . PET provides information about the 
metabolic activity of a lesion, but its spatial resolution is 
poor compared to the precise anatomic information that 
CT can provide  [  24,   25  ] . The development of integrated 
PET/CT scanners where 2D axial CT images are co-local-
ized with colorized PET data has enabled more accurate 
assessment of location of metabolic activity than either 
modality when performed separately  [  26  ] . It should be 
noted that the CT component of most integrated PET/CT 
scans is performed without intravenous contrast, making 
detailed information about the relationships of pulmonary 
vasculature to tumors or mediastinal and hilar nodes not 
possible. Furthermore, as the CT is performed without 
breath holding, the lung parenchyma is underin fl ated and 
subject to motion artifact which obscures detail. This is 
particularly relevant when evaluating small (<5 mm) 
 intraparenchymal nodules. 

   Table 2.2    TNM stage groupings   

 Anatomic stage/prognostic groups 

 Occult carcinoma  TX  N0  M0 
 Stage 0  Tis  N0  M0 
 Stage IA  T1a  N0  M0 

 T1b  N0  M0 
 Stage IB  T2a  N0  M0 
 Stage IIA  T2b  N0  M0 

 T1a  N1  M0 
 T1b  N1  M0 
 T2a  N1  M0 

 Stage IIB  T2b  N1  M0 
 T3  N0  M0 

 Stage IIIA  T1a  N2  M0 
 T1b  N2  M0 
 T2a  N2  M0 
 T2b  N2  M0 
 T3  N1  M0 
 T3  N2  M0 
 T4  N0  M0 
 T4  N1  M0 

 Stage IIIB  T1a  N3  M0 
 T1b  N3  M0 
 T2a  N3  M0 
 T2b  N3  M0 
 T3  N3  M0 
 T4  N2  M0 
 T4  N3  M0 

 Stage IV  Any T  Any N  M1a 
 Any T  Any N  M1b 

  Reprinted with permission from the  AJCC Cancer Staging Manual, 7th 
Edition,  2010, American Joint Committee on Cancer  
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 PET/CT rarely provides additional information regarding 
T-stage over what is available from a contrast-enhanced CT, 
though there is some evidence to suggest that the level of 
FDG uptake may offer prognostic information regarding sur-
vival  [  24  ] . Its main role in the staging and pretreatment 
assessment of lung cancer lies in its ability to predict 
 mediastinal nodal and distant metastases.  

   PET/CT and Mediastinal Staging 

 PET/CT has signi fi cantly improved our ability to predict the 
presence of metastatic disease in mediastinal nodes. CT is 
limited by the fact that patients can have enlarged mediasti-
nal nodes without metastatic involvement, and conversely, 
cancer can involve nodes without necessarily causing their 
enlargement (de fi ned as >1 cm in short axis dimension). 
PET, however, relies on metabolic activity of tissue rather 
than on anatomic size criteria and thus has an advantage over 
CT in this regard. Standardized quantitative criteria for an 
abnormal PET scan  fi nding in the mediastinum have not 
been de fi ned; however, an SUV > 2.5 or uptake greater than 
the background activity of lung or liver is frequently used 
 [  27  ] . False positivity may occur with in fl ammatory tissue. 
Thus, patients with granulomatous in fl ammation or infection 
may have nodes with increased FDG uptake leading to falsely 
positive scans. Furthermore, there must be a critical mass of 
FDG-avid tissue to allow its detection, thus nodes with only 
microscopic involvement with metastases will not appear 
FDG avid. The spatial resolution with current generation 
PET scanners is about 7 mm. Accordingly, an FDG-avid 
node smaller than this is generally highly suspicious for met-
astatic involvement, whereas a non-avid node may still har-
bor tumor. A recent analysis of 2,865 patients with lung 
cancer demonstrated a pooled sensitivity and speci fi city of 
74 and 85 %, respectively  [  28  ] . Most studies have reported 
negative predictive values of 90 % or greater, and in gen-
eral, a patient with a negative PET scan and a peripheral 
lung cancer may proceed to de fi nitive therapy without fur-
ther evaluation of the mediastinum. The American College 
of Surgeons Oncology Group (ACOSOG) ZD0050 trial 
prospectively evaluated the use of PET (not integrated PET/
CT) in the preoperative staging and work-up of patients 
with proven lung cancer  [  29  ] ; 303 patients were enrolled in 
the study, of which 76 % were clinical stage I prior to PET 
scanning. PET identi fi ed unsuspected metastatic disease in 
6 %; however, PET overdiagnosed metastatic disease in 
7 % of patients who were subsequently found to be without 
metastases. PET identi fi ed 82 of 302 (27 %) patients as 
having N2/3 disease; however, only 46/82 (56 %) were true 
positives (positive predictive value = 56 %, negative predic-
tive value = 87 %). Overall, PET identi fi ed 61 (20 %) 
patients in whom nontherapeutic thoracotomy could poten-

tially be avoided. There was a relatively high rate of false 
positives in this study (44 %), which strongly argues in 
favor of histologic con fi rmation of PET-positive mediasti-
nal nodes. Indeed, both the American College of Chest 
Physicians and the European Society of Thoracic Surgeons 
recommend mediastinal nodal sampling to con fi rm 
 PET-positive mediastinal nodes. 

 Patients with small peripheral lung cancers that have 
negative nodes by PET and CT criteria may safely undergo 
either surgical resection or ablative therapy as their physio-
logic performance allows. The incidence of occult N2 
metastases in this group of patients is between 5 and 11 % 
 [  30–  32  ] . Patients with central tumors, however, are at 
signi fi cantly higher risk for occult N2 disease. In a study by 
Lee et al., patients with peripheral tumors smaller than 2 cm 
and a radiologically negative mediastinum had a 3 % inci-
dence of occult N2 nodal metastases but increased to 22 % 
if the tumor was centrally located  [  33  ] . The incidence of 
occult N2 disease increased substantially for tumors that 
were greater than 2 cm and centrally located and approached 
30 %. Thus, even patients who have negative mediastinal 
nodes by PET and CT should be considered for histologic 
assessment of the mediastinal nodes if they have central 
tumors that are greater than 2 cm in size. The same applies 
to cases where the risks of surgery are great and the mar-
ginal bene fi t of an operative approach would be greatly off-
set by the presence of occult nodal disease, examples might 
include patients who require pneumonectomy, resection of 
Pancoast tumors, and patients with severe comorbidities or 
of extremely advanced age.  

   Invasive Staging for Lung Cancer 

 Invasive surgical staging is generally performed either with 
surgery (mediastinoscopy, anterior mediastinotomy 
[Chamberlain procedure], or VATS lymph node sampling) or 
via endoscopy (transbronchial needle aspiration, with or 
without endobronchial ultrasound [EBUS] guidance, and 
esophageal ultrasound [EUS]  fi ne-needle aspiration). 
Occasionally transthoracic CT-guided biopsy may be per-
formed to sample nodes not immediately adjacent to the tra-
cheobronchial or esophageal structures and therefore 
inaccessible to mediastinoscopy or endoscopic methods.  

   Cervical Mediastinoscopy 

 Cervical mediastinoscopy (CM) was  fi rst described by 
Carlens at the Karolinska Institute, Sweden in 1959  [  34  ] . It 
has remained the gold standard method of histologic sam-
pling of mediastinal nodes since then but will likely be 
replaced by less invasive endoscopic methods, as a growing 
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body of literature suggests similar ef fi cacy of EBUS and 
EUS  [  35  ] . Mediastinoscopy is performed as an outpatient 
surgery under general anesthesia and is now more com-
monly performed with a videomediastinoscope, which 
greatly improves visualization  [  36  ] . The patient is placed in 
a supine position, and a 2-cm transverse incision is placed 
1 cm above the suprasternal notch. The platysma is divided 
and the strap muscles separated in the midline, exposing the 
underlying anterior surface of the trachea. Incision of a thin 
layer of investing fascia allows entry into the avascular pre-
tracheal space. The mediastinoscope is then directed into 
this space under direct vision. Further dissection is per-
formed bluntly with the aid of a suction/cautery device. The 
development of the videomediastinoscope signi fi cantly 
enhanced visualization and now allows for extremely accu-
rate dissection and nodal sampling (Fig.  2.2 ). The mediasti-
noscope can readily access stations 2R, 2L, 4R, 4L, and 7, 
and attempts to sample nodes from these stations should be 
made. It is extremely unusual not to be able to sample nodal 
tissue from the 4R, 4L, and 7 stations in nearly every patient. 
Nodes in the 2L region are not infrequently absent or dimin-
utive. Furthermore, excessive dissection in the left paratra-
cheal region does place the left recurrent laryngeal nerve at 
potential risk for traction injury, so judgment is required 
whether to persist in the pursuit of small, high left paratra-

cheal nodes. With extensive dissection distally, nodes in the 
10L and 10R stations may be occasionally accessed, though 
this is not routinely performed (Table  2.3 ).   

 Mediastinoscopy has been shown to be highly accurate 
for detecting N2 and N3 metastases. In a large single- 
institution series from Duke Medical Center, Lemaire and 
 colleagues reported a sensitivity of 86 % and a negative pre-
dictive value (NPV) of 95 %  [  37  ] . A meta-analysis of 5,687 
patients found similar results with a sensitivity and NPV of 
81 and 93 %, respectively  [  38  ] . However, these results may 
re fl ect outcomes at specialized centers. Little and colleagues 
reported results from a large American College of Surgeons 
database that recorded patterns of surgical care among more 
than 11,000 patients with lung cancer. Mediastinoscopy was 
performed in only 27 % of cases, and among these, nodal 
tissue was present in the  fi nal pathological report in only 
47 % of cases. This suggests that in practice mediastinos-
copy is not only infrequently performed but inadequate for 
staging more than half of the time. A visual inspection of the 
peritracheal soft tissue is insuf fi cient for staging purposes, 
and nodal tissue must be obtained from the paratracheal and 
subcarinal regions in all cases. 

 Structures at risk for injury during mediastinoscopy 
include the ascending aorta, superior vena cava, azygos vein, 
trachea, bronchi, left recurrent laryngeal nerve, right main 

  Fig. 2.2    Videomediastinoscopy   . 
The following mediastinal 
structures are visible:
  A –  subcarinal lymph node with 
right main pulmonary artery 
overlying;  B –  carina; 
 C –  superior vena cava; 
 D –  azygos vein;  E –  left 
recurrent laryngeal nerve; 
 F –  innominate artery; 
 G –  distal trachea       
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   Table 2.3    IASLC de fi nition of intrathoracic nodal stations   

 Nodal station  Description  De fi nition 

 Level 1 (left/right)  Low cervical, 
supraclavicular, sternal notch 

  Upper border : lower margin of cricoid cartilage 
  Lower border : clavicles bilaterally, in the midline, the upper border of the manubrium 

 Level 2 (left/right)  Upper paratracheal nodes  2R:  Upper border : apex of the lung and pleural space, midline, the upper border of the 
manubrium 
  Lower border : intersection of the caudal margin of innominate vein with the trachea 
 2L:  Upper border : apex of the lung and pleural space, midline, the upper border of the 
manubrium 
  Lower border : superior border of the aortic arch 

 Level 3  Prevascular and retrotracheal 
nodes 

 3a: Prevascular 
  On the right  
  Upper border : apex of chest 
  Lower border : level of carina 
  Anterior border : posterior sternum 
  Posterior border : anterior to superior vena cava 
  On the left  
  Upper border : apex of chest 
  Lower border : level of carina 
  Anterior border : posterior sternum 
  Posterior border : left carotid artery 
 3p: Retrotracheal 
  Upper border : apex of chest 
  Lower border : level of carina 

 Level 4  Lower paratracheal nodes  4R: paratracheal and pretracheal nodes extending to the left lateral border of the trachea 
  Upper border : intersection of caudal margin of innominate vein with the trachea 
  Lower border : lower border of azygos vein 
 4L: left of the left lateral border of the trachea, medial to the ligamentum arteriosum 
  Upper border : upper margin of the aortic arch 
  Lower border : upper rim of the left main pulmonary artery 

 Level 5  Subaortic/aortopulmonary 
nodes 

 Subaortic nodes lateral to the ligamentum arteriosum 
  Upper border:  the lower border of the aortic arch 
  Lower border : upper rim of the left main pulmonary artery 

 Level 6  Para-aortic nodes 
(ascending aorta or phrenic) 

 Nodes anterior and lateral the ascending aorta and aortic arch 
  Upper border : tangential line to the upper aspect of the aortic arch 
  Lower border : the lower border of the aortic arch 

 Level 7  Subcarinal   Upper border : the carina 
  Lower border : 
 Left: the upper aspect of the lower lobe bronchus on the left 
 Right: the lower border of the bronchus intermedius 

 Level 8 (left/right)  Paraesophageal nodes 
(below the carina) 

 Nodes adjacent to the wall of the esophagus and to the right or left of the midline 
excluding subcarinal nodes 
  Upper border : 
 Left: the upper border of the lower lobe bronchus 
 Right: lower border of the bronchus intermedius on the right 
  Lower border : the diaphragm 

 Level 9 (left/right)  Pulmonary ligament nodes  Nodes within the pulmonary ligament 
  Upper border : the inferior pulmonary vein 
  Lower border : the diaphragm 

 Level 10 (left/right)  Hilar nodes  Nodes immediately adjacent to the main stem bronchus and hilar vessels including 
proximal portion of the pulmonary vein and the main pulmonary artery 
  Upper border : 
  Right: the lower aspect of the azygos vein 
  Left: the upper aspect of the pulmonary artery 
  Lower border : 
 Interlobar region bilaterally 
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pulmonary artery, innominate artery, right pleura, and esoph-
agus. Despite this, the procedure is extremely safe with a 
reported risk of death as low as 0.05 % in specialized centers. 
Reported rates of morbidity include recurrent laryngeal nerve 
paresis (0.55 %), hemorrhage (0.32 %), tracheal injury 
(0.09 %), and pneumothorax (0.09 %)  [  37  ] .  

   Extended Mediastinoscopy 

 The prevascular and subaortic regions are inaccessible to 
conventional mediastinoscopy but may be accessed by what 
is termed “extended mediastinoscopy” (ECM)  [  39  ] . Using 
the standard cervical incision for CM, blunt dissection is per-
formed anterior to the arch of the aorta between the innomi-
nate artery on the right and the left carotid artery on the left. 
A mediastinoscope can be passed into the preaortic area to 
biopsy nodes at the level 5 and 6 stations. Sensitivity and 
negative predictive values as high as 75 and 94 %, respec-
tively, have been reported with selective use of ECM.  

   Anterior Mediastinotomy 

 The main indication to perform anterior mediastinotomy 
(also known as a Chamberlain procedure) is to access nodes 
or tumor in the prevascular regions (station 3a on the right 
and 5 and 6 on the left), areas that are beyond the reach of 
conventional mediastinoscopy  [  40  ] . The technique involves 
either a left- or right-sided transverse parasternal incision 
(usually 4–5 cm in length) with either resection of the second 
costal cartilage or an incision in the second or third intercos-
tal space. The parietal pleura is swept laterally using blunt 
dissection. Occasionally, the internal mammary artery is 
encountered and must be ligated, though it is preferable to 
avoid it altogether. For this reason, prior use of an ipsilateral 
mammary artery for coronary artery bypass grafting is a rela-
tive contraindication for anterior mediastinotomy. Sensitivity 
of the procedure is approximately 80–90 % with a false-neg-
ative rate of about 10 %.  

   Video-Assisted Thoracoscopy 

 Video-assisted thoracoscopy (VATS) has been championed by 
several authors as being useful for evaluation of aortopulmo-

nary window nodes. It has the advantage of providing excel-
lent visualization and being able to resect essentially all tissue 
in the aortopulmonary window, thus providing a highly accu-
rate way of assessing nodal involvement. In addition to para-
tracheal and subcarinal nodes, VATS can sample nodes in the 
inferior pulmonary ligament and paraesophageal regions that 
are beyond the scope of CM. Furthermore, visualization of the 
entire pleural cavity is useful for identi fi cation of occult pleu-
ral metastases. Landreneau and colleagues reported a sensitiv-
ity and speci fi city of 100 % in a small series of patients with 
enlarged aortopulmonary window, peri-azygos, and subcarinal 
nodes  [  41  ] . Cerfolio and colleagues found that left-sided VATS 
was more accurate than either EUS or anterior mediastino-
tomy for suspected nodes in the aortopulmonary window  [  42  ] . 
The chief disadvantage of the procedure is that it requires sin-
gle-lung ventilation and usually an overnight hospitalization.  

   Transbronchial Needle Aspiration 

 Transbronchial needle aspiration (TBNA) can be useful for 
biopsying mediastinal nodes (especially the subcarinal station) 
at the time of bronchoscopy. The procedure requires a thera-
peutic bronchoscope with a working channel large enough to 
pass a  fl exible 19- or 22-gauge needle and its sheath  [  43,   44  ] . 
Nodes in the subcarinal region can be easily biopsied, but 
because the technique is blind, relying on an estimation of the 
site of nodes from CT imaging, it is much less reliable for para-
tracheal nodes unless they are quite enlarged. The technique 
has been shown to be highly operator dependent with reported 
sensitivity rates ranging from 37 to 89 %. Because of these 
technical limitations, a recent American College of Chest 
Physicians practice survey reported that the technique was rou-
tinely used by only 12 % of pulmonologists  [  45  ] . In an effort to 
improve the sensitivity of TBNA, Herth and colleagues inves-
tigated the use of concomitant radial probe ultrasound for 
localization of lymph nodes at the time of TBNA to improve 
accuracy  [  46  ] . In 200 patients with enlarged mediastinal nodes 
and proven or suspected lung cancer, use of radial probe ultra-
sound immediately prior to TBNA improved sampling sensi-
tivity for paratracheal nodes from 58 to 84 % ( p  < 0.001) but 
not for nodes in the subcarinal region (74 % vs 86 %,  p  = NS) 
 [  47  ] . The improved sensitivity achieved by coupling ultrasound 
imaging with TBNA led to the development of the integrated 
linear endobronchial ultrasound bronchoscope, which has now 
radically changed how we currently stage the mediastinum.  

 Level 11 (left/right)  Interlobar nodes  Between the origin of the lobar bronchi 
 Level 12  Lobar nodes  Adjacent to the lobar bronchi 
 Level 13  Segmental nodes  Adjacent to the segmental bronchi 
 Level 14  Subsegmental nodes  Adjacent to the subsegmental bronchi 

Table 2.3 (continued)
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   Endobronchial Ultrasound Transbronchial 
Needle Aspiration 

 Over the last decade endobronchial ultrasound transbron-
chial needle aspiration (EBUS-TBNA) has rapidly gained 
acceptance as a method of histologically sampling the medi-
astinal lymph nodes in patients with lung cancer or other 
causes of mediastinal adenopathy. The technique is per-
formed using a modi fi ed bronchoscope with a linear ultra-
sound array at its working end and a  fl exible 22-gauge 
needle and sheath that exits the working channel of the 
bronchoscope at 30° to the scope axis (Fig.  2.3 ). The ultra-
sound array provides real-time 2D image guidance so that 
both peritracheal and peribronchial nodes may be biopsied 
(Figs.  2.4  and  2.5 ). The procedure is usually performed (for 
staging purposes) under general anesthesia although it may 
also be done with sedation and topical anesthesia, particu-
larly if biopsy of only a single nodal station is anticipated. 
EBUS-TBNA can sample paratracheal nodes (stations 2 and 
4), subcarinal nodes (station 7), and hilar nodes (stations 10 
and 11), the latter which are usually beyond the reach of 
cervical mediastinoscopy. Its clinical utility for staging lung 
cancer was initially described by Yasafuku in 2004  [  48  ] : 
102 patients with proven or suspected lung cancer under-
went staging with CT, PET, and EBUS. EBUS identi fi ed 24 
patients with N2 metastases and with only 2 false negatives 
and had higher sensitivity and negative predictive value than 
PET scanning (92 % vs 80 %, 97 % vs 92 %, respectively) 
 [  49  ] . Numerous studies have since con fi rmed the accuracy 
of EBUS, and two recent meta-analyses have shown pooled 
sensitivity rates of between 88 and 93 %  [  50,   51  ] . Even in 
patients with a negative mediastinum on 2D and metabolic 
imaging, PET has shown bene fi t in detecting occult medi-
astinal nodes. Herth and colleagues performed EBUS on 97 
patients with lung cancer who had a negative mediastinum 
by PET and CT scanning  [  52  ] . EBUS identi fi ed occult N2 
disease in  fi ve patients and unsuspected N3 disease in one 
patient. An additional two patients were found to have 
occult N1 nodes. Altogether EBUS upstaged 8 % of patients. 
Three studies have compared the accuracy of EBUS to that 
of mediastinoscopy (CM) for staging the mediastinum in 
lung cancer. Ernst and colleagues performed EBUS-TBNA 
followed by CM on 66 patients with lung cancer and medi-
astinal adenopathy  [  53  ] . The diagnostic yield of EBUS was 
higher than CM (91 % vs 78 %,  p  = 0.007), and the main 
difference was in a better ability of EBUS to obtain diagnos-
tic tissue from the subcarinal station. However, on a per 
patient basis, there was no statistical difference between 
EBUS and CM in de fi ning the true N-stage. A Dutch study 
performed a randomized trial comparing up-front CM to 
EBUS plus EUS (esophageal ultrasound) staging followed 
by CM only if endoscopic staging was negative. In this 
study that included 241 patients, endoscopic staging and 
CM had similar false-negative rates (8 and 9 %,  respectively) 

and similar sensitivity and negative predictive values (85 % 
vs 80 % and 84 % vs 86 %, respectively;  p  = NS); however, 
the combination of endoscopic staging and selective use of 
CM had a sensitivity of 94 %, signi fi cantly higher than 
either CM or endoscopic staging alone  [  54  ] . Lastly, a 
recently published prospective case–control study by 
Yasafuku and colleagues compared EBUS-TBNA to CM in 
153 patients  [  55  ] . Though CM examined more nodes per 
patient compared to EBUS-TBNA (4 vs 3) and more nodes 
overall (573 vs 426), there were no signi fi cant differences in 
sensitivity rates (79 % vs 81 %) and negative predictive val-
ues (90 % vs 91 %). We may conclude, therefore, that 
EBUS-TBNA appears to be as accurate as CM at staging the 
mediastinum in patients with lung cancer.     

  Fig. 2.3    The linear endobronchial ultrasound scope (Olympus Corp, 
BF-UC180F). The curvilinear ultrasound probe is covered with a saline-
 fi lled balloon to aid acoustic coupling with the tracheal wall. A 22-gauge 
needle and sheath exits the bronchoscope at 30° off-axis       

  Fig. 2.4    The EBUS scope is passed perorally into the trachea. The 
node of interest is visualized with ultrasound, and a needle is placed 
into the node under real-time image guidance       
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   Esophageal Ultrasound (EUS) 

 Endoscopic esophageal ultrasound (EUS) offers the ability to 
sample lymph nodes that are not contiguous with the trache-
obronchial tree and therefore offers an attractive complement 
to EBUS to allow “total” endoscopic staging of the mediasti-
num. EUS can access lymph nodes in the left paratracheal 
(station 4L), subcarinal (station 7), paraesophageal (station 
8), and inferior pulmonary ligament (station 9) regions  [  56  ] . 
Occasionally, nodes in the aortopulmonary window (stations 
5/6) may also be sampled. Several comparative studies have 
shown that EUS has similar sensitivity as EBUS-TBNA in 
assessment of mediastinal nodes  [  57,   58  ] ; however, the com-
bination of EBUS and EUS appears to be more accurate than 
either procedure alone. In a prospective study of 33 patients 
with lung cancer, Villman and colleagues performed EBUS 
and EUS and showed an accuracy of 89 and 86 %, respec-
tively  [  59  ] . However, the combined accuracy of both proce-
dures was 100 %. Similarly, Wallace et al. performed EBUS 
and EUS in 138 consecutive patients with lung cancer  [  60  ] . 
The sensitivity and negative predictive value for both proce-
dures was identical – 69 and 88 %, respectively. Combined 
sensitivity and NPV were 93 and 97 %.       
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            Introduction 

 Lung cancer is the leading cause of death in the USA in 
comparison to other types of malignancies. In 2007, it was 
estimated that more than 203,000 people in the USA were 
diagnosed with lung carcinoma, including approximately 
110,000 men and 93,000 women. On the other hand, in gen-
eral terms, approximately 158,000 people died due to this 
malignancy at a similar rate between men and women—
about 88,000 men and 70,000 women. Interestingly, when 
one compares different ethnic groups, one may observe that 
black men have the highest incidence of lung cancer fol-
lowed by white men; however, the contrary occurs for 
women, in which white women appear to be more com-
monly affected than black women. Despite the alarming 
numbers, lung cancer has decreased by about 1.8 % among 
white men and 2.7 % among black men from previous years 
(1996–2006). Unfortunately, an increase of 0.2 % has been 
observed among white women while it has remained the 
same for black women from previous years (1991–2006) 
 [  1  ] . According to the Surveillance Epidemiology and End 
Results (SEER), from 2004 to 2008, the median age at diag-
nosis was 71 years of age. The age group most commonly 
affected is for those between 55 and 74 years of age with 
approximately 60 % of cases. The incidence of lung cancer 
in patients under 44 years appears to be less than 2 % with 
approximately 9 % in those between the ages of 45 and 
54 years. Also interesting to note is the SEER estimate for 
the 5-year relative survival (survival of cancer patients com-
pared to the general population) of lung cancer patients, 
which is estimated at 15.6 %. On the other hand, the preva-
lence of patients with lung cancer up to 2008 in the USA 
was estimated to be more than 373,000 men and women  [  2  ] . 
Also    in the same report, it was estimated that the lifetime 
risk of being diagnosed with lung cancer is at about 1 in 14 
men and women. 

 Several factors have been mentioned in the pathogenesis 
of lung cancer, including smoking and second-hand smoke; 
exposure to chemical compounds such as asbestos, radon, 
arsenic, silica, chromium, dietary habits, and familial history 
and genetics. Most of these factors may be closely linked to 
the different occupational hazards or environmental condi-
tions which an individual may be exposed to. One may also 
argue that the occurrence of lung cancer may in many cases 
be multifactorial. 

 In general terms, the largely denominated non-small cell 
carcinomas are by far the most common primary tumors in 
the lung. Even though the histopathological growth patterns 
of these tumors are vast, most tumors can be grouped into the 
two main categories of adenocarcinoma and squamous cell 
carcinoma. Currently, it appears that adenocarcinoma is the 
more common histological type, while squamous cell carci-
noma has been linked more frequently with the use of tobacco 
 [  3–  9  ] . In a recent retrospective histological study of the 1980s 
on the frequency of these two variants of carcinoma, Wahbah 
et al.  [  10  ]  encountered about 29 % of tumors that were diag-
nosed as adenocarcinomas while squamous cell carcinoma 
accounted for 39 % of the cases. However, by 2003, it appears 
that the frequency between those two variants changed as 
adenocarcinomas came to represent 40 % of the tumors diag-
nosed while squamous cell carcinomas decreased to 29 %. 

 Based on current statistics on non-small cell carcinoma, it 
is obvious that more work is needed not only to detect early 
cases of these tumors but also to develop new strategies lead-
ing to improve the survival and treatment in patients with 
advanced disease. Even though the slight decrease that has 
been appreciated in the general numbers of lung carcinoma 
may appear very low, it is encouraging that at least the num-
ber of cases has not increased. It is likely that in the future 
with the new advances in chemotherapy and with better edu-
cational campaigns, the survival rate of these patients will 
improve just as the total number of cases may decrease. 

      Non-Small Cell Carcinomas         3
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   Clinical Aspects 

 Non-small cell carcinomas are by far the most common 
malignant tumors in the lung. As mentioned, most of the 
cases are diagnosed in patients above 55 years. However, 
some authors have stated that the average diagnosis age for 
men and women is about 59 years  [  10  ] . The symptomatology 
elicited by patients with lung carcinoma will largely depend 
on several issues, which include anatomic location of the 
tumor; size of the tumor, which can also be viewed as clini-
cal stage at the time of diagnosis; and possible secretion of 
hormones by the tumor, which provide a different set of signs 
and symptoms. For instance, in patients whose tumors are 
located in the main stem bronchus or the so-called central 
tumors, the patients likely will present with symptoms of 
obstruction that may include wheezing, coughing, dyspnea, 
hemoptysis, and possibly obstructive pneumonia. On the 
other hand, for tumors that are located in the periphery of the 
lung, the patients may be asymptomatic, and the tumor may 
become apparent during a routine chest radiographic study. 
However, when peripheral tumors reach a larger size, patients 
may present with symptoms of chest pain, shortness of 
breath, and other nonspeci fi c symptomatology. In some 
cases, the presence of productive cough with expectoration 
of large amounts of mucoid material (bronchorrea) has been 
associated with mucinous tumors of the lung, more 
speci fi cally with the so-called bronchioloalveolar carcinoma. 
In addition, some pulmonary carcinomas may also present 
with symptoms associated with the inappropriate secretion 
of hormones that may lead to clinical conditions such as 
Cushing’s syndrome, acromegaly, inappropriate secretion of 
antidiuretic hormone, or other paraneoplastic syndromes. 
Another association that has been documented in patients 
with non-small cell carcinoma is the association with some 
infectious conditions such as tuberculosis,  fi brotic interstitial 
lung disease, and bronchiectasis. In some cases, patients may 
present with acute symptoms leading to superior vena cava 
syndrome, pleuritic pain, or Pancoast syndrome  [  11–  16  ] . 
However, regardless of the clinical presentation, diagnostic 
imaging plays an important role in the diagnosis of these 
tumors, and ultimately tissue diagnosis is still the gold stan-
dard for the diagnosis of lung carcinoma.   

   Classi fi cation 

 Table  3.1  depicts the current evolution toward the diagnosis 
and approach to the classi fi cation of non-small cell carcino-
mas, namely, adenocarcinomas with the different histopatho-
logical variants. Traditionally, the histopathological 
classi fi cation of non-small cell carcinomas has been rather 
straightforward and simple to the point that in the past terms 
such as non-small cell carcinoma were commonly used in 

the diagnostic line in the majority of cases without any 
speci fi c designation to whether the tumor was adenocarci-
noma or squamous cell carcinoma. This speci fi c designation 
was essentially construed to designate tumors as small or 
non-small cell carcinomas. However, more recently, due to 
new developments in molecular biology and consequently in 
new therapeutic modalities, it has become imperative to 
become more speci fi c, and pathologists are frequently asked 
to re fi ne their diagnosis as to more speci fi c subtypes. It is 
also important to highlight that due to this necessity to pro-
vide a more speci fi c diagnosis, pathologists are more often 
required to perform a battery of immunohistochemical stains 
in biopsies in which the histology is not clear enough to 
make the distinction between adenocarcinoma and a differ-
ent type of carcinoma. On the other hand, more recently, a 
different approach to the histopathological classi fi cation of 
non-small cell carcinoma, namely, adenocarcinoma, has 
been presented  [  17  ] , which, although novel, has its own 
shortcomings.   

   Classi fi cation of Adenocarcinoma 

 Traditionally, the histopathological classi fi cation of adeno-
carcinoma has been simple and straightforward, as tumors 
are classi fi ed depending on their glandular differentiation 
into well-, moderately, and poorly differentiated adenocarci-
nomas. Even though a special reference has been made for 

   Table 3.1    Histopathological approach to the diagnosis of 
adenocarcinoma      

 Bronchioloalveolar carcinoma (Fig.  3.7 ) 
  Single nodule 
   In situ adenocarcinoma 
        Minimally invasive adenocarcinoma 
  Multinodular 
  Pneumonic type 
 Well-differentiated (Fig.  3.10 ) 
 Moderately differentiated (Fig.  3.11 ) 
 Poorly differentiated (Fig.  3.12 ) 
 Variants (Figs.  3.15 ,  3.16 ,  3.17 ,  3.18 ,  3.19 ,  3.20 ,  3.21 ,  3.22 ,  3.23 , 
 3.24 ,  3.25 ,  3.26 ,  3.27 , and  3.28 ) 
  Colloid 
  Papillary—micropapillary—with morular component 
  Signet ring cell 
  Secretory endometrioid-like 
  Hepatoid 
  Oncocytic 
  Adenomatoid 
  Cribriform 
  Intestinal-like 
  Choriocarcinoma-like 
  Warthin-like 
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“bronchioloalveolar carcinoma” (BAC) in most pathologists’ 
minds, BAC represents a well-differentiated adenocarcinoma. 
This classi fi cation of adenocarcinomas is widely used and 
proven to work for the most part very well in the diagnosis of 
these tumors. More recently, Travis et al.  [  17  ]  presented a 
study on the classi fi cation of adenocarcinoma. It is important 
to highlight some issues regarding this schema:

   The authors did not present a study based on actual cases; • 
on the contrary, the authors limited themselves to study 
what they described as more than 11,000 citations from 
which they selected 312 articles that according to the 
authors met “speci fi ed eligibility”.  
  It is obvious that the authors’ intention was to rid the lit-• 
erature from the term “BAC”, as the authors state that the 
term is no longer used. However, if the authors’ conten-
tion is correct and that the term “bronchioloalveolar 
 carcinoma” is no longer used, the citations that they pro-
vide speak very much against their thesis.  
  The authors, without any actual number of cases of their • 
own, present a classi fi cation introducing two new catego-
ries for the diagnosis of adenocarcinoma:

   Adenocarcinoma in situ—a localized small ( – ≤3 cm) 
adenocarcinoma with lepidic growth; no stromal, vas-
cular or pleural invasion; non-mucinous or mucinous 
variants.  
  Minimally invasive adenocarcinoma—solitary small  –
(≤3 cm) adenocarcinoma with predominant lepidic 
growth; ≤5 mm invasion in greatest dimension in one 
focus.  

  The authors concluded under “validation” that this “new” • 
proposal is based on the best available evidence and that 
because of the lack of universal diagnostic criteria in the 
literature, there is a need for future validation. It is impor-
tant to highlight here that the authors of this “new” 
classi fi cation have presented a schema based on review of 
the literature, not reviewing actual cases of adenocarci-
noma that  fi t their de fi nitions, and at the end state that this 
“new classi fi cation” still needs validation.       
 Based on those de fi nitions, it is obvious that such tumors 

not only cannot be diagnosed on small biopsy material but 
also they cannot be diagnosed unless the entire tumor is sub-
mitted for histopathological evaluation and proper staging 
has also been performed. In the citations relevant to their 
point of the creation of this “new” classi fi cation, the authors 
make special mention of about a dozen articles out of the 312 
that they claimed to have reviewed. It is important at this 
point to carefully evaluate those references. 

 In 2001, Yamamoto et al.  [  18  ]  reported their experience 
with what the authors called BAC. The authors reported 42 
patients with small peripheral tumors of no more than 2 cm 
in diameter. All the patients had wedge resection or segmen-
tectomy and were followed for a period of 30 months, in 
which time all were alive without recurrence. Further details 

gathered from this report show that the initial diagnosis in 39 
of the 42 patients was adenocarcinoma and that lymph node 
sampling at the time of  surgery, obviously for staging pur-
poses, was performed in all the patients. According to the 
measurements provided for these tumors, the authors cite 
that the tumors varied from 4 to 25 mm. Interestingly, the 
current criteria state that tumors under 5 mm are best 
classi fi ed as atypical adenomatous hyperplasia (AAH). 
Unfortunately, in Yamamoto’s report, it is not stated how 
many of the patients reported had tumors under 5 mm. 

 In 2002, Watanabe et al.  [  19  ]  presented their experience 
by describing 17 patients as BAC with pure ground-glass 
attenuation, and in whom after a follow-up of 32 months, 
none of the patients showed any evidence of recurrence or 
metastatic disease. Interestingly, in the description of the 
tumors, the authors state that the diameter of the tumors var-
ied from 5 mm to 1.2 cm, but more importantly, the authors 
state that 16 of the 17 patients had tumors of 1 cm or less. 
Once again, the speci fi cs about how many were 5 mm are not 
presented. Such information is crucial as the diagnosis of 
AAH becomes an important differential diagnosis. 

 Also, Suzuki et al.  [  20  ]  presented their experience with a 
retrospective study in which the authors evaluated 1,540 cases 
of lung adenocarcinoma. The authors found that 69 cases 
showed a large ground-glass opacity component. 
Histologically, 47 of these cases were coded as BAC and 22 as 
adenocarcinomas. Interestingly, in 16 of these patients, lymph 
nodes were not available for review, and in 2 cases, vascular 
invasion was present while in 2 patients pleural invasion was 
also observed. One important aspect in this study is the fact 
that the exact size of each of the tumors is not presented; the 
authors state that the dimensions ranged from 6 to 41 mm but 
there were no speci fi cs regarding each particular tumor. 

 In 2004, Sakurai et al.  [  21  ]  reported a retrospective analysis 
of 108 patients in whom 25 (23 %) were labeled as BAC. Even 
though the authors state that they follow the World Health 
Organization (WHO) de fi nition of these tumors, when they 
described the size of these tumors, they were limited to state 
that these tumors ranged from 0.5 to 3.0 cm with a mean of 
1.9. Once again, it is very dif fi cult to clearly identify whether 
the majority of tumors were under 1 cm or even how many of 
these cases were 0.5 cm, which is the cutoff for AAH. 

 Interestingly, in a different report, Yamada and Kohno 
 [  22  ]  presented their experience with 39 pure ground-glass 
opacity tumors of less than 2 cm in diameter. The authors 
described that single lesions were present in 30 patients, 
while in 9 patients multiple lesions were observed. Even 
though, the authors state that 29 patients had BAC without 
active  fi broblastic proliferation and 8 patients had AAH. In 
the table produced by the authors under AAH, the size in 12 
cases was described as under 12 mm and in 4 cases from 10 
to 20 mm; this description is rather confusing as it is known 
that the diagnosis of AAH is made on lesions under 5 mm. 
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More interesting is the observation that in 32 cases of what 
the authors called localized BAC, the tumors measured less 
than 1 cm. Once again, the speci fi c sizes of each one of the 
tumors described is absent. 

 Similarly, Yoshida et al.  [  23  ]  reported their experience 
with 50 patients with tumors that according to the authors 
varied in size from 2 to 21 mm. Interestingly, in the table 
providing the sizes of the tumors resected, one encounters 
that the size used for the diagnosis of AAH ranged from 5 to 
14 mm while in the cases classi fi ed as BAC types A and B, 
which are the ones supposed to represent in situ adenocarci-
noma, the sizes of the tumors varied ranging from 9 to 10 mm 
and 6 to 21 mm, respectively. This de fi nition by sizes clearly 
shows a con fl ict as there is an obvious overlap between the 
size of AAH and BAC types A and B. One could argue that 
the authors of this study decided to ignore the WHO de fi nition 
of AAH as a lesion of 5 mm or less in diameter; however, the 
upper range in their cases of AAH (14 mm) is bigger than the 
type A and middle way from the type B BAC. 

 Koike et al.  [  24  ]  also presented a similar experience with 
46 patients with what the authors referred to as “noninvasive 
BAC”. Even though the authors state that the median size of 
the tumor by imaging was 1.6 cm and by gross inspection 
1.5, the range provided was for tumors between 0.8 and 3 cm 
and 0.7 and 4.5 cm, respectively. Two important issues arise 
from this information: one, that there are tumors above 3 cm 
that ful fi ll the criteria for noninvasive lesions, and two, that 
based on the information provided, one cannot specify how 
many tumors were under 1 cm or 2 cm or even 3 cm. 
Therefore, meaningful and unequivocal conclusions cannot 
be drawn from this study regarding the size of tumors. 

 A more detailed analysis of similar tumors was presented 
by Vasquez et al.  [  25  ]  with their experience of 279 cases 
from 1993 to 2007. In this study, the authors documented 20 
cases of a BAC (7 %) and 207 cases of adenocarcinoma with 
a BAC component, which the authors further strati fi ed into 
three categories depending on the proportion of the BAC 
component into 1–50 %, 50–90 %, and 90–99 %. Based on 
the survival curves presented by the authors, one can see 
tumors categorized as BAC and adenocarcinoma with BAC 
component fare better in comparison to other types of adeno-
carcinoma with a survival of 100 and 95 % for BAC tumors 
and adenocarcinomas with BAC component, respectively 
when compared to other types of adenocarcinoma that 
showed 75% survival at 10 years. However, it is of interest to 
highlight that only one case of the 20 tumors coded as BAC 
was larger than 2 cm, while 11 were under 1 cm and 8 under 
2 cm. That clearly points in favor of the importance of a 
small type of tumor. Also in the cases classi fi ed as adenocar-
cinoma with BAC component, the great majority of cases 
was composed of tumors less than 2 cm (179/207) with only 
28 cases under 3 cm. However, it is also important to men-
tion that the authors did not  provide further analysis whether 

the separation between 1 and 90 % provides meaningful sta-
tistically signi fi cant differences in survival. At this point, it is 
also important to mention that the authors did not address the 
issue of whether the entire tumor was evaluated, mainly in 
those cases prior to the WHO publication of 2004. 

 Lastly, Yoshizawa et al.  [  26  ]  recently reported their expe-
rience with 514 cases from the  fi les of Memorial Sloan-
Kettering Cancer Center. Two important issues arise from 
this publication: (1) the information provided completely 
lacks materials and methods, and (2) the authors failed to 
clearly specify if the tumors that they described—mainly 
those under the designation of in situ or minimally invasive 
adenocarcinomas—were completely evaluated by histologi-
cal means. Taken the size of the tumors described, it is likely 
that the tumors were gathered from several years prior to the 
publication of this “new” classi fi cation, thus raising serious 
consideration as to whether the entire lesion was completely 
evaluated in order to properly interpret the lesion as in situ or 
minimally invasive adenocarcinoma. However, more impor-
tantly is the fact that only one case of in situ adenocarcinoma 
and seven of minimally invasive adenocarcinoma were found 
in this study, basing the entire report on only eight tumors 
representing approximately 1.5 % of the lesions reported. 
This clearly speaks volumes in favor of, at the very least, 
being very cautious with this “new” classi fi cation system. 

 On the other hand, the literature cited by Travis et al.  [  17  ]  
in favor of a minimally invasive adenocarcinoma technically 
consists of three reports. Sakurai et al.  [  27  ]  reported a study 
of 380 cases of peripheral adenocarcinoma of 2 cm or less. 
The authors essentially separated these tumors into four cat-
egories: grade 0 for tumors that had pure BAC growth pat-
tern and grades 1–3 for similar tumors but with different 
types of stromal invasion. Interestingly, the authors stated 
that vascular invasion was not present in those tumors graded 
0, but it was present in some lesions of grades 1 and 2, and it 
was present in 68 % in those of grade 3. In the table pre-
sented by the authors under grade 0 with their respective 
sizes, one can note that the size of these tumors ranged from 
0.4 to 2 cm. However, speci fi cs about the total number of 
cases that were 0.4 or even 0.5 are missing. In addition, two 
tumors graded 1 and 2 had lymphatic invasion, which accord-
ing to the latest WHO de fi nition of BAC is a feature not 
acceptable in order to classify a tumor as BAC. Yim et al. 
 [  28  ]  also reported a study of 141 patients with clinical stage 
I or II adenocarcinoma. The cases were classi fi ed depending 
on the extent of BAC into 4 groups. Groups 1 and 2 belong 
to either pure BAC or the so-called minimally invasive ade-
nocarcinoma with a <5 mm invasive component. A few 
important features need to be highlighted about this study. It 
is not clear whether the material available for microscopic 
evaluation in the cases of in situ or minimally invasive 
 adenocarcinoma consisted of representative sections or 
whether the entire tumor was  evaluated. The authors also 
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 acknowledge that most of the discrepancies occurred regard-
ing whether invasion was present or absent. In addition, 
according to this report, only 8 patients were in group 1, 
while 21 patients were in group II, which represented approx-
imately 21 % of the total number of cases presented. More 
interesting is the fact that once again the speci fi c size of the 
tumors for group I are not provided and they are designated 
as 1.1 cm ± 0.45, which raises the possibility that some of 
these lesions may have been at least borderline AAH. Also, 
when one looks into the tumor size of group II (minimally 
invasive adenocarcinoma), one encounters that the size is 
1.85 ± 1.61, also raising the possibility that some of these 
lesions may have fallen under the designation of AAH. 
Lastly, Borczuk et al.  [  29  ]  presented a series of 178 adeno-
carcinomas from a period of 3 years (1997–2000) in which 
the author claimed that the size of the invasiveness in adeno-
carcinoma is an independent predictor of survival. The 
authors stated that lymph node metastases were not present 
in adenocarcinomas with less than 0.6 cm invasion and con-
cluded that these tumors had a more indolent clinical out-
come after resection. What is not clear from this report is 
whether the authors examined the tumor entirely or only rep-
resentative sections. In addition, one other factor that is not 
mentioned in the cases designated as minimally invasive 
adenocarcinoma is whether deeper sections of the “scar” 
were evaluated. It is common to see cases in which deeper 
sections of scar areas may contain a more solid tumor prolif-
eration. Unfortunately, those latter features remain unan-
swered and potentially may play a role in the  fi nal 
interpretation of these tumors. Nevertheless, according to the 
authors, they encountered only 8 cases out of 178 that belong 
to the BAC category and 24 to the minimally invasive cate-
gory, which in essence correspond to a minority of cases. 
Interestingly, some clinicians have noticed that the provided 
new classi fi cation schema may lead to misguided treatment 
and diagnosis. Witt  [  30  ]  in a letter to the editor raised con-
cerns about the questionable inclusion of this so-called mini-
mally invasive adenocarcinoma and added that terms such as 
in situ adenocarcinoma and minimally invasive adenocarci-
noma have the potential of misguidance, especially due to 
their limitation on resection. However, more important is the 
issue raised that the basis for diagnosis in the majority of 
cases relies on biopsy material. 

 On the other hand, if one compares the proposed “new” 
classi fi cation schema against large series of pulmonary car-
cinoma, one  fi nds that perhaps the answer is not in provid-
ing new and questionable classi fi cation schemas but rather 
that survival rate is more closely determined by early detec-
tion. Sawabata et al.  [  31  ]  in a report from the Japanese lung 
cancer registry studying more than 11,000 cases of adeno-
carcinoma clearly demonstrated that those tumors in early 
stages will fare much better than those in late stages of the 
disease, clearly emphasizing early detection and diagnosis. 

In addition, it has been documented that small peripheral 
tumors may have metastatic disease to lymph nodes without 
showing pleural invasion and without being clinically appar-
ent. Takizawa et al.  [  32  ]  reported a study of 157 patients 
who underwent lobectomy and complete hilar/mediastinal 
lymphadenectomy for small peripheral adenocarcinomas 
between the sizes of 1.1 and 2.0 cm. The authors found that 
17 % of the patients had metastatic disease in lymph nodes 
and more speci fi cally 8 % of these patients with “well-dif-
ferentiated adenocarcinoma” had lymph node metastasis. 
The authors concluded that due to the fact that lymph node 
metastasis was not noticed during surgery, the intraoperative 
assessment is not reliable for identifying lymph node metas-
tasis. Also, Konaka et al.  [  33  ]  reported their experience with 
171 patients, 136 of whom had peripheral adenocarcinomas 
with a tumor size less than 2 cm. A 22 % incidence of lymph 
node metastasis was identi fi ed in tumors between 1.5 and 
2.0 cm; however, no lymph node metastasis was observed in 
tumors under 1.0 cm. Thus, the authors concluded that sys-
tematic mediastinal and hilar lymph node dissection is nec-
essary even for patients with tumors of less than 2.0 cm; 
however, for patients with tumors under 1.0 cm, the patients 
may be good candidates for video-assisted lobectomy. 
Interestingly, Warren and Faber  [  34  ]  reported their experi-
ence with 173 cases of non-small cell carcinoma in stage I. 
The authors did not  fi nd any statistically signi fi cant differ-
ence between lobectomy and segmentectomy in patients 
with tumors under 3.0 cm. In the results provided in this 
study, although not very clear as to the different histologies 
and tumor size, one can summarize that at least 44 of these 
tumors were adenocarcinomas and under 2.0 cm. 

 Based on current data available, it is likely that the out-
come of patients with peripheral tumors relates more to the 
stage of the patient at the time of diagnosis. Changes in 
nomenclature should be carefully investigated before changes 
in treatment are seriously considered. In addition, the current 
schema provided under “new classi fi cation” based on review 
of the literature and not on actual cases has the potential to be 
misleading not only with regard to the diagnosis but also the 
treatment of these tumors. 

 At this point, it is important to turn our attention to the 
issue, which appears to be the center not only of the latest 
WHO report from 2004 but also of its authors’ latest attempt 
to classify adenocarcinoma. The concept of BAC dates back 
more than a 100 years  [  35  ] . First described by Malassez in 
1876 as a primary pulmonary neoplasm with an unusual 
alveolar pattern of growth, in his description  [  35  ] , the tumor 
appeared to be multinodular, which is the reason the author 
chose the name of “Cancer Encephaloide of the Lung 
(Epithelioma)”. Twenty-seven years later, Musser  [  36  ]  
described a similar tumor under the designation of “Primary 
Cancer of the Lung”. Both of those descriptions are essen-
tially similar in terms of  histopathological description; 
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however, the most important aspect in which they differ is 
in terms of gross description. In Malassez’s case, the gross 
description is that of multinodular tumor replacing lung 
parenchyma, while in Musser’s case, the description is that 
of a diffuse process similar to an infectious process such as 
bronchopneumonia. These two particular descriptions have 
provided us with the current knowledge about the two main 
patterns of growth of this particular pulmonary neoplasm. 
One important aspect that needs to be emphasized is the fact 
that metastatic disease was present in both of those 
descriptions. 

 During the next 50 years, a sizable number of cases with 
similar histopathological and macroscopic characteristics 
were presented in the literature  [  37–  45  ] . The cases were 
either of the multinodular or diffuse type, while histopatho-
logically, the tumors either showed the alveolar lining 
replaced by a columnar or by a low cuboidal type of cellular 
proliferation. Numerous terms have been used to coin this 
type of unusual neoplasm, including alveolar cell cancer, pri-
mary multiple carcinoma, multiple nodular carcinoma, dif-
fuse lung carcinoma, alveolar carcinoma, carcinosis, 
carcinomatoides alveogenica multicentrica, alveolar cell 
tumor, and pulmonary alveolar adenomatosis. However, the 
discussion of these cases revolved around the existence of or 
lack of alveolar epithelium. Nevertheless, the concept of a 
tumor growing along alveolar structures did not change, nor 
did the fact that in almost all the cases described up to the 
 fi rst half of the twentieth century, the tumors were not lim-
ited to the lung parenchyma. In the majority of cases, tumor 
seeding the pleura, peribronchial lymph nodes, or tumor out-
side of the thoracic cavity was documented. Interestingly, 
despite the discussion around alveolar epithelium, some 
authors suggested the possibility of an infectious origin for 
these types of tumors and made an analogy to similar tumors 
seen in animals, namely, sheep, the so-called Jaagsiekte. 
Because of the lack of agreement on the etiology of these 
tumors regarding the true nature as originating from alveolar 
epithelium or from  fi ner terminal bronchioles, the setting for 
the term BAC was born. 

 The de fi nition of BAC has somewhat changed over the 
years. In 1960, Liebow  [  46  ]  coined the term BAC and pro-
vided a de fi nition to diagnose this particular neoplasm. 
Liebow’s de fi nition of BAC was that of a well-differentiated 
adenocarcinoma and added that the distinction between this 
type of tumor and the “ordinary” adenocarcinoma as far as 
cell of origin was not clear. In addition, Liebow reinforced 
the concept that there are three main forms for this neo-
plasm: (1) single nodular, (2) disseminated nodular, and (3) 
diffuse forms. Also, Liebow stated that this particular neo-
plasm is capable of invading lymph nodes, pleura, and 
extrathoracic organs. This latter feature may be seen in over 
50 % of the cases at death  [  46  ] . In Liebow’s opinion, the 
tumor may have a long dormancy or slow growth, particu-
larly those presenting as isolated nodules. He also alluded to 

the fact that 50 % of patients present with bilateral disease. 
In 1980, in the fascicle of tumors of the lower respiratory 
tract by the Armed Forces Institute of Pathology  [  47  ] , the 
de fi nition offered was that of “a lesion with relatively bland 
cytological features that arises in the periphery of the lung 
and spreads on the walls of the distal air spaces”. In the 1995 
fascicle of tumors of the lower respiratory tract, second 
series of the Armed Forces Institute of Pathology  [  48  ] , the 
de fi nition is that of a subset of adenocarcinoma distinctive 
enough to warrant separation from the other subtypes. In the 
two most recent publications of the World Health 
Organization  [  49,   50  ] , the tumor is de fi ned as an adenocarci-
noma with bronchioloalveolar pattern and no evidence 
of stromal, vascular, or pleural invasion, essentially the 
de fi nition is of an in situ tumor. However, like with any diag-
nosis of an in situ malignancy, it is imperative to properly 
exclude an invasive tumor. In that particular setting, this can 
be accomplished only by complete histological evaluation of 
the tumor, a feature that has been largely ignored by the pro-
ponents of this interpretation. 

 However, it is important to consider previous literature 
regarding tumors that have been coded as BAC. Overholt 
et al.  [  51  ]  presented a study of 15 patients treated surgically, 
11 of whom were well without evidence of metastasis at 
follow-up. However, they also documented one patient who 
developed metastatic disease to the brain and two who devel-
oped ipsilateral disease. Belgrad et al.  [  52  ]  and Munnel et al. 
 [  53  ]  also made a similar claim in a study of patients with 
localized disease. The patients were treated surgically, and 
according to the authors, surgery may have eradicated the 
tumor. However, the authors  [  52  ]  also acknowledge that in 
those tumors in which there was diffuse involvement of a 
lobe, the prognosis may not be the same. On the other hand, 
Watson and Farpour  [  54  ]  studied 265 patients in whom the 
clinical behavior of the tumor in some patients was more 
aggressive. In this particular study, 82 cases were autopsied 
showing metastatic disease, while 16 of 82 patients who 
were treated with excisional surgery survived more than 
5 years. 

 However, other authors have questioned the validity of this 
entity stating that BAC represents a pattern rather than a 
speci fi c entity based on the fact that many tumors from 
extrathoracic origin can metastasize to the lung in a manner 
indistinguishable from pulmonary BAC  [  55,   56  ] . Bennett and 
Sasser  [  56  ]  in a study of 30 cases of BAC concluded that there 
is no morphological, histogenetical, or clinical basis to sepa-
rate BAC from adenocarcinoma of the lung. Contrary to that 
opinion, Delarue et al.  [  57  ]  presented their views in a reap-
praisal of BAC insisting on considering this tumor a speci fi c 
clinicopathological entity. The authors outlined their criteria 
for the diagnosis of this tumor as (1) absence of primary ade-
nocarcinoma elsewhere, (2) absence of intrinsic tumor of 
bronchogenic origin, (3) peripheral location involving alveo-
lar ducts and sacs, and (4) unaffected interstitium. However, 
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the authors noted that metastatic adenopathies and malignant 
pleural effusions might occur. The overall survival rate of the 
74 patients studied was of 34 % at 3 years. Marco and Galy    
 [  58  ]  presented their experience of BAC in 29 patients, whom 
the authors separated into three main groups depending on 
the extent of the disease. Group 3 in this particular study was 
composed of patients with pleural and lymph node involve-
ment. Over the years, different opinions contrasting and dif-
ferentiating BAC from conventional adenocarcinoma have 
been presented while others have attempted to further divide 
BAC  [  59  ]  . Singh et al.  [  60–  61  ]  have considered that in addi-
tion to the peripheral lesion recognized as BAC, two other 
subtypes may also occur in these tumors, Clara cell and type 
II pneumocyte subtypes of BAC. Other authors have also sup-
ported such an opinion and have stated that BAC and periph-
eral bronchogenic adenocarcinoma are derived from secretory 
cells that resemble bronchiolar Clara cells, and thus, are dif-
ferent from conventional bronchogenic adenocarcinoma  [  62  ] . 
Other authors have also attempted to correlate histopathologi-
cal features of BAC with survival; for instance Manning et al. 
 [  63  ]  stated in a study of 34 cases of BAC, in which BAC was 
separated into type 1 and type 2, that type 1 is associated with 
mucus production and is most likely to be multicentric, while 
type 2 does not show much mucus production and is most 
likely to be solitary. The authors observed a 5-year survival of 
72 % in the non-mucinous type (type 2), while the mucinous 
type (type 1) had a survival of 25 %. Clayton  [  64  ]  arrived at a 
somewhat different conclusion in a study of 45 cases of BAC. 
In this study, the author found that 24 of 36 non-mucinous 
tumors had aerogenous spread and that those patients were 
either dead of disease or alive with metastasis, while for 12 
non-mucinous tumors without aerogenous spread, the 5-year 
survival rate was 61 %. The author also stated that smaller 
tumors have a better prognosis and that the presence of alveo-
lar spread rather than cell type was the most important feature 
to predict prognosis. Thomas et al.  [  65  ]  in a 21-year retro-
spective study concluded that BAC is a valid term but that it 
represents a heterogeneous population of tumors and further 
stated that BAC should be retained as a term describing a 
growth pattern. In the authors’ experience, BAC has a bad 
prognosis, which may be attributed to the fact that many 
patients are asymptomatic until the disease is advanced and 
inoperable. In a large study between the years 1968 and 1986, 
Elson et al.  [  66  ]  accumulated 193 cases of BAC; of those 
cases, only 39 cases were selected as pure BAC. However, in 
this study, it is not clear what type of material was available 
for review, and it is likely that it was derived from cytology, 
biopsy, and surgical resection material. Thus, it is dif fi cult to 
determine the validity of the “pure BAC”. In 1991, from the 
Mayo Clinic, Daly et al.  [  67  ]  presented a study of 134 patients 
with BAC, ten of the patients described (7.5 %) had lymph 
node metastasis, and although the great majority were stage I, 
there were several cases in stages II, IIIA, and IIIB. The sur-
vival in this particular study for patients with T1N0M0 tumors 

at 5 years was of 90 % in contrast to patients with T2N0M0 
disease in whom it was 55 %. The authors concluded that 
BAC has a unique natural history that is more in fl uenced by a 
local neoplastic process than by lymph node metastases. 
Interestingly from the same institution, Feldman et al.  [  68  ]  
presented a study of 25 patients with metastatic BAC in which 
the authors compared the response to chemotherapy to that of 
conventional adenocarcinoma. The authors concluded that 
the chemotherapeutic response and the median times of pro-
gression of disease were similar in both groups and further 
stated that metastatic BAC is an aggressive disease that is 
associated with poor prognosis, similar to metastatic conven-
tional adenocarcinoma of the lung. Similar experience was 
also reported by Breathnach et al.  [  69  ]  in their report of 28 
BAC in stages IIIB and IV. The authors in this particular 
report stated that patients with advanced BAC are more likely 
to have bilateral disease but are less likely to develop brain 
metastasis. In a different study from Taiwan, in which the 
authors collected 50 cases of BAC, the authors included 
patients in different stages of disease and concluded that BAC 
frequently presents with lymphatic spread or systemic metas-
tasis at diagnosis and that most localized BAC fare better than 
the diffuse type of BAC  [  70  ] . Also, Fujimoto et al.  [  71  ]  pre-
sented a study based in Japan in which the authors collected 
53 cases of BAC and found no difference in survival between 
surgically resected patients with BAC and those with non-
BAC tumors. However, the authors stated that patients with 
stage IV BAC have a better response to chemotherapy than 
those with non-BAC tumors. It is of interest to note that BAC 
has been perceived as a tumor of increased frequency in 
younger individuals, females, and nonsmokers  [  72,   73  ] , with 
a reported incidence of as high as 14 %, depending on the 
source cited. Read et al.  [  74  ]  presented an epidemiological 
study of BAC over a    decade (1979–1989) by analyzing the 
SEER database and concluded that even though there appears 
to be an increase in BAC, this tumor represents less than 4 % 
of all primary non-small cell carcinomas of the lung. In a dif-
ferent analysis of the SEER database, Raz encountered that 
BAC is not associated with younger mean age and that the 
tumor is not associated with an age less than 50 years at diag-
nosis  [  75  ] . It has also been suggested by some authors that 
BAC may have an environmental etiology other than tobacco 
use  [  73  ] . In addition, the tumor is believed to behave better in 
children although the tumor is rare in the pediatric age group 
 [  76  ] . 

 The more recent literature on BAC using the latest 
de fi nition by the WHO has also provided con fl icting infor-
mation regarding BAC. For instance, Breathnach et al.  [  77  ]  
in a study focusing on the survival and recurrences of BAC 
stage I disease found that when stage I BAC and adenocarci-
noma of the conventional type were compared, the 5-year 
survival rate for BAC is 83 % and 63 % for other types of 
adenocarcinoma. Rena et al.  [  78  ]  also reported similar 
 fi ndings in a study of 28 patients of stage I BAC in which the 
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authors found a 5-year disease-free rate of 81 % and a long-
term survival rate of 86 % against 51 and 71 % of adenocar-
cinoma of the conventional type, respectively. Interestingly, 
even as the authors state that the WHO criteria were fol-
lowed in these cases, 20 patients were diagnosed by  fi ne-
needle aspiration biopsy, which very much goes against the 
current existing criteria by the WHO. Gaeta et al.  [  79  ]  in a 
study of 20 cases of BAC focusing on pattern of recurrence 
after surgical resection concluded that diffuse BAC may 
develop from prior focal carcinoma and that the mucinous 
type is the one most likely to become diffuse. Interestingly 
in this study, the authors included three different types of 
BAC—mucinous, non-mucinous, and mixed adenocarcino-
mas with prominent bronchioloalveolar pattern. However, a 
study by Ebright et al.  [  80  ]  concluded that the most impor-
tant predictors of survival in BAC are clinical pattern and 
pathological stage rather than degree of invasion on histo-
logical examination. 

 Similar to the new claim about the classi fi cation of ade-
nocarcinoma, Travis et al.  [  81  ]  have provided their views in 
a symposium on BAC in which the authors defended the 
relevance of the WHO pathological criteria for the diagnosis 
of BAC. In their results the authors stated that there is exist-
ing evidence that indicates that patients with solitary, small, 
peripheral BAC have a 100 % survival at 5 years. The 
authors stated that the basis for the newly proposed 
classi fi cation of BAC comes from a study by Noguchi et al. 
 [  82  ]  on the histological characteristics and prognosis of 
small adenocarcinomas of the lung. In this study  [  82  ]  236 
cases of resected peripheral adenocarcinomas of the lung 
were reviewed, which was limited to lesions no more than 
2 cm in greatest diameter. The authors separated different 
tumor types into categories ranging from A to F, and the 
ones belonging to types A and B were classi fi ed as localized 
BAC. The difference between these two groups is the pres-
ence of foci of structural collapse of alveoli in type B; both 
groups together amounted to 28 cases, 14 of each category. 
Closer analysis of the data presented showed that although 
general information is provided for the 236 cases studied, 
the authors did not provide a speci fi c tumor size for types A 
and B, and the authors were limited to state that “they are 
usually larger than 1 cm”, thus leaving the possibility that 
some of these lesions may have been smaller than 1 cm. In 
addition, even though the authors stated that no lymph node 
metastasis was present in any of the 28 cases, they stated 
that 3 of 34 (not the 28 cases speci fi ed) showed pleural 
involvement, while 2 of 34 (again not the initial 28 cases) 
showed vascular involvement. Also previously quoted by 
Travis et al.  [  81  ] , as an indication for the clinical impact of 
the WHO criteria over the diagnosis of BAC is a study con-
ducted by Zell et al.  [  83  ] . In this study, the authors presented 
a retrospective analysis from a population-based Cancer 

Surveillance Program of three Southern California counties 
from 1995 to 2003, in which the authors analyzed cases 
diagnosed as BAC before and after May 1999, the time in 
which the new criteria for the diagnosis of BAC were pub-
lished by the WHO. The authors stated that the overall sur-
vival for BAC patients diagnosed after 1999 is 53 months in 
contrast to 32 months before May 1999. Interestingly, the 
authors stated that at time of presentation, 48 % of the 
patients had localized disease, 26 % had regional spread, 
and 24 % had metastatic disease. Furthermore, the authors 
stated that BAC was found to have a “signi fi cantly” pro-
longed median overall survival (42 months), 1-year survival 
of 69 %, 2-year survival of 58 %, and 5-year survival of 
41 %. When patients were strati fi ed, the overall median sur-
vival rate for patients with localized disease was 98 months. 
Interestingly, the authors stated that the incidence of BAC 
before 1999 was 5 % and after 1999 was 5.5 %, raising the 
possibility that even with the new restrictions on the criteria 
for the diagnosis of BAC, the incidence did not change, and 
as a matter of fact, increased. In addition, the authors further 
stated that from January 1995 to May 1999 (before the latest 
version of the WHO), the 1-year survival rate was 66.5 % 
and the 2-year survival rate was 54 %. On the other hand, 
after June 1999 to December 2003 (after the latest version 
of the WHO), the 1-year survival rate was 72.5 % and the 
2-year survival rate was 63.3 %. Essentially, it is this 6–9 % 
difference that the proponents of the WHO criteria use to 
support the current criteria for the diagnosis of BAC. 
Interestingly, the same authors, Zell et al.  [  84  ]  identi fi ed 
1,909 patients from the California Cancer Registry between 
1999 and 2003 with histologically con fi rmed diagnosis of 
BAC and complete tumor-nodes-metastasis (TNM) staging. 
Of these 1,909 patients, 627 patients (very likely the same 
group of patients used in the previous publication), or 33 %, 
were stage I, and 572, or 30 %, were stage II. The authors 
stated that their analysis was essentially based on current 
criteria established by the WHO. Data from this study show 
that BAC stage 1 has a 1-year survival rate of 94 % and a 
5-year survival rate of 65 %, while BAC stage II has a 1-year 
survival rate of 89 % with a 5-year survival rate of 45 %. 
These data having the bene fi t of a larger population are in no 
way closer to the 100 % survival rate quoted in the study of 
Noguchi et al.  [  83  ] . Furthermore, Zell et al.  [  84  ]  found that 
there is better survival improvement in patients in late stages 
of disease. However, that is in direct contradiction with the 
WHO current criteria, which limit the diagnosis of BAC to 
tumors that do not show pleural, lymphatic, and interstitial 
involvement. 

 On the other hand, it is of great interest to review the 
stated survival rates in prior publications on BAC before the 
current WHO criteria took place. For instance, Grover et al. 
 [  85  ]  collected the experience of the Lung Cancer Study 
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Group by collecting a large series of 235 cases diagnosed as 
pure BAC between the years 1977 and 1988. The authors 
concluded that the mortality rate for patients with BAC stage 
I (T1N0MO) was that of 7 %/year, thus, in other words, a 
survival rate of about 65 % at 5 years, similar to the  fi ndings 
by Zell et al.  [  84  ]  after using the “new” criteria and in no way 
similar to that of Noguchi with their study of 28 cases. 

 More recently, Gar fi eld et al.  [  86  ]  raised concerns about 
the current de fi nition of BAC, mainly in cases with multifo-
cal involvement, and stated that the current de fi nition is inap-
plicable for patients with stages IIIB and IV. Similar concerns 
were also raised by Damhuis et al.  [  87  ] , who found an unfa-
vorable prognosis of stage I BAC with a 5-year survival rate 
of 24 %. Although the authors provided possible explana-
tions for this rather poor outcome for these patients, they 
concluded that by the current de fi nition it is dif fi cult to estab-
lish a diagnosis of BAC before surgery and question whether 
the diagnosis of “BAC with invasive component” should be 
maintained. 

 The dissatisfaction with the WHO criteria for the diagno-
sis of BAC has been made clear by different authors  [  88,   89  ] . 
Sidhu et al.  [  88  ]  in an ultrastructural analysis of 155 cases of 
BAC stated that the unique characteristic of BAC is its cell 
type and that the extent of lepidic growth, degree of differen-
tiation, and degree of stromal desmoplasia cannot be used as 
de fi nitional requirements. The authors further characterized 
the current de fi nition of the WHO as a form of in situ  adeno-
carcinoma , in which BAC is de fi ned as a pattern and not as 
an entity, and when it is accepted as an entity, then only if the 
lesion is not invasive. Thus, the current criteria negate that 
BAC has the potential to spread and make the staging of 
these tumors impractical. Thus, with this current de fi nition, 
BAC may become an extremely rare entity if it exists at all 
 [  88  ] . Hajdu  [  89  ]  went even further in his opinion about the 
current WHO de fi nition of BAC by stating “a group of 
pathologists changed the de fi nition of BAC, it was de facto 
implied that BAC is a carcinoma in situ and that invasive 
BAC does not exist.” 

 Based on the past and present literature,  [  17,   49,   82  ] , it is 
clear that the type of references provided clearly contradicts 
the authors’ claims about the “new” classi fi cation schema. 
Indeed, it is likely that smaller tumors may behave in a more 
favorable fashion as has been amply demonstrated by sev-
eral series of cases. However, that in itself does not warrant 
a change in name for any entity and more importantly seri-
ous thought has to be given to the treatment for patients with 
small adenocarcinomas. Still staging appears to be the most 
solid prognostic factor, and by all means early diagnosis 
appears to be the goal in the treatment of these tumors. 
Special care should be given to the possibility of misinter-
pretation of “in situ adenocarcinoma” in biopsy material as 
it may lead to improper choice of treatment. This is an area 

in which more work will emerge in the future and hopefully 
more comprehensive studies will shed more light on this 
dif fi cult topic. 

 Because traditionally BAC has been described as present-
ing in three different macroscopic forms, it is important to 
properly address those features:
    1.    The localized form of the disease in which there is a 

peripheral mass in the lung parenchyma (Figs.  3.1 ,  3.2 , 
 3.3 , and  3.4 ). This type of presentation is the one 
classi fi ed by the WHO as in situ adenocarcinoma and 
which may be the one presenting as a ground-glass opac-
ity by imaging. Usually, these tumors are under 3 cm in 
greatest diameter and do not show areas of necrosis and/
or hemorrhage. They are well-de fi ned but not encapsu-
lated tumors. The cut surface appears homogenous and 
tan in color.      

    2.    The multinodular pattern in which the tumor involves 
extensive areas of the lung parenchyma in a milliary fash-
ion almost mimicking metastatic disease, the nodules are 
of varying sizes but they are usually under 1 cm in great-
est diameter, and this type of presentation may involve a 
lobe or the entire lung parenchyma (Figs.  3.5a,b  and 
 3.6a,b ).    

    3.    The diffuse form in which the appearance is that of a 
pneumonic process (Fig.  3.7a–d ). In this pattern, the tumor 
also involves extensive areas of lung parenchyma that may 
involve one lobe or the entire lung parenchyma, no tumor 
masses or nodules are identi fi ed in this presentation, and 
the appearance is that of a nonneoplastic process.      

  Fig. 3.1    Peripheral tumor showing a lepidic growth pattern in situ 
adenocarcinoma       
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 However, even though the growth pattern is essentially 
 similar for this tumor, the WHO and the new schema for 
adenocarcinoma  [  17  ]  consider in situ disease only the single 
nodular presentation. What is more interesting about the 
WHO criteria and those more recently presented is that a 
tumor is de fi ned by the size that it may attain, which is essen-
tially 3 cm or less, without explanation that similar histology 

may be seen in tumors larger than 3 cm; obviously, one is left 
with the diagnosis of adenocarcinoma for similar lesions 
beyond 3 cm in largest dimension. 

 The histopathological features of BAC recapitulate those 
of their gross appearance:
    1.    The nodular form of the tumor shows the presence of an 

almost intact normal lung parenchyma; however, closer 
inspection shows areas in which the alveolar walls are 
being replaced by either a low cuboidal or cylindrical 
type of epithelium that lines the alveolar walls either 
entirely or partially and that follows very much the out-
lines of the normal alveolar walls. The tumor does not 
show increased mitotic activity and/or cellular pleomor-
phism with nuclear atypia. The proliferation is rather 
bland but distinct from the normal alveolar lining.  

    2.    The multinodular pattern resembles a metastatic tumor in 
terms of the extensive areas of normal lung parenchyma 
separating the tumor nodules. These nodules appear to be 
discretely affecting extensive areas of the lung parenchyma, 
not in a continuous form but rather in a nodular pattern. 
Either low cuboidal and/or columnar type of mucinous epi-
thelium lines the alveoli; in some areas, it is possible to 
identify normal alveoli that are  fi lled with an acellular 
mucinous material. Mitotic  fi gures and cellular pleomor-
phism with nuclear atypia are not common. Necrosis and/
or hemorrhage is not common in this pattern.  

    3.    The diffuse pattern of BAC is almost invariably of the 
mucinous type; in this pattern, two important features may 
be easily identi fi able, one is the presence of  extensive areas 
in which the alveoli are  fi lled with mucinous material 

a b

  Fig. 3.2    ( a ) Prominent lepidic growth pattern. ( b ) The neoplastic cells do not involve the interstitium       

  Fig. 3.3    Higher magni fi cation showing a rather bland    cellular prolif-
eration with very mild nuclear atypia       
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 containing mucinophages and two, the presence of alveoli 
that are being replaced by a columnar mucinous type of 
epithelium. The low-power magni fi cation of this type can 
be  easily misread as some type of pneumonic process. 
Thus, this type of pattern has been called pneumonic type.     

 The most important differential diagnosis is separating BAC 
from AAH. The histopathological characteristics of these two 
lesions are very similar, and in many occasions, the only way 
to separate them is strictly by size. AAH is de fi ned as a lesion 
of no more than 0.5 cm in greatest diameter. However, in small 

a b

  Fig. 3.4    ( a ) Peripheral tumor with lepidic growth pattern and central scar; minimally invasive adenocarcinoma ( b ) Closer magni fi cation showing 
tumor in the periphery and a central scar       

a b

  Fig. 3.5    ( a ) Multinodular tumor with similar lepidic growth pattern, 
note the interspersed normal lung parenchyma. ( b ) Higher magni fi cation 
showing similar cellular characteristics as the so-called in situ 

 adenocarcinoma. This tumor can occupy extensive areas of the lung 
parenchyma       
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core needle biopsies, the distinction between these two condi-
tions on histological grounds may prove to be very dif fi cult. 
One other lesion that may be important to include in the dif-
ferential diagnosis is papillary adenoma of type 2 pneumocytes 

 [  90  ] . These lesions are exceedingly rare, and one important 
feature to consider is that they occur in a central location. 

 AAH has been observed to be frequently associated with 
lung adenocarcinoma with a bronchioloalveolar component, 

a b

  Fig. 3.6    ( a ) Multinodular tumor showing a prominent mucinous component. ( b ) Closer magni fi cation of two separate nodules in pools of mucoid 
material       

a b

  Fig. 3.7    ( a ) Low power of a BAC pneumonic type (mucinous adeno-
carcinoma) in which the alveolar spaces are  fi lled with edematous 
 fl uid. ( b ) The outlines of the alveolar walls are still preserved. 

( c ) Other areas with prominent edematous  fl uid  fi lling alveolar spaces. 
( d ) Higher magni fi cation showing alveolar walls lined by mucinous 
epithelium       
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and histologically, AAH may be indistinguishable from BAC 
 [  91,   92  ] . Koga et al.  [  91  ]  in a study of 3641 resections for 
lung adenocarcinoma found that AAH was present in 57 % 
of these tumors and proposed that these lesions may be pre-
cursors of lung adenocarcinoma, speci fi cally BAC. 
Interestingly, Morandi et al.  [  93  ]  attempted to correlate the 

genetic relationship among AAH, BAC, and adenocarci-
noma, concluding that their results suggest that AAH and the 
associated cancer are genetically independent and that less 
frequently AAH foci could represent an early spread of cells 
from the main tumor, rather than a precursor tumor 
(Figs.  3.8a,b  and  3.9a,b ).    

c d

Fig. 3.7 (continued)

a b

  Fig. 3.8    ( a ) Well-demarcated tumor nodules under 0.5 cm (see  arrow ) surrounded by normal lung parenchyma. ( b ) Close magni fi cation showing 
a lepidic growth pattern similar to that seen in BAC       
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   Traditional Classi fi cation of Adenocarcinoma 

 Essentially, the diagnosis and further grading of adenocarci-
nomas is rather straightforward. For practical purposes, we 
have traditionally graded adenocarcinomas depending on their 
differentiation into well, moderate, and poorly differentiated. 
Four main patterns of growth have been recognized including 
acinar, solid, papillary, and the previously described bronchi-
oloalveolar. Even though it is a matter of debate whether any 
of these particular growth patterns should be associated with 
clinical behavior, recently Solis et al.  [  94  ]  presented a study of 
adenocarcinomas in which the presence of a solid component 
imparts a more aggressive behavior to adenocarcinomas. 

 Depending on the degree of differentiation, the intrac-
ellular mucin or the intraglandular mucinous content may 
vary. In tumors that are better differentiated, the glandular 
malignant component may show intraluminal collections of 
mucinous material, while in the solid component and poorly 
differentiated tumors, the presence of mucin is more at the 
intracellular level and the use of histochemical stains such 
as mucicarmine and diastase periodic acid-Schiff (DPAS) 
may prove to be bene fi cial in properly identifying the muci-
nous content. Also important to mention is the occurrence 
of Clara cell granules in peripheral lung adenocarcinomas 
by ultrastructural studies. Ogata and Endo  [  95  ]  suggested 
that irrespective of the histological growth pattern, periph-
eral adenocarcinomas could show Clara cell differentiation. 
Regarding speci fi c types of adenocarcinomas associated with 
particular groups, Hirata et al.  [  96  ]  suggested that bronchial 
gland cell-type adenocarcinoma occurs more commonly in 

younger patients (mean age: 50 years) than in older patients. 
On the other hand, some authors  [  97  ]  have separated adeno-
carcinomas not by histological differentiation but by cellular 
morphology and anatomic site; thus, adenocarcinomas are 
divided into parenchymal adenocarcinomas, bronchial ade-
nocarcinomas, and adenocarcinomas of uncertain origin. 

 To some extent, the patterns mentioned correlate with the 
degree of differentiation of a particular tumor. However, it is 
common to observe tumors in which the degree of differen-
tiation ranges from well to poorly differentiated. Such deter-
mination may not be possible in small biopsies in which the 
full spectrum of histological variability cannot be assessed. 

   Macroscopic Features 

 Adenocarcinomas may present either in central or peripheral 
location. The tumor size may range from more than 0.6 cm 
to more than 10 cm in greatest diameter. In many cases, the 
tumor mass may involve extensive areas of a single lobe or 
extensive areas of the entire lung. The tumors may be well 
demarcated but not encapsulated, grayish to light brown. 
Areas of hemorrhage and/or necrosis may be present. When 
the tumors are in a central location, the tumor may appear as 
compressing airway structures or in some cases actually 
obstructing the airway. On the other hand, peripheral tumors, 
although they may share the same macroscopic characteris-
tics as the central tumors, may appear to be in a subpleural 
location. In some instances, puckering or retraction of the 
pleura may be present. In this setting, it is important to 

a b

  Fig. 3.9    ( a ) AAH showing a prominent lepidic growth pattern. ( b ) Higher magni fi cation showing very mild nuclear atypia       
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 carefully evaluate the possibility of gross pleural invasion 
due to the fact that tumors under 3 cm with pleural invasion 
will be placed in a different clinical stage. Thus, the 
identi fi cation of pleural invasion in small tumors becomes 
crucial. We recommend the inking of the pleural surface in 
order to properly evaluate such features under light micro-
scopic examination. The use of histochemical stains to deter-
mine pleural invasion can be helpful; however, in many 
circumstances, a good morphological evaluation of the con-
ventional hematoxylin-eosin section is suf fi cient. Although 
in most instances, lung carcinomas present as a solitary lung 
tumor, Miller et al.  [  98  ]  reported a study of 50 consecutive 
adenocarcinomas, documenting that 12 % of the cases stud-
ied presented as multiple tumors. Important to highlight in 
this setting is the size of the adjacent nodules—if those 
lesions are under 0.5 cm in diameter and with the proper his-
tology, these lesions may fall under the category of AAH. On 
the contrary, if these nodules are larger than 0.5 cm with the 
proper histology, then the possibility of multifocal adenocar-
cinoma must be considered.  

   Morphological Features 

   Well-Differentiated Adenocarcinoma 
 The low-power magni fi cation of well-differentiated adenocar-
cinoma is of a glandular proliferation replacing normal lung 
parenchyma. The tumors appear to be well de fi ned but not 

encapsulated. The glandular appearance of the tumor is easily 
identi fi ed, and the malignant glands are composed of colum-
nar or mucinous epithelium with round to oval cells, ample 
cytoplasm, round nuclei, and prominent nucleoli (Fig.  3.10a–
d ). In some well-differentiated tumors, the cytological fea-
tures of the neoplastic glandular proliferation are bland with 
virtual absence of mitotic activity. However, in some cases, 
mitotic  fi gures are present and areas of hemorrhage and necro-
sis may be conspicuous. In some cases, the glandular prolif-
eration may be embedded in dense areas of  fi brocollagenous 
tissue. The acinar and the papillary growth patterns are com-
monly seen in well-differentiated adenocarcinomas.   

   Moderately Differentiated Adenocarcinoma 
 A glandular proliferation is apparent in moderately differenti-
ated adenocarcinoma just as in the well-differentiated coun-
terpart. However, one can observe the formation or partial 
formation of glandular structures of variable size. The cellular 
component may exhibit more nuclear atypia, and mitotic 
 fi gures are more easily identi fi able (Fig.  3.11a–d ). Areas of 
necrosis and/or hemorrhage can be present as well as areas of 
an in fl ammatory reaction. Similarly to the well-differentiated 
adenocarcinomas, the acinar and papillary growth patterns are 
also most commonly seen in this type of adenocarcinoma.   

   Poorly Differentiating Adenocarcinoma 
 These tumors are characterized by the presence of sheets 
of neoplastic cells with only focal areas of  glandular 

a b

  Fig. 3.10    ( a ) Well-differentiated adenocarcinoma showing glandular 
proliferation replacing lung parenchyma with areas of mucin deposi-
tion. ( b ) Glandular proliferation in a more  fi brotic background. ( c ) 

Glandular proliferation composed of glands of different sizes. ( d ) 
Higher magni fi cation showing glands with mild nuclear atypia and low 
mitotic activity       
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a b

  Fig. 3.11    ( a ) Moderately differentiated adenocarcinoma showing a 
glandular proliferation replacing normal lung parenchyma. ( b ) 
Malignant glands are embedded in a  fi brotic and in fl ammatory 

 background. ( c ) Acinar proliferation of malignant glands replacing lung 
parenchyma. ( d ) Higher magni fi cation showing moderate nuclear aty-
pia and mitotic activity       

c d

Fig. 3.10 (continued)
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differentiation. One of the most common patterns of 
growth for the poorly differentiated adenocarcinomas is 
the solid growth pattern in which focal areas of abortive 
glandular formation may still be remaining. High-power 
magni fi cation of the malignant cellular component may 
display cells with ample cytoplasm, round to oval nuclei, 
and prominent nucleoli. At the cytoplasmic level, the cells 
may show vacuolization, which may be helpful to pur-
sue histochemical studies such as mucicarmine or DPAS 
to demonstrate the presence of intracellular mucin. In 
addition, one may  fi nd more conventional areas of glan-
dular differentiation, which will be an important clue in 
the classi fi cation of these tumors as adenocarcinomas 
(Fig.  3.12a–f ).  

 It is important to emphasize that the most important 
pieces of information that are crucial in the staging of lung 
carcinomas are the size of the tumor, the presence of pleural 
involvement, and the involvement of lymph nodes. Even 
though modern radiographic techniques provide very impor-
tant and valid information regarding the size of tumors, it is 
still the responsibility of the pathologist to determine the 
size of the tumor by gross examination. Regarding pleural 
involvement, the gross evaluation is crucial as in many 
instances it can determine whether pleural involvement is 
present or not. Also important for proper staging is the dis-
section of all possible lymph nodes in cases of lobectomies 
or pneumonectomies. Ideally, dissecting lymph nodes and 
providing the level in which they are situated may help in 
providing an additional tool in the treatment of these 
patients.   

   Immunohistochemical Features 

 In the current practice of thoracic pathology, it is becoming 
of increasing importance to properly address the issue of 
adenocarcinoma or other type of non-small cell carcinoma. 
Even though in a majority of cases such distinction is easily 
demonstrated by light microscopic features, there are some 
cases, mainly in small biopsy material, in which such dis-
tinction is not easily recognized. Therefore, the use of immu-
nohistochemical markers has become more popular in 
establishing such a separation between adenocarcinoma and 
other non-small cell carcinoma (see Table  3.2 ). Numerous 
immunohistochemical markers have been traditionally used 
as markers of adenocarcinoma. Positive staining for many 
carcinomatous epitopes including carcinoembryonic antigen 
(CEA), B72.3, CD15 (Leu M1), BER-EP4, broad-spectrum 
keratin, low molecular weight keratin (CAM 5.2), keratin 7, 
keratin 20, CDX2, surfactant protein, and PE-10 has been 
used with some success. However, the use of these markers 
will have more meaning depending on the setting in which 
they may be used. In addition, Dabbs et al.  [  99  ]  in a study of 
estrogen and progesterone receptors in lung adenocarcino-
mas, using estrogen receptor clones 6 F11 and 1D5, found 
that 56 % of BAC and 80 % of adenocarcinomas with no spe-
cial type show positive nuclear staining with the 6 F11 clone, 
while no staining was seen with the 1D5 clone. In addition, 
the authors report no staining for progesterone receptors.  

 Regarding the separation of primary lung non-small cell 
carcinoma, it is our experience that the use of TTF-1, Napsin 
A, p63, and keratin 5/6 can help with proper classi fi cation 

c d

Fig. 3.11 (continued)
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of a particular non-small cell carcinoma. For instance, 
 adenocarcinoma will commonly express positive staining for 
TTF-1 and Napsin A (Figs.  3.13  and  3.14 ) but negative stain-
ing for keratin 5/6. The use of p63 although important has to 
be carefully evaluated when tumors show positive staining in 
addition to negative staining for TTF-1, Napsin A, and kera-
tin 5/6. This particular immunopro fi le can be seen in 

 adenocarcinomas as in our experience, p63 may stain about 
30 % of adenocarcinoma. On the other hand, positive stain-
ing for TTF-1 may not necessarily indicate primary lung 
adenocarcinoma, as positive staining for TTF-1 has been 
described in endometrial adenocarcinomas  [  100  ]  and adeno-
carcinomas of the sinonasal cavity. Also important to note is 
the fact that CDX2 staining is commonly seen in adenocarci-

  Fig. 3.12    ( a ) Poorly differentiated adenocarcinoma showing cords of 
neoplastic cells dissecting  fi broconnective tissue. ( b ) In some areas, a 
glandular proliferation is still present. ( c ) Solid areas with only focal 

glandular changes. ( d ) Prominent nuclear atypia with poorly formed 
glands and areas of necrosis. ( e ) Prominent solid component of malig-
nancy. ( f ) In focal areas, the presence of clear cells may be observed         

a b

c d
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nomas of the gastrointestinal tract; however,  similar positive 
staining may also be seen in mucinous adenocarcinomas pri-
mary of the lung. The same applies for the use of keratin 20 
that commonly is associated with adenocarcinomas of the 
gastrointestinal tract; however, positive staining can also be 
seen in some primary lung adenocarcinomas.    

   Histological Variants 

 Although traditionally adenocarcinomas are conceptualized 
as tumors with glandular proliferation, adenocarcinomas 
may display a wide diversity of cellular components that in 
many instances may pose problems with proper classi fi cation, 

   Table 3.2    Commonly used immunohistochemical stains in the diag-
nosis of non-small cell carcinoma   

 Tumor  Stains  Expected result 

 Adenocarcinoma  TTF-1  Positive 
 Napsin A  Positive 
 p63  Negative—positive in 30 % of 

cases 
 Keratin 5/6  Negative—positive in unusual 

rare cases 
 Keratin 7  Positive 
 Keratin 20  Negative—positive in some cases 
 CDX2  Negative—positive in mucinous 

tumors 
 PAX-8  Negative 

 Squamous cell 
carcinoma 

 TTF-1  Negative 
 Napsin A  Negative 
 p63  Positive 
 Keratin 5/6  Positive 
 Keratin 7  Negative—positive in some cases 
 Keratin 20  Negative 
 CDX-2  Negative 
 PAX8  Negative a  

   a PAX8 is positive in thymic squamous cell carcinomas  

e f

Fig. 3.12 (continued)

  Fig. 3.13    Immunohistochemical stain for TTF-1 showing strong 
nuclear staining       
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namely, when one is confronted with limited material for 
evaluation. Because of those different growth patterns, many 
adenocarcinomas carry speci fi c histopathological descriptive 
terms.  

   Mucinous (So-Called Colloid) Carcinoma    

 Over the last two decades, this particular variant of adeno-
carcinoma has evolved from initial descriptions of a benign 
tumor—to borderline tumor—to what is now known as ade-
nocarcinoma. Currently, most of those entities have been 
grouped under the term mucin-rich adenocarcinoma  [  101  ] . 
However, one point in which most descriptions of these 
tumors have agreed is that this tumor may behave as a low-
grade adenocarcinoma. Interestingly, the authors of the 
“new” classi fi cation of adenocarcinoma  [  17  ]  have stated that 
this tumor has an aggressive behavior, which is contrary to 
every single manuscript that has been published on that topic. 
Also controversial has been the designation by the latest 
WHO publication  [  50  ]  of tumors resembling colloid carci-
noma under the designation of mucinous cystadenoma, a 
lesion that has been described as a case report and most likely 
represents colloid carcinoma. One important issue that needs 
not to be confused is the fact that colloid carcinoma must be 
separated from the mucinous variant of BAC. Colloid carci-
noma more often presents as a single subpleural and intra-
pulmonary tumor amenable to complete surgical resection, 
while the mucinous variant of BAC is a tumor of diffuse 

 distribution along the pulmonary parenchyma often involv-
ing an entire lung, complete lobe, very often being multi-
centric. These tumors need not to be confused as the survival 
of these patients has been clearly de fi ned in the literature. In 
order to shed more light in this topic, let us review previous 
publications:

    Mucinous Cystadenoma . This represents one of the earli-
est designations provided for these tumors. Such nomen-
clature was introduced by Kragel et al.  [  102  ]  in 1990 by 
describing two patients, a man and a woman, both 62 years 
of age, who were found to have a solitary lung tumor on 
radiographic examination. Both tumors were located in 
the right middle lobe, and surgical resection of the tumors 
was performed. Grossly both tumors were described as 
cystic, while microscopically, they were described as hav-
ing abundant mucin production with the presence of 
columnar epithelium. 

 On the other hand, Traub  [  103  ]  contested that the same 
tumors have already been described under the designa-
tion of  multilocular cystic carcinoma . Nevertheless, 
Kragel et al.  [  102  ]  argued that the tumors described by 
Traub belong to the mucinous variant of BAC. 
Interestingly, this particular entity is separated in the lat-
est version of World Health Organization (WHO)  [  50  ]  as 
a speci fi c tumor; most other authors consider it to be part 
of the spectrum of mucinous-rich (colloid) carcinomas of 
the lung.  

   Pulmonary Mucinous Cystic Tumor . This term was 
introduced by Dixon et al.  [  104  ]  in a case report of a 
59-year-old man who apparently had had a pulmonary 
mass for 11 years prior to resection. Surgical resection of 
the tumor was performed, and the tumor mass was 
described as cystic. Histologically, the description of the 
tumor is essentially similar to that of Kragel et al. and 
Traub  [  102,   103  ] . However, important to note is that in 
Dixon’s case, the authors mention the presence of an 
atypical glandular component. Nonetheless, the authors 
avoided the term “carcinoma” and regarded their neo-
plasm as an indolent lesion with favorable prognosis 
based on the negative clinical follow-up of 5 years. 

 Higashima et al.  [  105  ]  also described similar cases as 
that described by Dixon  [  104  ]  with a different interpreta-
tion. The cases described by Higashima show similar 
gross and microscopic features but were named “cystic 
mucinous adenocarcinoma of the lung” and believed that 
they were a variant of mucus-producing adenocarcinoma 
of the lung different from previous tumors described as 
mucinous tumors, speci fi cally mucinous cystadenoma. 

 Davison et al.  [  106  ]  described a similar case in a 
69-year-old woman with a peripheral lung nodule inci-
dentally found during a routine physical examination. In 
this particular case, the gross and microscopic features 

  Fig. 3.14    Immunohistochemical stain for Napsin A showing strong 
positive staining in tumor cells       
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described are essentially the same as those previously 
reported under the terms cystadenoma, mucinous tumor, 
and cystic mucinous adenocarcinoma. Further, the 
author described a solid focus of well-differentiated 
adenocarcinoma; thus, the authors opted for the desig-
nation of adenocarcinoma arising in a mucinous cysta-
denoma of the lung. These reports raise the idea that 
 fi rst there is a benign mucinous cystadenoma, which can 
undergo malignancy. Such an idea, although interesting, 
has no foundation, as likely the only description of a 
mucinous cystadenoma most likely represents colloid 
carcinoma.  
   Pulmonary Mucinous Cystic Tumors of Borderline 
Malignancy . Graeme-Cook and Mark  [  107  ]  in 1991 intro-
duced this new term based on a study of 11 cases of pri-
mary mucinous cystic tumors of the lung. The descriptions 
of these tumors again re fl ected the cystic and mucinous 
nature of these tumors, which in some cases showed a 
“solid epithelial proliferation”. The follow-up provided, 
which ranged from 1 to 9 years, appears to be of an “indo-
lent” tumor. However, despite the fact that the authors 
considered this tumor “neoplastic,” the term carcinoma 
was avoided in favor of that of a borderline tumor.  
   Mucinous (So-Called Colloid) Carcinoma . This repre-
sents the latest designation for the family of mucin-rich 
neoplasms and attempts to include all previous designa-
tions for these tumors. The term was introduced in 1992 
 [  108  ]  based on a study of 24 cases. Clinically, grossly, 
and microscopically, the tumors described showed an 
overlap of features with previous cases. Also, areas with 
a solid epithelial glandular proliferation were observed 
in some of the cases. The most important contrasting 
feature present in this series is that the follow-up, rang-
ing from 2 to 192 months, identi fi ed some patients with 
metastatic lesions to bone and brain. Recurrences of the 
tumors were also recorded while in some other patients, 
the follow-up was uneventful.    
 Based on all those previous descriptions, it is likely that 

all those descriptions referred to a single pathological entity. 
   Clinically, grossly, and histologically, there are only minor 
differences in all these tumors. If one accepts the concept of 
benign and malignant tumors, it is dif fi cult to  fi nd exact cri-
teria how to separate those tumors, a situation that becomes 
crucial as one evaluates small biopsy specimens. On the 
other hand, if one is to approach these tumors as low-grade 
carcinomas with metastatic potential, it becomes crucial that 
the tumor requires complete surgical resection with close 
follow-up. It appears that at least in one of the reported series 
of these cases, such an argument can be easily accepted as 
some of the patients presented went on to develop metastatic 
disease. Thus, some authors have advocated to classify these 
tumors as carcinomas of low-grade malignant potential. 

Important to note is that in some cases in which the tumor is 
solitary and amenable to complete surgical resection, that 
may be the only treatment required. However, for those 
patients who present with widespread pulmonary involve-
ment and in advance clinical staging, the prognosis may be 
dismal. 

   Gross Features 
 Mucinous tumors of the lung are characterized by a soft 
mucoid consistency. In addition, these tumors may show eas-
ily identi fi able cystic structures. In some cases, the tumor 
although mucoid in consistency may appear as a more solid 
tumor mass; however, closer inspection may show the pres-
ence of microcystic structures. The size of these tumors may 
vary from 1 cm to widely disseminated tumors in the lung 
parenchyma.  

   Microscopic Features 
 Characteristically, the low-power view of mucinous tumors 
of the lung is the overwhelming presence of extensive areas 
of mucoid material destroying normal lung parenchyma. 
These areas may only contain small clusters of atypical 
cells or single cells with atypical features. In some cases, 
the low-power view may be of a cystic tumor, while in other 
cases, the tumor may show microcystic structures  fi lled 
with mucoid material. One of the most important features of 
these tumors is the presence of residual alveolar wall lined 
by mucinous-producing epithelium resembling intestinal 
type of epithelium. The presence of mucinous type of epi-
thelium may be focal, and careful search for these areas 
may be necessary in cases in which such a  fi nding is not 
readily visible (Fig.  3.15a–f ). In a minority of cases, one 
may  fi nd the presence of focal solid areas of adenocarci-
noma, which may appear as a conventional adenocarci-
noma, or adenocarcinoma with papillary features. It is 
important to properly sample these tumors as the most char-
acteristic  fi ndings may be present only focally, while other 
areas may show only extensive mucoid material distributed 
 haphazardly in the lung parenchyma destroying normal 
architecture.   

   Immunohistochemical Features 
 Just like any other primary lung adenocarcinoma, the use of 
TTF-1 and keratin 7 may help in decorating the epithelial 
component of the tumor. However, it is important to use an 
immunohistochemical panel that may aid in ruling out tumors 
with similar histology but different origin. Thus, the use of 
keratin 20, CDX2, CD10, and gross cystic disease  fl uid pro-
tein may help in ruling out tumors from gastrointestinal, 
genitourinary, and breast origin. Nevertheless, in practice, 
colloid carcinomas often are negative for TTF-1 and Napsin 
A, while the tumor may show positive staining for CDX2.  
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   Clinical Behavior 
 As one can draw from the different publications on these 
tumors, the clinical behavior of these tumors may follow an 
indolent course in which patients are treated with complete 
surgical resection, while in other patients, the behavior is that 
of an aggressive tumor with widespread metastatic disease. 
The most important feature to predict  prognosis is the stag-

ing at the time of diagnosis. For those tumors that are small 
and amenable to complete surgical resection, the course may 
be more innocuous while those tumors that are large or have 
spread outside the lung parenchyma or even outside of the 
thoracic cavity the prognosis may be more guarded. However, 
as mentioned earlier, it is highly important not to confuse or 
group colloid carcinoma with the mucinous variant of BAC 

  Fig. 3.15    ( a ) Low-power view of a colloid carcinoma of the lung 
showing extensive pools of mucoid material. ( b ) Some lung paren-
chyma is still preserved but distended by pools of mucin. ( c ) In focal 
areas, there is lining of the alveolar wall by mucinous  epithelium. ( d ) 

Closer view of the mucinous epithelium lining alveolar walls. ( e ) 
Cystically dilated areas  fi lled with mucious material. Note the muci-
nous epithelium lining the cystic wall. ( f ) Closer view at the mucinous 
epithelium lining cystic walls         

a b

c d
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which likely has wide distribution within the lung paren-
chyma, while colloid carcinoma often presents as a subpleu-
ral solitary tumor.   

   Papillary Carcinoma 

 Although there has been an acknowledgment of carcinomas 
with papillary features, those cases had been grouped under 
other designations including variants of BAC. Several stud-
ies of this type of growth pattern have calculated that it rep-
resents approximately 10 % of all adenocarcinomas of the 
lung. 

 Silver and Askin  [  109  ]  in 1997 introduced the term “true” 
papillary carcinomas of the lung as a separate entity. The 
authors described 31 patients with primary papillary carcino-
mas and set the parameters for the diagnosis of such tumors. 
In their report, Silver and Askin  [  109  ]  concluded that tumors 
with this morphology should have at least 75 % of papillary 
features in order to qualify for this designation. The tumor 
appears to affect men and women equally, although in some 
reports, a slight predominance in women have been reported 
 [  110  ] . No particular lung or pulmonary segments for its 
occurrence have been identi fi ed. The tumor is more common 
in adult individuals with a mean age of 64 years. The great 
majority of these patients will present with a single solitary 
pulmonary tumor although in a few cases the tumor may be 
multifocal. Only a few studies of this variant of carcinoma 
have been presented in the literature  [  109–  111  ] , and these 
studies appear to support that it represents a separate clinico-

pathological entity that appears to be more aggressive than 
conventional adenocarcinoma. 

   Gross Features 
 The tumors may present as a central or peripheral tumor. The 
tumor mass may vary in size from 1 to more than 10 cm in 
greatest dimension. The tumors appear to be well delimited 
and light brown, and at cut surface, they may show a homog-
enous surface. In a few cases, the tumor may show necrosis 
and/or hemorrhage.  

   Histological Features 
 The low-power magni fi cation is that of a papillary neoplasm 
destroying normal lung parenchyma. The papillary pattern 
in some areas may acquire a more complex con fi guration 
with papillary cores of different sizes and length. Closer 
examination of these papillary cores shows that they contain 
delicate  fi brovascular cores. The papillary cores are lined by 
neoplastic cells in which the nuclei are displaced toward the 
periphery of the cells; the nuclei may show grooves and 
intranuclear inclusions. Mitotic  fi gures are not common; 
however, the tumor may show the presence of psammoma 
bodies haphazardly distributed in tumoral areas (Fig.  3.16a–
h ). In some cases, although the pattern is that of a papillary 
carcinoma, the cytological features are those of an oncocytic 
papillary carcinoma.   

   Immunohistochemical Features 
 Because of the predominant papillary growth pattern and the 
possibility of metastatic lesions to the lung with similar 

e f
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 histology, the use of immunohistochemical studies including 
keratin 7, TTF-1, Napsin A, thyroglobulin and Pax8 is an 
important aid in the diagnosis of these tumors.  

   Molecular Biology 
 Despite the relatively low frequency of this type of adenocar-
cinoma of the lung, molecular biology studies have been 

 performed in order to determine whether this type of tumor 
deserves to be separated as a real clinicopathological entity 
and also to determine differences with other types of lung 
 carcinoma, mainly BAC. In that regard, it has been deter-
mined that papillary carcinomas show loss of heterozygosity 
(LOH) on chromosome 3p in approximately 80 % of cases in 
 contrast to 14 % in BAC  [  110  ] .  

  Fig. 3.16    ( a ) Low-power view of a papillary carcinoma of the lung. ( b ) 
Papillary fronds replacing normal lung architecture. ( c ) Closer view at 
the papillary proliferation showing thin  fi brovascular cords in some of 
the papillations. ( d ) The presence of psammoma bodies may be subtle. 

( e ) Extensive areas of psammoma bodies are uncommon. ( f ) Breakdown 
of papillary structures  fl oating in edematous  fl uid. ( g ) In focal areas, 
papillary structures are  fl oating in pools of mucin. ( h ) Higher 
magni fi cation of the papillary structures showing cells with clear nuclei         

a b

c d
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   Clinical Behavior 
 The prognosis and survival rate for patients with papillary 
carcinoma appears to be linked to the clinical staging. In 
the series presented by Silver and Askin  [  109  ] , 75 % of 
the patients studied had recurrence or metastatic disease. 
However, when analyzed by stage, patients in early stages 
fare better. In the study by Silver and Askin  [  109  ] , with 
a mean follow up of 3.4 years over 50 % of the patients 
in stage I were alive, while only 25 % in stage II were 
alive.   

   Papillary Carcinoma with Prominent Morular 
Component 

 This variant or papillary carcinoma has been recently 
described  [  112  ] . Three cases of this unusual growth pattern 
were described in adult patients between the ages of 25 and 
68 years. Clinically, these patients presented with similar 
symptoms as those seen in any lung carcinoma, namely, 
cough, dyspnea, and chest pain. No lung or lung segment 
appears to have predilection for this tumor. 

e f
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   Gross Features 
 The tumors described varied in size from 2.5 to 3.5 cm in 
greatest dimension and were well-de fi ned tumor masses, 
soft, white to tan, and with no evidence of necrosis or 
hemorrhage.  

   Microscopic Features 
 These tumors share similar features as true papillary carci-
nomas in the sense of a predominantly papillary architec-
ture. However, within the papillary structures, one can 

identify the presence of small cellular aggregates in the form 
of “morules.” These “morules” are distributed among papil-
lary structures in a haphazard fashion and without attach-
ment to papillary structures (Fig.  3.17a–c ). In all the cases 
described, areas of conventional adenocarcinoma were also 
present.   

   Immunohistochemical Studies 
 The tumor characteristically shows positive staining for ker-
atin, carcinoembryonic antigen (CEA), Napsin A, and TTF-1 

a b

c

  Fig. 3.17    ( a ) Papillary carcinoma with morular component (see 
 arrows ). ( b ) Close magni fi cation at the morular component showing 
spindling of the cells. ( c ) Immunohistochemical stain for TTF-1 

showing strong positive staining in the cells lining the papillary struc-
tures and in the morular component       

 



79Traditional Classification of Adenocarcinoma

while thyroglobulin is negative. Interestingly, TTF-1 is also 
positive in the morular component of the tumor.  

   Clinical Behavior 
 All patients underwent surgical resection. However, the 
follow-up provided is too short to determine a more 
de fi nitive clinical behavior. However, it is possible that their 
behavior may be similar to the classical true papillary 
carcinoma.   

   Micropapillary Carcinoma 

 Only a few series of micropapillary carcinoma have been 
presented in the literature  [  113–  117  ] , as this variant of ade-
nocarcinoma represents a relatively new entity. Nevertheless, 
it appears to be a unanimous agreement that tumors with 
these histopathological features behave more aggressively. 
In the reported series, the  fi nding of metastatic disease was 
observed in more than 25 % of cases. Therefore, it has been 
stated that this growth pattern needs to be carefully evaluated 
in adenocarcinomas, and its presence should alert of the pos-
sible aggressive behavior of this tumor. It is important to 
mention that the presence of a micropapillary growth pattern 
may vary from case to case. In some cases, it has been 
reported to be rather focal while in other cases, it may be 
more extensive. Also, important to recognize is that micro-
papillary features may be associated with any type of adeno-
carcinoma and not only the conventional true papillary 
carcinoma of the lung. In addition, the presence of micropap-
illary features in a tumor is not associated with the size of the 
tumor. 

 The  fi rst to recognize this type of pattern and making an 
analogy with similar tumors in the breast and bladder was 
Amin et al.  [  113  ]  with the description of 35 cases. In this 
series of cases, most patients were in late stages of disease 
(stages III and IV). However   , those patients in stage I went on 
to develop metastatic disease in a relatively short period of 
time, thus emphasizing the concept that tumors with this type 
of growth pattern may show a more aggressive behavior. 

   Microscopic Features 
 The most important feature distinguishing papillary from 
micropapillary growth pattern is that in the former the papil-
lary structures show the presence of  fi brovascular cores while 
in the latter such cores are absent. Therefore, tumors with this 
type of pattern may show the presence of clusters of cells 
 fi lling alveolar spaces detached from the lining of the alveolar 
wall resembling free- fl oating cells (Fig.  3.18a–d ). These clus-
ters of cells may vary in size from a few cells to sizable clus-
ters of malignant cells. This growth pattern has predilection 
for invading vascular spaces mimicking metastatic disease to 
the lung. Closer view of the malignant cells shows cells with 
mild to moderate amounts of amphophilic cytoplasm, round 

to oval nuclei with inconspicuous nucleoli. Mitotic  fi gures are 
present but not in large numbers. Although areas of necrosis 
and hemorrhage may be present, they are not very common.   

   Immunohistochemical Features 
 In the series of cases reported by Amin et al.  [  113  ] , the 
authors studied 15 cases by immunohistochemical means 
using antibodies for keratin 7, keratin 20, and TTF-1. Of the 
15 cases studied, 14 cases showed positive staining for kera-
tin 7, and 12 cases showed positive staining for TTF-1. 
Interestingly, two cases also showed positive staining for 
keratin 20. Based on this study, it is important to note that not 
all of these tumors may show positive staining for TTF-1 or 
keratin 7, thus leaving a small percentage of cases in which  
good clinical correlation needs to be made in order to address 
the possibility of metastatic lesions to the lung, mainly from 
tumors of breast and bladder origin. Thus, it may be impor-
tant to widen this panel of immunohistochemical studies 
depending on the particular setting in which one may  fi nd 
this tumor.  

   Clinical Behavior 
 As previously stated and based on the reported series of these 
tumors, micropapillary carcinoma has a tendency to present 
in late stages of disease with metastatic disease to lymph 
nodes and pleura, or metastasis outside of the thoracic cavity. 
In the reported series, the majority of cases have been in 
stages III and IV. Thus, it is important to note that the clinical 
outcome of these patients is also related to staging at the time 
of diagnosis.   

   Signet Ring Cell Carcinoma 

 Signet ring cell carcinoma represents another unusual variant 
of adenocarcinoma, which has been reported seldom and for 
which there are only a few series of cases documenting this 
unusual growth pattern  [  118–  121  ] . There does not appear to 
be any gender predisposition or a predisposition for any lung 
or lung segment. The ages of the patients described have var-
ied from 30 to 75 years of age. In Hayashi’s study  [  120  ] , the 
authors concluded that signet ring cell adenocarcinomas are 
closely related to bronchial gland cell-type adenocarcinoma. 
Although signet ring cells may occasionally be seen in other-
wise conventional adenocarcinomas, in the cases reported, 
the signet ring cell component has been a predominant fea-
ture. In addition, in the series of cases presented by Castro 
et al.  [  121  ] , the authors included cases in which signet ring 
cell features composed at least 75 % of the tumor. The tumors 
may appear in a central or peripheral location, and symptoms 
may be related to tumor size and anatomic location. The 
tumors have been described as soft, gray, and with or without 
areas of hemorrhage and/or necrosis. The tumor size may 
also vary from 1 cm to more than 5 cm in greatest diameter. 
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   Microscopic Features 
 Two histopathological growth patterns have been described 
for signet ring cell adenocarcinoma: acinar and diffuse. In 
the acinar pattern, the tumor cells are distributed in small 
nests of tumor cells separated by thin bands of 
 fi broconnective tissue, which may contain an in fl ammatory 
in fi ltrate. On higher magni fi cation, these nests of tumor 
cells are composed of medium-size cells with clear 

 cytoplasm and nuclei displaced toward the periphery 
imparting the so-called signet ring cell appearance. High 
nuclear atypia and/or mitotic  fi gures are not common. In 
some areas, the tumoral cells appear to be  fi lling alveolar 
spaces. In the diffuse pattern, sheets of malignant cells 
arranged in cords or distributed haphazardly appear to dis-
sect, in fi ltrate, and destroy areas of normal lung paren-
chyma. The cytological features in the growth pattern are 

a b

c d

  Fig. 3.18    ( a ) Lung parenchyma with micropapillae  fl oating in alveolar 
spaces. ( b ) Micropapillae  fl oating in alveolar spaces, note the absence 
of  fi brovascular cords. ( c ) In other areas, the micropapillae appear to 

destroy normal lung parenchyma. ( d ) The cellular proliferation does 
not show increased mitotic activity or nuclear atypia       
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similar to that seen in the acinar growth pattern (Fig.  3.19a–
e ). Histochemical studies for PAS with and without dia-
stase and mucicarmine (Fig.  3.20 ) show strong positive 
cytoplasmic staining for mucin.    

   Immunohistochemical Features 
 Although the number of cases reported has emphasized the 
histopathological growth pattern of signet ring cells, immuno-

histochemical studies have been limited. Hayashi et al.  [  120  ]  
reported that signet ring cell adenocarcinomas of the lung are 
positive for MUC-1 and negative for MUC-2, while the oppo-
site is true for tumors of gastrointestinal origin. In the series of 
cases reported by Castro et al.  [  121  ] , the authors performed a 
limited immunohistochemical study on a few of the cases 
reported and observed that keratin 7 was positive in 50 % of the 
cases studied and TTF-1 and CEA showed positive staining in 

  Fig. 3.19    ( a ) Low-power view of a signet ring cell carcinoma of the 
lung. Note the presence of cluster of malignant cells and edematous 
 fl uid  fi lling alveolar spaces. ( b ) Closer view at the neoplastic cells 
 fi lling alveolar spaces and admixed with edematous  fl uid. ( c ) Acinar 

growth pattern of signet ring cell carcinoma. ( d ) Delicate bands of 
 fi broconnective separate areas of tumor cells. ( e ) Closer view showing 
the classic cytological features of signet ring cells         

a b

c d
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all the cases studied. Keratin 20 was negative in all the cases 
studied. A practical approach to this type of histopathological 
growth pattern should include keratins 7 and 20 but also TTF-1 
and CDX2 as well as gross cystic disease  fl uid protein and 
mammaglobin to rule out the possibility of a gastrointestinal or 
breast carcinoma. 

 From    the molecular point of view, mucinous tumors just 
like carcinomas with signet ring cell features have been 
observed to have the echinoderm microtubule-associated 
protein-like 4 gene-anaplastic lymphoma kinase (EML4-
ALK) translocation therefore raising the possibility that these 
tumors may be amenable to treatment with ALK inhibitors.  

   Clinical Behavior 
 Similar to signet ring cell carcinomas of the gastrointestinal 
tract, their lung counterparts also follow an aggressive behav-
ior. In the series reported by Castro et al.  [  121  ] , 50 % of the 
patients in whom follow-up was obtained have died within 
12 months. Thus, it appears important to separate these 
tumors from other adenocarcinomas with more favorable 
histology.   

   “Secretory Endometrioid-Like” 
Adenocarcinoma 

 This growth pattern for adenocarcinoma has been recognized 
recently  [  121  ] . Although only a few cases have been reported 
in the literature, the authors have been able to evaluate many 
other cases with similar features. The most important aspect 
of recognizing these tumors as a speci fi c growth pattern of 
adenocarcinoma is to emphasize and separate these tumors 
from fetal adenocarcinoma (pulmonary blastoma, monopha-
sic type). Separating these two tumors may have important 
therapeutic considerations. The patients described so far are 
adult men and women between the ages of 52 and 81 years. 
There appears no predilection for any lung or lung segment. 
The tumors may be central or peripheral lung masses, and 
the patients may also present with symptoms depending on 
the anatomic location of the tumor. 

   Microscopic Features 
 The low-power view is that of a complex glandular prolifera-
tion destroying normal lung parenchyma. This complex 
glandular architecture is composed of branching tubules and 
papillae with a variable dense desmoplastic stroma. Higher 
magni fi cation shows that the glands are composed of a 
monolayer of medium to large cuboidal to columnar cells 
lining the tubules and papillae. Cytoplasmic clearing remi-
niscent of secretory type of endometrium is the most striking 
feature. Areas of necrosis and/or hemorrhage may also alter-
nate in some cases. High mitotic activity and/or prominent 
nuclear atypia is not common (Fig.  3.21a–e ).   

   Immunohistochemical Features 
 In the cases reported by Steinhauer et al.  [  122  ] , the tumors 
were positive for keratin 7 and TTF-1, while tumor cells 
were negative for keratin 20, WT-1, chromogranin, and pro-
gesterone and estrogen receptors.  

  Fig. 3.20    Mucicarmine histochemical stain showing strong positive 
reaction (intracellular mucin) in tumor cells       

e

Fig. 3.19 (continued)

 



83Traditional Classification of Adenocarcinoma

   Clinical Behavior 
 The clinical behavior for these tumors may be closely related 
to the clinical staging at the time of diagnosis.   

   Hepatoid Adenocarcinoma 

 This type of histopathological growth pattern is extremely 
unusual, and only a few cases have been reported in the 

 literature  [  123–  129  ] . All the reported cases have been in 
adult men between the ages of 35 and 82 years. The size of 
the tumors has varied from 3 cm to more than 10 cm in great-
est dimension. The most important characteristic of this par-
ticular tumor is the production of alpha-fetoprotein. 

   Microscopic Features 
 The tumor characteristically shows the presence of a neo-
plastic cellular proliferation arranged in cords or sheets of 

  Fig. 3.21    ( a ) Low-power view of a secretory endometrioid-like adeno-
carcinoma of the lung. Note the compressed lung parenchyma. ( b ) 
Atypical glandular proliferation replacing normal lung parenchyma. ( c ) 

Neoplastic glands with comedo-like necrosis. ( d ) Malignant glands in a 
back-to-back arrangement. ( e ) Higher magni fi cation showing malignant 
glands with features similar to those seen in secretory endometrium         

a b

c d
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tumor cells. Higher magni fi cation shows a neoplastic cellu-
lar proliferation of medium-size cells with ample eosino-
philic cytoplasm and round to oval nuclei, some of them 
showing prominent nucleoli (Fig.  3.22a–d ). This cellular 
proliferation mimics the normal architecture of the liver 
parenchyma. In some cells, it is possible to identify the pres-
ence of hyaline globules, which can be more apparent with 
histochemical stains for PAS. Necrosis, hemorrhage, and/or 
increased mitotic activity is not common in these tumors.   

   Immunohistochemical Features 
 The most important immunohistochemical features are the 
presence of positive staining for alpha-fetoprotein. However, 
due the rarity of these neoplasms, there does not exist a more 
extensive immunohistochemical study of these cases.  

   Clinical Behavior 
 Of the few cases reported, the majority of patients have died 
within 2 years after initial diagnosis. However, there are a 
couple of cases in which the clinical course has been less 
aggressive with survival of more than 3 years.   

   Oncocytic Adenocarcinoma 

 This is a relatively newly described growth pattern of 
 adenocarcinoma. Solis et al.  [  130  ]  described 16 patients 

with primary oncocytic lung carcinomas. The patients 
were adult individuals between the ages of 47 and 81 
(median: 75 years), who complained of symptoms of 
cough, chest pain, and shortness of breath. Interestingly, 
88 % of the patients were in stage I while the remaining 
12 % were in stages II and III. The tumor size ranged from 
1.2 to 4.9 cm in greatest dimension. In addition, it was 
noted that only two of the patients were non smokers, 
while the rest of the patients were either current or former 
smokers. Nevertheless, the main histological characteristic 
of these neoplasms was the presence of prominent onco-
cytic cytoplasmic features. 

   Histological Features 
 The tumors as they were described belong to the conven-
tional types of well, moderately, and poorly differentiated 
adenocarcinomas. The growth patterns described were aci-
nar, solid, papillary, and bronchioloalveolar, which were 
present in different  proportions. Cytologically, the tumors 
were composed of medium-size cells with ample eosino-
philic cytoplasm, round nuclei, and prominent nucleoli 
(Fig.  3.23a–g ). Scattered larger cells were present resem-
bling “oncoblasts.” Necrosis was observed in seven cases 
that represented 10–50 % of the tumors. Mitotic activity 
was present in all the tumors and ranged from 1 to 8 mitotic 
 fi gures/10 HPF.   

   Immunohistochemical and Molecular Features 
 Keratin 7 and TTF-1 showed positive staining in the tumors 
studied, while thyroglobulin was negative and cytokeratin 
20 was focally positive in two cases. Mitochondrial antigen 
showed variable staining. In addition, DC-LAMP and 
 PE-10 immunohistochemical stains were performed to doc-
ument the presence of Clara cell  differentiation; however, 
variable positive staining was obtained in a few cases. From 
a molecular point of view, three cases (20 %) harbored 
EGFR mutations while three cases showed K-ras 
mutations.  

   Clinical Behavior 
 The overall survival was 88 % while the recurrence-free sur-
vival was of 75 % at 2 years. In general terms,  fi ve patients 
had recurrence (ranged 3–32 months) while two patients 
died of tumor (7–47 months). We consider that similar to 
other types of adenocarcinoma, clinical staging at the time 
of diagnosis is the most reliable parameter to evaluate 
prognosis.  

Fig. 3.21 (continued)

e
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   Miscellaneous Features 
 As it is expected, the growth patterns of adenocarcinoma are 
not limited to those that have been described in the  literature. 
In some cases, different growth patterns may be seen as a 
small or large component of these tumors to a point of mak-

ing the diagnosis of a primary lung tumor more challeng-
ing. Some of those growth patterns may include a 
cribriform pattern (Fig.  3.24a,b ) that may be easily confused 
with metastatic breast carcinoma or an intestinal pattern in 
which the tumor acquires features similar to those seen in 

a b

c d

  Fig. 3.22    ( a ) Hepatoid adenocarcinoma of the lung showing sheets of 
neoplastic cells. ( b ) The neoplastic cells are embedded in  fi brinoid 
 exudates. ( c ) Neoplastic cells arranged in cords mimicking “liver 

plates”. ( d ) Higher magni fi cation showing medium-size cells with 
round nuclei, some showing nucleoli while others show intranuclear 
inclusions       
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colorectal  adenocarcinomas (Fig.  3.25a,b ). Adenomatoid 
adenocarcinoma shows features in which the tumor resem-
bles true adenomatoid tumors (Fig.  3.26a,b ). Two other 
unusual growth  patterns include adenocarcinomas with 

prominent syncytial giant cells, which can mimic choriocar-
cinomas (Fig.  3.27a–e ). As a matter of fact, in some cases of 
these tumors, it is possible to detect increase of human cho-
rionic gonadotropin in their serum. Also, adenocarcinomas 

  Fig. 3.23    ( a ) Oncocytic adenocarcinoma of the lung showing neoplastic 
cells destroying normal lung architecture. ( b ) Nests of neoplastic cells 
replacing lung parenchyma. ( c ) More conventional glandular prolifera-
tion. Note the marked oncocytic changes. ( d ) Prominent papillary growth 

pattern. ( e ) Papillary fronds admixed with in fl ammatory cells. ( f ) Papillary 
proliferation with focal glandular areas containing “colloid-like” mate-
rial. ( g ) Higher magni fi cation showing cells with ample oncocytic cyto-
plasm. Note the absence of marked nuclear atypia or mitotic activity         

a b

c d
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showing features similar to those described for Warthin 
tumors can occasionally be seen (Fig.  3.28a,b ).      

 In addition, it is important to mention that some adenocar-
cinoma may also show unusual cytological features such as 
the presence of malignant glands, which are lined by ciliated 
epithelium. This feature may pose a problem in interpreta-

tion as the presence of ciliated epithelium is often associated 
with a benign glandular proliferation. Also important to 
mention is the association of some adenocarcinomas with 
prominent granulomatous changes (Fig.  3.29a,b ). In such 
instances, it is worth pursuing these cases with special stains 
to rule out the possibility of a concurrent infectious process.     

e f

g

Fig. 3.23 (continued)
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a b

  Fig. 3.24    ( a ) Pulmonary adenocarcinoma with prominent cribriform pattern. ( b ) Higher magni fi cation showing so-called Roman bridge-like 
growth pattern       

a b

  Fig. 3.25    ( a ) Intestinal-type adenocarcinoma of the lung showing extensive areas of hemorrhage and necrosis. ( b ) More glandular appearance 
with extensive necrosis       
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a b

  Fig. 3.26    ( a ) Lung adenocarcinoma with prominent adenomatoid growth pattern. ( b ) Higher magni fi cation of adenomatoid adenocarcinoma. 
Note the absence of marked nuclear atypia or mitotic activity       

a b

  Fig. 3.27    ( a ) Low-power view of a pulmonary adenocarcinoma mim-
icking choriocarcinoma. ( b ) High-grade neoplastic cellular prolifera-
tion with extensive necrosis. ( c ) Dual neoplastic cellular proliferation 
with presence of multinucleated giant cells. ( d ) In some areas, more 

conventional glandular component is present. ( e ) Immunohistochemical 
stain for human chorionic gonadotropin showing positive staining in 
tumor cells         
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   Squamous Cell Carcinoma 

 Even though squamous cell carcinoma is statistically less 
common than adenocarcinoma, it is a major component of 
the non-small cell category of tumors. Just like the other 
variants of non-small cell carcinoma, the overall survival of 
patients with squamous cell carcinoma depends on the clini-
cal stage at the time of diagnosis. Worth mentioning is also 
the fact that squamous cell carcinomas are commonly asso-

ciated with tobacco use. In this type of tumor one can often 
observe the different evolutional changes of the disease, 
represented by the presence of mild, moderate, and severe 
dysplasia that may eventually progress to in situ and/or 
invasive squamous cell carcinoma. 

 At this point, it is important to address the features of the 
different forms of noninvasive neoplasia, characterized by  
the different dysplasias and carcinoma in situ:

    • Mild dysplasia : This diagnosis is made when one encoun-
ters cellular atypia at the basal or just above the basal cell 

c d

e

Fig. 3.27 (continued)
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layer. The nuclei may be more hyperchromatic, and 
mitotic  fi gures may be seen. However, no mitotic  fi gures 
or cellular atypia is seen in the midportion of the mucosa, 
which shows normal maturation.  
   • Moderate dysplasia : Essentially similar to the  fi ndings 
in mild dysplasia, however, the cellular atypia and 

mitotic activity are not limited to the lower portion of 
the mucosa. In addition, the cellular atypia may be 
more pronounced, and mitotic  fi gures may be seen in 
the midportion of the mucosa. However, one is still able 
to identify maturation of the upper portion of the 
mucosa.  

a b

  Fig. 3.28    ( a ) Pulmonary adenocarcinoma with Warthin-like growth pattern. ( b ) Higher magni fi cation showing glandular with in fl ammatory 
component       

a b

  Fig. 3.29    ( a ) Pulmonary adenocarcinoma with associated granulomatous reaction. ( b ) Closer view of the granulomatous in fl ammatory reaction. 
Note the presence of giant cells       
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   • Severe dysplasia/carcinoma in situ : Both of those con-
ditions are intrinsically associated and represent the 
same pathological process. Histologically, the mucosa 
shows full thickness cellular atypia and mitotic  fi gures 
occupy the entire mucosa, while maturation is essen-
tially absent. Atypical mitotic  fi gures may be seen at 
any level, and cellular atypia is much more pronounced 
(Figs.  3.30a,b  and  3.31a,b ). In some cases, the process 
may extend into endobronchial glands, without however 
being invasive. Careful attention must be placed to that 
feature and careful evaluation is needed in cases in 
which there is marked chronic in fl ammation, which may 
either obscure the true nature of the process or mimic an 
invasive neoplasm. In some unusual cases of in situ 
squamous cell carcinoma, it is possible to observe the 
presence of changes in the epithelium, which histologi-
cally are similar to the changes seen in Paget’s disease. 
Although this pagetoid change may be extensive, one is 
still able to  fi nd areas of more conventional squamous 
cell differentiation.      

   Invasive Squamous Cell Carcinoma 

 Traditionally, squamous cell carcinomas of the lung just like 
their counterparts in other anatomic areas have been divided 
into well, moderately, and poorly differentiated types. Most 

of the factors in fl uencing such differentiation refer to either 
the presence of keratinization or presence of intercellular 
bridges. Thus, the closer the tumor mimics normal squamous 
epithelium, the better will be the grade of differentiation. 

   Clinical Features 
 Similar to other non-small cell carcinomas, patients may 
complain of cough, dyspnea, hemoptysis, and/or thoracic 
pain. These symptoms are generally associated with the ana-
tomic location of the tumor. Those tumors that are centrally 
located are more likely to produce symptoms associated with 
obstruction, while those tumors that are in the periphery of 
the lung are more likely to produce thoracic pain due to the 
large size that some tumors may reach.  

   Macroscopic Features 
 Squamous cell carcinomas may present as polypoid tumors 
obstructing the lumen of the airway. On the other hand, they 
may be seen extrinsically pushing into airway structures as 
the tumors reach a larger size. Also, squamous cell carcino-
mas may be seen in the periphery of the lung in a subpleural 
location or in fi ltrating the pleura with direct invasion into the 
soft tissues of the chest wall. 

 The tumors may range in size from under 1 cm to tumor 
masses larger than 10 cm in greatest dimension. They are 
white tan and well demarcated but not encapsulated. The cut 
surface of these tumors may be homogeneous or show 

a b

  Fig. 3.30    ( a ) Squamous epithelium showing squamous cell carcinoma in situ. ( b ) Higher magni fi cation showing full thickness dysplasia. Note 
the presence of mitotic  fi gures       
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 extensive areas of necrosis and/or hemorrhage. In some 
cases, the tumor is characterized by a cavitary tumor mass.  

   Histological Features 
 As stated previously, conventionally squamous cell carcino-
mas have been graded as well-, moderately, and poorly dif-
ferentiated tumors. Their features are as follows:

    • Well-differentiated squamous cell carcinoma : These 
tumors appear to show areas of keratinization and easily 
identi fi able intercellular bridges. The tumor may grow 
in sheets or ribbons destroying normal lung parenchyma. 
The neoplastic cells are oval with moderate amounts of 
eosinophilic cytoplasm, small nuclei, and inconspicu-
ous nucleoli. Mitotic  fi gures are present and can be 
numerous (Fig.  3.32a–d ). Areas of necrosis and/or 
 hemorrhage are usually absent or may be only focally 
present.   
   • Moderately differentiated squamous cell carcinoma : The 
tumor may still show areas in which one can identify 
either keratinization or intercellular bridges. However, the 
tumor may show more extensive areas of hemorrhage and 
necrosis, which may obscure the true nature of the neo-
plasm. Mitotic  fi gures and cellular pleomorphism are 
more prominent (Fig.  3.33a–c ).   
   • Poorly differentiated squamous cell carcinoma : The tumor 
has a tendency to grow in sheets in which the tumor may 
not show de fi nitive evidence of squamous  differentiation. 

Extensive necrosis and hemorrhage may be present. The 
presence of cellular pleomorphism and mitotic activity is 
marked. However, in focal areas, one may still be able to 
 fi nd areas unequivocally showing squamous cell differen-
tiation (Fig.  3.34a–f ).       

   Histological Variants 

 Squamous cell carcinoma may show a variety of different 
growth patterns that can pose a problem in the diagnosis of 
these tumors. When the tumors show extensive areas of kera-
tinization, the diagnosis is rather straightforward; however, 
when the tumor does not display this feature or belong to the 
unusual growth pattern associated with this subtype, then the 
diagnosis may not be so easily made, one may even have to 
apply immunohistochemical studies to properly determine 
the exact nature of the tumor. Some of the unusual features 
that may be present in squamous cell carcinoma include the 
following.  

   Exophytic Squamous Cell Carcinoma 

 This is an unusual variant of squamous cell carcinoma also 
known to some as “Sherwin tumor” in honor of one of the 
earliest. Sherwin et al.  [  131  ]  documented the existence of 

a b

  Fig. 3.31    ( a ) Squamous cell carcinoma predominantly in situ with only a focal microscopic focus of microinvasion. ( b ) Invasive squamous cell 
carcinoma with overlying in situ component       
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this neoplasm after reviewing 85 patients diagnosed with 
squamous cell carcinoma. The author isolated nine patients 
in whom the tumor had the characteristic of an exophytic 
neoplasm. The patients were between the ages of 50 and 
74 years and have undergone resection of the tumor. Some of 
the patients had lobectomy while others had pneumonec-
tomy. The authors found that those patients with pneumo-

nectomy had a more favorable outcome than those who were 
treated with lobectomy. Microscopically, the tumors, as the 
name implies, grew in an exophytic manner obstructing the 
airway. The tumors were of the well-differentiated type, and 
none of the patients had metastasis to lymph nodes. The 
authors noted that this type of squamous cell carcinoma 
might have a more  favorable outcome than other more 

a b

c d

  Fig. 3.32    ( a ) Well-differentiated squamous cell carcinoma showing 
keratinizing atypical squamous epithelium. ( b ) Haphazard tumor 
growth. Note the presence of keratinization. ( c ) Higher magni fi cation 

showing keratin pearls. ( d ) Single-cell keratinization and cells showing 
intercellular bridges       
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in fi ltrative tumors. Dulmet-Brender et al.  [  132  ]  also pre-
sented their experience of 34 cases collected over 35 years 
and concluded that these tumors are almost always T1N0MO 
stage. However, the authors noted that the prognosis was not 
any better than that for any other non-small cell carcinoma of 
the same stage. The authors concluded that these tumors rep-
resent a special variant of squamous cell carcinoma rather 
than a tumor that is detected at an earlier stage. More recently, 

Cooper et al.  [  133  ]  documented a similar occurrence in a 
75-year-old woman in whom the initial chest radiographic 
studies were unremarkable, but the endobronchial tumor 
became evident on computed tomography (CT) scan. 
Resection of the mass was performed showing a papillary 
endobronchial neoplasm that did not extend into the adjacent 
lung parenchyma. Microscopically, all these lesions appear 
to have the same characteristics, namely, an exophytic tumor 

a b

c

  Fig. 3.33    ( a ) Moderately differentiated squamous cell carcinoma showing areas of necrosis. ( b ) Squamous carcinoma replacing lung paren-
chyma. ( c ) Higher magni fi cation showing nuclear atypia and single cell keratinization       
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with squamous appearance, in some cases with extensive 
keratinization (Fig.  3.35a,b ). Some tumors may acquire a 
papillary growth pattern in which the papillary projections 
show only a thin line of  fi broconnective tissue with no evi-
dence of invasion. The most important histological charac-
teristic is the limitation of the tumor to extend exophytically 
into the bronchial lumen without invasion into the bronchial 
wall. On rare occasions, tumor extension into endobronchial 

glands may be seen but that is not common, and one should 
not see the presence of bronchial wall invasion. The papillary 
fronds of exophytic squamous cell carcinoma show cellular 
atypia, nuclear pleomorphism, and mitotic activity with some 
atypical mitoses.  

 Although the diagnosis of these tumors should not pose a 
problem from the histological point of view, there are some 
other lesions that may present in similar fashion and that may 

  Fig. 3.34    ( a ) Low-power view of a poorly differentiated squamous 
cell carcinoma with necrosis. ( b ) Islands of neoplastic cells replacing 
lung parenchyma. ( c ) The tumors can grow in sheets of  non-keratinizing 
epithelium. ( d ) Prominent nuclear atypia. ( e ) Nests of neoplastic cells 

resembling a neuroendocrine growth pattern. ( f ) Higher magni fi cation 
showing islands of tumor cells with prominent nuclear pleomorphism 
and focal areas of keratinization         

a b

c d
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enter in the differential diagnoses. Laubscher  [  134  ]  in 1969 
described a tumor under the name of solitary squamous cell 
papilloma; histologically, the tumor was a keratinizing, nonin-
vasive squamous cell neoplasm that based on the illustrations 
provided shares some features with the cases described by 
Sherwin et al.  [  131  ] . Nevertheless, the existence of noninva-

sive papillary neoplasms, such as solitary condylomatous pap-
illomas and lower respiratory tract papillomatosis, is well 
known in the literature. Those cases show squamous epithe-
lium in which there is still evidence of some maturation and in 
which focal areas may show areas of transition between 
squamous and non-squamous epithelium  [  134–  137  ] .  

e f

Fig. 3.34 (continued)

a b

  Fig. 3.35    ( a ) Exophytic squamous cell carcinoma. Note the keratoacanthomatous-like growth pattern. ( b ) Extensive areas of keratinization are 
common in this tumor       
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   Cystic Squamous Cell Carcinoma 

 This variant of squamous cell carcinoma is based on the 
gross appearance of the tumor. These tumors are character-
ized by prominent cystically dilated spaces, which may be 
 fi lled with necrotic or in fl ammatory debris. However, in the 
periphery of the tumor, one usually encounters otherwise 
conventional strands of squamous cell carcinoma that may 
be present in the form of squamous cell buds or ribbons of 
squamous cell carcinoma. Usually, these tumors are of the 
well-differentiated type that have undergone cystic and 
necrotic changes (Fig.  3.36a,b ).   

   Small Cell Squamous Cell Carcinoma 

 This growth pattern is likely the most unusual and represents 
a very small percentage of these tumors. Interestingly, there 
is not a single series of cases reported, and in the great major-
ity there are only single anecdotal cases that have been pre-
sented in textbooks  [  138  ] . Microscopically, the tumor shows 
a proliferation of rather small cells with oval nuclei and 
inconspicuous nucleoli (Fig.  3.37a–e ). Contrary to the chro-
matin pattern in true small cell carcinomas, the one of the 
small cell variant of squamous cell carcinoma is not the typi-
cal “salt-and-pepper” type. Rather, the tumor cells possess a 
more smooth type of scant cytoplasm. In an endobronchial 
biopsy, one important clue to the diagnosis is the  fi nding of 

adjacent squamous cell carcinoma in situ. On the other hand, 
in cases in which squamous cell carcinoma in situ is absent, 
one needs to identify areas in which the tumor may show 
focal keratinization or other clues of squamous cell differen-
tiation. In more complicated cases, the use of immunohis-
tochemical studies including neuroendocrine markers and 
keratin 5/6 and p63 may be helpful as the small cell variant 
of squamous cell carcinoma may show positive staining for 
keratin 5/6 and p63 with negative staining for neuroendo-
crine markers. However, one needs to be fully aware that 
some squamous cell carcinomas may show focal positive 
staining for some of the neuroendocrine markers, namely, 
synaptophysin.   

   Spindle Cell Squamous Cell Carcinoma 

 This is an unusual type of squamous cell carcinoma that can 
be confused with other spindle cell neoplasms, namely, sar-
comas. The growth pattern is characterized by fascicles of 
fusiform cells with elongated nuclei and inconspicuous 
nucleoli, mitotic  fi gures are increased, and atypical mitotic 
 fi gures are also easily identi fi able. The tumor may show inter-
lacing fascicles or a subtle storiform growth pattern mimick-
ing spindle cell sarcomas (Fig.  3.38a,b ). However, in focal 
areas, the tumors may show areas of keratinization in the 
form of keratin pearls, single-cell keratinization, or frank foci 
of keratinization. The use of immunohistochemical studies 

a b

  Fig. 3.36    ( a ) Cystic squamous cell carcinoma characterized by dilated cystic structures. ( b ) Higher magni fi cation showing the cystic structures 
lined by squamous carcinoma       
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including epithelial markers such as broad spectrum keratin 
low molecular weight keratin, keratin 5/6, or p63 may help in 
separating these tumors from primary pulmonary sarcomas. 
Also, the use of electron microscopic studies may also be 
helpful as spindle cell carcinomas may show epithelial dif-
ferentiation characterized by the presence of intercellular 
junctions and tono fi laments  [  139  ] .   

   Basaloid Squamous Cell Carcinoma 

 This is an unusual variant of squamous cell carcinoma in 
which the growth pattern resembles that seen in basal cell 
carcinomas of the skin. The cells are arranged in islands of 
tumor cells with palisading of the nuclei. Mitotic  fi gures are 
numerous, and nuclear atypia is prominent (Fig.  3.39a–c ). 

  Fig. 3.37    ( a ) Small cell variant of squamous carcinoma showing come-
do-like necrosis. ( b ) In other areas, the growth pattern is more in keeping 
with squamous carcinoma. ( c ) Haphazard arrangement of  neoplastic cells 

replacing normal lung parenchyma. ( d ) Higher magni fi cation showing 
cells with inconspicuous nucleoli, resembling small cell carcinoma. 
( e ) In other areas, cells with more conspicuous nucleoli are seen         

a b

c d
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The cells may acquire a fusiform appearance with elongated 
nuclei and inconspicuous nucleoli. In some cases, areas of 
keratinization are present, while in other cases, the squamous 
cell differentiation may be more subtle. However, because a 
basaloid pattern may be present in other tumors, namely, 

neuroendocrine carcinomas or the so-called basaloid carci-
nomas of the lung, it is important to make sure that the tumor 
in question really represents a true basaloid squamous cell 
carcinoma. Once again, the use of immunohistochemical 
markers, namely, keratin 5/6 and/or p63, may be of help.   

e

Fig. 3.37 (continued)

a b

  Fig. 3.38    ( a ) Spindle cell squamous carcinoma showing a prominent spindle cell proliferation mimicking a mesenchymal neoplasm. ( b ) Higher 
magni fi cation showing prominent nuclear pleomorphism       
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   Microcystic Squamous Cell Carcinoma 

 This growth pattern of squamous cell carcinoma represents a 
recently described entity in which the authors  [  140  ]  described 
three cases with features reminiscent to certain cutaneous 
adnexal neoplasms. The three patients were adult individuals 
between 72 and 83 years of age who presented with the usual 

symptoms of cough, chest pain, and hemoptysis. Follow-up 
information for two of these patients showed one patient 
alive after 76 months, while another patient had died 38 
months after initial diagnosis. 

 Histologically, the tumors were described as peripheral 
tumors with an in fi ltrative growth pattern into the surround-
ing lung parenchyma. The tumors were characterized by 

a b

c

  Fig. 3.39    ( a ) Basaloid squamous carcinoma of the lung. Note the similarity with the cutaneous tumor. ( b ) Islands of tumor cells with classical 
basaloid features. ( c ) Higher magni fi cation showing increased mitotic activity       
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irregular islands, nests, and strands of mild to moderately 
pleomorphic keratinocytes. Cystic changes imparting a glan-
dular appearance were noted in these cases. The neoplastic 
cells were embedded in a desmoplastic stroma, which 
appeared to compress some of the tumor nests into thin, slen-
der strands of neoplastic cells (Fig.  3.40a–c ). Mitotic activity 
was present and ranged from 4 to 19 mitotic  fi gures/10 HPF. 
Even though focal areas of comedo-like necrosis were pres-

ent in one case, extensive areas of necrosis were not identi fi ed. 
In general, the authors stated that the overall features of these 
tumors were reminiscent to those described for microcystic 
adnexal carcinoma of the skin. In view of that similarity, it is 
important, before rendering a  fi nal diagnosis of primary 
microcystic squamous cell carcinoma of the lung, to prop-
erly determine that the patient does not have any prior his-
tory of adnexal squamous cell carcinoma.   

a b

c

  Fig. 3.40    ( a ) Microcystic carcinoma of the lung showing features similar to those seen in dermal tumors. ( b ) Areas of keratinization with micro-
cysts are present. ( c ) Prominent syringomatous features may also be present       

 



103Squamous Cell Carcinoma

   Miscellaneous Growth Patterns 

 The versatility of squamous cell carcinomas of the lung mir-
rors that of adenocarcinomas in terms of a wide variety of 
growth patterns that may be confused with another tumor. 
Squamous cell carcinomas of the lung may also in addition 
to the conventional growth pattern show prominent amelo-
blastic-like areas resembling ameloblastomas of the jaw, 
which could raise the possibility of metastatic carcinoma to 
the lung (Fig.  3.41a,b ). In more unusual cases, squamous cell 
carcinomas may display areas with a prominent granular 
appearance (Fig.  3.42a–c ). This pattern is rather unusual, and 
in most of the cases, is associated with more conventional 
areas of squamous cell carcinoma. In addition, some cases of 
squamous cell carcinomas may also show adenoid cystic-
like features strongly resembling primary adenoid cystic car-
cinomas (Fig.  3.43a,b ). Lastly, some squamous cell 
carcinomas of the lung, appear to have an interstitial growth 
pattern with entrapped alveoli (Fig.  3.44a,b ) or respiratory 
epithelium mimicking a glandular neoplasm or an even ade-
nosquamous carcinoma.     

   Immunohistochemical and Molecular Features 
 Currently, there are numerous immunohistochemical mark-
ers that have been described as useful in separating squamous 
cell carcinomas from other types of non-small cell carcino-
mas. Keratin 5/6 (Fig.  3.45 ) and p63 (Fig.  3.46 ) are a couple 

of those markers that may help in separating squamous cell 
carcinomas from other non-small cell carcinomas in cases in 
which such separation may be required  [  141,   142  ] . The main 
use of those stains is owed to the trend toward making a more 
speci fi c diagnosis than non-small cell carcinomas. In addi-
tion, in cases in which the patient has a history of squamous 
cell carcinoma of extrathoracic origin and the lung biopsy 
shows a non-small cell carcinoma, the use of keratin 5/6, 
p63, and TTF-1 may be helpful to differentiate between a 
second primary tumor or metastatic process. Also, these 
stains may be helpful in cases in which the patients have a 
previous history of lung tumor and the question arises 
whether the new tumor represents another primary lesion or 
recurrence of their prior tumor. There are other immunohis-
tochemical stains that have shown positive staining in 
squamous cell carcinomas including CD117; however, the 
relevance of such staining remains unclear at present  [  142  ] . 
On the other hand, at the molecular level, Yoshino et al.  [  143  ]  
studied 22 cases of squamous cell carcinomas of the lung 
and encountered that LOH was more frequently observed in 
squamous cell carcinomas than in adenocarcinomas of the 
lung and that LOH tends to be associated with smoking sta-
tus. Also Chujo et al.  [  144  ] , in a comparative genomic 
hybridization analysis, encountered overrepresentation of 
chromosome 3q in squamous cell carcinomas of the lung and 
concluded that an increase copy number at 3q may contrib-
ute to the development of these tumors.     

a b

  Fig. 3.41    ( a ) Squamous cell carcinoma with prominent ameloblastic-like growth pattern. ( b ) Higher magni fi cation showing focal basaloid and 
keratinizing squamous cell carcinoma       
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   Large Cell Carcinoma 

 Large cell carcinoma is a carcinoma that does not show ade-
nocarcinomatous or squamous cell differentiation. In the 
general context, one is required to exercise care when diag-
nosing non-small cell carcinoma since this generic designa-
tion does not automatically mean that a tumor is of large cell 
type nor is making the diagnosis of large cell carcinoma an 
appropriate way to classify a tumor as not being a small cell 

carcinoma. Currently, the use of immunohistochemical stud-
ies including TTF-1, p63, Napsin A, and keratin 5/6 may 
reduce the percentage of cases that are classi fi ed as large cell 
carcinomas. For practical purposes large cell carcinoma may 
be an entity that should be reserved for resected tumors in 
which one can be certain of the lack of adenocarcinoma, 
squamous cell carcinoma, or any other tumor type. In past 
publications  [  145–  147  ] , it has been estimated that large cell 
carcinomas may represent somewhere between 6 and 20 % 

a b

c

  Fig. 3.42    ( a ) Squamous cell carcinoma with areas of granular-like growth pattern. ( b ) Closer view at the granular-like pattern showing cells with 
nuclei displaced to the periphery and granular cytoplasm. ( c ) Higher magni fi cation showing the granular content of the cells       
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of all lung carcinomas. However, this percentage may be 
affected by the use of ancillary studies currently used in 
diagnostic surgical pathology. It is also important to separate 
this type of tumors from the so-called large cell neuroendo-
crine carcinoma, which is a tumor that must have a neuroen-
docrine growth pattern in addition to positive neuroendocrine 

markers. One also has to appreciate the fact that a percentage 
of “non-small cell carcinomas” may show positive staining 
for neuroendocrine markers. Thus, care must be exercised to 
properly classify a carcinoma as large cell carcinoma. 

 In the past, some authors have been opposed to this type 
of denomination, arguing that “large cell undifferentiated 

a b

  Fig. 3.43    ( a ) Adenoid cystic-like areas may be seen in some squamous carcinomas. ( b ) The cellular proliferation is arranged in cords with subtle 
cystic features       

a b

  Fig. 3.44    ( a ) Squamous carcinoma with interstitial growth pattern. Note the entrapment of alveolar and airway structures. ( b ) Closer magni fi cation 
showing squamous carcinoma       
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carcinoma of the lung” may represent either poorly differen-
tiated adenocarcinoma or squamous cell carcinoma. Churg 
 [  145  ]  provided such a conclusion after an ultrastructural 
analysis of 7 cases of “large cell carcinoma”. Yesner  [  146  ]  
considers that the biology of large cell carcinoma is similar 
to that of adenocarcinoma characterized by their peripheral 

location in about 72 % of the cases, and similar metastatic 
 pattern. Thus, large cell carcinoma is basically de fi ned as a 
 diagnosis of exclusion. Contrary to that, Albain et al.  [  147  ]  
in a study of large cell carcinoma of the lung found that 
these tumors can be either central or peripheral lesions that 
may be more common in female patients. Albain et al.  [  147  ]  
were able to group cases in which ultrastructurally, there 
was differentiation toward adenocarcinoma or squamous 
cell carcinoma. However, they observed that in about one-
third of the cases studied (48 cases), no such differentiation 
was encountered. Kodama et al.  [  148  ]  also reported similar 
 fi ndings in an ultrastructural study of 18 cases of large cell 
carcinomas in which the authors were also able to  fi nd ade-
nocarcinoma, squamous cell carcinoma, and neuroendo-
crine differentiation in 14 cases. Only 4 of the 18 cases 
studied did not show any type of differentiation. These stud-
ies raise the possibility that large cell carcinoma of the lung 
is a rare entity after utilization of all the diagnostic tools 
available for proper identi fi cation of any particular 
differentiation. 

   Clinical Features 
 Similar to other pulmonary carcinomas, patients with large 
cell carcinoma may show symptoms depending on the ana-
tomic location of the tumor. Patients with central tumors are 
more likely to present with symptoms of obstruction, hemop-
tysis, cough, and dyspnea; while those patients with periph-
eral tumors may have larger tumors whose size may elicit 
symptoms of chest pain, obstructive pneumonia, weight loss, 
etc.  

   Gross Features 
 The tumors may have a central or peripheral location and 
present as large tumor masses compressing airway struc-
tures. The tumors are bulky, and at cut surface, they may 
show a tan-light color with areas of necrosis or hemorrhage. 
The tumors are well de fi ned but not encapsulated, and they 
may exceed more than 10 cm in greatest dimension with 
involvement of extensive areas of lung parenchyma.  

   Histological Features 
 Low-power magni fi cation of this tumor is characterized by 
the presence of sheets of cells without any particular arrange-
ment. The sheets are composed of a discohesive neoplastic 
cellular proliferation composed of larger cells with moderate 
amounts of light eosinophilic cytoplasm, round to oval 
nuclei, and prominent nucleoli (Fig.  3.47a–d ). Mitotic  fi gures 
and atypical mitoses are commonly seen as well as extensive 
areas of necrosis or in fl ammatory exudates. In some cases, 
the presence of osteoclast-like giant cells has been described 
 [  149  ] . Also, cases in which the tumor shows ectopic gonado-
tropin production by tumor cells have been identi fi ed  [  150  ] . 

  Fig. 3.45    Immunohistochemical stain for keratin 5/6 showing positive 
staining in tumor cells       

  Fig. 3.46    Immunohistochemical stain for p63 showing nuclear posi-
tive staining in tumor cells       
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In those cases, it is believed that the tumor cells are respon-
sible for the elaboration and secretion of the hormone.   

   Immunohistochemical and Molecular Biology 
Features 
 Large cell carcinomas are positive for broad spectrum kera-
tin, low molecular weight keratin, keratin 7, and epithelial 
membrane antigen (EMA). However, they may not show 

positive staining for TTF-1, p63, and keratin 5/6. Other car-
cinomatous epitopes that may be useful in this particular set-
ting include CEA and CD15, as these makers may be useful 
in separating carcinoma from other types of malignancy. 

 More recently, Zhong et al.  [  151  ]  identi fi ed LKB1 muta-
tion in large cell carcinoma of the lung and stated that 
acquired loss of function of LKB1 may be involved in the 
pathogenesis of large cell carcinoma.   

a b

c d

  Fig. 3.47    ( a ) Large cell carcinoma showing areas of necrosis. ( b ) 
Closer view at the neoplastic cellular proliferation with any particular 
differentiation. ( c ) Large cell with discohesive growth pattern. ( d ) 

Higher magni fi cation showing large cells with ample cytoplasm, round 
nuclei, and prominent nucleoli       
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   Adenosquamous Carcinoma 

 As its name implies, this tumor should contain areas that by 
themselves are diagnosed as either squamous cell carcinoma 
or adenocarcinoma by light microscopy. It is likely that in 
the past many cases that had been classi fi ed under this desig-
nation may have represented unusual variants of either 
squamous cell carcinoma with a glandular pattern, solid 
areas of adenocarcinoma, or tumors that were classi fi ed as 
adenosquamous carcinoma based on the presence of mucin 
by mucicarmine stains in solid areas of poorly differentiated 
squamous cell carcinomas. Therefore, it is dif fi cult to de fi ne 
a speci fi c percentage for the incidence of adenosquamous 
carcinoma. Nevertheless, the tumor has been recognized for 
quite some time and represents a speci fi c neoplasm with a 
reported more aggressive behavior than conventional 
squamous or adenocarcinoma  [  152–  163  ] . The proportion of 
either component is debatable and varies according to vari-
ous authors from 5 to 10 %. However, in practice, it is likely 
that 5 % of either component is the threshold for making 
such a diagnosis. However, in a small biopsy, the presence of 
both of these components may not be obvious; therefore, the 
diagnosis of adenosquamous carcinoma is more appropri-
ately left for complete surgical resections. 

 Fitzgibbons and Kern  [  152  ]  in 1985 reported a study of 
seven cases of adenosquamous cell carcinoma of the lung and 
determined that these tumors represented less than 1 % of all 
lung carcinomas. The authors reviewed 1,125 cases of lung 
carcinoma between the years 1968 and 1984 and identi fi ed 
21 cases diagnosed as adenosquamous carcinoma; however, 
only 7 of those 21 cases ful fi ll the criteria of unequivocal 
areas of either squamous cell carcinoma or adenocarcinoma. 
The majority of the tumors were peripheral, and in most, the 
predominant tumor was squamous cell carcinoma, either well 
or moderately differentiated. The lowest percentage recorded 
in this series of cases for either tumor component was 10 %. 
Interestingly, although the great majority of cases represented 
surgical resections in the form of wedge resection, lobec-
tomy, and pneumonectomy, one of the cases included in this 
series was from a biopsy specimen in which the authors found 
equal proportions of both components. Also, the majority of 
patients had larger tumors (>3 cm). Naunheim et al.  [  153  ]  
using similar criteria as the ones applied by Fitzgibbons and 
Kern  [  152  ]  reported a study of 20 cases of adenosquamous 
carcinoma after a review of 873 cases of lung carcinoma 
between the years of 1974 and 1985 and estimated a 2.3 % 
for the incidence of this tumor. However, only 12 cases in this 
series were derived from surgical resection material. In 8 of 
the cases described, only biopsy material was available. In 
two separate studies on adenosquamous carcinoma, probably 
using the same patient population, Sridhar et al.  [  154,   155  ]  
encountered 103 and 127 patients diagnosed with ade-
nosquamous carcinoma between the years 1977 and 1986 

and estimated an incidence of 8 % for this tumor. However, 
there are important differences between the study by Sridhar 
 [  155  ]  and the one of Fitzgibbons  [  150  ]  in terms of case selec-
tion. For instance, in the study by Sridhar et al.  [  155  ] , the 
authors included essentially biopsy material (91 cases) and 
cytology specimens (12 cases); also, the authors did not spec-
ify criteria for the diagnosis of these tumors for the cases 
included in this study. Therefore, it is likely that a sizable 
percentage of the cases included may not have been true ade-
nosquamous carcinomas. One of the largest series of ade-
nosquamous carcinomas of the lung is the one by Takamori 
et al.  [  156  ]  in which the authors identi fi ed 56 cases diagnosed 
out of 2,160 surgical resections for lung carcinoma. The 
authors estimated a 2.6 % incidence and histologically 
included cases with a minimum of 5 % of each component in 
order to be designated as adenosquamous carcinoma. The 
authors analyzed adenosquamous carcinoma in relation to 
squamous cell carcinoma and/or adenocarcinoma and deter-
mined that adenosquamous carcinoma follows a more aggres-
sive behavior, particularly those in stages I and II. 

   Clinical Features 
 Adenosquamous carcinoma, just the same as other types of 
non-small cell carcinomas of the lung, may present with 
similar symptoms that may include cough, dyspnea, hemop-
tysis, pneumonia, chest pain, and weight loss. There is not a 
particular clinical setting that is speci fi c for adenosquamous 
cell carcinoma.  

   Gross Features 
 Similar to other more common non-small cell carcinomas 
such as adenocarcinoma or squamous cell carcinoma, ade-
nosquamous carcinoma may present as a peripheral or central 
tumor, which may range in size from 1 cm to more than 10 cm 
in greatest dimension. In some reports of adenosquamous car-
cinoma, a more common peripheral location has been noted. 
However, these tumors may be peripheral or central. There 
are no speci fi c gross features that distinguish adenosquamous 
carcinoma from other non-small cell carcinomas.  

   Histological Features 
 As previously stated, the tumor is characterized by the pres-
ence of unequivocal areas of squamous cell carcinoma and 
adenocarcinoma (Fig.  3.48a–d ) that by themselves can be 
diagnosed as such. The proportion of either of those compo-
nents should be at least 5 %. The squamous cell carcinoma is 
more likely to be of the well or moderately differentiated 
type in which areas of keratinization and intercellular bridges 
are still possible to identify. Similarly, the adenocarcinoma-
tous component will often show areas of glandular or tubular 
differentiation. These two components may merge with only 
a subtle transition between them but without any abrupt 
change. Two distinct tumor nodules are identi fi ed, one show-
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ing squamous cell carcinoma and the other adenocarcinoma, 
such occurrence should raise the possibility of two separate 
tumors.   

   Immunohistochemical and Molecular Biology 
Features 
 From the immunohistochemical point of view, the tumor 
may show positive staining for markers that are more com-
monly seen with any of these two particular tumors. For 

instance, p63 and keratin 5/6 for in the squamous cell com-
ponent while TTF-1 and Napsin A are positive in the adeno-
carcinomatous component. In addition, CD44, CD44v6, and 
CD44v7-8 have also been seen to decorate the squamous cell 
component of adenosquamous carcinoma. However, these 
antibodies are not reliable in cases in which the differentia-
tion of the tumor is poor  [  164  ] . 

 Kanazawa et al.  [  165  ]  compared the genetic alterations of 
p53 and K-ras chromosomal abnormalities at 9p21 and 

a b

c d

  Fig. 3.48    ( a ) Low-power view of an adenosquamous carcinoma show-
ing both tumor components. ( b ) Solid proliferation of poorly differenti-
ated squamous carcinoma admixed with adenocarcinoma. ( c ) More 

conventional areas of both squamous and adenocarcinoma. ( d ) Higher 
magni fi cation showing adenocarcinoma and squamous cell carcinoma       
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9q31–32. The author found p53 overexpression and muta-
tion both components of the tumors and suggested a mono-
clonal transition from squamous cell carcinoma to 
adenocarcinoma. Kang et al.  [  166  ]  studied the mutation sta-
tus of EGFR kinase domain from exon 18 to 21 in 25 cases 
of adenosquamous carcinoma and found identical EGFR 
mutations in both components. Thus, the authors suggested 
the possibility of monoclonality in the histogenesis of ade-
nosquamous carcinoma. On the other hand, Liang et al.  [  167  ]  
found that trisomy 12 correlates with elevated expression of 
p21ras in a single case of adenosquamous carcinoma. These 
molecular alterations may in due course play an important 
role in the treatment of patients with adenosquamous 
carcinoma.   

   Sarcomatoid Carcinoma and Pleomorphic 
Carcinoma 

 These two entities are presented together due to the similar-
ity in their histopathological characteristics as well as the 
controversy that exists whether these tumors are two sepa-
rate entities or part of a spectrum of differentiation of the 
same tumor. However, it is important to separate these 
tumors, at least for the purpose of this text, from similar 
tumors that may have heterologous elements in the form of 
cartilage, osteoid, or other mesenchymal components; such 
tumors are discussed under the term carcinosarcoma. 
Therefore, by de fi nition, the terms sarcomatoid carcinoma 
and pleomorphic carcinoma are reserved for those tumors 
that almost exclusively show a malignant epithelial spindle 
cell component. However, we will make an attempt to sepa-
rate sarcomatoid carcinoma from pleomorphic carcinoma as 
much as it is possible. Other names that have been used to 
designate these tumors include spindle cell carcinoma, carci-
noma with pseudosarcomatous stroma, and metaplastic car-
cinoma; on the other hand, terms that have been used to 
describe pleomorphic carcinomas include giant cell carci-
noma, sarcomatoid carcinoma, carcinoma with pseudosar-
comatous stroma, and pseudosarcomatous carcinoma. 

 In 1988, Humphrey et al.  [  168  ]  reported a study of eight 
pulmonary tumors that the authors described as pulmonary 
carcinomas with a sarcomatoid component. In this study, the 
authors, although expressing the fact that spindle cell 
squamous cell carcinoma is less controversial, proposed that 
pulmonary carcinomas exhibiting evidence of epithelial dif-
ferentiation in a spindle cell component be termed “spindle 
cell carcinomas,” while those in which one can identify the 
presence of malignant cartilage, bone, or muscle be termed 
carcinosarcomas. Matsui et al.  [  169  ]  reported three cases of 
spindle cell carcinoma of the lung two of which were termed 
“monophasic” spindle cell carcinomas and one of which was 

called adenosquamous carcinoma with a spindle cell com-
ponent. These tumors expressed keratin and vimentin in dif-
ferent degrees. The authors concluded that the spindle cell 
component displays a spectrum of phenotypes originating 
from squamous cell carcinoma, while the term “monopha-
sic” spindle cell carcinoma is an extreme phenotype of 
squamous cell carcinoma pretending mesenchymal differen-
tiation. In a different study on sarcomatoid carcinomas of 
the lung, Ro et al.  [  170  ]  analyzed 14 cases in which the 
authors provided more speci fi c criteria for inclusion: (1) the 
concurrent presence of malignant epithelial and sarcomatoid 
spindle cell components and (2) positive immunoreactivity 
for antikeratin antibodies or ultrastructural demonstration of 
epithelial differentiation in sarcomatoid tumors in which the 
epithelial component was inconspicuous. The patients were 
between the ages of 43 and 78 years, and 12 of the 14 patients 
were men. Histologically, the most common growth pattern 
in the sarcomatoid component of these tumors was that of 
malignant  fi brous histiocytoma in ten cases; two additional 
cases showed a  fi brosarcomatous pattern while in two addi-
tional cases, the term unclassi fi ed sarcomatous component 
was used. The majority of patients were in late stages of 
disease (11 patients in stages III and IV). Based on those 
features, the authors concluded that primary tumors of the 
lung showing extensive “sarcomatoid” components should 
be carefully evaluated for epithelial differentiation using 
immunohistochemical and/or electron microscopic studies. 
Also, the authors stated that sarcomatoid carcinomas of the 
lung are aggressive neoplasms that usually present in late 
stages. 

 On the other hand, the term pleomorphic carcinoma was 
introduced by Fishback et al.  [  171  ]  in order to group all those 
cases that in the past have been designated as spindle cell 
carcinomas or giant cell carcinomas  [  171–  180  ] . The authors 
presented a study of 78 cases, corresponding to 57 men and 
21 women between the ages of 35 and 83 years (mean: 
62 years). Clinically, the patients presented with variable 
symptomatology including chest pain, cough, and hemopty-
sis. A small percentage of patients (14 %) were asymptom-
atic. Almost half of the patients were in stages I and II (41 % 
were stage I and 6 % were stage II) while 39 % were in stage 
III and 12 % in stage IV. Histologically, only 22 % of the 
cases studied showed only a spindle and/or giant cell compo-
nent, while the remaining tumors show foci of adenocarci-
noma (45 %), large cell carcinoma (25 %), and squamous 
cell carcinoma (8 %). The authors found that 53 out of 69 
patients in whom clinical follow-up was available died within 
6 years (mean: 23 months, median: 10 months). In addition, 
there was a signi fi cant shortening of survival for patients 
with tumor size greater than 5 cm, clinical stage greater than 
I, and lymph node involvement. This latter feature was the 
single most important prognostic factor, whereas the pres-
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ence of adenocarcinoma or squamous cell carcinoma did not 
in fl uence the prognosis. Interestingly, this report shows that 
the presence of spindle and/or giant cell carcinoma may be 
seen in association with other types of histology besides 
squamous cell carcinoma. It has also been stated that pleo-
morphic carcinoma may represent a genetically distinct 
entity separate from adenocarcinoma or squamous cell carci-
noma. Przygodzki et al.  [  181  ]  performed a comparative DNA 
sequence and immunohistochemical analysis on 22 cases of 
pleomorphic carcinoma, 42 cases of squamous cell carci-
noma, and 97 cases of adenocarcinoma. The authors found 
that pleomorphic carcinoma shows that p53 mutations were 
more common in exon 7, while p53 mutations in adenocarci-
noma and squamous cell carcinoma were more common in 
exon 8. In addition, K-ras-2 mutations are present in only a 
few cases of pleomorphic carcinoma (9 %—2/22 cases stud-
ied), while they are more common in adenocarcinoma 
(36 %—35/97 cases studied), and they were not present in 
squamous cell carcinoma. 

   Gross Features 
 There are not any speci fi c gross features that distinguish sar-
comatoid/pleomorphic carcinoma from other types of non-
small cell carcinomas. However, these tumors can attain a 
large size, and in many cases, the patients are in late stages of 
disease. They can occupy large portions of the lung paren-
chyma as they can reach more than 10 cm in greatest dimen-
sion. At cut surface, they may show a tan color with a 
homogenous surface with or without areas of necrosis or 
hemorrhage. They can be either in a central or peripheral 
location.  

   Histological Features 
 This most salient histopathological feature in these tumors is 
the presence of a spindle cellular proliferation that can be 
arranged in a fascicular pattern mimicking any of the con-
ventional sarcomas of the soft tissues. The cells are elon-
gated, some with a “cigar shaped” type of nucleus and 
inconspicuous nucleoli. Mitotic  fi gures are easily identi fi able 
and atypical forms are common. Areas of necrosis and hem-
orrhage are not uncommon. In cases that have been reported 
under the rubric of pleomorphic carcinoma, the tumors 
essentially show the same histological characteristics as 
those described for sarcomatoid carcinomas except for the 
additional presence of multinucleated malignant giant cells 
that can be bi-, tri-, or multinucleated (Fig.  3.49a–e ). 
However, no heterologous component should be present in 
this type of tumors.   

   Immunohistochemical and Ultrastructural Features 
 The use of immunohistochemical studies should help in sep-
arating these tumors mainly from true sarcomas. Epithelial 

markers such as keratins and EMA are reported positive in 
these tumors. In addition, we have seen some cases in which 
actin is positive as well as vimentin. However, desmin, myo-
globin, caldesmon, and CD31 should be negative in the 
tumor cells. In addition, ultrastructurally, the tumor cells 
may display the presence of epithelial differentiation by 
showing tono fi laments and/or desmosomes.   

   Rhabdoid Carcinoma 

 Primary lung carcinomas that resemble tumors of the kidney 
known as malignant rhabdoid tumors have been well docu-
mented in the literature  [  182–  192  ] . Malignant rhabdoid 
tumors appear to occur in a ubiquitous distribution, and those 
occurring outside the kidney have also been called extrarenal 
rhabdoid tumors or pseudo-rhabdoid tumors. Whether this 
particular tumor represents a speci fi c clinicopathological 
entity or a growth pattern is beyond the scope of this chapter. 
Here, we will limit ourselves to discuss only those tumors 
occurring in the lung. In general, these tumors are rare as 
primary lung neoplasms, and although there is controversy 
as to how to properly designate these tumors, herein they 
will be regarded as “rhabdoid carcinomas” rather than the 
ambiguous term of “rhabdoid phenotype” or “dedifferenti-
ated carcinoma”. We consider that these tumors represent a 
speci fi c growth pattern of a heterogeneous group of tumors 
which in the lung may include adenocarcinoma, large cell 
carcinoma, or neuroendocrine carcinomas. However, as has 
been stated clearly by Wick et al.  [  192  ] , the setting in which 
one makes this particular diagnosis may dictate a particular 
interpretation. Rhabdoid carcinomas occurring in the lung 
will show areas with of “rhabdoid” features in a proportion 
of no less than 10 % of the tumor, while by immunohis-
tochemistry, the tumor cells may show, at least focally, posi-
tive staining for epithelial markers (keratin and EMA). 
Ultrastructural studies, show cytoplasmic accumulation of 
intermediate  fi laments or mitochondria. However, in the 
majority of pulmonary rhabdoid tumors, a component of the 
conventional type of non-small cell carcinoma is usually 
present, thus leading to the concept that the “rhabdoid” com-
ponent is a growth pattern rather than a speci fi c clinicopatho-
logical entity. 

 The credit for the  fi rst description of “rhabdoid tumor” 
in the lung is awarded to Rubenchik et al.  [  182  ]  who 
described an intrapulmonary tumor in a 74-year-old man. 
The tumor was characterized by the presence of rhabdoid 
features, which by electron microscopy show the presence 
of cytoplasmic intermediate  fi laments that are characteris-
tic of malignant rhabdoid tumors of the kidney. However, 
as the tumor became better known and more cases have 
been documented in the lung, many of these tumors - event 
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those showing extensive rhabdoid changes -contain areas 
of more  conventional non-small cell carcinoma, which can 
be either in the form of  adenocarcinoma, large cell carci-
noma, or sarcomatoid carcinoma. Because of the associa-
tion of rhabdoid features with more conventional carcinoma, 
some authors have proposed the term “dedifferentiated 
phenotype” for these tumors  [  187  ] . Although some authors 
have reported a “good” prognosis for these tumors, we 

believe that staging at the time of diagnosis may play a 
more signi fi cant role in the outcome of patients with this 
particular carcinoma. 

   Histological Features 
 As the name implies, the tumor resembles the so-called 
malignant rhabdoid tumor of the kidney. The low-power 
magni fi cation is that of a tumor that destroys normal lung 

  Fig. 3.49    ( a ) Pleomorphic carcinoma showing areas of spindle cells 
admixed with giant cells. ( b ) Predominantly spindle cell proliferation 
with areas of necrosis. ( c ) Spindle cell proliferation mimicking a 

 mesenchymal neoplasm. ( d ) Scattered multinucleated giant cells in a 
predominantly spindle cell proliferation. ( e ) Highly pleomorphic multi-
nucleated giant cells         
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parenchyma; it appears well demarcated but not encapsu-
lated. The tumor has a tendency to grow in sheets of tumor 
cells with some discohesion or in a vaguely nested pattern. At 
high-power magni fi cation, the neoplastic cells are composed 
of larger cells with abundant eosinophilic cytoplasm, the 
nuclei are round to oval, and in some cells, they are displaced 
towards the periphery of the cells, while in others, it is more 
centrally located and contains prominent nucleoli (Fig.  3.50a–
c ). Other unusual features include the presence of a spindle 
cell (sarcomatous) component or multinucleated giant cells. 
In some cases of rhabdoid carcinoma, it is possible to identify 
areas of more conventional non-small cell carcinoma, even 
though this latter feature may be only focal. Although the 
diagnosis of rhabdoid carcinoma can be accomplished in a 
small biopsy, a resected specimen will provide the advantage 
of studying more tissue to determine the possibility of areas 
of more conventional carcinoma.   

   Immunohistochemical Features 
 In the majority of cases reported and in the ones that we have 
been able to examine, the use of epithelial markers (keratins 
and EMA) has proven to provide positive results. However, 
the positive staining for epithelial markers may be only focal. 
Other immunohistochemical markers that may also show 
positive staining in tumor cells include CD34, CD56, actin, 
vimentin, and rarely desmin. However, myoglobin has not 
been reported positive in these tumors.  

   Differential Diagnosis 
 Since the lung is a common site for metastatic tumors, it is 
important to properly address such possibility in tumors 

showing rhabdoid changes. In this setting, malignant mela-
noma or sarcomas are tumors that may metastasize to the 
lung and show similar cytologic features. Thus, the use of 
immunohistochemical studies including S-100 protein, 
HMB45, Melan A, myoglobin, caldesmon, and SOX2 would 
be important to rule out such possibility. As always, a good 
clinical history will be important in a context in which the 
possibility of metastatic disease is considered.   

   Lymphoepithelioma-Like Carcinoma (LELC) 

 LELC appear to be the counterpart of similar tumors that 
commonly occur in the head and neck area and are also 
referred to as undifferentiated carcinoma or Schmincke 
tumor. This particular tumor has also been described in sev-
eral other areas within the thoracic cavity (thymus) or out-
side of the thoracic cavity. 

 The real incidence of this tumor as primary lung carci-
noma is dif fi cult to assess due to its rarity as well as the 
demographic distribution of this tumor. 

 LELC of the lung has been described predominantly in 
Asian individuals. Most of what is reported in the literature 
represents individual case reports with only a few small 
series of cases  [  193–  208  ] . Begin et al.  [  193  ]  are credited for 
the  fi rst description of this type of tumor in the lung after the 
authors described a 40-year-old female, nonsmoker of Asian 
background, with a lung tumor that histologically resembled 
LELC of the nasopharynx. The authors also suggested that 
the immunological pro fi le was suggestive of Ebstein-Barr 
virus (EBV) infection. Han et al.  [  194  ]  reported one of the 
largest series of LELC of the lung in 32 patients and com-
pared them to conventional non-small cell carcinomas of 
the lung. In Han’s series, there were more tumors in men 
than in women and the age ranged from 39 to 73 years, with 
the majority of patients in early stages of disease (stages I 
and II). The authors concluded that LELC has a better prog-
nosis when compared to conventional non-small cell carci-
nomas, even in late stages of the disease. Tumor necrosis 
(>5 %) and tumor recurrence were associated with poor 
prognosis. Chan et al.  [  195  ]  in a series of 11 cases of LELC 
also arrived to similar conclusions, as their patient demo-
graphics were similar to the series of Han et al.  [  194  ] , and 
stated that LELC of the lung may have a variable behavior 
with the possibility of cases behaving aggressively. Butler 
et al.  [  196  ]  reported a small series of four cases in adults of 
which three were women and one a man. Interestingly, three 
of the patients were Caucasians and one of Asian back-
ground. The authors of this report also found a more favor-
able outcome in the cases described. Although the great 
majority of cases described occur in adult individuals, LELC 
has also been described in the pediatric age group. Curcio 
et al.  [  202  ]  described a case of LELC in an 8-year-old child 

e
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of Asian background, who underwent pneumonectomy and 
chemotherapy for a primary LELC of the lung. In situ 
hybridization studies demonstrated nuclear positivity for 
EBER-1 in tumor cells while the adjacent lymphocytes were 
negative. Other reports on LELC of the lung have been more 
focused in the identi fi cation of EBV  [  203–  208  ] . There 
appears to be a strong association of EBV and the develop-
ment of this tumor in the lung. However, in most of the cases 

in which EBV has been found in association with LELC, the 
patients were predominantly of Asian background. In addi-
tion, the tumor does not appear to be related to tobacco use. 
In 1991, Gal et al.  [  203  ]  described a single case of LELC of 
the lung and identi fi ed the presence of EBV in the carci-
noma cells but not in the lymphoid stroma. Thus, the authors 
suggested a possible oncogenic relationship between EBV 
and LELC of the lung. Chen et al.  [  206  ]  performed a study 

a b

c

  Fig. 3.50    ( a ) Rhabdoid carcinoma showing sheets of neoplastic cells. ( b ) Neoplastic cells showing abundant eosinophilic cytoplasm and nuclei 
displaced towards the periphery. ( c ) Rhabdoid cells admixed with necrosis       
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of 127 cases of non-small cell carcinomas of the lung includ-
ing LELC (5 cases) and encountered EBER-1 positivity in 
other non-small cell carcinomas of the lung besides LELC. 
Although the intensity of staining was recorded as stronger 
in LELC, squamous cell carcinomas also show positive 
nuclear staining for EBER-1, and in general, the authors 
estimated that about 8 % of non-small cell carcinomas may 
show such a reaction. The authors concluded that EBV 
infection might play a different role in the tumorigenesis of 
primary LELC of the lung than in the conventional variants 
of non-small cell carcinoma. Castro et al.  [  207  ]  analyzed 
the relationship between EBV and LELC of the lung in 6 
Caucasian patients by in situ hybridization studies and 
found that all the cases were negative for EBV. Thus, the 
authors suggested that there is no relationship between EBV 
and LELC of the lung in Western patients. More recently, 
Chang et al.  [  208  ]  analyzed 23 cases of pulmonary LELC 
and documented an association between serum levels of 
EBV and tumor size. The authors also documented that 
nearly all cases had Bcl-2-oncoprotein expression and that 
latent membrane protein-1, p53, and c-erb B-2 expression 
was low. 

   Clinical Features 
 Like with any other non-small cell carcinoma, there is not a 
speci fi c type of symptomatology associated with this type of 
neoplasm. Patients may present with cough, dyspnea, 
 hemoptysis, or be completely asymptomatic, and the tumor 

is detected by chest radiological examination during routine 
examination. In most of the cases described, it appears that at 
least 50 % of the patients are in early stage of disease (stages 
I and II).  

   Histological Features 
 The hallmark of this neoplasm is the presence of a lympho-
cytic background that at low power may mimic an 
in fl ammatory reaction. The in fl ammatory stroma is predomi-
nantly composed of mature lymphocytes, but in some cases, 
plasma cells may be also be present. Admixed with this lym-
phocytic or lymphoplasmacytic stroma, are sheets of cells 
growing in ribbons or small islands. The neoplastic cellular 
proliferation is composed of medium-size cells, round to 
oval in shape and with indistinct cellular borders and moder-
ate amounts of cytoplasm. The nucleus is round, and vesicu-
lation of the nuclei may be seen with many cells displaying 
prominent nucleoli (Fig.  3.51a–c ). Mitotic  fi gures are easily 
encountered. Although in the great majority of cases, necro-
sis and/or hemorrhage are uncommon, these features can be 
seen in a small proportion of cases. In many cases, the neo-
plastic cellular proliferation appears to be haphazardly dis-
tributed in the lymphoid stroma without any particular 
pattern.   

   Differential Diagnosis 
 The most important differential diagnosis is the exclusion of a 
metastatic LELC from the head and neck area. Because all 

a b

  Fig. 3.51    ( a ) Lymphoepithelioma-like carcinoma showing neoplastic 
cells admixed with heavy in fl ammation. ( b ) The neoplastic cells are 
arranged in small islands embedded in an in fl ammatory background. ( c ) 

Closer magni fi cation showing neoplastic cells admixed with 
in fl ammatory cells       
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these tumors share similar histology, a complete clinical his-
tory should be of great help. However, due to the presence of 
a marked lymphocytic stroma, another lesion that may enter 
the differential diagnosis is lymphoma. The use of markers for 
epithelial differentiation should lead to proper interpretation.  

   Immunohistochemical Features 
 As has been reported by different authors, the use of epithe-
lial markers including keratins and EMA may be of help in 
the diagnosis of this type of tumor. However, this tumor also 
shows positive staining for lymphoid markers including leu-
kocyte common antigen (LCA) and Bcl-2 in the lymphoid 
component. Perhaps the most important study to perform in 
these tumors, although not for diagnostic purposes, would be 
in situ hybridization for EBV, mainly in a patients of Asian 
background.        

      References 

    1.        http://www.cdc.gov/cancer/lung/statistics/index.html    . Accessed on 
1 June 2011.  

    2.     http://seer.cancer.gov/csr/1975_2008/     Accessed on 1 June 2011.  
    3.       Stanley K, Stjernsward J. Lung cancer: a worldwide health prob-

lem. Chest. 1989;96 Suppl 1:1S–5S.  
    4.    Gar fi kel L, Silverberg E. Lung cancer and smoking trends in the 

United States over the past 25 years. CA Cancer J Clin. 1991;41:
137–45.  

    5.    Rubin SA. Lung cancer: past, present, and future. J Thorac Imaging. 
1991;7:1–8.  

    6.    Aronchik JM. Clinical aspects of lung cancer. Semin Roentgenol. 
1990;25:5–11.  

    7.    Gritz ER. Lung cancer: now, more than ever, a feminist issue. 
CA Cancer J Clin. 1993;43:197–9.  

    8.    Devesa SS, Shaw GL, Blot WJ. Changing patterns of lung carci-
noma. Cancer Epidemiol Biomarkers Prev. 1991;1:29–34.  

    9.    Rosado-de-Christenson ML, Templeton PA, Moran CA. 
Bronchogenic carcinoma: radiologic/pathologic correlation. 
Radiographics. 1994;14:429–46.  

    10.    Wahbah M, Boroumand N, Castro Y, et al. Changing trends in the 
distribution of the histologic types of lung cancer: a review of 4,439 
cases. Ann Diagn Pathol. 2007;11:89–96.  

    11.    Pietra GG. The pathology of carcinoma of the lung. Semin 
Roentgenol. 1990;25:25–33.  

    12.    Haque AK. Pathology of carcinoma of the lung: an update on cur-
rent concepts. J Thorac Imaging. 1991;7:9–20.  

    13.    Boyards MC. Clinical manifestations of carcinoma of the lung. 
J Thorac Imaging. 1991;7:21–8.  

    14.    Grippi MA. Clinical aspects of lung cancer. Semin Roentgenol. 
1990;25:12–24.  

    15.    Frazer RG, Pare JAP, Frazer RS, Genereux GP. Neoplastic diseases 
of the lung. In: Frazer RG et al., editors. Diagnosis of diseases of 
the chest. 3rd ed. Philadelphia: Saunders; 1989. p. 1327–99.  

    16.    Morita T. A statistical study of lung cancer in the annual of patho-
logical autopsy cases in Japan from 1958–1997, with reference to 
time trends of lung cancer in the world. Jpn J Cancer Res. 
2002;93:15–23.  

    17.    Travis WD, Brambilla E, Noguchi M, et al. International association 
for the study of lung cancer/American Thoracic Society/European 
Respiratory Society International Multidisciplinary Classi fi cation of 
Lung Adenocarcinoma. J Thorac Oncol. 2011;6:244–85.  

    18.    Yamamoto Y, Tsuchida M, Watanabe T, et al. Early resection of a 
prospective study of limited resection for bronchioloalveolar ade-
nocarcinoma of the lung. Ann Thorac Surg. 2001;71:971–4.  

    19.    Watanabe S, Watanabe T, Arai K, et al. Results of wedge resection 
for focal bronchioloalveolar carcinoma showing pure ground-glass 
attenuation on computed tomography. Ann Thorac Surg. 
2002;73:1071–5.  

    20.    Suzuki K, Asamura H, Kusumoto M, et al. “Early” peripheral lung 
cancer: prognostic signi fi cance of ground glass opacity on thin-
section computed tomography scan. Ann Thorac Surg. 2002;74:
1635–9.  

    21.    Sakurai H, Dobashi Y, Mizutani E, et al. Bronchioloalveolar carci-
noma of the lung 3 centimeters of less in diameter: a retrospective 
assessment. Ann Thorac Surg. 2004;78:1728–33.  

    22.    Yamada S, Kohno T. Video-assisted thoracic surgery for pure 
ground-glass opacities 2 cm or less in diameter. Ann Thorac Surg. 
2004;77:1911–5.  

    23.    Yoshida J, Nagai K, Yokose T, et al. Limited resection trial for pul-
monary ground-glass opacity nodules:  fi fty-case experience. 
J Thorac Cardiovasc Surg. 2004;129:991–6.  

    24.    Koike T, Togashi K, Shirato T, et al. Limited resection for non-
invasive bronchioloalveolar carcinoma diagnosed by intraoperative 
pathologic examination. Ann Thorac Surg. 2009;88:1106–11.  

    25.    Vasques M, Carter D, Brambilla E, et al. Solitary and multiple 
resected adenocarcinomas after CT screening for lung cancer: 
Histopathologic features and their prognostic implications. Lung 
Cancer. 2009;64:148–54.  

    26.    Yoshizawa A, Motoi N, Riely GJ, et al. Impact of proposed IASLC/
ATS/ERS classi fi cation of lung adenocarcinoma: prognostic sub-
groups and implications for further revision of staging based on 
analysis of 514 stage I cases. Mod Pathol. 2011;24:653–64.  

    27.    Sakurai H, Maeshima A, Watanabe S, et al. Grade of stromal inva-
sion in small adenocarcinomas of the lung. Am J Clin Pathol. 
2004;28:198–206.  

    28.    Yim J, Zhu LC, Chiriboga L, et al. Histological features are impor-
tant prognostic indicators in early stages lung adenocarcinoma. 
Mod Pathol. 2007;20:233–41.  

c

Fig. 3.51 (continued)

http://www.cdc.gov/cancer/lung/statistics/index.html
http://seer.cancer.gov/csr/1975_2008/


117References

    29.    Borczuk AC, Qian F, Kazeros A, et al. Invasive size is an indepen-
dent predictor of survival in pulmonary adenocarcinoma. Am J 
Surg Pathol. 2009;33:462–9.  

    30.    Witt R. Letter to the Editor. J Thorac Oncol. 2011;6:1451.  
    31.    Sawabata N, Miyaoka E, Asamura H, et al. Japanese lung cancer 

registry study of 11,663 surgical cases in 2004: demographic and 
prognosis changes over decade. J Thorac Oncol. 2011;6:1229–35.  

    32.    Takizawa T, Terashima M, Koike T, et al. Lymph node metastasis in 
small peripheral adenocarcinoma of the lung. J Thorac Cardiovasc 
Surg. 1998;116:276–80.  

    33.    Konaka C, Ikeda N, Hiyoshi T, et al. Peripheral non-small lung can-
cers 2.0 cm or less in diameter: proposed criteria for limited pulmo-
nary resection based upon clinicopathological presentation. Lung 
Cancer. 1998;21:185–91.  

    34.    Warren W, Faber LP. Segmentectomy versus lobectomy in patients 
with stage I pulmonary carcinoma:  fi ve-year survival and patterns 
of intrathoracic recurrence. J Thorac Cardiovasc Surg. 1994;107:
1087–94.  

    35.    Malassez L. Examen histologique d’un cas de cancer encephaloide du 
poumon (Epithelioma). Arch Physiol Norm Pathol. 1876;3:352–72.  

    36.    Musser JH. Primary cancer of the lung. Univ Penn Bull. 
1903;16:289–96.  

    37.    Sweany HC. A so-called alveolar cell cancer of the lung. Arch 
Pathol. 1935;19:203–7.  

    38.    Casilli AR, White HJ. Rare forms of primary malignant lung 
tumors. Am J Clin Pathol. 1940;10:623–41.  

    39.    Geever KT. Alveolar cell tumor of the human lung. Arch Pathol. 
1942;33:551–69.  

    40.    Herbut PA. Bronchiolar origin of “alveolar cell tumor” of the lung. 
Am J Pathol. 1944;20:911–29.  

    41.    Wood DA, Pierson PH. Pulmonary alveolar adenomatosis in man. 
Am Rev Tuberc. 1945;51:205–23.  

    42.    Ikeda K. Alveolar cell carcinoma of the lung. Am J Clin Pathol. 
1945;15:50–63.  

    43.    Osserman KE, Neuhof H. Mucocellular papillary adenocarcinoma 
of the lung. J Thorac Surg. 1946;15:272–8.  

    44.    Drymalski GW, Thompson R, Sweany HC. Pulmonary adenomato-
sis. Am J Pathol. 1948;20:1083–93.  

    45.    Dela Rue NC, Graham EA. Alveolar cell carcinoma of the lung (pul-
monary adenomatosis, jaagsiekte?). J Thorac Surg. 1948;18:237–51.  

    46.    Liebow AA. Bronchiolo-alveolar carcinoma. Adv Intern Med. 
1960;10:329–58.  

    47.   Carter D, Eggleston JC, editors. Tumors of the lower respiratory 
tract, Fascicle 17, Second series. Bethesda: Armed Forces Institute 
of Pathology; 1980. p. 127  

    48.   Colby TV, Koss MN, Travis WD, editors. Tumors of the lower respi-
ratory tract. Atlas of tumor pathology, Fascicle #13. Washington, 
D.C.: Armed Forces Institute of Pathology; 1995. p. 203.  

    49.      Travis WD, Colby TV, Corrin B, et al. Histological typing of lung 
and pleural tumours. World Health Organization, 3rd ed. Berlin/
New York: Springer; 1999. p. 36  

    50.   Travis WD, Brambilla E, Muller-Hermelink K, Harris CC, editors. 
Pathology and genetics of the tumours of the lung, pleura, thymus, 
and heart. World Health Organization classi fi cation of tumors. 
Lyon: IARC Press; 2004. p.38  

    51.    Overholt RH, Meissner WA, Delmonico E. Favorable bronchiolar 
carcinoma. Chest. 1955;27:403–13.  

    52.       Belgrad R, Good A, Woolner LB. Alveolar-cell carcinoma (terminal 
bronchiolar carcinoma): a study of surgically excised tumors with 
special emphasis on localized lesions. Radiology. 1962;79:789–98.  

    53.    Munell ER, Lawson RC, Keller DF. Solitary bronchiolar (alveolar 
cell) carcinoma of the lung. J Thorac Cardiovasc Surg. 
1966;52:261–70.  

    54.    Watson I, Farpour A. Terminal bronchiolar or “alveolar cell” cancer 
of the lung: two hundred sixty- fi ve cases. Cancer. 1966;19:
776–80.  

    55.    Rosenblatt MB, Lisa JR, Collier F. Primary and metastatic bronchi-
olo-alveolar carcinoma. Chest. 1967;52:147–52.  

    56.    Bennett DE, Sasser WF. Bronchiolar carcinoma: a valid clinico-
pathologic entity? A study of 30 cases. Cancer. 1969;24:876–87.  

    57.    Delarue NC, Anderson W, Sanders D, Starr J. Bronchiolo-alveolar 
carcinoma: a reappraisal after 24 years. Cancer. 1972;29:90–7.  

    58.    Marco M, Galy P. Bronchioloalveolar carcinoma: clinicopathologic 
relationships, natural history, and prognosis in 29 cases. Am Rev 
Respir Dis. 1973;107:621–9.  

    59.    Schraunagel D, Peloquin A, Pare JAP, Wang NS. Differentiating 
bronchioloalveolar carcinoma from adenocarcinoma. Am Rev 
Respir Dis. 1982;125:74–9.  

    60.    Singh G, Katyal SL. Bronchioloalveolar carcinomas: a heteroge-
neous group. Am Rev Respir Dis. 1982;125:183.  

    61.    Singh G, Katyal SL, Torikata C. Carcinoma of type II pneumo-
cytes: immunodiagnosis of a subtype of “bronchioloalveolar carci-
nomas”. Am J Pathol. 1981;102:195–208.  

    62.    Dermer GB. Origin of bronchioloalveolar carcinoma and peripheral 
bronchial adenocarcinoma. Cancer. 1982;49:881–7.  

    63.    Manning JT, Spjut HJ, Tsechen JA. Bronchioloalveolar carcinoma: the 
signi fi cance of two histopathologic types. Cancer. 1984;54:525–34.  

    64.    Clayton F. Bronchiloalveolar carcinomas. Cell types, patterns of 
growth, and prognostic correlates. Cancer. 1986;57:1555–64.  

    65.    Thomas JJ, Tullett WM, Stack BHR. Bronchioloalveolar cell carci-
noma: a 21-year retrospective study of cases at the Western 
In fi rmary, Glasgow. Br J Dis Chest. 1985;79:132–40.  

    66.    Elson CE, Moore SP, Johnston WW. Morphologic and immunohis-
tochemical studies of bronchioloalveolar carcinoma at Duke 
University Medical Center, 1968–1986. Anal Quant Cytol Histol. 
1989;11:261–74.  

    67.    Daly RC, Trastek VF, Pairolero PC, et al. Bronchoalveolar carci-
noma: factors affecting survival. Ann Thorac Surg. 1991;51:
368–77.  

    68.    Feldman ER, Eagan RT, Schaid DJ. Metastatic bronchioloalveolar 
carcinoma and metastatic adenocarcinoma of the lung: comparison 
of clinical manifestations, chemotherapeutic responses, and prog-
nosis. Mayo Clin Proc. 1992;67:27–32.  

    69.    Breathnach OS, Ishibe N, Williams J, et al. Clinical features of 
patients with stage IIIb and IV bronchioloalveolar carcinoma of the 
lung. Cancer. 1999;86:1165–73.  

    70.    Hsu CP, Chen CY, Hsu NY. Bronchioloalveolar carcinoma. J Thorac 
Cardiovasc Surg. 1995;110:374–81.  

    71.    Fujimoto N, Segawa Y, Takigawa N, et al. Clinical investigation of 
bronchioloalveolar carcinoma: a retrospective analysis of 53 
patients in a single institution. Anticancer Res. 1999;19:1369–74.  

    72.    Barkley JE, Green MR. Bronchioloalveolar carcinoma. J Clin 
Oncol. 1996;14:2377–86.  

    73.    Goodwin LO, Mason JM, Hajdu SI. Gene expression patterns of 
paired bronchioloalveolar carcinoma and benign lung tissue. Ann 
Clin Lab Sci. 2001;31:369–75.  

    74.    Read WL, Page NC, Tierney RM, et al. The epidemiology of bron-
chioloalveolar carcinoma over the last two decades: analysis of the 
SEER database. Lung Cancer. 2004;45:137–42.  

    75.    Raz DJ, Jablons DM. Bronchioloalveolar carcinoma is not associ-
ated with younger age at diagnosis: an analysis of the SEER data-
base. J Thorac Oncol. 2006;1:339–43.  

    76.    Ohye RG, Cohen DM, Caldwell S, Qualman SJ. Pediatric bronchi-
oloalveolar carcinoma: a favorable pediatric malignancy? J Pediatr 
Surg. 1998;33:730–2.  

    77.    Breathnach OS, Kwiatowski DJ, Finkelstein DM, et al. 
Bronchioloalveolar carcinoma of the lung: recurrences and survival 
in patients with stage I disease. J Thorac Cardiovasc Surg. 
2001;121:42–7.  

    78.    Rena O, Papalia E, Ruf fi ni E, et al. Stage I pure bronchioloalveolar 
carcinoma: recurrences, survival and comparison with adenocarci-
noma. Eur J Cardiothorac Surg. 2003;23:409–14.  



118 3 Non-Small Cell Carcinomas

    79.    Gaeta M, Blandino A, Pergolizzi S, et al. Patterns of recurrence of 
bronchioloalveolar cell carcinoma after surgical resection: a 
 radiological, histological, and immunohistochemical study. Lung 
Cancer. 2003;42:319–26.  

    80.    Ebright MI, Zakoski MF, Martin J, et al. Clinical pattern and patho-
logic stage but not histologic features predict outcome for bronchi-
oloalveolar carcinoma. Ann Thorac Surg. 2002;74:1640–7.  

    81.    Travis WD, Garg K, Franklin WA, et al. Bronchioloalveolar carci-
noma and lung adenocarcinoma: the clinical importance and 
research relevance of the 2004 World Health Organization patho-
logic criteria. J Thorac Oncol. 2006;1:S13–9.  

    82.    Noguchi M, Morikawa A, Kawasaki M, et al. Small adenocarci-
noma of the lung: histologic characteristics and prognosis. Cancer. 
1995;75:2844–52.  

    83.    Zell JA, Ou SHI, Ziogas A, Culver HA. Epidemiology of bronchi-
oloalveolar carcinoma: improvement in survival after release of the 
1999 WHO classi fi cation of lung tumors. J Clin Oncol. 
2005;23:8396–405.  

    84.    Zell JA, Ou SHI, Ziogas A, Culver HA. Validation of the proposed 
international association for the study of lung cancer non-small cell 
lung cancer staging system revisions for advanced bronchioloalve-
olar carcinoma using data from the California Cancer Registry. 
J Thorac Oncol. 2007;2:1078–85.  

    85.    Grover FL, Piantadosi S. Recurrence and survival following resec-
tion of bronchioloalveolar carcinoma of the lung – The Lung Cancer 
Study Group experience. Ann Surg. 1989;209:779–90.  

    86.    Gar fi eld DH, Cadranel JL, Wislez M, et al. The bronchioloalveolar 
carcinoma and peripheral adenocarcinoma spectrum of diseases. 
J Thorac Oncol. 2006;1:344–59.  

    87.    Damhuis RAM, Schutte PR, Varin OCM, et al. Poor results after 
surgery for bronchioloalveolar carcinoma. Eur J Surg Oncol. 
2006;32:573–6.  

    88.    Sidhu SG, Wieczorek R, Cassai ND, Zhu CC. The concept of bron-
chioloalveolar cell adenocarcinoma: rede fi nition, a critique of the 
1999 WHO classi fi cation, and an ultrastructural analysis of 155 
cases. Int J Surg Pathol. 2003;11:89–99.  

    89.    Hajdu SI. A note from history: the story of bronchioloalveolar car-
cinoma. Ann Clin Lab Sci. 2005;35:336–8.  

    90.    Noguchi M, Kodama T, Shimosato Y, et al. Papillary adenoma of 
type 2 pneumocytes. Am J Surg Pathol. 1986;10:134–9.  

    91.    Koga T, Hashimoto S, Sugio K, et al. Lung adenocarcinoma with 
bronchioloalveolar component is frequently associated with foci of 
high-grade atypical adenomatous hyperplasia. Am J Clin Pathol. 
2002;117:464–70.  

    92.    Travis WD, Linnoila RI, Horowitz M, et al. Pulmonary nodules 
resembling bronchioloalveolar carcinoma in adolescent cancer 
patients. Mod Pathol. 1988;1:372–7.  

    93.    Morandi L, Asioli S, Cavazza A, et al. Genetic relationship 
among atypical adenomatous hyperplasia, bronchioloalveolar 
carcinoma, and adenocarcinoma of the lung. Lung Cancer. 
2007;56:35–42.  

    94.       Solis LM, Behrens C, Raso MG, Lin HY, Kadara H, Yuan P, et al. 
Histologic patterns and molecular characteristics of lung adenocar-
cinoma associated with clinical outcome. Cancer. 2011;118:2889–
99. doi:  10.1002/cncr.26584    .  

    95.    Ogata T, Endo K. Clara cell granules of peripheral lung cancers. 
Cancer. 1984;54:1635–44.  

    96.    Hirata H, Noguchi M, Shimosato Y, et al. Clinicopathologic and 
immunohistochemical characteristics of bronchial gland cell type 
adenocarcinoma of the lung. Am J Clin Pathol. 1990;93:20–5.  

    97.    Edwards CW. Pulmonary adenocarcinoma: review of 106 cases and 
proposed new classi fi cation. J Clin Pathol. 1987;40:125–35.  

    98.    Miller RA, Nelems B, Evans KG, et al. Glandular neoplasia of the 
lung: a proposed analogy to colonic tumors. Cancer. 1988;61:
1009–14.  

    99.    Dabbs DJ, Landreneau RJ, Liu Y, et al. Detection of estrogen 
receptors by immunohistochemistry in pulmonary adenocarci-
noma. Ann Thorac Surg. 2002;73:403–6.  

    100.    Siami K, McCluggage G, Ordonez NG, et al. Thyroid transcrip-
tion factor-1 expression in endometrial and endocervical adeno-
carcinomas. Am J Surg Pathol. 2007;31:1759–63.  

    101.    Moran CA. Mucin-rich tumors of the lung. Adv Anat Pathol. 
1995;2:299–305.  

    102.    Kragel PJ, Devaney KO, Meth BM, Linnoila I, Frierson HF, Travis 
WD. Mucinous cystadenoma of the lung: a report of two cases 
with immunohistochemical and ultrastructural analysis. Arch 
Pathol Lab Med. 1990;114:1053–6.  

    103.    Traub B. Mucinous cystadenoma of the lung [letter]. Arch Pathol 
Lab Med. 1991;115:740.  

    104.    Dixon AY, Moran JF, Wesselius LJ, McGregor DH. Pulmonary 
mucinous cystic tumor: case report with review of the literature. 
Am J Surg Pathol. 1993;17:722–8.  

    105.    Higashima M, Doi O, Kodama K, Yokouchi H, Tateishi R. Cystic 
mucinous adenocarcinoma of the lung: two cases of cystic variant 
of mucinous-producing lug adenocarcinoma. Chest. 
1992;101:763–6.  

    106.    Davison AM, Lowe JW, Da Costa P. Adenocarcinoma arising in a 
mucinous cystadenoma of the lung. Thorax. 1992;47:129–30.  

    107.    Graeme-Cook F, Mark EJ. Pulmonary mucinous cystic tumors of 
borderline malignancy. Hum Pathol. 1991;22:185–90.  

    108.    Moran CA, Hochholzer L, Fishback N, Koss MN. Mucinous (so-
called colloid) carcinoma of the lung. Mod Pathol. 1992;5:634–8.  

    109.    Silver S, Askin FB. True papillary carcinoma of the lung. A dis-
tinct clinicopathologic entity. Am J Surg Pathol. 1997;21:43–51.  

    110.    Zhang J, Tomizawa Y, Yanagitani N, et al. Papillary adenocarci-
noma of the lung is a more advanced adenocarcinoma than bron-
chioloalveolar carcinoma that is composed of two distinct 
histological subtypes. Pathol Int. 2005;55:619–25.  

    111.    Aida S, Shimazaki H, Sato K, et al. Prognostic analysis of pulmo-
nary adenocarcinoma subclassi fi cation with special consideration 
of papillary and bronchioloalveolar types. Histopathology. 
2004;45:466–76.  

    112.    Moran CA, Jagirdar J, Suster S. Papillary lung adenocarcinoma 
with prominent “morular” component. Am J Clin Pathol. 
2004;122:106–9.  

    113.    Amin M, Tamboli P, Merchant SH, et al. Micropapillary compo-
nent in lung adenocarcinoma: a distinctive histologic feature with 
possible prognostic signi fi cance. Am J Surg Pathol. 2002;26:
358–64.  

    114.    Makimoto Y, Nabeshima K, Iwasaki H, et al. Micropapillary pat-
tern: a distinctive pathological marker to subclassify tumours with 
signi fi cantly poor prognosis within small peripheral lung adeno-
carcinoma (< 20 mm) with mixed bronchioloalveolar and invasive 
subtypes (Noguchi’s type C tumours). Histopathology. 
2005;46:677–84.  

    115.    Kuroda N, Hamaguchi N, Takeuchi E, et al. Lung adenocarcinoma 
with micropapillary pattern: a clinicopathological study of 25 
cases. Acta Pathol Microbiol Immunol Scand Suppl. 
2006;114:381–5.  

    116.    Miyoshi T, Satoh Y, Okumura S, et al. Early-stage lung adenocar-
cinomas with micropapillary pattern, a distinct pathologic marker 
for a signi fi cantly poor prognosis. Am J Surg Pathol. 2003;27:
101–9.  

    117.    Hoshi R, Tsuzuku M, Horai T, et al. Micropapillary clusters in 
early-stage lung adenocarcinoma. A distinct cytologic sign of 
signi fi cantly poor prognosis. Cancer Cytopathol. 2004;102:81–6.  

    118.    Kish JK, Ro JY, Ayala AG, McMurtrey MJ. Primary mucinous 
adenocarcinoma of the lung with signet-ring cells: a histochemical 
comparison with signet ring cell carcinomas of other sites. Hum 
Pathol. 1989;20:1097–102.  

http://dx.doi.org/10.1002/cncr.26584


119References

    119.    Sarma EP. Primary signet-ring cell carcinoma of the lung [letter to 
the editor]. Hum Pathol. 1990;21:459–60.  

    120.    Hayashi H, Kitamura H, Nakatani Y, et al. Primary signet ring cell 
carcinoma of the lung: histochemical and immunohistochemical 
characterization. Hum Pathol. 1999;30:378–83.  

    121.    Castro CY, Moran CA, Flieder DG, Suster S. Primary signet ring 
cell adenocarcinoma of the lung: a clinicopathological study of 15 
cases. Histopathology. 2001;39:397–401.  

    122.    Steinhauer JR, Moran CA, Suster S. Secretory endometrioid-like 
adenocarcinoma of the lung. Histopathology. 2005;47:219–20.  

    123.    Ishikura H, Kanda M, Ito M, et al. Hepatoid adenocarcinoma: 
a distinctive histological subtype of alpha-fetoprotein-producing 
lung carcinoma. Virchows Arch A Pathol Anat Histopathol. 
1990;417:73–80.  

    124.    Arnould L, Drouot F, Fargeot P, et al. Hepatoid adenocarcinoma of 
the lung. Am J Surg Pathol. 1997;43:654–61.  

    125.    Nasu M, Soma T, Fukushima H, et al. Hepatoid carcinoma of the 
lung with production of a-fetoprotein and abnormal prothrombin: 
an autopsy case report. Mod Pathol. 1997;10:1054–8.  

    126.    Carlinfante G, Pia-Foshini M, Pasquinelli G, et al. Hepatoid carci-
noma of the lung: a case report with immunohistochemical, ultra-
structural and in situ hybridization  fi ndings. Histopathology. 
2000;37:88–9.  

    127.    Yasunami R, Hashimoto Z, Ogura T, et al. Primary lung cancer 
producing alpha-fetoprotein: a case report. Cancer. 1981;47:
926–9.  

    128.       Miyake M, Ito M, Taki T, et al. A case report of two patients with 
pulmonary lung cancer secreting AFP. Nippon Kyobu Geka 
Gakkai Zasshi. 1986;34:914–9.  

    129.    Hayashi Y, Takanashi Y, Ohsawa H, et al. Hepatoid adenocarci-
noma of the lung. Lung Cancer. 2002;38:211–4.  

    130.    Solis LM, Raso GM, Behrens C, et al. Primary oncocytic adeno-
carcinoma of the lung: a clinicopathologic, immunohistochemi-
cal, and molecular biologic analysis of 16 cases. Am J Clin Pathol. 
2010;133:133–40.  

    131.    Sherwin RP, Laforret EG, Strieder JW. Exophytic endobronchial 
carcinoma. J Thorac Cardiovasc Surg. 1962;43:716–30.  

    132.    Dulmet-Brender E, Jaubert F, Huchon G. Exophytic endobron-
chial epidermoid carcinoma. Cancer. 1986;57:1358–64.  

    133.    Cooper L, Hagenschneider JK, Banky S, Rosado-de-Christenson 
ML, Suster S. Papillary endobronchial squamous cell carcinoma. 
Ann Diagn Pathol. 2005;9:284–8.  

    134.    Laubscher F. Solitary squamous cell papilloma of bronchial ori-
gin. Am J Clin Pathol. 1969;52:599–603.  

    135.    Spencer H, Dail DH, Arneaud J. Non-invasive bronchial epithelial 
papillary tumors. Cancer. 1980;45:1486–97.  

    136.    Trillo A, Guha A. Solitary condylomatous papilloma of the bron-
chus. Arch Pathol Lab Med. 1988;112:731–3.  

    137.    Al-Saleem T, Peale AR, Norris CM. Multiple papillomatosis of 
the lower respiratory tract: clinical and pathologic study of eleven 
cases. Cancer. 1968;6:1173–84.  

    138.    Suster S, Huszar M, Herczeg E. Spindle cell squamous carcinoma 
of the lung: immunohistochemical and ultrastructural study of a 
case. Histopathology. 1987;11:871–8.  

    139.    Wang BY, Gill J, Kaufman D, et al. P63 in primary pulmonary 
epithelium, pulmonary squamous neoplasms, and other pulmo-
nary tumors. Hum Pathol. 2002;33:921–6.  

    140.    Weissferdt A, Moran CA. Microscystic squamous cell carcinoma: 
a clinicopathological correlation of 3 cases. Am J Clin Pathol. 
2011;136:436–41.  

    141.    Pelosi G, Pasini F, Stenholm CO, et al. P63 immunoreactivity in 
lung cancer: yet another player in the development of squamous 
cell carcinomas? J Pathol. 2002;198:100–9.  

    142.    Pelosi G, Barisella M, Pasini F, et al. CD117 immunoreactivity in 
stage I adenocarcinoma and squamous cell carcinoma of the lung: 

relevance to prognosis in a subset of adenocarcinoma patients. 
Mod Pathol. 2004;17:711–21.  

    143.    Yoshino I, Osoegawa A, Yohena T, et al. Loss of heterozygosity 
(LOH) in non-small cell lung cancer: difference between adenocarci-
noma and squamous cell carcinoma. Respir Med. 2005;99:308–12.  

    144.    Chujo M, Noguchi T, Miura T, et al. Comparative genomic hybrid-
ization analysis detected frequent overrepresentation of chromo-
some 3q in squamous cell carcinoma of the lung. Lung Cancer. 
2002;38:23–9.  

    145.    Churg A. The  fi ne structure of large cell undifferentiated carci-
noma of the lung. Hum Pathol. 1978;9(2):143–56.  

    146.    Yesner R. Large cell carcinoma of the lung. Semin Diagn Pathol. 
1985;2(4):255–69.  

    147.    Albain KS, Ture LD, Golomb HM, et al. Large cell carcinoma of 
the lung: ultrastructural differentiation and clinicopathologic cor-
relations. Cancer. 1985;56:1618–23.  

    148.    Kodama T, Shimosato Y, Koide T, et al. Large cell carcinoma of 
the lung – ultrastructural and immunohistochemical studies. Jpn J 
Clin Oncol. 1985;15:431–41.  

    149.    Leung CS, Morava-Protzner I. Large cell carcinoma of the lung 
with osteoclast-like giant cells. Histopathology. 1998;32:482–4.  

    150.    Masse SR, Dawson DT, Khaliq A. Ectopic gonadotropin in a case of 
anaplastic large-cell carcinoma of the lung. CMAJ. 1974;111:253–5.  

    151.    Zhong D, Guo L, Aguirre I, et al. LKB1 mutation in large cell 
carcinoma of the lung. Lung Cancer. 2006;53:285–94.  

    152.    Fitzgibbons PL, Kern WH. Adenosquamous carcinoma of the 
lung: a clinical and pathologic study of seven cases. Hum Pathol. 
1985;16:463–6.  

    153.    Naunheim KS, Taylor JR, Skosey C, et al. Adenosquamous lung 
carcinoma: clinical characteristics, treatment, and prognosis. Ann 
Thorac Surg. 1987;44:462–6.  

    154.       Sridhar KS, Raub WA, Duncan RC, Hilsenbeck S. The increasing 
recognition of adenosquamous lung carcinoma (1977–1986). Am 
J Clin Oncol. 1992;15:356–62.  

    155.    Sridhar KS, Bounassi MJ, Raub W, Richman SP. Clinical features 
of adenosquamous lung carcinoma in 127 patients. Am Rev Respir 
Dis. 1990;142:19–23.  

    156.    Takamori S, Noguchi M, Morinaga S, et al. Clinicopathologic 
characteristics of adenosquamous carcinoma of the lung. Cancer. 
1991;67:649–54.  

    157.    Teruyoshi I, Kaneko S, Yokoyama H, et al. Adenosquamous carci-
noma of the lung: clinicopathologic and immunohistochemical 
features. Am J Clin Pathol. 1992;97:678–85.  

    158.    Mnaymneh LG, Raub WA, Sridhar KS, et al. The accuracy of the 
histological classi fi cation of lung carcinoma and its reproducibil-
ity: a study of 75 archival cases of adenosquamous carcinoma. 
Cancer Invest. 1993;11:641–51.  

    159.    Hofmann HS, Knolle J, Neef H. The adenosquamous lung carci-
noma: clinical and pathological characteristics. J Cardiovasc Surg. 
1994;35:543–7.  

    160.    Shimizu J, Oda M, Hayashi Y, et al. A clinicopathologic study of 
resected cases of adenosquamous carcinoma of the lung. Chest. 
1996;109:989–94.  

    161.    Hsia JY, Chen CY, Hsu CP, et al. Adenosquamous carcinoma of 
the lung: surgical results compared with squamous cell and adeno-
carcinoma. Scand Cardiovasc J. 1998;33:29–32.  

    162.    Nakagawa K, Yasumitu T, Fukuhara K, et al. Poor prognosis after 
lung resection for patients with adenosquamous carcinoma of the 
lung. Ann Thorac Surg. 2003;75:1740–4.  

    163.    Gawrychowski J, Brulinski K, Malinowski E, Papla B. Prognosis 
and survival after radical resection of primary adenosquamous 
lung carcinoma. Eur J Cardiothorac Surg. 2005;27:686–92.  

    164.    Ylagan LR, Scholes J, Demopoulos R. CD44: a marker of 
squamous differentiation in adenosquamous neoplasms. Arch 
Pathol Lab Med. 2000;124:212–5.  



120 3 Non-Small Cell Carcinomas

    165.    Kanazawa H, Ebina M, Ino-Oka N, et al. Transition from squamous 
cell carcinoma to adenocarcinoma in adenosquamous carcinoma 
of the lung. Am J Pathol. 2000;156:1289–98.  

    166.    Kang SM, Kang HJ, Shin JH, et al. Identical epidermal growth 
factor receptor mutations in adenocarcinomatous and squamous 
cell carcinomatous components of adenosquamous carcinoma of 
the lung. Cancer. 2007;109:581–7.  

    167.    Liang JC, Kurzrock R, Gutterman JU, Gallick GE. Trisomy 12 
correlates with elevated expression of p21ras in a human ade-
nosquamous carcinoma of the lung. Cancer Genet Cytogenet. 
1986;23:183–8.  

    168.    Humphrey P, Scroggs MW, Roggli V, Shelburne JD. Pulmonary 
carcinomas with sarcomatoid element: an immunohistochemical 
and ultrastructural analysis. Hum Pathol. 1988;19:155–65.  

    169.    Matsui K, Kitagawa M. Spindle cell carcinoma of the lung: a clini-
copathologic study of three cases. Cancer. 1991;67:2361–7.  

    170.    Ro JY, Chen JL, Lee JS, et al. Sarcomatoid carcinoma of the lung: 
immunohistochemical and ultrastructural studies of 14 cases. 
Cancer. 1992;69:376–86.  

    171.    Fishback NF, Travis WD, Moran CA, et al. Pleomorphic (spindle/
giant cell) carcinoma of the lung: a clinicopathologic correlation 
of 78 cases. Cancer. 1994;73:2936–45.  

    172.    Razzuk MA, Urschel HC, Albers JE, et al. Pulmonary giant cell 
carcinoma. Ann Thorac Surg. 1976;21:540–5.  

    173.    Wang NS, Seemayer TA, Ahmed MN, Knaack J. Giant cell carci-
noma of the lung: a light and electron microscopic study. Hum 
Pathol. 1976;7:3–16.  

    174.    Bendel WL, Ishak KG. Giant cell carcinoma of the lung: report of 
two cases. Am J Clin Pathol. 1961;35:435–40.  

    175.    Nash AD, Stout AP. Giant cell carcinoma of the lung: report of 5 
cases. Cancer. 1958;11:369–76.  

    176.    Herman DL, Bullock WK, Waken JK. Giant cell adenocarcinoma 
of the lug. Cancer. 1966;19:1337–46.  

    177.    Hellstrom HR, Fisher ER. Giant cell carcinoma of the lung. 
Cancer. 1963;16:1080–8.  

    178.    Shin M, Jackson LK, Shelton RW, Greene RE. Giant cell carci-
noma of the lung: clinical and roentgenographic manifestations. 
Chest. 1986;89:366–9.  

    179.    Ginsberg SS, Buzaid AC, Stern H, Carter D. Giant cell carcinoma 
of the lung. Cancer. 1992;70:606–10.  

    180.    Addis BJ, Dewar A, Thurlow NP. Giant cell carcinoma of the lung 
– immunohistochemical and ultrastructural evidence of dediffer-
entiation. J Pathol. 1988;155:231–40.  

    181.    Przygodzki RM, Koss MN, Moran CA, et al. Pleomorphic (giant 
and spindle cell) carcinoma is genetically distinct from adenocar-
cinoma and squamous cell carcinoma by K-ras-2 and p53 analy-
sis. Am J Clin Pathol. 1996;106:487–92.  

    182.    Rubenchik I, Dardick I, Auger M. Cytopathology and ultrastruc-
ture of primary rhabdoid tumor of the lung. Ultrastruct Pathol. 
1996;20:355–60.  

    183.    Cavazza A, Colby TV, Tsokos M, et al. Lung tumors with rhab-
doid phenotype. Am J Clin Pathol. 1996;105:182–8.  

    184.    Chetty R, Bhana B, Batitang S, Govender D. Lung carcinomas 
composed of rhabdoid cells. Eur J Surg Oncol. 1997;23:432–4.  

    185.    Miyagi I, Tsuhako K, Kinjo T, et al. Rhabdoid tumour of the lung 
is a dedifferentiated phenotype of pulmonary adenocarcinoma. 
Histopathology. 2000;37:37–44.  

    186.    Shimazaki H, Aida S, Sato M, et al. Lung carcinoma with rhab-
doid cells: a clinicopathological study and survival analysis of 14 
cases. Histopathology. 2001;38:425–34.  

    187.    Kaneko T, Honda T, Fukushima M, et al. Large cell carcinoma of 
the lung with rhabdoid phenotype. Pathol Int. 2002;52:643–7.  

    188.    Hiroshima K, Shibuya K, Shimamura F, et al. Pulmonary large 
cell carcinoma with rhabdoid phenotype. Ultrastruct Pathol. 
2003;27:55–9.  

    189.    Tamboli P, Tropani TH, Amin MB, et al. Carcinoma of lung with 
rhabdoid features. Hum Pathol. 2004;35:8–13.  

    190.    Yilmazbayhan D, Ates LE, Dilege S, et al. Pulmonary large cell 
carcinoma with rhabdoid phenotype. Ann Diag Pathol. 
2005;9:223–6.  

    191.    Falconieri G, Moran CA, Pizzolitto S, et al. Intrathoracic rhabdoid 
carcinoma: a clinicopathological immunohistochemical, and 
ultrastructural study of 6 cases. Ann Diagn Pathol. 2005;9:
279–83.  

    192.    Wick MR, Ritter JH, Dehner LP. Malignant rhabdoid tumors: 
a clinicopathologic review and conceptual discussion. Semin 
Diagn Pathol. 1995;12:233–48.  

    193.    Begin LR, Eskandari J, Joncas J, Panasci L. Epstein-Barr virus 
related lymphoepithelioma-like carcinoma of the lung. J Surg 
Oncol. 1987;36:280–3.  

    194.    Han A, Xiong M, Gu Y, et al. Lymphoepithelioma-like carcinoma 
of the lung with a better prognosis: a clinicopathologic study of 32 
cases. Am J Clin Pathol. 2001;115:841–50.  

    195.    Chan JKC, Hui PK, Tsang WYW, et al. Primary lymphoepithe-
lioma-like carcinoma of the lung: a clinicopathologic study of 11 
cases. Cancer. 1995;76:413–22.  

    196.    Butler AE, Colby TV, Weiss L, Lombard C. Lymphoepithelioma-
like carcinoma of the lung. Am J Surg Pathol. 1989;13:632–9.  

    197.    Ho JC, Wong MP, Wong MK, et al. Lymphoepithelioma-like car-
cinoma of the lung: experience with ten cases. Int J Tuberc Lung 
Dis. 2004;8:890–5.  

    198.    Guerrero A, La fl amme M, Agoff SN, et al. Primary lymphoepithe-
lioma-like carcinoma of the lung. Can Respir J. 2001;8:431–3.  

    199.    Frank MW, Shields TW, Joob AW, et al. Lymphoepithelioma-like 
carcinoma of the lung. Ann Thorac Surg. 1997;64:1162–4.  

    200.    Wockel W, Ho fl er HH, Popper HH, Morresi A. Lymphoepithelioma-
like carcinoma of the lung. Pathol Res Pract. 1995;191:1170–4.  

    201.    Miller B, Montgomery C, Watne A, et al. Lymphoepithelioma-
like carcinoma of the lung. J Surg Oncol. 1991;48:62–8.  

    202.    Curcio LD, Cohen JS, Grannis FW, et al. Primary lymphoepithe-
lioma-like carcinoma of the lung in a child: report of an Epstein-
Barr virus-related neoplasm. Chest. 1997;111:250–1.  

    203.    Gal AA, Unger ER, Koss MN, Yen BST. Detection of Epstein-
Barr virus in lymphoepithelioma-like carcinoma of the lung. Mod 
Pathol. 1991;4:264–8.  

    204.    Pittaluga S, Wong MP, Chung LP, Loke SL. Clonal Epstein-Bar 
virus in lymphoepithelioma-like carcinoma of the lung. Am J Surg 
Pathol. 1993;17:678–82.  

    205.    Higashiyama M, Doi O, Kodama K, et al. Lymphoepithelioma-
like carcinoma of the lung: analysis of two cases for Epstein-Barr 
virus infection. Hum Pathol. 1995;26:1278–82.  

    206.    Chen FF, Yan JJ, Lai WW, et al. Epstein-Barr virus-associated 
nonsmall cell lung carcinoma: undifferentiated “lymphoepithelio-
ma-like” carcinoma as a distinct entity with better prognosis. 
Cancer. 1998;82:2334–42.  

    207.    Castro CY, Ostrowski ML, Barrios R, et al. Relationship between 
Epstein-Barr virus and lymphoepithelioma-like carcinoma of the 
lung: a clinicopathologic study of 6 cases and review of the litera-
ture. Hum Pathol. 2001;32:863–72.  

    208.    Chang YL, Wu CT, Shih JY, Lee YC. New aspects in clinico-
pathologic and oncogene studies of 23 pulmonary lymphoepithe-
lioma-like carcinomas. Am J Surg Pathol. 2002;26:715–23.      



121A. Weissferdt, C.A. Moran, Diagnostic Pathology of Pleuropulmonary Neoplasia, 
DOI 10.1007/978-1-4419-0787-5_4, © Springer Science+Business Media New York 2013

            Introduction 

 Neuroendocrine neoplasms occurring primary in the lung 
account for approximately 15% of this family of tumors. 
Unfortunately, the bulk of neuroendocrine tumors are made 
up by small cell lung carcinoma. In recent statistics, it has 
been estimated that small cell carcinomas of the lung may 
account for approximately 30,000 new cases on a yearly 
basis. Paradoxically, a disease that previously was observed 
predominantly in older men, now appears to affect men and 
women almost equally. However, it is important to keep in 
mind that although the gamut of primary lung tumors that 
may show neuroendocrine differentiation is rather complex, 
involving tumors not only of epithelial but also of mesenchy-
mal or neural origin, this chapter will be limited to the most 
conventional epithelial carcinomas that range from the low- 
to the high-grade types. Another important aspect in this 
chapter will be the discussion with another neuroendocrine 
tumor that, even though not considered carcinoma, may pose 
a signi fi cant problem in the differential diagnosis: intrapul-
monary paraganglioma. 

 Neuroendocrine neoplasms are ubiquitous tumors that 
have been the subject of much investigation for over a cen-
tury. Although the low-grade tumors (carcinoid tumor) were 
initially described as a form of neoplasms that behave better 
than conventional carcinoma different studies of these tumors 
have focused on the concept of a family of neoplasms that 
may expand from the indolent and insigni fi cant small lesion 
(so-called tumorlet)—more often encountered by chance—
to low-, intermediate-, and high-grade malignancies. In order 
to provide a better understanding in terms of clinical course, 
behavior, and possible histogenesis, different studies includ-
ing morphological, immunohistochemical, and molecular 
studies have attempted to shed some light on this family of 
neoplasms. However, a universal agreement has not been 
reached. Some reviews on the subject  [  1  ]  are either priort to 

the most recent classi fi cation of lung tumors by the World 
Health Organization (WHO)  [  2  ]  or have separated these 
tumors in the conventional three-way category system  [  3  ] . 
Although other studies have followed the WHO classi fi cation, 
those studies have stated the dif fi culty that exists in making 
these diagnoses on surgical biopsy specimens  [  4  ] . One of the 
biggest problems in achieving full agreement across all ana-
tomic areas is the fact that the designation given to some of 
these tumors depends largely on the anatomic site in which 
they may occur. To illustrate this fact, one only has to review 
the WHO classi fi cation for tumors of the pleura, lung, thy-
mus, and heart  [  2  ]  in which tumors in the thymus are sepa-
rated into low- and high-grade malignancies while those in 
the lung are separated into a four-way category system, dem-
onstrating the inconsistency in the classi fi cation of these 
tumors, even in the same anatomic area—the thorax. 

 Siegfried Oberndorfer  [  5  ]  is credited for coining the term 
“carcinoid tumor” in 1907. However, Bunting  [  6  ]  from Johns 
Hopkins in 1904 had described a case under the designation 
of “multiple primary carcinomata” and made reference to 
other possible descriptions that dated back to the eighteenth 
century. Thus, it appears that this tumor may have been rec-
ognized well over a century ago. In 1914, Gossett and Masson 
 [  7  ]  described similar tumors in the appendix and made an 
analogy to the previous description by Oberndorfer  [  5  ] . 
Contrary to the knowledge generated for these tumors in the 
gastrointestinal system, similar tumors in the respiratory 
tract, essentially those occurring in the bronchial wall, were 
being coded as bronchial adenomas  [  8,   9  ] . Gmelich et al. 
 [  10  ]  identi fi ed the presence of Kultschitzky cells in bronchi-
oles and established the relationship of these cells and the 
occurrence of these neoplasms in the lung. Interestingly, 
Hausman and Weimann  [  11  ]  described a case with lymph 
node metastasis under the designation of “pulmonary 
 tumorlet.” The authors alluded to the fact that these tumors 
have a low malignant potential. As per their description of 
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the case, the tumor measured 1.5 cm, and it had spindle cell 
morphology with lymph node metastasis. On the other hand, 
Azzopardi  [  12  ]  in a study of 100 cases of what he called “oat 
cell carcinoma,” based on 16 surgical cases and 84 cases 
from autopsy material, stated that oat cell carcinoma has 
positive structural features that identify this tumor including 
streams, ribbons, rosettes, and ductules. Judging by this 
de fi nition and at least one of the illustrations presented in 
this review, it is possible that some of the cases presented in 
this study may not represent oat cell carcinoma as it is de fi ned 
today. Thus, it is possible that some of the cases presented by 
Azzopardi  [  12  ]  may correspond to intermediate-grade 
 neuroendocrine carcinomas of today. Similar experience 
may be drawn from the 138 cases of oat cell carcinoma pre-
sented by Yukato et al.  [  13  ]  where some of those tumors, 
although neuroendocrine in nature, may not necessarily be of 
the oat cell type, as it is de fi ned today. 

 In order to shed light onto this dif fi cult subject, many 
authors have employed different terms to explain the origin 
of these tumors. Terms such as histogenesis, differentiation, 
multidirectional differentiation, and/or divergent differen-
tiation have been used, unfortunately not with the intended 
goal, as they have introduced more confusion into this  fi eld. 
Gould et al.  [  14  ]  introduced the term “multidirectional dif-
ferentiation” after observing the presence of neuroendocrine, 
mucosubstance-producing, and squamous cells in pulmonary 
carcinomas. In addition, Gould et al.  [  14  ]  made observations 
that certain tumors may share similar patterns of differen-
tiation. Interestingly, Gould et al.  [  14  ]  also described cases, 
which by electron microscopy showed predominant features 
of squamous differentiation, thus designating those tumors 
as neuroendocrine carcinomas with squamous differentia-
tion. The authors also alluded to the fact that some squamous 
and adenocarcinomas of the lung may show membrane-
bound and dense-core granules by electron microscopy. 
However, Gould  [  15  ]  also warned about the possibility of 
having cell populations with similar or identical patterns of 
differentiation, which may not necessarily share identical 
or even closely related embryogenesis. To that extent other 
authors had documented earlier the presence of neoplasms of 
the non-small cell type, which histologically may look like 
squamous cell carcinomas or adenocarcinomas and in which 
electron microscopic studies may show the presence of neu-
rosecretory granules. Earlier denominations for those tumors 
have been atypical endocrine tumors. Such descriptions have 
raised high concerns about the true signi fi cance of the many 
classi fi cation systems available for neuroendocrine tumors 
 [  16  ] . In addition, tumor differentiation raises even higher 
issues such as the fact that some small cell carcinomas may 
lack the presence of  immunohistochemical differentiation 
for neuroendocrine markers and/or the presence of neurose-
cretory granules by ultrastructural studies, at the same time 
showing the presence of ultrastructural features of epithelial 

tumors. A fact that is worth mentioning is that regardless of 
the histological subtype, all lung tumors are capable of show-
ing neuroendocrine differentiation by immunohistochemis-
try or electron microscopy. 

 Recently, other authors  [  17  ]  arguing that the current 
revised classi fi cation of tumors by the World Health 
Organization  [  2  ]  clearly de fi nes each one of the neuroendo-
crine tumors of the lung have introduced the term “diver-
gent differentiation.” The authors state that divergent 
differentiation applies to a subset of non-small cell carcino-
mas that are not considered neuroendocrine on morpholog-
ical grounds but that show neuroendocrine differentiation 
with immunohistochemical markers (so-called non-small 
cell carcinoma with neuroendocrine differentiation). In 
addition, Brambilla et al.  [  17  ]  state that the so-called tumor-
lets do not differ in the cellular composition from the so-
called typical carcinoid and that these tumorlets also display 
divergent differentiation. Although there are reports of 
“metastatic tumorlets” [  11  ] , those early reports are incor-
rect and represent the current so-called typical carcinoid. 
However, the authors have personally seen a few cases in 
which the neuroendocrine tumor in question has measured 
under 0.5 cm and yet metastatic disease to the lymph nodes 
has been observed. These cases are highly unusual and by 
no means represent the more likely biological behavior of 
the so-called tumorlet, which in the vast majority of cases 
shows indolent clinical behavior.  

   Classi fi cation Schemas 

 Neuroendocrine lung neoplasms have been a subject of 
numerous classi fi cation approaches, many of them, although 
logical, fail to provide a practical approach while others, 
although practical, fail to properly de fi ne this complex group 
of tumors. Herein we evaluate the most important past and 
present classi fi cation systems with their respective salient 
features and at the same time attempt to highlight their prac-
tical use or the lack of it. Table  4.1  depicts three of the most 
common approaches to the classi fi cation of these tumors.  

 In 1977, Gould  [  18  ]  introduced the terms “neuroendocri-
nomas” and “neuroendocrine carcinomas” by drawing an 
analogy of these tumors with the APUD (amine precursor 
uptake and decarboxylation) cell system neoplasms and their 
aberrant secretory activities. Gould emphasized the numer-
ous neoplasms that may belong to this APUD system, which 
is not limited to the respiratory tract or to a particular group 
of tumors, i.e., carcinoid tumor. Gould also elaborated on 
abandoning traditional terms such as “bronchial adenoma”—a 
term that does not convey the true nature of these neoplasms 
and that at the same time is used to encompass a diverse 
group of tumoral conditions. A few important issues may be 
highlighted from this study:  fi rst, the preferred term of 
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 bronchopulmonary neuroendocrine tumor as opposed to 
 bronchopulmonary carcinoid; second, the concept that “oat 
cell” carcinomas represent the malignant counterpart of car-
cinoid tumor; and third, the continuous use of the term undif-
ferentiated “oat cell” carcinoma. In 1983, Gould et al.  [  19  ]  
presented a new classi fi cation system for neuroendocrine 
pulmonary neoplasms. Novel to this classi fi cation system 
was the introduction of a four-way classi fi cation system 
instead of the conventional three-way split. Gould’s schema 
is as follows:

    • Bronchopulmonary carcinoid —Typical histology, locally 
invasive, potential for recurrence, and distant metastasis. 
Bronchopulmonary carcinoid is separated from neuroen-
docrine carcinoma (see below). The cases depicted 
showed penetration of the bronchial wall and mediastinal 
soft tissue. In addition, six cases showed direct invasion 
into lymph nodes at the time of initial presentation.  
   • Well-differentiated neuroendocrine carcinoma —Even 
though it was stated that it may not represent an entirely 
satisfactory designation, this designation is for tumors 
that retain a clearly organoid pattern, moderate cellular 
pleomorphism, mitosis, and “true” lymph node 
metastasis.  
   • Neuroendocrine carcinoma of intermediate-size cells —
Represents a variant of small cell neuroendocrine carci-
noma; the cells are twice the size of “small cell” 

counterparts with prominent nucleoli and abundant 
mitotic  fi gures. Interestingly, the authors state that 7 of 
the 11 cases presented showed features of glandular or 
squamous differentiation.  
   • Neuroendocrine carcinoma of small cell type —Typical 
“oat” cell carcinoma, abundant mitoses, and inconspicu-
ous nucleoli. The authors comment that not all tumors in 
this category are neuroendocrine and recommend the sys-
tematic use of immunohistochemistry to separate those 
tumors that are neuroendocrine from those which are 
not.    
 In 1985, Warren et al.  [  20  ]  presented a study of 81 cases 

of pulmonary neuroendocrine neoplasms assessing Gould’s 
classi fi cation systems and determined their usefulness for 
the proper classi fi cation and treatment of patients with those 
neoplasms. 

 At the same time, Paladugu  [  21  ]  presented a new 
classi fi cation system under the designation of bronchopulmo-
nary Kultschitzky cell carcinomas (KCC) and reverted to the 
three-way category of neuroendocrine neoplasms. The authors 
used the designation of KCC-1, KCC-II, and KCC-III for the 
typical carcinoid, atypical carcinoid, and small cell carcinoma, 
respectively. The author provided a mortality rate of 1.7% for 
KCC-I and 27% for KCC-II. Histologically, the tumors coded 
under KCC-II showed a mitotic activity of 1 mitotic  fi gure per 
high-power  fi eld (hpf). The authors concluded that their 
nomenclature is preferred to that of Gould given the fact that 
they consider the K-cell as the origin of these tumors and in 
addition, it is simpler and less confusing. 

 However, it was Arrigoni et al.  [  22  ]  who in 1972 laid the 
basis for the concept of “atypical carcinoid” by separating 
those tumors based on cellular atypia and mitotic activity 
with an average of one mitotic  fi gure per one or two high-
power  fi elds, thus leaving a window of 5–10 mitotic  fi gures 
per 10 hpf. It is of importance to note that in either Arrigoni 
et al.  [  22  ] , Gould et al.  [  19  ] , and Paladugu’s  [  21  ]  classi fi cation 
systems, the number of mitotic  fi gures per 10 hpf is left to 
some extent to interpretation, as all these authors were not 
dogmatic in presenting a speci fi c number of mitotic  fi gures to 
separate conventional from atypical “carcinoid tumor”. 
Interestingly, in 1982, Mills et al.  [  23  ]  presented a study of 17 
cases of atypical carcinoid tumors of the lung in which the 
mitotic count in those tumors varied from 2 to 28 mitotic 
 fi gures (mean: 14, median: 13). Also Valli et al.  [  24  ]  presented 
a study of 33 cases of atypical carcinoid tumors of the lung in 
which the mitotic activity varied from 4 to 80/1.52 mm 2 . In 
other studies  [  25  ] , the reported criteria are those of increased 
mitotic activity, greater than one per one or two hpf. Based on 
those reports, one can only assume that the criteria to separate 
carcinoid from atypical carcinoid have been less than ideal 
when it comes to the issue of mitotic activity. In 1995, Capella 
et al.  [  26  ]  revised the classi fi cation of neuroendocrine tumors 
of the lung, pancreas, and gut, stating the following schema:

   Table 4.1    Three common approaches to the diagnosis of neuroendo-
crine carcinomas   

 Conventional  WHO  Practical 

 Tumorlet  Tumorlet  Carcinoid tumorlet 
  Size: <0.5 cm   Size: <0.5 cm   Size: <0.5 cm 
 Carcinoid tumor  Typical carcinoid  WDNECa 
  Size: >0.5 cm   Size: >0.5 cm   Size: >0.5 cm 
  Mitosis: <5 × 10 hpf   Mitosis: 0–1 × 10 hpf   Mitosis: 0–3 × 10 hpf 
  Necrosis: absent   Necrosis: absent    Necrosis: absent or 

focal punctuate 
 Atypical carcinoid  Atypical carcinoid  MDNECa 
  Size: >0.5 cm   Size: >0.5 cm   Size: >0.5 cm 
  Mitosis: 5–10 × 10 hpf   Mitosis: 2–10 × 10 hpf   Mitosis: 4–10 × 10 hpf 
  Necrosis: present   Necrosis: present    Necrosis: present—

extensive or 
comedo-like 

 Small cell carcinoma  Small cell carcinoma  PDNECa 
  Mitosis: >10 × 10 hpf   Small cell type 

  Mitosis: >10 × 10 hpf 
 Large    cell NECa 
  Mitosis: >10 × 10 hpf   Large cell type 
  NE morphology   Mitosis: >10 × 10 hpf 
  NE markers: +   NE morphology 

  NE markers: +/– 

   WDNEC a=well differentiated neuroendocrine  carcinoma, 
 MDNEC a=moderately differentiated neuroendocrine carcinoma, 
 PDNEC a=poorly differentiated neuroendocrine carcinoma, 
 NEC a=neuroendocrine carcinoma,  NE =neuroendocrine  
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    • Benign or low-grade malignant nonfunctioning well- 
differentiated tumor  as the equivalent for conventional 
carcinoid  
   • Low-grade malignant nonfunctioning well-differentiated 
carcinoma  as equivalent for atypical carcinoid  
   • High-grade malignant functioning or nonfunctioning 
poorly differentiated carcinoma  for the large cell type and 
the small cell or intermediate type    
 The mitotic count to separate typical from atypical carci-

noid was established at no more than 3 mitotic  fi gures × 10 
hpf. The authors added that if metastasis or gross invasion is 
present, tumors should be called low-grade neuroendocrine 
carcinoma. 

 In 1991, Travis et al.  [  27  ]  presented a study of 35 cases of 
neuroendocrine carcinomas of the lung in which criteria were 
presented for large cell neuroendocrine carcinoma. In this 
study, previous criteria for other neuroendocrine carcinomas 
were followed, and the large cell carcinoma was presented as 
a tumor with a “neuroendocrine pattern, high mitotic activity 
with an average of 66 × 10 hpf, and prominent nucleoli.” The 
authors stated that the prognosis of large cell neuroendocrine 
carcinoma lies between atypical carcinoid and small cell car-
cinoma. However in 1998, Travis et al.  [  28  ]  presented a new 
study of neuroendocrine neoplasms in which the authors’ 
goal was to provide clear de fi nitions for the four neuroendo-
crine tumors, in addition to modify the criteria for the diagno-
sis of carcinoid and atypical carcinoid. The “new” classi fi cation 
schema placed large cell neuroendocrine carcinoma in the 
high-grade category of tumors contrary to the previous study 
 [  27  ] . This new approach is as follows:

   Conventional carcinoid tumor is now restricted to no more • 
than 2 mitoses × 10 hpf.  
  Atypical carcinoid: 2–10 mitoses × 10 hpf, or necrosis • 
(often punctuate).  
  Large cell neuroendocrine carcinoma: tumors with “neu-• 
roendocrine morphology”, >10 mitoses × 10 hpf, cytologic 
features of large cell carcinoma, and positive immunohis-
tochemical staining for neuroendocrine markers.  
  Small cell carcinoma is a tumor with the cytology of small • 
cell tumor cells (absent nucleoli), mitotic  fi gures of 
>10 × 10 hpf, and frequent necrosis.    
 This classi fi cation system is essentially repeated in the last 

version of the WHO publication for the classi fi cation of tumors 
of the lung, pleura, thymus, and heart  [  2  ] . However, it is impor-
tant to note that this represents a classi fi cation for resected 
specimens. It is of interest to note that in a separate study on 
the reproducibility of the proposed classi fi cation of neuroen-
docrine lung tumors conducted by Travis et al.  [  29  ] , in which 
5 experienced pulmonary pathologists participated in the eval-
uation of 40 surgical resections of neuroendocrine tumors, a 
unanimous agreement was reached in only 55% of the cases. 

The most common disagreements were between large cell 
neuroendocrine carcinoma and small cell carcinoma. Lastly, 
in 2002, Huang et al.  [  30  ]  presented the latest attempt to clas-
sify neuroendocrine tumors of the lung. The authors presented 
a study of 234 cases and classi fi ed them into  fi ve different 
categories. This system essentially follows Travis’ criteria 
 [  28  ]  for the separation of carcinoid and atypical carcinoid, 
now named well- and moderately differentiated neuroendo-
crine carcinoma; the terms large cell neuroendocrine carci-
noma and small cell carcinoma are kept with the pre fi x of 
“undifferentiated” with mitotic counts of more than 30 × 10 
hpf. A new category is what the authors call “poorly differenti-
ated neuroendocrine carcinoma,” which is conceptualized as 
an atypical carcinoid with an increase mitotic activity of more 
than 10 × 10 hpf. 

   Clinical Features 

 The clinical presentation of neuroendocrine tumors of the lung 
is varied. For instance, small cell carcinoma of the lung usually 
presents as a large hilar mass with bulky mediastinal lymph-
adenopathy. In many cases, patients may present with wide-
spread metastatic disease at the time of diagnosis. Nevertheless, 
in a few instances, small cell carcinomas may present with a 
solitary peripheral nodule. Paraneoplastic syndromes including 
Cushing’s syndrome, inappropriate secretion of antidiuretic 
hormone, and carcinoid syndrome have also been reported in 
association with neuroendocrine carcinomas; carcinoid syn-
drome are associated with approximately 10% of the cases of 
well-differentiated histology. Other conditions that have also 
been associated with these tumors include Lambert-Eaton 
myasthenic syndrome and paraneoplastic encephalomyelitis 
and sensory neuropathy. In addition, depending on the location 
of the tumor, those in the central location may also show symp-
toms of pulmonary obstruction, dyspnea, cough, and/or chest 
pain. Patients with tumors in the periphery of the lung may be 
asymptomatic until the tumor reaches a larger size. Although 
neuroendocrine carcinomas may occur at any age, the tumors 
are more commonly encountered in the  fi fth to seventh decade 
of life. No gender predilection has been noted.  

   Macroscopic Features 

 Those tumors occurring in the central location may present 
as polypoid tumors obstructing the lumen of the airway. The 
tumors may measure from 1 cm to more than 10 cm in diam-
eter. They are light brown and at cut surface appear homog-
enous. The presence of areas of necrosis or hemorrhage 
should alert for a higher grade tumor. In high-grade neuroen-
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docrine carcinomas, it is common to encounter  invasion into 
mediastinal structures at the time of diagnosis.  

   Microscopic Features 

   Tumorlet    
 The histopathological features present in the so-called 
tumorlet are essentially the same as those that one would 
 fi nd in otherwise well-differentiated neuroendocrine car-
cinoma (Fig.  4.1a,b ). As a matter of fact, this so-called 
tumorlet may represent the true carcinoid tumor of the 
lung. However, the diagnosis of tumorlets is restricted to 
lesions of no more than 0.5 cm size in greatest diameter. 
Although this lesion is more often found incidentally in 
lung biopsies, nowadays with the use of more sophisti-
cated radiological techniques, “tumorlets” are becoming 
more common. Even though the great majority of cases 
are likely to be encountered as an incidental  fi nding in 
cases in which resection has taken place for other reasons, 
we have observed a few cases in which there has been an 
incidental “tumorlet carcinoid” in the lung, ful fi lling all 
the required histopathological characteristics, but yet the 
tumor had metastasized to a lymph node. This occurrence 
should be taken into consideration when encountered with 
the  fi nding of metastatic disease to the lymph node from 
an unknown source of disease.     

   Well- and Moderately Differentiated 
Neuroendocrine Carcinomas 
(Carcinoid and Atypical Carcinoid) 

 The current designation provided by the WHO  [  2  ]  de fi nes 
these tumors as having neuroendocrine morphology, namely, 
organoid, trabecular, insular, palisading, ribbon, and rosette-
like features (Figs.  4.2a–c  and  4.3a–c ). However, the separa-
tion of well- and moderately differentiated neuroendocrine 
carcinoma according to the WHO is that the former has fewer 
than two mitotic  fi gures per 10 hpf while the latter has 3–10 
mitotic  fi gures per 10 hpf. Clinically, both tumors may be 
associated with carcinoid syndrome  [  31  ]  and show a spectrum 
of cell differentiation that includes spindle cells, oncocytic, 
and melanocytic features, among others  [  32–  37  ] . Although 
the WHO still maintains the nomenclature of carcinoid and 
atypical carcinoid, some authors believe that the most accurate 
designation for these neoplasms is that of neuroendocrine car-
cinoma, which conveys the true nature of these tumors, and is 
the one followed in this section  [  22,   38  ] . In addition, the issue 
of one mitosis to separate well- from moderately differentiated 
tumors may be an arti fi cial designation that in practice may 
not hold true. Therefore, we recommend that such criteria 
should be used with care as in some cases the diagnosis of 
moderately differentiated neuroendocrine carcinoma (atypical 
carcinoid) may imply the use of chemotherapy. Careful com-
munication with the oncologist is of utmost importance to 

a b

  Fig. 4.1    ( a ) Carcinoid tumorlet (see  arrows ) with similar cellular characteristics of a well-differentiated neuroendocrine carcinoma, except that 
these lesions are under 0.5 cm in diameter. ( b ) Higher magni fi cation showing a homogeneous cellular proliferation without mitotic activity       

 



126 4 Neuroendocrine Carcinomas

convey such information. Recently, we evaluated 80 cases of 
low- and intermediate-grade neuroendocrine tumors using 
three different methods to count mitosis and encountered that 
the overall mean number of mitoses correlated with the recur-
rence-free survival  [  39  ] . Interestingly, the overall survival 
(OS) of patients when mitotic activity was counted in random 
 fi elds was not dramatically different if the tumor showed fewer 
than 2 or between 2 and 10 mitotic  fi gures per 10 high-power 
 fi elds as the OS was 100 and 97%, respectively. An almost 
similar situation occurred when the mitotic  fi gures were 
counted in mitotically active  fi elds as the OS was that of 100 
and 96%, respectively. Based on those results, it is possible 
that mitotic count may not be as reliable a parameter as it has 
been considered. On the contrary, the presence of necrosis 
may offer a better clue for clinical outcome.   

 At low magni fi cation, the tumor displays an organized 
growth pattern, which may show nesting, solid, pseudoglan-
dular, and/or trabecular arrangements composed of a rather 
homogeneous cellular proliferation characterized by small- 
to medium-size cells with moderate amounts of eosinophilic 
cytoplasm, round to oval nuclei; nucleoli may be identi fi ed 
in some cells. Rosette formation may be easily identi fi able. 
The presence of necrosis in the form of comedo-like necrosis 
and/or hemorrhage is an important criterium for the diagno-
sis of moderately differentiated neuroendocrine carcinoma. 

 Several histological variants have been described  [  40–  42  ]  
for both well- and moderately differentiated neuroendocrine 
carcinomas including:

    • Spindle cell type : In this variant, although one may  fi nd an 
organoid pattern, the cell morphology is that of fusiform 

a b

c

  Fig. 4.2    ( a ) Well-differentiated neuroendocrine carcinoma showing a 
classical nested growth pattern, note the presence of bronchial 
 epithelium and cartilage. ( b ) In other areas, the nested growth pattern is 

preserved with a homogeneous cellular proliferation. ( c ) Higher 
magni fi cation showing absence of nuclear atypia and mitotic activity       
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cells with inconspicuous nuclei and  fi nely disperse chro-
matin (Figs.  4.4 ,  4.5 ,  4.6 ,  4.7 , and  4.8 ). In some cases, the 
spindle cell proliferation may be associated with dilated 
blood vessels imparting a hemangiopericytic pattern. 
However, this variant may also display nuclear atypia and 
mitotic activity.       
   • Oncocytic type : The growth pattern of this neoplasm is 
essentially similar as those of the conventional cell type. 
The tumors may have a diffuse growth or a glandular 

appearance. Cytologically, the cells are of medium size 
with ample eosinophilic cytoplasm, round to oval nuclei, 
and in some cells prominent nucleoli are seen (Figs.  4.9 , 
 4.10 ,  4.11 , and  4.12 ). In some cases, clusters of onco-
cytic cells are present among tumor cells—so-called 
oncoblasts. This variant may also display features of 
moderately differentiated neuroendocrine carcinoma by 
displaying increased mitotic activity. However, one needs 
to be careful in assessing the presence of mitotic activity 

a b

c

  Fig. 4.3    ( a ) Moderately differentiated neuroendocrine carcinoma 
showing a diffuse growth pattern composed of medium-size cells. 
( b ) In other areas, a nested growth pattern is present; however, note the 

 presence of comedo-like necrosis. ( c ) High-power magni fi cation shows 
the presence of mitotic activity (see  arrows )       
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since oncocytic tumors may display areas of nuclear aty-
pia without mitotic activity.      
   • Mucinous type : This is a rare occurrence in primary neu-
roendocrine carcinomas of the lung. The presence of 
mucus material may be limited to the intraluminal com-
ponent in some cases of glandular arrangement, or more 
rare the mucinous component may be intermixed with the 
neoplastic cellular proliferation (Fig.  4.13a,b ).   
   • Melanocytic type : The growth pattern is similar as those 
of the conventional type; however, melanin pigment may 
be present in cells (Fig.  4.14a,b ) or distributed along the 
 fi broconnective tissue.   
   • Clear cell type : In this variant, the neoplastic cells are 
characterized by the presence of clear cytoplasm 
(Fig.  4.15a,b ). This cytoplasmic feature may be seen in 
either spindle cell or conventional morphology.   
   • Angiectatic type : This variant is characterized by the 
presence of large dilated spaces  fi lled with blood mim-
icking a vascular neoplasm (Fig.  4.16 ). However, closer 
inspection of the tumor cells reveals the presence of 
more conventional areas of neuroendocrine 
morphology.   

  Fig. 4.4    Well differentiated neuroendocrine carcinoma with a  prominent 
spindle cell component; note the presence of airways and bronchial 
cartilage       

a b

  Fig. 4.5    ( a ) The cellular proliferation may show tightly packed nests of spindle cells. ( b ) Loosely arranged nests of spindle cells separated by 
 fi broconnective tissue       
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a b

  Fig. 4.6    ( a ) The tumor may spread into alveolar spaces. ( b ) The tumor may also show vascular permeation       

  Fig. 4.7    Moderately differentiated neuroendocrine carcinoma, spindle 
cell type with comedo-like necrosis       

  Fig. 4.8    Areas of pseudoglandular appearance may also be present       
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  Fig. 4.9    Peripheral oncocytic neuroendocrine carcinoma showing a 
well-demarcated tumor       

a b

  Fig. 4.10    ( a ) The tumor may be formed by cords of neoplastic cells. ( b ) The tumors may show a prominent solid growth pattern       

  Fig. 4.11    The tumor may show numerous calci fi cations of “psam-
moma-like” type (see  arrows )       
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  Fig. 4.12    Higher magni fi cation showing tumor cells with ample 
eosinophilic cytoplasm, round nuclei, and prominent nucleoli       

a b

  Fig. 4.13    ( a ) Mucinous neuroendocrine carcinoma showing pools of mucoid material. ( b ) In some areas, the neoplastic cells may be embedded 
in pools of mucoid material       

   • Amyloid-like type : The morphology of these tumors is 
essentially the same as conventional neuroendocrine car-
cinoma. However, the tumor cells are admixed with areas 
of hyalinization imparting an amyloid-like matrix 
(Fig.  4.17 ).   
   • Sclerotic type : In these cases, the tumor cells may not be 
readily identi fi able due to the extent of collagenization of 
the sclerosing changes. This type of neuroendocrine car-
cinoma may pose a challenge when dealing with small 
biopsies. However, in all the cases described, clusters of 
neuroendocrine cells have been present enough to make a 
diagnosis. Nevertheless, the sclerotic changes should not 
be considered any type of special feature in order to 
upgrade the tumor to a higher grade as such changes may 
be seen in low- as well as intermediate-grade tumors 
(Fig.  4.18a–c ).   
   • Metaplastic bone formation : The growth pattern is of con-
ventional neuroendocrine carcinoma in which the pres-
ence of well-formed bone (Fig.  4.19 ) is admixed with the 
neoplastic cellular proliferation.     
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   Immunohistochemical Features 

 The immunohistochemical features of both well- or moder-
ately differentiated neuroendocrine carcinomas (carcinoid and 
atypical carcinoid) are similar in terms of sharing positive 
staining using the conventional neuroendocrine markers, 
namely, chromogranin, synaptophysin, and CD56. In addition, 
the use of thyroid transcription factor-1 has also been shown to 
be helpful in the evaluation of neuroendocrine neoplasms of 
the lung  [  43  ] . More recently, Tsuta et al.  [  44  ]  conducted a 
study of neuroendocrine carcinomas of the lung in which the 
tumors were stained with Sox10 for sustentacular cells. The 
authors stated that Sox10-positive sustentacular cells were 
observed in well-differentiated tumors (carcinoid tumors) but 
not in high-grade neuroendocrine carcinomas. On the other 

hand, the use of proliferation markers such as KI-67 in the 
separation of conventional and atypical carcinoid has found 
that a 4% cutoff provides signi fi cant differences for the 4-year 
overall survival rate  [  45  ] . In this particular study, the method-
ology that was followed for the classi fi cation of neuroendo-
crine neoplasms was the one presented by Arrigoni  [  22  ]  and 
Warren  [  20  ] , and the study was performed on resected speci-
mens. This study raises an important issue, and that is that the 
complete interpretation of these tumors rests on surgical resec-
tions and not on biopsy specimens, where labeling of prolif-
eration markers may be deceiving. Since most of the initial 
approach to the classi fi cation of neuroendocrine tumors is per-
formed on a biopsy specimen, it is possible that using speci fi c 
mitotic markers may be of aid in dif fi cult cases in which there 
is doubt about the possibility of mitotic activity. In that regard, 
Tsuta et al.  [  46  ] , using a mitosis speci fi c marker—the anti-
phosphohistone H3 (PHH3)—to assess mitosis in neuroendo-
crine carcinomas of the lung, concluded that PHH3 may be a 
reliable aid in determining mitotic activity.  

   Molecular Features 

 Well- and moderately differentiated tumors have also been the 
subject of more modern techniques such as chromosomal stud-
ies in which 11q deletions appear to be shared by both tumors 
 [  47  ] . Losses of 10q and 13q may also be responsible for a pos-
sible aggressive behavior shown by some of these tumors.  

   Clinical Behavior 

 Due to the lack of real comparisons between previous and 
current schemas for the classi fi cation of these tumors, the 
survival rates of patients with low- and intermediate- grade 
neuroendocrine carcinomas are dif fi cult to assess and address 
meaningfully. Wilkins et al.  [  48  ]  in 1984, obviously using a 
different schema (most likely Arrigoni’s criteria), presented 
a study of 111 patients who underwent surgical resection for 
“bronchopulmonary carcinoid”; 11 of these patients had 
atypical carcinoid, and 45% of them died in a period of 
33 months. Those who were still alive had been followed for 
16–48 months. However, even though the authors provided a 
survival rate of 82% for a 10-year period, close examination 
of the data provided is rather limited, and no clear-cut sur-
vival rate is provided for the conventional carcinoid. A better-
de fi ned publication on “typical carcinoid” is the one presented 
by Schreurs  [  49  ]  in a study of 93 patients and a period of 
25 years. Once again, the likely criteria for classi fi cation in 
this study were those formulated by Arrigoni. The authors 
provided an important survival rate of 100% for 86 patients 
at 5, 10, and years (according to the authors, seven patients 
died of unrelated causes) for surgically treated patients. 

a

b

  Fig. 4.14    ( a ) Pigmented neuroendocrine carcinoma with oncocytic 
changes. Note the cluster of cells with melanin pigment (see  arrow ). ( b ) 
Closer view of the cluster of cells with melanin pigment       
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a b

  Fig. 4.15    ( a ) Neuroendocrine carcinoma showing a classical nested pattern and composed of cells with clear cytoplasm. ( b ) Higher magni fi cation 
showing prominent clear cell changes       

  Fig. 4.16    Neuroendocrine carcinoma with presence of ectatic spaces 
 fi lled with blood imparting a pseudo-vascular appearance       

  Fig. 4.17    Conventional neuroendocrine carcinoma with areas of dense 
hyalinization (see  arrow ) mimicking amyloid       

 

  



134 4 Neuroendocrine Carcinomas

a b

c

  Fig. 4.18    ( a ) Neuroendocrine carcinoma with extensive areas of hyalinization in transition with tumoral areas. ( b ) Extensive hyalinization with 
only clusters of neuroendocrine cells ( arrow ). ( c ) Higher    magni fi cation showing the neuroendocrine cellular proliferation ( arrows )       
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However, the selection process for this study excluded 
patients with distant metastasis. Thus, raising the issue that 
staging of the neoplasm at the time of diagnosis also plays an 
important role in this group of tumors and impacts heavily in 
the survival rate.   

   Small Cell Carcinoma 

 The latest version of the WHO  [  2  ]  de fi nes this tumor as a 
malignant tumor with cells with scant cytoplasm and absent 
or inconspicuous nucleoli; necrosis is extensive and mitotic 
count is high. The mitotic count provided is of 60 mito-
ses/2 mm 2 . It is obvious from this de fi nition that the authors 
of the WHO are far from the real practice of surgical pathol-
ogy as such criteria apply only when there is a resected spec-
imen, which rarely happens in daily practice. Nevertheless, 
in a study of 100 cases of small cell carcinoma  [  50  ] , the 
authors clearly state that in over 90% of the cases, the diag-
nosis of small cell carcinoma can be established on small 
biopsy. Needless to say, an important fact that must be 
emphasized is that most patients with small cell carcinoma 
are beyond a stage that makes them amenable for surgical 
resection of the tumor, as has been noted in the literature 
 [  51  ] , thus leaving the surgical pathologist confronted with a 
small biopsy in order to provide a de fi nitive diagnosis. 

 The topic of small cell carcinoma has not been exempted 
from controversy. In 1985, Vollmer et al.  [  52  ]  presented a 
study in which the authors analyzed the issue of subclassi fi cation 

of small cell carcinoma into oat cell or intermediate types. 
However, in 1988, the Pathology Committee of the International 
Association for the Study of Lung Cancer recommended the 
use of small cell carcinoma and that such designation would 
include tumors previously denominated as oat cell and inter-
mediate subtypes  [  53  ] . Even terms such as small cell neuroen-
docrine carcinoma  [  54  ]  may fall under scrutiny, as a proportion 
of these tumors may not show positive reaction with antibod-
ies against neuroendocrine markers. 

   Macroscopic Features 

 As stated before, small cell carcinomas often present in late 
stages of the disease. The tumors are commonly centrally 
located, of large size and with variable proportions of necrosis.  

   Microscopic Features 

 The tumor shows a non-cohesive cellular distribution com-
posed of small cells with scant cytoplasm, round nucleus, 
and inconspicuous nucleoli. Single cell necrosis or exten-
sive areas of necrosis are common. In addition, the presence 
of the so-called Azzopardi phenomenon is commonly 
observed in these tumors. The mitotic count in resected 
specimens or in open lung biopsies is more than 10 × 10 hpf. 
In some areas, the morphology is that of spindle cells, with 
oval nuclei and inconspicuous nucleoli. Mitotic activity is 

  Fig. 4.20    Small cell carcinoma showing the typical cellular prolifera-
tion. Note the presence of residual normal endobronchial glands and 
 bronchial cartilage       

  Fig. 4.19    Neuroendocrine carcinoma with metaplastic bone formation       
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high (Figs.  4.20  and  4.21a–d ). However, it is important to 
recognize that most of these features may be absent in a 
small transbronchial biopsy and that the established criteria 
for diagnosis of small cell carcinoma may not be met in 
such material. Small biopsies are characterized by the pres-
ence of crush artifact and little viable cells with only occa-
sional mitotic  fi gures.    

   Immunohistochemical Features 

 There are no comprehensive studies on the immunohis-
tochemistry of small cell carcinoma. In a rather limited 
immunohistochemical study of small cell carcinoma  [  55  ] , 
the authors found that neuroendocrine markers such as 
 chromogranin were positive in 60% of open lung biopsies 

a b

c d

  Fig. 4.21    ( a ) Small cell carcinoma with extensive necrosis. ( b ) The 
so-called Azzopardi phenomenon is classic in small cell carcinomas. 
( c ) Closer view at the neoplastic cellular proliferation showing high 

mitotic activity. ( d ) Higher magni fi cation showing small cells with 
absence of nucleoli       
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but only in 47% of transbronchial biopsies, while synapto-
physin showed 5 and 19% positivity, respectively. 
Nevertheless, most authors concur that small cell carcinoma 
represents the end of the spectrum of neuroendocrine carci-
nomas of the lung. One additional factor that must be care-
fully analyzed is that in small, poorly preserved biopsies in 
which the intensity of neuroendocrine markers is marked, 
one must carefully exclude the possibility of a lower-grade 
neuroendocrine carcinoma as an alternative for small cell 
carcinoma  [  56  ] . 

 The implications of a diagnosis of small cell carcinoma 
cannot be overemphasized, as the patients may undergo che-
motherapy, radiation therapy, or both. In addition, large 
studies have estimated, that the long term survival of patients 
with small cell carcinoma is approximately 10% at 2 years 
 [  57  ] . However, even though there is little mention about 
staging for small cell carcinoma, the Veterans Administration 
Lung Group stages small cell carcinoma in a two-tier 
schema: (1) limited-stage disease, in which the tumor is 
con fi ned to the ipsilateral hemithorax, and (2) extensive-
stage disease, in which the tumor has grown beyond the 
ipsilateral hemithorax. However, more recently a TNM sys-
tem has been presented, which appears to provide prognos-
tic signi fi cance  [  58  ] .   

   Large Cell Neuroendocrine Carcinoma, Large 
Cell Carcinoma with Neuroendocrine 
Morphology, and Large Cell Carcinoma 
with Neuroendocrine Differentiation 

 By de fi nition, these tumors are poorly differentiated non-
small cell carcinomas. According to the WHO  [  2  ] , the main 
distinguishing features of large cell neuroendocrine carci-
noma and small cell carcinoma are the presence of  prominent 
nucleoli. 

   Macroscopic Features 

 Large cell neuroendocrine carcinomas (LCNEC) are large 
neoplasms usually in advance clinical stages at the time of 
diagnosis. The tumor may be in a central location, and it may 
present as well-demarcated, solid, grayish, with or without 
apparent necrosis.  

   Microscopic Features 

 Large cell neuroendocrine carcinomas will display a neu-
roendocrine morphology, namely, the presence of ribbons, 
rosettes, or nesting patterns combined with large zones of 
necrosis and a mitotic count higher than 11 mitotic 

 fi gures/2 mm 2  (average 75) of viable tumor (Figs.  4.22 ,  4.23 , 
 4.24 ,  4.25 , and  4.26 ). This latter de fi nition clearly applies 
only to resected tumors; thus, such diagnoses can hardly be 
accomplished on small biopsies in which one may not get 
enough viable tumor to evaluate the so-called neuroendo-
crine pattern or evaluate the mitotic count of more than 11 
mitotic  fi gures.      

 Mooi et al.  [  59  ]  described 11 primary lung carcinomas 
under the rubric of non-small cell carcinoma with neuroen-
docrine features. These tumors had been diagnosed either as 
large cell carcinoma or squamous cell carcinoma, but all the 
tumors had similarities to bronchial carcinoid and small cell 
carcinoma. Six of seven cases in which electron microscopy 
studies were available showed dense-core granules, while 
all cases showed positive staining for neuron-speci fi c eno-
lase (NSE) (most of the antibodies that are available today 
may not have been available in 1988). The authors also 
stated that neuroendocrine features may be suspected by 
light microscopy. Judging by some of the illustrations pro-
vided, one can assume that some of those tumors, if not all, 
are similar to today’s designation of large cell neuroendo-
crine carcinoma. Dresler et al.  [  60  ]  in 1997 analyzed 40 
cases of large cell neuroendocrine carcinoma and concluded 
that large cell neuroendocrine carcinomas identi fi ed by his-
tological examination have poor prognosis. The authors also 
suggested that lesions previously categorized as large cell 
carcinoma with neuroendocrine features should be regarded 
as “large cell carcinoma with occult neuroendocrine differ-
entiation.” This latter suggestion speci fi cally addresses an 
issue that goes to the core of these types of tumors, which is 

  Fig. 4.22    Large cell neuroendocrine carcinoma adjacent to an airway. 
Note the nested neuroendocrine growth pattern of the tumor       
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how to group tumors that have a “neuroendocrine pattern” 
but yet fail to show immunoreactivity for neuroendocrine 
markers. As the criteria are currently presented, in order to 
make the diagnosis of “large cell neuroendocrine carci-
noma,” the tumor must have “neuroendocrine morphology” 
and positive staining for at least one neuroendocrine marker 
 [  2  ] . This issue has become even more confusing by the use 
of terms such as  small cell-like large cell neuroendocrine car-
cinoma  in some cytologic studies  [  61  ] . In addition,  following 

the presence of nucleoli to separate small from non-small 
cell carcinoma may prove dif fi cult just as using cell size for 
their differentiation. Marchevsky et al.  [  62  ]  evaluated, by 
morphometric means, 28 surgically resected high-grade 
pulmonary neuroendocrine carcinomas (16 small cell carci-
nomas and 12 large cell neuroendocrine carcinomas). The 
authors concluded that there is considerable nuclear overlap 
between these entities, which helped the author to separate only 
9 of 28 cases studied, and suggested the use of more generic 

a b

c

  Fig. 4.23    ( a ) Areas of necrosis are commonly seen, and in some cases comedo-like necrosis is common. ( b ) In other areas, the tumor may show 
a basaloid component. ( c ) In more unusual tumors, areas of mucinous pools may be seen       
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 terminology such as high-grade neuroendocrine carcinoma 
or grade III neuroendocrine carcinoma. The entire topic of 
“large cell neuroendocrine carcinoma” has generated a myr-
iad of publications in order to bring light to this confusing 
topic. For instance, Iyoda et al.  [  63  ] , in a study of 2,070 cases 

of large cell carcinomas, divided such tumors into four dif-
ferent categories: large cell neuroendocrine carcinoma, large 
cell carcinoma with neuroendocrine differentiation, large 
cell carcinoma with neuroendocrine morphology, and “clas-
sic” large cell carcinoma. In a multivariable analysis, the 

a b

  Fig. 4.24    ( a ) Important in the diagnosis of large cell neuroendocrine carcinoma is the identi fi cation of areas with neuroendocrine growth pattern. 
( b ) Closer view at the neuroendocrine growth pattern showing cells larger cells with round nuclei and presence of nucleoli       

  Fig. 4.25    Closer view at the neoplastic cells showing larger cells with 
presence of nucleoli and increased mitotic activity (see  arrows )       

  Fig. 4.26    Chromogranin showing positive staining in tumor cells       
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authors grouped the three former entities into a single entity, 
which the authors denominated as large cell carcinoma with 
neuroendocrine features separate from the “classic” large 
cell carcinoma, and concluded that those tumors are more 
aggressive. What is interesting and important in this study is 
the fact that tumors in which the authors did not  fi nd mor-
phologic evidence of neuroendocrine change were grouped 
as large cell carcinomas with neuroendocrine morphology. 
Yet on multivariable analysis, the authors found that these 
tumors – just the same as those grouped as large cell neu-
roendocrine carcinoma and large cell carcinoma with neu-
roendocrine differentiation – behave more aggressively 
compared to the “classic” large cell carcinoma. Nevertheless, 
their point raises another issue and that is whether it is 
important to determine neuroendocrine “differentiation” by 
immunohistochemical means and whether a speci fi c diag-
nosis is warranted for those tumors. Some other publica-
tions on this topic have lumped large cell neuroendocrine 
carcinomas and large cell carcinoma with neuroendocrine 
morphology under the same designation  [  64  ] . Unfortunately, 
in many recent publications on the subject, even as the 
authors claimed that they have used rigorous application of 
the WHO criteria  [  2  ] , the emphasis has been on those tumors 
that  fi t the criteria of morphology and immunohistochemis-
try, leaving unanswered the question of how to handle 
tumors that may show the morphology but not the immuno-
histochemistry of a neuroendocrine carcinoma  [  65–  75  ] . In 
other reports, it is very dif fi cult to discern which cases were 
accounted for as large cell neuroendocrine carcinoma, since 
the terminology used appears to be ambiguous  [  76–  79  ] . 
More recently Glisson and Moran  [  80  ]  addressed the 
dif fi culties and controversies in the diagnosis and treatment 
of large cell neuroendocrine carcinoma and stated that 
because of the rarity of this tumor and vagaries in diagnosis 
because of the complexity of current pathologic classi fi cation, 
current treatment recommendations must be based on retro-
spective data, which are imperfect at best. 

 Chromosomal and loss of heterozygosity (LOH) analyses 
have been undertaken to separate tumors with features of large 
cell neuroendocrine carcinoma  [  81  ] , while in others the nomen-
clature used is not the one assigned by the WHO classi fi cation 
system  [  82  ] . In some reports, these tumors have been corre-
lated with pathologic stage, raising the issue of staging, since 
these tumors may present in different pathological stages  [  83  ] . 
In some recent publications  [  84,   85  ] , an emphasis has been 
made to separate large cell neuroendocrine carcinoma from 
small cell carcinoma by using immunohistochemistry and 
molecular studies. If one is to apply WHO criteria or any of the 
other schemas presented, such distinction should not be a 
dif fi cult task, since one is small cell and the other is non-small 
cell carcinoma with prominent nucleoli. Furthermore, the prob-
lem of separating small from non-small cell carcinoma should 
not require immunohistochemistry or molecular studies. 

 Important to note is that some reports have concentrated 
on non-small cell carcinomas with neuroendocrine differen-
tiation or neuroendocrine morphology  [  79,   86–  91  ] . In a study 
by Howe et al.  [  86  ] , the authors studied 439 cases of non-
small cell carcinoma, which were evaluated using immuno-
histochemical stains for neuroendocrine markers. The authors 
reported that 36% of these tumors showed at least positive 
staining for one neuroendocrine marker and concluded that 
the presence of neuroendocrine differentiation in non-small 
cell carcinoma is of no prognostic signi fi cance, as has also 
been reported by other authors  [  88  ] . More recently, Ionescu 
et al.  [  91  ]  arrived at a similar conclusion after reviewing 609 
cases of non-small cell carcinoma. Important to mention is 
the fact that some adenocarcinomas may show neuroendo-
crine differentiation, which has been suggested as an impor-
tant prognostic feature  [  92  ]  while others have had a more 
circumspect approach about this particular issue  [  93  ] . 

 Critical review of the literature raises some important 
questions:
    1.    The diagnosis of large cell neuroendocrine carcinoma in 

most of the series presented has been a diagnosis in retro-
spect after analysis of all large cell carcinomas.  

    2.    The cases included in a good number of publications, 
despite the “rigorous” application of the WHO criteria, 
suggest that some of the tumors included may not exactly 
belong into that designation.  

    3.    The fact that resections have been evaluated speaks vol-
umes to the fact that these tumors have already been ini-
tially treated as non-small cell carcinomas.  

    4.    Although all authors believe that these tumors are of high 
grade, there is not unanimous agreement regarding the best 
method of treatment for patients diagnosed with large cell 
neuroendocrine carcinomas. In this regard, some authors 
have advocated that large cell neuroendocrine carcinoma is 
potentially treatable with surgery  [  71  ]  while others advocate 
additional medical treatment  [  94  ] .  

    5.    There is some confusion regarding the use of adjectives 
such as “neuroendocrine differentiation” and “neuroen-
docrine morphology.”  

    6.    Staging may still represent an important independent fac-
tor in the prognosis of these tumors. The entire issue of 
neuroendocrine morphology or differentiation can be 
summarized as follows:
    • Large cell neuroendocrine carcinoma : tumors with neu-
roendocrine pattern and positive staining for neuroendo-
crine markers, i.e. chromogranin, synaptophysin, or 
CD56.  
   • Large cell carcinoma with neuroendocrine features or 
morphology : tumors with neuroendocrine pattern but neg-
ative staining for neuroendocrine markers.  
   • Large cell carcinoma with neuroendocrine differentiation : 
positive staining for neuroendocrine markers but absent 
neuroendocrine morphology.        
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 Although one would expect that the issue of large cell carci-
noma may be restricted to the issue of neuroendocrine mor-
phology or neuroendocrine differentiation, the WHO 
separated yet another tumor that may provide even more 
confusion to the current classi fi cation, the so-called basaloid 
carcinoma of the lung  [  95  ] .   

   Basaloid Carcinoma 

 This particular neoplasm was initially described as a new 
morphological and phenotypical entity. However, close anal-
ysis of their histopathological description shows that 19 of 
the 38 cases described showed areas of squamous cell carci-
noma, adenocarcinoma, and large cell carcinoma, raising the 
possibility that at least half of the tumors described may be 
grouped into one of those more speci fi c categories. On the 
other hand, the WHO classi fi cation  [  2  ]  recognized that the 
distinction between large cell neuroendocrine carcinoma and 
basaloid carcinoma is dif fi cult and often requires immunohis-
tochemical studies. Also, the WHO acknowledges that in 10% 
of cases of basaloid carcinoma, a neuroendocrine marker may 
be positive, thus raising the possibility that “basaloid carci-
noma” may represent a growth pattern rather than a speci fi c 
pathological entity. Other studies on basaloid carcinoma have 
stressed the use of immunohistochemical studies, namely, 
cytokeratins 1, 5, 10, and 14 (34 b   E12) to differentiate such 
tumor from large cell neuroendocrine carcinoma. However, 
Lyda and Weiss  [  96  ]  reported an  incidence of 5% positive 

staining for 34 b   E   12 in neuroendocrine  carcinomas. Thus, 
separating these tumors by immunohistochemistry may not 
be as straightforward as thought, if indeed they represent dif-
ferent neoplasms. 

   Microscopic Features 

 These tumors appear to be well de fi ned masses destroying 
lung parenchyma. As the name implies, the low-power 
shows islands of tumor cells arranged in ribbons and 
forming rosettes with palisading of the nuclei. High-
power magni fi cation shows oval to spindle cells with 
elongated nuclei, and in some cells prominent nucleoli 
may be observed (Fig.  4.27a,b ). The mitotic count in these 
tumors is high and in resected specimens is well beyond 
10 × 10 hpf.    

   Carcinomas with Mixed Histologies 

 It is well known that pulmonary carcinomas in a small but 
well-represented number of cases may show combined his-
tologies (Fig.  4.28a,b ), namely, of the small cell/non-small 
cell categories  [  97–  101  ] . It appears that the general consen-
sus with these types of tumors is that the behavior is more 
aggressive than in pure small cell carcinomas, leading to a 
shorter survival rate. However, an important issue that needs 
further investigation is the possible association of small cell 

a b

  Fig. 4.27    ( a ) Basaloid carcinoma showing classic appearance with peripheral palisading of the nuclei. ( b ) Higher magni fi cation showing a subtle 
spindling of the neoplastic cells       
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carcinoma and large cell neuroendocrine carcinoma or large 
cell carcinoma with neuroendocrine differentiation. Whether 
that distinction has a practical value in the treatment of these 
patients may be just an academic exercise since both of those 
tumors belong to the high-grade category and may be treated 
with chemotherapeutic regimens for high-grade neuroendo-
crine carcinomas.  

   Molecular Biology 

 Genetic studies have been performed showing a gain of 3q 
in about 66% of small cell carcinoma while deletions of 
10q, 16q, and 17p were less frequent in large cell neuroen-
docrine carcinoma than in small cell carcinoma  [  102  ] . Other 
studies have shown that gene expression pro fi ling has failed 
to distinguish small cell from large cell neuroendocrine car-
cinomas and has led some authors to suggest that both enti-
ties should be grouped under the designation of high-grade 
neuroendocrine tumors  [  103  ] . Other studies have placed 
more emphasis on the issue of the spectrum of differentia-
tion of neuroendocrine tumors and have found through stud-
ies of expression of gene products that there is no evidence 
linking carcinoids and small cell carcinoma  [  104  ] . Similar 
 fi ndings have been encountered by other authors  [  105  ] , 
leading to the suggestion that small cell carcinomas are 
derived from epithelial cells and that bronchial carcinoids 
are related to neural crest-derived tumors. It also appears 
that human p19ARF protein encoded by the beta transcript 
of the p16 1NK4a  gene is more commonly lost in high-grade 

neuroendocrine carcinomas than in conventional non-small 
cell carcinomas  [  106  ] . 

 Analysis of p53, K-ras-2, and C-raf-1 by some authors 
has led to the suggestion that typical and atypical carcino-
ids are genetically distinct from high-grade neuroendo-
crine carcinomas  [  107  ] . Regarding atypical carcinoids, it 
has been documented that loss of heterozygosity at 3p14.2–
p21.3 is signi fi cantly more extensive in atypical carcino-
ids, while typical carcinoids are strongly positive for the 
cytoplasmic Fhit protein, similar to normal lung epithelia 
 [  108  ] . Interestingly, studies on the expression of Bcl-2 
have concluded that the expression of Bcl-2 is involved in 
the pathogenesis of small cell carcinoma and carcinoid 
tumors of the lung  [  109  ] . The expression of retinoblastoma 
(RB) protein in neuroendocrine tumors has disclosed its 
presence in carcinoids and atypical carcinoids, while it is 
absent in small cell and large cell neuroendocrine carci-
noma  [  110,   111  ] . It has also been suggested that hASH-1 
(human homologue of Mas1) is involved in the neuroendo-
crine differentiation of small and non-small cell carcino-
mas  [  112  ] .   

   Conceptual Practical Approach to the 
Diagnosis of Neuroendocrine Carcinomas 

 Based on current concepts and approaches, a practical 
approach to the diagnosis of neuroendocrine carcinomas 
may be conceptualized as follows: 

a b

  Fig. 4.28    ( a ) Combined small cell carcinoma (see  arrow ) and non-small cell carcinoma. ( b ) Combined large cell neuroendocrine carcinoma and 
conventional adenocarcinoma       
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   Surgical Resections 

    Carcinoid tumorlet (neuroendocrine lesions under 0.5 cm • 
in size)  
  Well differentiated neuroendocrine carcinoma (typical • 
carcinoid tumor): 0–3 mitotic  fi gures ́  10hpf, only focal 
punctuate necrosis  
  Moderately differentiated neuroendocrine carcinoma (atypical • 
carcinoid tumor): 4–10 mitotic  fi gures ́  10 hpf, and necrosis  
  High-grade neuroendocrine carcinoma:• 

   Small cell carcinoma: with or without positive neuroendo- –
crine markers, tumors with > 10 mitotic  fi gures ́  10 hpf, 
and necrosis  
  Large cell neuroendocrine carcinoma: large cell carci- –
noma with positive neuroendocrine morphology and 
positive neuroendocrine markers and large cell carci-
noma with positive morphology and negative staining 
for neuroendocrine markers, large tumor cells with 
nucleoli, >10 mitotic  fi gures ́  10 hpf, and necrosis        

   Biopsy Specimens 

    Neuroendocrine carcinoma—if the tumor is in the spectrum of • 
well- or moderately differentiated neuroendocrine carcinoma 
(carcinoid or atypical carcinoid) and the tumor radiologically 
is > 0.5 cm in greatest diameter (specify the possibilities)  
  Small cell carcinoma  • 
  Squamous cell carcinoma  • 
  Adenocarcinoma  • 
  Large cell carcinoma      • 

   Pulmonary Paraganglioma 

 Pulmonary paragangliomas will be discussed in this chapter 
as part of the spectrum of neuroendocrine tumors; however, 
their clinical behavior is distinct to that of the conventional 
neuroendocrine carcinoma. Also, important to note is the 
fact that intrapulmonary paragangliomas are rare tumors in 
this location and every effort has to be made in order to deter-
mine the possibility of a metastatic lesion to the lung. In gen-
eral, these tumors are exceedingly rare, and only a few 
well-described cases are reported in the literature. The tumors 
appear to occur in adult individuals, who clinically may pres-
ent with hypertension, increase serum norepinephrine, or 
Cushing’s syndrome  [  113–  117  ] . 

   Macroscopic Features 

 These tumors vary in size from under 1 cm to more than 
3 cm in greatest dimension. The tumors are endobronchial 
and may obstruct the bronchial lumen producing symptoms 

of cough, wheezing, and dyspnea. Macroscopically, they 
cannot be separated from low- or intermediate-grade neu-
roendocrine carcinomas.  

   Microscopic Features 

 Low-power magni fi cation shows that the tumor may appear 
as a polypoid mass  fi lling the bronchial lumen. The classic 
low-power appearance of paragangliomas is the so-called 
Zellballen pattern. The cells are arranged in a nesting pattern 
in which the nests are separated by thin  fi broconnective tis-
sue and ectatic blood vessels. The tumor may also show 
oncocytic changes with a homogeneous cellular proliferation 
(Figs.  4.29 ,  4.30 ,  4.31 , and  4.32 ). At high-power 
magni fi cation, it is common to identify the presence of cells 
with macronuclei or bizarre nuclei but no associated mitotic 
activity  [  113–  117  ] . Also common is the presence of large 
dilated vessels or the presence of extensive areas of hyalini-
zation. In some cases, ganglion cells, represented by larger 
cells with eosinophilic cytoplasm, and prominent nucleoli 
accompany the cellular proliferation. In other cases, the 
tumor may show spindle cell morphology. In a few cases, 
lymph node involvement has been reported.      

   Immunohistochemical Features 

 The same as neuroendocrine carcinomas, paragangliomas 
react positively with neuroendocrine markers such as 
 chromogranin, synaptophysin, and/or CD56. However, 

  Fig. 4.29    Primary pulmonary paraganglioma showing the conven-
tional nested growth pattern. Note the presence of bronchial cartilage       
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  Fig. 4.31    ( a ) Cords of neuroendocrine cells separated by areas of  fi brocollagen. ( b ) Dilated vascular structures are commonly seen. Note the 
presence of the neoplastic cells around the vessel       

  Fig. 4.32    Higher magni fi cation of a pulmonary paraganglioma show-
ing large nuclei but absence of mitotic activity       

  Fig. 4.30    Pulmonary paraganglioma showing a nested growth pattern 
composed of a homogenous cellular proliferation       
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 keratin is negative in paragangliomas, while positive in 
 neuroendocrine carcinomas. S-100 protein is positive in the 
sustentacular cells of paragangliomas.  

   Clinical Behavior 

 Surgical treatment appears to be the treatment of choice and 
in the majority of cases is the only treatment accompanied by 
close follow-up. However, due to the rarity of these tumors in 
an intrapulmonary location, it is dif fi cult to meaningfully 
determine the clinical behavior of these tumors especially 
when these tumors can involve lymph nodes.       
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            Introduction 

 Biphasic tumors are a group of tumors that are composed 
of two elements: malignant epithelial and mesenchymal 
components. These tumors only rarely arise in the lungs 
and overall represent less than 2 % of all primary lung 
neoplasms. In the bronchopulmonary system, the tumors 
belonging to this group include pulmonary blastoma, pleu-
ropulmonary blastoma, and carcinosarcoma. Pulmonary 
blastomas and carcinosarcomas in particular have caused 
great contention in the literature with regard to their histo-
genesis, nomenclature, and classi fi cation; and to date no uni-
versally accepted concept exists as to whether these tumors 
represent independent clinicopathological entities or rather 
constitute subtypes of other neoplasms. However, based on 
their distinct morphological features and the results of the 
latest molecular investigations indicating tumor autonomy, 
these neoplasms warrant inclusion as independent entities. 
The pertinent characteristics of the three neoplasms are 
summarized in Table  5.1 .   

   Pulmonary Blastoma 

   History, Histopathogenesis, and De fi nition 

 Pulmonary blastomas are biphasic tumors composed of 
mixed epithelial and mesenchymal elements in which both 
components have the appearance of embryonal structures. 
Pulmonary blastoma was  fi rst described by Barnard in 
1952  [  1  ]  reporting on a peculiar lung tumor with the fea-
tures of mixed carcinomatous and sarcomatous elements 
resembling the developing lung of an embryo. He termed 
this tumor “embryoma of the lung.” Three more of these 

cases were studied by Spencer in 1961  [  2  ]  who coined the 
term “pulmonary blastoma” because of their morphologic 
similarity to nephroblastomas of the kidney. He proposed 
that both epithelium and stroma derived from primitive 
mesenchymal tissue similar to the development of nephro-
blastoma in the kidney. This view was disputed in subse-
quent reports that, based on morphological and 
ultrastructural investigations, suggested that the epithelial 
and mesenchymal elements were distinct enough to war-
rant classi fi cation as a form of carcinosarcoma  [  3–  6  ] . More 
recent immunohistochemical and molecular investigations 
have demonstrated similar antigen expression and gene 
mutations in both elements of pulmonary blastoma and 
con fi rmed that this tumor very likely is derived from a toti-
potential stem cell and should therefore be regarded as a 
distinct clinicopathological entity  [  7–  13  ] . 

 A monophasic variant of pulmonary blastoma was 
described by Kradin in 1982  [  14  ]  who reported a lung 
tumor resembling pulmonary blastoma but without the sar-
comatous element, the so-called pulmonary endodermal 
tumor resembling fetal lung. Similar tumors were subse-
quently referred to as “well differentiated adenocarcinoma 
simulating fetal lung tubules” and “adenocarcinoma of the 
fetal lung type”  [  15–  17  ] . It soon emerged that this mono-
phasic type of pulmonary blastoma, although histogeneti-
cally apparently linked to the biphasic type, is more 
prevalent in women and has a better prognosis compared to 
the biphasic tumor  [  10,   12,   14–  17  ] . For this reason, mono-
phasic pulmonary blastoma, or “fetal adenocarcinoma,” is 
listed as a variant of adenocarcinoma by the current WHO 
classi fi cation of lung tumors, whereas only the biphasic 
type is classi fi ed as a true pulmonary blastoma  [  18  ] . We 
regard both the monophasic and biphasic variants as pul-
monary blastomas based on their distinct morphology 
resembling the developing lung.  

      Biphasic Tumors of the Lungs         5
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   Clinical Features 

 Pulmonary blastomas comprise only 0.25–0.5 % of all pri-
mary lung malignancies  [  19,   20  ] , and to date only approxi-
mately 200 cases have been described in the literature  [  21  ] . 
Although initially thought to be equally common among 
men and women, a slight female preponderance has recently 
emerged  [  21,   22  ] . Pulmonary blastomas are largely tumors 
of adulthood with a mean age of 35 years  [  19  ] , but rare cases 
have also been described in neonates and children or the 
elderly  [  23,   24  ] . Patients present with cough, chest pain, 
fever, or hemoptysis, but up to 40 % of cases remain entirely 
asymptomatic  [  19,   25  ] . Up to 80 % of cases have been shown 
to be related to smoking  [  19  ] . 

 A recent Japanese series of 25 cases of the monophasic 
variant revealed similar clinical  fi ndings to those of the 
biphasic tumor with a male-to-female ratio of 2:3 and a mean 
age of 37 years at diagnosis  [  26  ] . Similar to biphasic pulmo-
nary blastoma, the monophasic variant has sporadically been 
reported in children  [  27  ] . All pulmonary blastomas usually 
present as solitary parenchymal masses on computed tomog-
raphy (CT) or rarely as multiple nodules  [  21,   28  ] . The radio-
logical features are rather nonspeci fi c and often mimic an 
abscess, bronchogenic cyst, or a benign neoplasm  [  21,   28  ] . If 
endobronchially located, carcinoid tumors often enter the 
differential diagnosis  [  21,   28  ] .  

   Gross Features 

 Pulmonary blastomas are well-demarcated, unencapsulated 
tumors that are usually found in the peripheral portion of the 
lungs, although up to one-fourth can be found in an endo-
bronchial location  [  19,   25  ] . The tumors are typically soli-
tary but may on occasion show smaller satellite lesions  [  19  ] . 

A particular predilection for a speci fi c lobe has not emerged 
 [  25  ] . Blastomas are large tumors ranging in size from 1 to 
28 cm with a mean diameter of 6 cm; the monophasic vari-
ant is often slightly smaller  [  19  ] . The tumors may show 
variation in color ranging from white to tan or brown and 
have a bulging cut surface with a  fi sh- fl esh appearance  [  19  ] . 
As many as 50 % of blastomas can show central necrosis, 
and cystic breakdown is also commonly observed  [  19,   25  ] .  

   Histological Features 

   Monophasic Pulmonary Blastoma 
 Monophasic pulmonary blastomas comprise roughly half of 
all pulmonary blastomas  [  29  ] . In contrast to biphasic pulmo-
nary blastomas, the monophasic variant is composed entirely 
of an epithelial component  [  30  ] . Characteristically, this epi-
thelium forms complex branching tubules lined by non-cili-
ated columnar cells (Figs.  5.1 ,  5.2 ,  5.3  ,  and  5.4 ). These cells 
have clear to eosinophilic cytoplasm, uniform round to oval 
nuclei, and characteristic subnuclear or supranuclear cyto-
plasmic vacuoles reminiscent of those typically seen in endo-
metrial glands (Figs.  5.5  and  5.6 ). The glands can have 
various growth patterns with solid or cribriform areas, cords, 
ribbons, or rosette-like structures (Figs.  5.7  ,   5.8 , and  5.9 ). 
Overall, the appearance of the epithelial component in pul-
monary blastomas has a striking resemblance to the develop-
ing lung during weeks 11–18  [  19,   25  ] . In addition to the 
glands, the tumor cells can form peculiar round squamoid 
structures, so-called morules, which are composed of solid 
nests of cells with eosinophilic cytoplasm and optically clear 
nuclei  [  19,   25  ]  (Figs.  5.10  ,   5.11  ,   5.12 , and  5.13 ). Interestingly, 
neuroendocrine differentiation is often identi fi ed in these 
structures  [  19,   25  ] . Morules can be found in as many as 
86–100 % of monophasic pulmonary blastomas and are a 

   Table 5.1    Clinical and histological characteristics of biphasic lung tumors   

 Monophasic pulmonary 
blastoma 

 Biphasic pulmonary 
blastoma  Pleuropulmonary blastoma  Carcinosarcoma 

 Median age at diagnosis  37 years  35 years  3 years  seventh decade 
 Sex  F  F  M = F  M 
 Smoking history  Yes  Yes  No  Yes 
 Malignant glandular 
component 

 Yes  Yes  No  Variable 

 Sarcomatous component  No  Yes  Yes  Yes 
 Morules  Yes  Yes  No  No 
 Cystic component  No  No  Yes  No 
 Associated diseases  No  No  Cystic nephroma, thyroid 

neoplasms, germ cell 
tumors, other sarcomas 

 Migratory polyarthritis, 
polyneuropathy, hypertrophic 
pulmonary osteoarthropathy 

 Prognosis  Better  Poor  Poor  Poor 

   M  male,  F  female  
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  Fig. 5.1    Low-power view of monophasic pulmonary blastoma and 
surrounding lung parenchyma       

  Fig. 5.2    Monophasic pulmonary blastoma demonstrating a glandular 
pattern of growth       

  Fig. 5.3    Glands of different shape and size in monophasic pulmonary 
blastoma       

  Fig. 5.4    Epithelium in monophasic pulmonary blastoma forming 
complex branching tubules       

  Fig. 5.5    High-power view of monophasic pulmonary blastoma with 
uniform round nuclei       

  Fig. 5.6    Monophasic pulmonary blastoma with characteristic supra-
nuclear clearing       
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  Fig. 5.7    More solid growth pattern in monophasic pulmonary blastoma       

  Fig. 5.8    Monophasic pulmonary blastoma with rosette-like architecture       

  Fig. 5.9    Cribriform growth pattern in monophasic pulmonary blastoma       

  Fig. 5.10    Characteristic morule in monophasic pulmonary blastoma       

  Fig. 5.11    High-power view of morule in monophasic pulmonary 
 blastoma displaying a squamoid appearance       

  Fig. 5.12    Large morule in monophasic pulmonary blastoma  fi lling the 
glandular lumen       
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characteristic  fi nding in these tumors. A scant and benign 
stroma separates the closely packed glands in monophasic 
blastoma, which is composed of bland myo fi broblastic cells 
(Figs.  5.14  and  5.15 ). Low mitotic activity and focal necrosis 
may be present, but high mitotic activity and extensive necro-
sis are uncommon  fi ndings (Figs.  5.16  and  5.17 ). Importantly, 
mucin may be identi fi ed in the lumina of the glandular struc-
tures but should not be present in the cytoplasm of the 
 epithelial cells.                   

   Biphasic Pulmonary Blastoma 
 In addition to the glandular component as described previ-
ously, biphasic pulmonary blastoma is characterized by a 
malignant stroma with an embryonic or blastematous 
appearance (Figs.  5.18 ,  5.19 ,  5.20 ,  5.21 , and  5.22 ). This 
stroma can show striking condensation around the glandular 
component and exhibit prominent nuclear pleomorphism 

  Fig. 5.13    Multiple morules in monophasic pulmonary blastoma       

  Fig. 5.14    Benign  fi brous stroma separating the glands in monophasic 
pulmonary blastoma       

  Fig. 5.15    Loose  fi bromyxoid stroma in monophasic pulmonary 
blastoma       

  Fig. 5.16    Stroma in monophasic pulmonary blastoma showing no 
signi fi cant atypia or mitotic activity       

  Fig. 5.17    Comedo-type necrosis in monophasic pulmonary blastoma       
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  Fig. 5.18    Low-power view of biphasic pulmonary blastoma showing a 
well-demarcated lesion in the lung parenchyma       

  Fig. 5.19    Low-power view of biphasic pulmonary blastoma showing a 
mix of epithelial and mesenchymal elements       

  Fig. 5.20    Biphasic pulmonary blastoma containing an immature mes-
enchymal component in addition to the glandular structures       

  Fig. 5.21    Blastemal stroma in biphasic pulmonary blastoma       

  Fig. 5.22    Biphasic pulmonary blastoma with loose high-grade mesen-
chymal component       

  Fig. 5.23    Prominent condensation of stroma around glandular compo-
nent in biphasic pulmonary blastoma       

 

 

 

 

 

 



155Pulmonary Blastoma

(Figs.  5.23  and  5.24 ). Importantly, it can contain immature 
striated muscle, cartilage, osseous differentiation, smooth 
muscle, yolk sac-like areas, or melanocytic differentiation 
 [  19,   25,   31–  34  ]  (Figs.  5.25  and  5.26 ). Interestingly, morules 
are less frequently seen (24 % of cases) than in monophasic 
blastomas  [  19,   25  ] . Although nuclear pleomorphism is not a 
striking feature of the glands in biphasic blastoma, the 
mitotic activity can be as high as 24 mitoses/10 high-power 
 fi elds (hpf)  [  25  ]  (Fig.  5.27 ).             

   Electron Microscopy 

 Ultrastructural investigations of pulmonary blastomas have 
revealed that the epithelial cells have distinct basal lamina, 
apical junctional complexes, and microvilli on the apical sur-
face. Glycogen granules and electron-dense granules may be 
found, but cilia or basal bodies are usually absent. The stroma 

shows the typical features of myo fi broblastic cells: a well-
developed rough endoplasmic reticulum, peripheral cyto-
plasmic  fi laments forming dense bodies, pinocytotic vesicles, 
and an investing basal lamina. Basement membrane-like 
material and occasional cell junctions may sometimes also 
be found. Of interest, the morules contain lamellar inclusions 
reminiscent of developing alveolar buds, and the characteris-
tically optically clear nuclei have been shown to consist of 
intranuclear aggregates of  fi ne  fi laments and  fi brils  [  19,   25  ] .  

   Immunohistochemical and Molecular Features 

 Pulmonary blastomas can show very heterogenous immuno-
histochemical staining patterns depending on the compo-
nents present in the tumors. The epithelial elements display 
positive staining for pancytokeratin (CK), carcinoembryonic 
antigen (CEA), epithelial membrane antigen (EMA), thyroid 

  Fig. 5.24    Striking nuclear pleomorphism in the stroma of biphasic 
pulmonary blastoma       

  Fig. 5.25    An unusual association of pulmonary blastoma with hepato-
celullar differentiation       

  Fig. 5.26    Biphasic pulmonary blastoma with chondroid differentiation       

  Fig. 5.27    Nuclear crowding and high mitotic activity in glandular 
component of biphasic pulmonary blastoma       
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transcription factor-1 (TTF-1), cytokeratin 7 (CK7), cytok-
eratin 5/6 (CK5/6), and surfactant protein alpha  [  11,   19,   25, 
  35,   36  ] . The stromal component generally shows reactivity 
for vimentin and depending on more differentiated elements 
may show positive staining for desmin, muscle-speci fi c 
actin, myoglobin, or S100 protein  [  11,   19,   25,   35,   36  ] . 
Neuroendocrine markers like chromogranin and synapto-
physin have been shown to stain the morules of pulmonary 
blastomas in addition to surfactant protein alpha, biotin, and 
CD10  [  19,   25,   37  ] . 

 Several investigators have tried to determine the molecu-
lar characteristics of pulmonary blastomas. Two of these 
studies found p53 gene mutations and p53 overexpression in 
the epithelial and mesenchymal components in a subset of 
biphasic pulmonary blastomas but no such  fi ndings in the 
monophasic variant  [  8,   9  ] . They concluded that both ele-
ments of biphasic pulmonary blastomas likely derived from 
a single totipotential stem cell. Further studies showed that 
 b (beta)-catenin mutations were present in monophasic and 
biphasic pulmonary blastomas, suggesting a histogenetic 
linkage of the tumors  [  10,   12  ] . Single nucleotide polymor-
phism array and mutational analysis for p53,  b (beta)-catenin, 
epidermal growth factor receptor (EGFR), and K-ras on a 
single biphasic tumor and its metastatic brain deposit showed 
common genetic alterations in the form of allelic imbalance 
on chromosomes 17p11-p13 and 14q24-q32 as well as 
 b (beta)-catenin mutations in both elements of the primary 
tumor and the metastasis implying a monoclonal origin of 
the neoplasm  [  13  ] . The same study also described chromo-
somal differences between the epithelial and mesenchymal 
components (6p24-p25 and 6q14-q27 alterations for the epi-
thelial element; 3p11-p14, 9p21-p24 alterations; and p53 
gene mutation in the mesenchymal element) and concluded 
that the biphasic nature of the tumor was due to differences 
in accumulated genetic alterations of the epithelial and mes-
enchymal tumor components.  

   Differential Diagnosis 

 Monophasic pulmonary blastomas may mimic conventional 
gland-forming adenocarcinoma and especially primary 
secretory endometrial-like or metastatic endometrioid ade-
nocarcinoma. Blastomas may be distinguished from conven-
tional adenocarcinoma by the presence of morules and the 
typical embryonic appearance of the epithelium character-
ized by prominent subnuclear or supranuclear cytoplasmic 
vacuoles. In addition, blastomas lack the intracellular mucin 
often found in conventional adenocarcinoma, and histochem-
ical mucin stains may prove useful to differentiate the two 
tumors. Secretory endometrial-like and endometrioid adeno-
carcinoma can be more dif fi cult to distinguish due to a simi-
lar morphology of the glandular component and the 

occasional presence of squamous morules closely resem-
bling the morules seen in blastoma. In this case, thorough 
clinical and radiological correlation is required, especially if 
the patient is a female. In those cases of biphasic pulmonary 
blastomas, where an additional mesenchymal component is 
present, carcinosarcoma enters the differential diagnosis. 
However, the distinctive embryonal morphology of blastoma 
has not been described in carcinosarcomas, nor have morules 
been identi fi ed in these tumors. Lastly, malignant salivary 
gland-like tumors can be mistaken for pulmonary blastomas. 
The biphasic nature of the former, however, is based on the 
presence of epithelial and myoepithelial elements and will 
display a prominent myoepithelial immunohistochemical 
phenotype characterized by reactivity for cytokeratin, vimen-
tin, and actin. Such a staining pattern has not been described 
in pulmonary blastomas  [  25  ] .  

   Treatment and Prognosis 

 Although most studies agree that complete surgical excision 
is the treatment of choice for pulmonary blastomas, the role 
of adjuvant radiation therapy and chemotherapy is not well 
established. Nevertheless, chemotherapy using a combina-
tion of platinum- and non-platinum-based cytotoxic agents is 
used in the adjuvant setting, and radiation therapy with or 
without chemotherapy may be used for downstaging pur-
poses or in cases of unresectable disease  [  19,   38  ] . The prog-
nosis of pulmonary blastomas largely depends on the 
histological subtype. Biphasic blastomas are generally highly 
aggressive tumors with an ominous outcome. These tumors 
have a high recurrence rate of up to 50 % of cases  [  19,   39  ]  
and may metastasize to the brain, mediastinum, pleura, liver, 
diaphragm, heart, or soft tissues  [  25,   39,   40  ] . In about half of 
the cases, the metastatic deposits have a monotypic appear-
ance, whereas the other half shows a biphasic pattern  [  41  ] . 
Biphasic pulmonary blastomas have been shown to have a 
poor survival rate with two-thirds of patients dying within 
2 years and 5- and 10-year survival rates of 16 and 8 %, 
respectively  [  19  ] . Another more recent series reported a bet-
ter overall outcome with an average survival of 49.7 months 
and 2- and 5-year survival rates of 85.7 and 71.4 %, respec-
tively  [  21  ] . This study, however, incorporated both biphasic 
and monophasic blastomas in their survival data, and all of 
their tumors presented at an early stage. The authors deducted 
that early tumor stage improves survival, supporting the 
results of earlier studies  [  30  ] . Other factors in fl uencing sur-
vival were found to be small tumor size (<5 cm) and an 
absence of tumor recurrence and metastasis  [  30  ] . 

 The prognosis for monophasic pulmonary blastomas is 
strikingly better, and some authors believe these tumors 
should be regarded as a low-grade malignancy  [  16  ] . Although 
monophasic blastomas can have a recurrence rate as high as 
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30 %, most of the recurrences happen in the lung rather than 
in distant sites, and the tumor-associated mortality is only 
10–14 % (median follow-up 95 months). Negative predictive 
factors of survival for the monophasic variant include the 
presence of thoracic lymphadenopathy, metastatic disease at 
presentation, tumor recurrence, and tumor stage; however, 
contrary to the biphasic variant, tumor size does not appear 
to in fl uence the clinical course  [  30  ] . It has been suggested 
that this improved survival compared to biphasic blastoma is 
due to lower biological aggressiveness and a higher tendency 
of monophasic blastomas to recur within the lungs thereby 
facilitating surgical resection  [  19  ] .   

   Pleuropulmonary Blastoma 

   History, Histopathogenesis, and De fi nition 

 Pleuropulmonary blastoma is a rare neoplasm that is virtu-
ally restricted to the pediatric age group. Despite its similarity 
in nomenclature with the pulmonary blastoma of adulthood, 
pleuropulmonary blastoma is a different clinicopathological 
entity that needs to be differentiated from pulmonary blastoma 
and other biphasic tumors more commonly seen in the older 
age group. Before 1988, these tumors were published in the lit-
erature under various terms including “pulmonary blastoma,” 
“pulmonary sarcoma arising in mesenchymal cystic hamar-
toma,” “embryonal sarcoma,” and “pulmonary rhabdomyo-
sarcoma arising in congenital adenomatoid malformation or 
in bronchogenic cyst”  [  42–  50  ] . The term “pleuropulmonary 
blastoma” was  fi rst used by Manivel and coworkers  [  51  ]  
describing 11 unique pediatric tumors involving the lungs, 
pleura, or mediastinum. These tumors were composed of an 
embryonal-like blastemal element, an uncommitted stroma 
with focal rhabdomyosarcomatous, chondrosarcomatous, or 
liposarcomatous differentiation and variable cyst formation. 
Although histologic similarities to the adult-type pulmonary 
blastoma exist, the de fi ning feature of pleuropulmonary blas-
toma is a striking absence of any malignant epithelial com-
ponent thereby separating pleuropulmonary blastoma from 
the other biphasic lung neoplasms. The authors believed that 
pleuropulmonary blastoma may represent the expression of 
the thoracic splanchnopleural or somatopleural mesoderm, 
which would explain the absence of a malignant epithelial 
component, the pluripotentiality for the various lines of mes-
enchymal differentiation, and the varied anatomic sites of 
origin in the thoracic cavity  [  51  ] . More recently, pleuropul-
monary blastoma have been subdivided into three different 
types depending on the degree of cystic change. In addition, it 
could be shown that this subdivision also correlates with age at 
presentation and prognosis  [  52  ] . To date, however, the initial 
description by Manivel et al.  [  51  ]  de fi nes the entity of pleuro-
pulmonary blastoma.  

   Clinical Features 

 Pleuropulmonary blastomas are tumors of childhood with an 
average age at presentation of 3 years  [  51,   53  ] . Children 
older than 12 years are only uncommonly affected, and rare 
case reports even describe the occurrence of pleuropulmo-
nary blastoma in adults  [  51,   54–  56  ] . In a more recent study, 
it has emerged that the median age at presentation is different 
for the three tumor subtypes: 10 months for type 1, 36 months 
for type 2, and 44 months for type 3  [  57  ] . A distinct sex pre-
dilection has not been observed  [  51,   58,   59  ] . Patients are 
symptomatic with cough, fever, chest pain, respiratory dis-
tress, lethargy, weight loss, abdominal pain, or anorexia 
 [  51,   53,   54  ] . Pleuropulmonary blastomas commonly arise in 
the periphery of the lungs and less often in the pleura or 
mediastinum  [  51–  53  ] . Although mostly an isolated lesion, 
pleuropulmonary blastoma rarely presents as multiple tumors 
 [  60  ] . Interesting  fi ndings are a striking predilection for the 
right hemithorax  [  51,   61  ]  and a supposed limitation of type 1 
pleuropulmonary blastoma to the lung parenchyma  [  62  ] . 
Radiologically, pleuropulmonary blastomas present as air-
 fi lled cysts or homogenous masses with partial or complete 
obliteration of the hemithorax and/or pleural- and mediasti-
nal-based masses  [  51,   52  ] . Based on these  fi ndings, cystic 
lung disease is often suspected clinically, and the correct 
diagnosis is often only rendered after surgical resection  [  59  ] . 
A very typical imaging  fi nding of pleuropulmonary blastoma 
is its peripheral location and a striking absence of any chest 
wall invasion  [  61,   63  ] . Pleuropulmonary blastoma is often 
seen in association with cystic lung diseases like broncho-
genic cysts or cystic adenomatoid pulmonary malformation 
(CPAM)  [  51,   53,   58  ] . More importantly, pleuropulmonary 
blastoma is a strong marker of predisposition to develop 
other childhood neoplasms either affecting the same patient 
or a close family member  [  51,   64–  66  ] . These childhood neo-
plasms include cystic nephroma, thyroid carcinoma, germ 
cell tumors, or other sarcomas  [  51,   64,   66  ] . Close surveil-
lance of the patients and their family members are thus indi-
cated when a diagnosis of pleuropulmonary blastoma is 
rendered.  

   Gross Features 

 Pleuropulmonary blastomas are large tumors that may reach 
up to 28 cm in size  [  51  ] . They are often multilobulated 
masses with a glistening surface involving mainly the lower 
lobes of the lungs. Frequently, the pleura is involved at pre-
sentation, and widespread tumor is encountered at resection 
 [  58  ] . Depending on the histological subtype, the macroscopic 
features range from thin-walled cystic structures (type 1) to 
solid  fi rm and rubbery masses (type 3). Type 2 pleuropulmo-
nary blastoma shows a mixture of cystic and solid areas with 
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nodular and plaque-like thickenings or solid polypoid struc-
tures projecting into the cystic spaces  [  51,   58  ] . Areas of 
necrosis, hemorrhage, gelatinous, or mucoid change may be 
seen in all types. Rarely, intrabronchial extension can be 
identi fi ed  [  67  ] .  

   Histological Features 

 Pleuropulmonary blastoma has been subdivided into three 
different types based on the degree of cystic differentiation 
 [  52,   58  ] . Type 1 pleuropulmonary blastoma is a multicystic 
lesion separated by thin  fi brovascular septa lined by benign 
ciliated respiratory-type epithelium (Figs.  5.28  and  5.29 ). The 
stroma is composed of small round to spindle-shaped cells 
that may condense to form a continuous layer beneath the 
benign epithelium resembling the cambium layer in embryo-
nal rhabdomyosarcoma (sarcoma botryoides) (Fig.  5.30 ). 

These stromal cells are often accompanied by cells displaying 
rhabdomyoblastic differentiation (Figs.  5.31  and  5.32 ). In 
addition to the cystic component, pleuropulmonary blastoma 
type 2 contains a solid component, whereas type 3 pleuropul-
monary blastoma is entirely solid (Figs.  5.33 ,  5.34 , and  5.35 ). 
This solid component usually shows mixed blastematous and 
sarcomatous features: The blastomatous element is composed 
of small primitive cells with little cytoplasm and increased 
mitotic activity; the sarcomatous component displays spindle 
cells in a fascicular arrangement. These components merge 
with a loose stroma of short fusiform cells set in a pale 
 background. Rhabdomyoblasts, cartilaginous differentiation, 
anaplastic cells, and tumor giant cells are often identi fi ed in 
type 2 and 3 pleuropulmonary blastomas. Foci of necrosis 
and pseudocyst formation are also often identi fi ed in the 
higher-grade tumors. Recurrent or metastatic tumor shows 
similar histologic features to those seen in the primary lesion; 
however, an increased tendency of rhabdomyoblastic or 

  Fig. 5.28    Low-power view of type 1 pulmonary pleuropulmonary blastoma       

  Fig. 5.29    Benign ciliated epithelium lining the septa in pleuropulmonary 
blastoma       

  Fig. 5.30    Stromal condensation underneath the epithelium of pleuro-
pulmonary blastoma       

  Fig. 5.31    Stromal cells in pleuropulmonary blastoma showing rhab-
domyoblastic differentiation       
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 spindle cell overgrowth can sometimes be seen in these 
deposits  [  52,   58  ] .          

   Electron Microscopy 

 Electron microscopy of the blastemal elements shows undif-
ferentiated cells with a high nuclear-cytoplasmic ratio, rounded 
nuclei with smooth contours, and a sparse cytoplasm with few 
organelles like mitochondria, ribosomes, and disorganized 
cristae. Occasional electron-dense intramatrical material may 
be found along with scattered glycogen rosettes and sparse 
cytoplasmic micro fi laments. Intercellular junctions are only 
primitively developed  [  51,   54  ] . The spindle-shaped stromal 
cells show the features of elongated  fi broblast-like cells with a 
well-developed rough endoplasmic reticulum and cytoplasmic 
lipid vacuoles. Thin cytoplasmic processes may be identi fi ed 
together with long intercellular junctions and sublemmal 
aggregates of micro fi laments. Basement membranes are gen-
erally not seen  [  51,   54  ] . The rhabdomyoblasts possess thin 
and thick  fi laments in sarcomeric organization and abortive 
Z-band formation  [  51,   54  ] . Chondroid cells, if present, are set 
in a loosely granular matrix and have scalloped cell membranes 
and dilated rough endoplasmic reticulum with  fi nely granular 
material. These cells contain abundant intermediate  fi laments 
and may also contain scattered glycogen particles and mito-
chondria  [  51,   54  ] .  

   Immunohistochemical and Molecular Features 

 Although the diagnosis of pleuropulmonary blastoma 
remains largely a histological one, immunohistochemical 
studies may aid in the correct identi fi cation of the sarcoma-
tous component. The most common sarcomatous element, 

  Fig. 5.32    Type 3 pleuropulmonary blastoma with focal rhabdoid 
differentiation       

  Fig. 5.33    Type 2 pleuropulmonary blastoma showing equal proportions 
of solid and cystic areas       

  Fig. 5.34    Cystic spaces in type 2 pleuropulmonary blastoma       

  Fig. 5.35    Type 3 pleuropulmonary blastoma with predominantly solid 
growth pattern       
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rhabdomyosarcoma, may be con fi rmed with markers like 
desmin, myoglobin, muscle-speci fi c actin, myogenin, and 
myoD1, while cartilaginous differentiation will show reac-
tivity for S100 protein  [  51,   54,   58,   68,   69  ] . Vimentin and 
histiocytic markers, such as  a (alpha)-1-antitrypsin,  a (alpha)-
1-antichymotrypsin, and CD68, have been reported to be 
positive in the blastematous component  [  51,   54,   68  ] . The 
benign epithelium is generally immunoreactive for CK and 
EMA  [  51,   54,   68  ] . 

 A recurrent  fi nding of molecular studies is the presence of 
trisomies 2 and 8 in pleuropulmonary blastoma  [  69–  73  ] . 
Some of these authors noted that similar genetic abnormali-
ties can also be seen in embryonal rhabdomyosarcoma and 
hepatoblastoma, suggesting a common genetic pathway in 
the origin of these tumors. In addition to this, Kusafuka et al. 
 [  74  ]  described p53 mutations in two out of three pleuropul-
monary blastomas, further supporting a genetic link with 
rhabdomyosarcoma that may show similar  fi ndings. More 
recently, DICER1 mutations were found in familial cases of 
pleuropulmonary blastoma  [  75  ] . Loss of DICER1 is thought 
to induce changes resembling the early stages of pleuropul-
monary blastoma in the lungs of mice, and the authors specu-
lated that the development of pleuropulmonary blastoma in 
humans may arise through a similar mechanism.  

   Differential Diagnosis 

 The most important differential diagnosis of pleuropulmo-
nary blastoma includes pulmonary blastoma, rhabdomyosar-
coma, and congenital cystic adenomatoid malformation 
(C-CAM). Pulmonary blastoma usually affects adults, arises 
in the lung parenchyma, and has a mostly solid growth pat-
tern. Histologically, it is composed of malignant blastemal, 
stromal, and epithelial elements. Pleuropulmonary blastoma 
is a pediatric tumor that may arise anywhere in the thoracic 
cavity and typically lacks a malignant epithelial component 
facilitating separation from pulmonary blastoma  [  51  ] . 
Primary rhabdomyosarcomas of the lung are extremely rare 
neoplasms that show monodirectional differentiation toward 
skeletal muscle cells and lack the blastematous component 
of pleuropulmonary blastoma  [  51,   54  ] . C-CAM may be 
dif fi cult to distinguish from pleuropulmonary blastoma 
type 1; C-CAM encompasses a spectrum of cystic lung dis-
eases and has been subdivided into  fi ve subtypes. Especially, 
type 1 (“large cyst C-CAM”) and type 4 (“peripheral type 
C-CAM”) can easily be mistaken for pleuropulmonary blas-
toma. Due to overlapping morphological features, pleuro-
pulmonary blastoma is best distinguished from benign cystic 
lung disease based on its characteristic multiloculated cystic 
architecture, well-developed border to the normal lung 
parenchyma, and, most importantly, the presence of collec-
tions of small primitive cells in the septa  [  76  ] . Careful search 

of the cyst walls for evidence of stromal hypercellularity is 
indicated in all cases of cystic lung disease in order not to 
miss a malignant process  [  77  ] .  

   Treatment and Prognosis 

 The treatment of pleuropulmonary blastoma generally con-
sists of complete surgical resection followed by adjuvant 
 chemotherapy  [  51,   53,   58  ] . Although no speci fi c cytotoxic 
regimens exist for these tumors, frontline chemotherapy 
agents include vincristine, doxorubicin, cisplatin, dactinomy-
cin, cyclophosphamide, etoposide, or ifosfamide  [  53,   78  ] . 
Neoadjuvant chemotherapy followed by resection and adju-
vant chemoradiation may produce long-term survival in 
locally advanced cases  [  79  ] . In a clinicopathological study of 
50 cases of pleuropulmonary blastoma, Priest et al.  [  58  ]  
reported a generally aggressive behavior with an overall 
5-year survival rate of only 45 %. However, the prognosis is 
to some degree dependent on tumor subtype with an overall 
2-year survival of 80 % for type 1 lesions, 73 % for type 2, and 
48 % for type 3 tumors  [  58  ] . Factors that in fl uence treatment 
failure and prognosis include unresectable tumor at diagnosis, 
tumor recurrence, mediastinal or pleural involvement, and 
type 2 or 3 histology  [  52,   53,   58,   80  ] . Pleuropulmonary blas-
tomas have the potential to metastasize and do so most often 
to the central nervous system, bone, liver, and soft tissues; in 
fact, cerebral metastasis is more common in pleuropulmonary 
blastoma than in any other childhood sarcoma. The cumula-
tive risk of developing brain metastasis by 5 years after diag-
nosis is 11 % for type 2 tumors and 54 % for type 3 lesions 
 [  57  ] . Since it is known that type 1 pleuropulmonary blastoma 
may recur as the higher-grade type 2 or 3 tumors  [  58  ] , elective 
surgery of all cystic lung lesions in young children is advised 
even if these are asymptomatic  [  59,   81,   82  ] .   

   Pulmonary Carcinosarcoma 

   History, Histopathogenesis, and De fi nition 

 Since its earliest description by Kika in 1908  [  83  ] , contro-
versy has surrounded the histogenesis and de fi nition of car-
cinosarcoma. Saphir and Vass in 1938  [  84  ]  reviewed 153 
cases of “carcinosarcoma” reported in the literature and pro-
posed that, in the few cases that they regarded as truly carci-
nosarcomatous, the mesenchymal component of 
carcinosarcoma was a reactive response induced by para-
crine secretion from the epithelial component. This theory 
was reinforced by studies of Addis and Corrin  [  85  ]  and 
Humphrey et al.  [  86  ]  who believed that the mesenchymal 
component derived from metaplasia of undifferentiated stem 
cells or carcinoma cells, respectively. Later, this theory was 
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refuted, primarily by the fact that the mesenchymal compo-
nent had malignant morphologic features and metastatic 
potential. This led to the biclonal theory proposing a colli-
sion between histogenetically independent neoplasms 
derived from separate progenitor cells (so-called collision 
tumors)  [  87,   88  ] . This hypothesis contrasts with the mono-
clonal theory put forward by Thompson et al. in 1996  [  89  ]  
stating that a single totipotential stem cell can differentiate 
into diverse cell lines during tumorigenesis. The latter propo-
sition has recently been supported by the results of various 
molecular investigations: These studies described similar 
genetic alterations in the epithelial and mesenchymal com-
ponents of carcinosarcoma, suggesting a monoclonal origin 
of both elements  [  90,   91  ] . Today, the monoclonal theory 
appears to be the most widely accepted one. 

 Similar contention involves the de fi nition of carcinosar-
coma and its separation from sarcomatoid carcinoma. Both 
lesions may share certain morphological characteristics mak-
ing separation on pure histological grounds dif fi cult. The 
earlier de fi nitions of carcinosarcoma did not require the pres-
ence of specialized mesenchymal tumor elements for diag-
nosis but regarded even nonspeci fi c spindle cells as 
representation of the “mesenchymal” component  [  92,   93  ] . 
However, later other authors were able to demonstrate epi-
thelial differentiation within both elements of such tumors 
by using adjunct techniques such as electron microscopy and 
immunohistochemistry, thereby reclassifying these lesions 
as sarcomatoid carcinomas  [  94,   95  ] . The same authors pro-
posed that sarcomatoid carcinomas be divided into biphasic 
tumors (those demonstrating the presence of a divergent cell 
line) and monophasic tumors (those with a nonspecialized 
spindle cell component)  [  95  ] . A number of other investiga-
tors, including the recommendations by the latest WHO pub-
lication on lung tumors, however, advocate the term 
carcinosarcoma for those tumors that in addition to an epi-
thelial malignancy contain unequivocal heterologous mesen-
chymal elements in the form of osteorsarcoma, 
chondrosarcoma, rhabdomyosarcoma, or liposarcoma  [  18, 
  25,   86  ] . Due to these controversies, opinions are still divided 
as to whether carcinosarcoma is best regarded as a separate 
clinicopathological entity or rather forms part of a spectrum 
with other tumors displaying sarcomatoid features. This con-
troversy is re fl ected in the inclusion of carcinosarcomas as a 
subtype of sarcomatoid carcinoma in the most recent WHO 
classi fi cation  [  18  ] .  

   Clinical Features 

 Carcinosarcomas belong to the rarest primary tumors of the 
lungs with an estimated incidence of only 0.2–0.4 % of all 
pulmonary neoplasms  [  96–  98  ] . Carcinosarcomas predomi-
nantly affect men with a male-to-female ratio of 7:1  [  96,   99, 

  100  ] . The age at presentation ranges from 29 to 81 years with 
a peak in the seventh decade. Tobacco use appears to be a 
common etiologic factor  [  96,   99,   101  ] . Carcinosarcomas may 
present as central lesions with an endobronchial component 
or arise peripherally in the lung parenchyma  [  92,   101–  103  ] . 
Isolated cases may also present as entirely pleural-based 
lesions  [  104  ] . Endobronchial tumors may produce cough, 
dyspnea, hemoptysis, and shortness of breath, whereas 
peripheral lesions are more likely to induce chest pain, recur-
rent pneumonic episodes, weight loss, and fever  [  92,   96,   99, 
  101,   102  ] . Up to one-third of patients may be entirely asymp-
tomatic  [  99  ] . 

 Radiologically, endobronchial carcinosarcomas show 
features of obstructive pneumonitis or atelectasis, whereas 
peripheral lesions are characterized by large round parenchy-
mal masses. The latter shows heterogeneous enhancement in 
the periphery and decreased attenuation centrally on CT 
scanning. Local invasion into the chest wall, pericardium, or 
pulmonary vein may be present  [  105  ] . 

 Carcinosarcomas may be associated with paraneoplastic 
syndromes such as migratory polyarthritis and polyneuropa-
thy or hypertrophic pulmonary osteoarthropathy  [  106–  108  ] .  

   Gross Features 

 Pulmonary carcinosarcomas are large tumors affecting pri-
marily the upper lobes  [  96,   99  ] . Tumor sizes range from 1.5 
to 16 cm with a mean size of 7 cm  [  96,   99  ] . They are usually 
single, well-circumscribed masses of either peripheral or 
central location  [  92  ] . Although single lesions are by far more 
common, occasionally carcinosarcomas can also present as 
multiple nodules  [  99  ] . If situated centrally, the tumors may 
have endobronchial, extrabronchial, or intrabronchial com-
ponents and may show the appearance of bronchial polyps 
 [  92,   99,   103  ] . Extensive pleural involvement mimicking 
malignant mesothelioma has been described in one case 
 [  109  ] . Whereas the epithelial component often displays a 
soft and friable consistency with or without areas of necrosis 
and cavitation, the sarcomatous component is commonly 
 fi rm,  fl eshy, and rubbery on gross examination  [  96,   99  ] .  

   Histological Features 

 The histological features of carcinosarcoma are character-
ized by an admixture of carcinomatous and sarcomatous ele-
ments (Figs.  5.36  and  5.37 ). These may be distributed in 
equal proportions or show predominantly epithelial or mes-
enchymal differentiation  [  96  ]  (Figs.  5.38  and  5.39 ). The 
most common carcinomatous component is squamous cell 
carcinoma, and this is particularly true for endobronchial 
tumors  [  99,   102  ]  (Fig.  5.40 ). Squamous cell carcinoma is 
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followed in frequency by adenocarcinoma, adenosquamous 
carcinoma, and large cell carcinoma  [  99  ]  (Figs.  5.41 ,  5.42 , 
 5.43 ,  5.44 , and  5.45 ). Among the stromal elements, rhab-
domyosarcoma, osteosarcoma, and chondrosarcoma are 
most commonly identi fi ed, while leiomyosarcoma, liposar-
coma, undifferentiated sarcoma, or osteoclast-like giant cells 
are less often found  [  92,   99,   110  ]  (Figs.  5.46 ,  5.47 ,  5.48 , 
 5.49 ,  5.50 ,  5.51 ,  5.52 ,  5.53 ,  5.54 , and  5.55 ). Both the epithe-
lial and mesenchymal components histologically resemble 
their counterparts in other organ systems and may show all 
stages of differentiation. Isolated case reports also comment 
on the presence of neuroendocrine carcinoma and salivary 
gland-type epithelium as part of the epithelial component in 
these tumors  [  25,   111–  114  ] . While the majority of carcino-
sarcomas show permeative growth into adjacent tissues, 
peripheral lesions often have a pushing interface with the 

  Fig. 5.36    Low-power view demonstrating the biphasic nature of 
carcinosarcoma       

  Fig. 5.37    Mixture of carcinomatous and sarcomatous elements in 
carcinosarcoma       

  Fig. 5.38    Subtle squamous cell carcinoma component in carcinosarcoma       

  Fig. 5.39    Subtle rhabdomyoblastic cells in the mesenchymal component 
of a carcinosarcoma       

  Fig. 5.40    Endobronchial carcinosarcoma growing into the bronchial 
lumen       
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  Fig. 5.41    Squamous cell carcinoma embedded in malignant mesen-
chymal stroma       

  Fig. 5.42    Squamous cell carcinoma with basaloid features as part of a 
carcinosarcoma       

  Fig. 5.43    Carcinosarcoma with clear cell changes in the squamous 
cell carcinoma component       

  Fig. 5.44    Squamous cell carcinoma adjacent to areas of rhabdomyo-
sarcoma in carcinosarcoma       

  Fig. 5.46    Carcinosarcoma with rhabdomyoblastic differentiation       

  Fig. 5.45    Adenocarcinoma as part of a carcinosarcoma       
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  Fig. 5.47    Rhabdomyoblastic cells in a carcinosarcoma       

  Fig. 5.48    Extensive rhabdomyoblastic differentiation in 
carcinosarcoma       

  Fig. 5.49    Low-power view of a carcinosarcoma with osteosarcoma 
component       

  Fig. 5.50    High-power view showing malignant osteoid in a 
carcinosarcoma       

  Fig. 5.51    Carcinosarcoma with squamous cell carcinoma and carti-
laginous differentiation       

  Fig. 5.52    Higher-power view of malignant cartilage in 
carcinosarcoma       
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surrounding parenchyma  [  101  ]  (Fig.  5.56 ). Hemorrhage, 
necrosis, and pseudocyst formation are frequently seen  [  101  ]  
(Figs.  5.57 ,  5.58 , and  5.59 ). Metastatic deposits of carcino-
sarcoma may show features of only one of the components or 
a mixture of both  [  99  ] .                          

   Electron Microscopy 

 Detailed ultrastructural investigations of carcinosarcoma 
have revealed that the carcinomatous component shows the 
typical features of epithelial cells: The cells contain 
tono fi laments and are widely connected by junctional com-
plexes in the form of desmosomes. The mesenchymal cells 
are generally characterized by an absence of these structures 

  Fig. 5.53    Extensive chondrosarcoma component showing high-grade 
cytological atypia in carcinosarcoma       

  Fig. 5.54    Giant cell change in sarcomatous areas of carcinosarcoma       

  Fig. 5.55    High-grade undifferentiated sarcoma component in carcinosarcoma       

  Fig. 5.56    Carcinosarcoma showing a pushing interface with the 
 adjacent lung parenchyma       

  Fig. 5.57    Cystic change in carcinosarcoma lined by squamous cell 
carcinoma       
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and are set in a loose myxomatous matrix  [  109,   115  ] . An 
interesting observation was made by Yamazaki et al.  [  116  ]  
who described cell to cell interactions between the two com-
ponents, suggesting that the different tumor cells interact 
with each other as well as with the matrix and that this inter-
action may in fl uence the development and migration of the 
neoplastic cells.  

   Immunohistochemical and Molecular Features 

 Although the diagnosis of carcinosarcoma is often a histo-
logical one, immunohistochemical studies may be helpful in 
determining less well-differentiated tumor components. The 
carcinomatous elements will show reactivity for CAM5.2 
and CK stains; more speci fi cally, CK5/6 and p63 can be used 
to identify squamous cell carcinoma, and CK7, TTF-1, and 
napsin may be used in the diagnosis of adenocarcinoma. 
Rhabdomyoblastic differentiation can be con fi rmed with 

muscle-speci fi c markers like desmin, myoglobin, or myo-
genin. S100 protein may aid to identify liposarcomatous or 
chondrosarcomatous areas, whereas, for practical purposes, 
the detection of osteosarcoma-like areas is restricted to the 
typical morphological appearance. Finally, if neuroendocrine 
differentiation is suspected, synaptophysin, chromogranin, 
and CD56 are the most useful markers to con fi rm the 
diagnosis. 

 Recent genetic studies have contributed signi fi cantly to 
con fi rm the histogenetic development of carcinosarcomas. 
Dacic et al.  [  90  ]  have been able to detect the same allelic 
losses involving chromosomes 3q, 5q, and 17p in the epithe-
lial and mesenchymal components of carcinosarcoma, 
strongly suggesting a monoclonal origin of this tumor and 
supporting the totipotential stem cell theory of tumorigene-
sis. Furthermore, they found fractional allelic loss to be more 
often present in the mesenchymal component and interpreted 
this to re fl ect transition from carcinoma to sarcoma in the 
process of tumor development. These  fi ndings were sup-
ported by Pardo et al. in 2008  [  91  ]  who found many common 
alterations between carcinomatous and sarcomatous areas 
characterized by gains in chromosomes 1q, 3q, 5p, 8q, and 
12p. Furthermore, some studies documented an absence of 
K-ras and  b (beta)-catenin mutations in carcinosarcoma, the 
latter indicative that this tumor is distinct from pulmonary 
blastoma, a neoplasm that has consistently shown the pres-
ence of such genetic change  [  9,   10,   12  ] .  

   Differential Diagnosis 

 Carcinosarcomas may be dif fi cult to diagnose on small endo-
bronchial or transthoracic needle core biopsies, which will 
often only include one of the tumor components, and 
de fi nitive diagnosis will be delayed until the tumor is for-
mally resected. However, even on resected material, diag-
nostic dif fi culties may arise, and carcinosarcomas can be 
mistaken for tumors displaying similar features. One of the 
most controversial issues is the separation from sarcomatoid 
carcinoma. Whereas some authors believe that carcinosarco-
mas as a whole represent a subtype of sarcomatoid carcino-
mas  [  18,   101  ] , other investigators believe that they form a 
speci fi c clinicopathologic entity  [  25,   99  ] . The latter groups 
de fi ne carcinosarcomas as those tumors showing epithelial 
and specialized mesenchymal differentiation such as osteo-
sarcoma, chondrosarcoma, or rhabdomyosarcoma. In their 
opinion, only tumors in which the mesenchymal component 
is represented by an undifferentiated spindle cell prolifera-
tion (with or without immunohistochemical cytokeratin 
reactivity) are classi fi ed as a sarcomatoid carcinoma. 

 Carcinosarcomas in which the carcinomatous element is 
adenocarcinoma may be confused with pulmonary blasto-
mas. Pulmonary blastomas, however, are biphasic tumors 

  Fig. 5.58    Areas of hemorrhage in carcinosarcoma       

  Fig. 5.59    Extensive necrosis in carcinosarcoma       
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where the stromal component is composed of an undifferen-
tiated embryonal mesenchyma and the epithelial part resem-
bles the tubules and acini of the fetal lung, thereby 
distinguishing the two tumors  [  117  ] . Teratomas displaying 
malignant transformation have a potential to be confused 
with carcinosarcoma due to the presence of malignant epi-
thelial or mesenchymal components. However, this tumor is 
derived from all three germ cell layers and will most often 
show mature cartilage, adipose, or neural tissue in combina-
tion with a malignant epithelial element. Other tumors to 
consider in the differential diagnosis are malignant salivary 
gland-like tumors and primary mesenchymal neoplasms of 
the lung. Malignant salivary gland-like tumors will have a 
striking myoepithelial component, and the malignancy will 
be primarily epithelial in nature  [  25  ] . Primary mesenchymal 
neoplasms of the lung like rhabdomyosarcoma, leiomyosar-
coma, or osteosarcoma are exceedingly rare and will not 
contain any carcinomatous elements.  

   Treatment and Prognosis 

 Since a large proportion of carcinosarcomas is resectable 
at the time of diagnosis, complete surgical resection is the 
treatment of choice and potentially curative if disease is 
localized  [  99,   118  ] . Chemotherapy and/or radiation may 
be indicated in cases that are not amenable to surgery or 
in cases of metastatic dissemination. Metastatic disease is 
most frequently found in lymph nodes, kidney, bone, tho-
rax, liver, spleen, adrenal gland, and brain and can present in 
the form of the carcinomatous or sarcomatous component or 
both  [  99,   101  ] . Information on cytotoxic regimens effective 
in carcinosarcoma is sparse, and no universal chemotherapy 
recommendation exists. Some workers suggested the use of 
doxorubicin-based chemotherapies, believing that the sar-
comatous component is the one predicting prognosis there-
fore modeling treatment after that of soft tissue sarcomas 
 [  114  ] . Other studies reported treatment responses to combi-
nation chemotherapy with doxorubicin, cisplatin, and cyclo-
phosphamide, thereby targeting both tumor components 
 [  96,   119  ] . Despite all treatment modalities, the prognosis 
for patients with carcinosarcoma is poor. In the two largest 
series investigating pulmonary carcinosarcomas, the survival 
ranged from a median survival of 1-year to a 5-year survival 
rate of 21.3 %  [  96,   99  ] . A later series of 15 resected tumors 
reported an overall cumulative 5-year survival of 49.4 %, 
a rate similar to patients with primary pulmonary sarcoma 
 [  118  ] . Koss et al.  [  99  ]  noted in their study of 66 patients 
that neither endobronchial location nor tumor stage had an 
impact on survival and that the only relevant parameter was 
tumor size with a cutoff at 6 cm. The eventual cause of death 
in patients with pulmonary carcinosarcoma is most often 
related to tumor recurrence and distant metastasis  [  114  ] .       
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            Introduction 

 Salivary gland type tumors have been described in many 
locations of the body including the bronchopulmonary sys-
tem. In the lungs, they are thought to arise from the minor 
salivary gland tissue of the tracheobronchial tree. 
Morphologically, histochemically, and immunohistochemi-
cally, these tumors share similar characteristics with their 
counterparts in the salivary glands; however, some  differences 
have been observed in their histologic spectrum and biologic 
behavior. In addition, contrary to primary salivary gland 
tumors, the tumors arising in the lungs are uncommon, 
 representing <1 % of all pulmonary neoplasms  [  1,   2  ] . 
Therefore, careful clinical and radiological investigations in 
patients presenting with a pulmonary salivary gland type 
tumor are essential to rule out metastasis from a salivary 
gland primary. The salivary gland type tumors known to orig-
inate in the lungs include mucoepidermoid carcinoma, ade-
noid cystic carcinoma, acinic cell carcinoma, pleomorphic 
adenoma, carcinoma ex pleomorphic adenoma, epithelial-
myoepithelial carcinoma, and oncocytoma. Another rare 
adnexal type neoplasm, sebaceous carcinoma, is also included 
in this chapter. The most pertinent histochemical, 
 immunohistochemical, ultrastructural, and molecular fea-
tures of these tumors are summarized in Table  6.1 .   

   Pulmonary Mucoepidermoid Carcinoma 

   Clinical Features 

 Mucoepidermoid carcinoma is the most common salivary 
gland type tumor occurring in the lung. It presents over a 
wide age range and has been described in patients aged 
6–78 years with a peak in the fourth and  fi fth decade  [  3–  8  ] . 
When the tumors are divided into low- and high-grade 

 categories, high-grade tumors are more commonly seen in 
individuals older than 30 years  [  5  ] . Males appear to be 
slightly more commonly affected than females  [  3,   5,   6,   8  ] . 
The tumors often occur endobronchially, and symptoms are 
mainly due to bronchial obstruction and include cough, fever, 
shortness of breath, hemoptysis, and postobstructive 
 pneumonia. On imaging, a solitary lung mass or nodule can 
be identi fi ed, which may be associated with postobstructive 
pneumonia or atelectasis  [  5  ] .  

   Gross Features 

 Low-grade mucoepidermoid carcinomas are centrally located 
tumors that are well-circumscribed, exophytic, and polypoid 
lesions with a smooth surface that are attached to the bron-
chial wall by a small base. The tumor size ranges from 1–6 cm 
with an average of 2.2 cm. The cut surface often reveals a 
solid cystic lesion and variable mucoid material. High-grade 
lesions are grossly similar to the low-grade tumors but tend 
to show more obvious in fi ltration into the lung parenchyma 
and more commonly demonstrate solid rather than cystic 
growth  [  5  ] .  

   Histological Features 

 Mucoepidermoid carcinomas of the lung are divided into 
low- and high-grade variants based primarily on cytologic 
criteria but generally show similar histologic features 
(Table  6.2 ). They are composed of three different cellular 
components: epidermoid cells, mucus-secreting glandular 
cells, and the so-called intermediate cells. Low-grade lesions 
usually display a close association with the submucosal 
bronchial glands and airway and are composed of solid and 
cystic tumor elements (Fig.  6.1 ). The solid areas are  composed 
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of epidermoid cells, which are variably admixed with mucus-
secreting glandular and intermediate cells (Fig.  6.2 ). The 
epidermoid cells in mucoepidermoid carcinoma contain 
intercellular bridges, but keratinization in any form is usually 
absent (Fig.  6.3 ). The intermediate cells show neither 
squamous nor glandular differentiation and are characterized 
by abundant amphophilic or eosinophilic cytoplasm and 
bland nuclear features (Figs.  6.4  and  6.5 ). The  mucus-secreting 
cells are large with ample bluish cytoplasm and may occa-
sionally show columnar, oncocytic, clear cell, or goblet cell 
change (Fig.  6.6 ). The cystic spaces can be of varying size 
and shape and may resemble gland-like or tubular structures 
(Fig.  6.7 ). The cysts are typically lined by the  mucus-secreting 
cells and contain pools of either basophilic wispy mucin or 
hard eosinophilic mucinous material reminiscent of colloid 
(Figs.  6.8  and  6.9 ). The epidermoid component usually 
 predominates, but at times the mucinous component may be 

   Table 6.1    Histochemical, immunohistochemical, ultrastructural, and molecular features of pulmonary salivary gland and adnexal type tumors   

 Tumor  Histochemical features  Immunohistochemical features  Ultrastructural features  Molecular features 

 Mucoepidermoid 
carcinoma 

 Mucicarmine  Similar to conventional 
non-small cell carcinoma 

 Not routinely used  t(11;19), MECT1-MAML2 fusion 
oncogene, EGFR mutations 
variable, EML4-ALK fusion 
oncogene 

 Adenoid cystic 
carcinoma 

 Not routinely used  CK, CAM5.2, vimentin, 
SMA, S100 variable 

 Not routinely used  EGFR, Kras negative 

 Acinic cell carcinoma  PAS, mucicarmine  CK, EMA,  a -1-antichy-
motrypsin, amylase 

 Zymogen-type 
granules 

 Not investigated 

 Pleomorphic adenoma/
carcinoma ex 
pleomorphic carcinoma 

 Not routinely used  CK, CAM5.2, CK7 in 
epithelial elements; CK14, 
SMA, S100, GFAP, and CD56 
in myoepithelial cells 

 Not routinely used  Not investigated 

 Epithelial-
myoepithelial 
carcinoma 

 Not routinely used  CK, CAM 5.2, and c-kit in 
epithelial cells; SMA, S100, 
vimentin, and p63 in 
myoepithelial cells 

 Not routinely used  EGFR, Kras negative 

 Oncocytoma  Not routinely used  CK, vimentin, and  a -1-
antitrypsin 

 Mitochondrial 
hyperplasia 

 Not investigated 

 Sebaceous carcinoma  Oil Red O  CK, EMA, CEA  Not routinely used  Not investigated 

   CK  cytokeratin,  EMA  epithelial membrane antigen,  SMA  smooth muscle actin,  CEA  carcinoembryonic antigen,  GFAP  glial  fi brillary acidic  protein, 
 PAS  periodic acid-Schiff,  EGFR  epidermal growth factor receptor,  MECT1-MAML2  mucoepidermoid carcinoma translocated 1-mastermind-like2, 
 EML4-ALK  echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase,  Kras  Kirsten rat sarcoma viral oncogene homolog  

   Table 6.2    Diagnostic criteria of low and high-grade mucoepidermoid carcinoma of the lung   

 Low-grade pulmonary mucoepidermoid carcinoma 
 High-grade pulmonary mucoepidermoid 
carcinoma 

 Gross features  Central location, well circumscribed, exophytic, 
polypoid, smooth surface, solid cystic 

 Central location, less well circumscribed, 
in fi ltrative, solid 

 Histological features  Solid and cystic elements, mix of epidermoid, intermedi-
ate, and mucus cells, bland cytologic features, <4 
mitoses/10 HPF, no necrosis/hemorrhage 

 Predominantly solid growth, predominantly 
epidermoid and intermediate cells, marked 
cytologic atypia, nuclear hyperchromatism, 
increased mitotic activity (>4/10HPF), 
necrosis, and hemorrhage 

   HPF  high-power  fi elds  

  Fig. 6.1    Low power view of endobronchial mucoepidermoid 
carcinoma       
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  Fig. 6.2    Solid areas of bronchial mucoepidermoid carcinoma 
showing a mix of all cell types       

  Fig. 6.3    Prominent epidermoid component in mucoepidermoid 
 carcinoma lacking keratinization       

  Fig. 6.4    Intermediate cells with lack of cytologic atypia or mitotic 
activity       

  Fig. 6.5    Clear cell change in intermediate cells of mucoepidermoid 
carcinoma       

  Fig. 6.6    Mucinous cells in bronchial mucoepidermoid carcinoma       

  Fig. 6.7    Cysts of varying size are a typical  fi nding in mucoepidermoid 
carcinoma       
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so prominent as to reach equal proportions (Fig.  6.10 ). High-
grade mucoepidermoid tumors show a higher incidence of 
in fi ltration into the lung parenchyma and more often display 
extensive solid growth of epidermoid or intermediate cells 
(Fig.  6.11 ). On a cytologic level, they show more marked 
atypia, nuclear hyperchromatism, and mitotic activity (>4 
per 10 high-power  fi elds) (Fig.  6.12 ). In addition, areas of 
necrosis and hemorrhage are more often seen in these higher-
grade neoplasms (Fig.  6.13 ). Papillary areas may also be 
identi fi ed, and the stroma often shows sclerotic changes, 
dense hyalinized “amyloid-like” material, or prominent lym-
phoid in fi ltration  [  9,   10  ]  (Figs.  6.14  and  6.15 ). Areas of 
calci fi cation are another typical  fi nding in these tumors  [  5  ]  
(Fig.  6.16 ).                   

   Immunohistochemical Features and Molecular 
Features 

 Immunohistochemical investigations do not play a promi-
nent role in the diagnosis of pulmonary mucoepidermoid 
carcinoma as they show a similar immunohistochemical 
phenotype as conventional non-small cell carcinoma. Of 
more practical use in dif fi cult cases would be a histochemi-
cal stain, like mucicarmine or periodic acid-Schiff (PAS), to 
con fi rm the presence of intracytoplasmic mucin in the glan-
dular component of the tumor (Fig.  6.17 ). Recent cytoge-
netic analysis has demonstrated the presence of multiple 
reciprocal translocations among mucoepidermoid carcino-
mas of salivary gland and lung origin. These include t(11;19) 

  Fig. 6.8    Cystic spaces lined by mucinous cells in mucoepidermoid 
carcinoma       

  Fig. 6.9    Colloid-like material in the cystic lumina in mucoepidermoid 
carcinoma       

  Fig. 6.10    Pulmonary mucoepidermoid carcinoma showing equal 
 proportions of epidermoid and mucinous areas       

  Fig. 6.11    High-grade mucoepidermoid carcinoma showing invasion 
of the bronchial cartilage       
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  Fig. 6.12    High-grade mucoepidermoid carcinoma displaying mitotic 
activity       

  Fig. 6.13    Comedo-type necrosis is high-grade mucoepidermoid 
carcinoma       

  Fig. 6.14    In fi ltration by lymphoid cells in high-grade mucoepider-
moid carcinoma       

  Fig. 6.15    Prominent stromal sclerosis in mucoepidermoid carcinoma       

  Fig. 6.16    Focal calci fi cation is a common  fi nding in bronchial 
mucoepidermoid carcinoma       

  Fig. 6.17    PAS histochemical stain highlighting areas of mucinous 
 differentiation in mucoepidermoid carcinoma       
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 leading to a fusion product, the mucoepidermoid carcinoma 
translocated 1-mastermind-like2 (MECT1-MAML2) and 
t(1;11), resulting in cyclin D1 overexpression  [  11,   12  ] . 
Mutational status for epidermal growth factor receptor 
(EGFR) and Kras has been investigated in several small 
series with variable results. Whereas some authors found 
EGFR mutations in up to 40 % of their cases  [  13  ] , other 
groups demonstrated an absence of EGFR and Kras  mutations 
in these tumors  [  14,   15  ] . Echinoderm microtubule-associated 
protein-like 4-anaplastic lymphoma kinase (EML4-ALK) 
fusion oncogene was recently identi fi ed in one mucoepider-
moid carcinoma of the lung in a study investigating the 
mutational status of 266 lung carcinomas  [  16  ] .   

   Differential Diagnosis 

 Low-grade mucoepidermoid carcinoma can be confused 
with mucous gland adenoma. Mucous gland adenoma is a 
benign proliferation of the bronchial glands, which may 
closely resemble the low-grade variant of mucoepidermoid 
carcinoma especially in small biopsy specimens. The most 
distinguishing feature between these lesions is the 
con fi nement of mucous gland adenoma to the bronchial wall, 
whereas mucoepidermoid carcinoma often invades beyond 
the cartilage. High-grade mucoepidermoid carcinoma may 
be mistaken for adenosquamous carcinoma. The former is 
characterized by its central location, absence of an in situ 
component, and areas of low-grade mucoepidermoid carci-
noma associated with the high-grade elements. Microcystic 
squamous cell carcinoma of the lung is an unusual variant of 
squamous cell carcinoma histologically mimicking tumors 
with glandular or adnexal differentiation. The presence of 
intermediate cells and absence of keratinization should be 
the most distinguishing features in favor of mucoepidermoid 
carcinoma in this context. Lastly, complete clinical history is 
an important tool to rule out metastatic disease from a 
 salivary gland primary.  

   Treatment and Prognosis 

 The prognosis of these tumors is related to their grade and 
stage. Patients with low-grade mucoepidermoid carcinoma 
are expected to be cured following complete surgical resec-
tion, whereas high-grade tumors require lymph node sam-
pling and dissection as well as close clinical follow-up  [  5, 
  6  ] . The role and ef fi cacy of irradiation or chemotherapy is 
not well de fi ned; however, recent reports indicate that 
tyrosine kinase inhibitors like ge fi tinib may be effective in 
pulmonary mucoepidermoid carcinoma despite an absence 
of sensitizing EGFR mutations  [  13,   14  ] . Low-grade mucoepi-
dermoid carcinomas of the lung have a relatively good 

 prognosis with reported 5-year survival rates ranging from 
57.1 to 80 %  [  6,   8  ] . High-grade lesions have a worse clinical 
outcome re fl ected in a 5-year survival rate of only 31 %  [  6  ] . 
One of the most important prognostic factors for high-grade 
mucoepidermoid carcinoma appears to be lymph node involve-
ment emphasizing the signi fi cance of tumor-nodes-metastasis 
(TNM) staging and adequate lymph node sampling in these 
tumors  [  5,   6  ] .   

   Pulmonary Adenoid Cystic Carcinoma 

   Clinical Features 

 Adenoid cystic carcinoma is the second most frequent sali-
vary gland type tumor of the lung. It predominantly affects 
adults with a reported age range from 21 to 79 years and a 
peak incidence in the sixth decade  [  4,   7,   17  ] . There appears 
to be a slight male predominance  [  17  ] . The tumors most 
often arise in the proximal bronchial tree  [  18,   19  ]  although 
isolated cases (<10 %) have been described to originate in 
the peripheral lung  [  20  ] . Symptoms are typically related to 
bronchial obstruction due to the endobronchial location of 
the tumors and include cough, wheezing, hemoptysis, short-
ness of breath, and pneumonia  [  7,   17  ] . The most common 
abnormality on chest X-ray is a single endobronchial mass 
associated with obstructive pneumonia, atelectasis, or pleu-
ral effusion  [  4  ] . Peripheral solitary lung masses that are often 
incidental  fi ndings are less commonly seen  [  4  ] .  

   Gross Features 

 The common gross presentation is that of an endobron-
chial, soft tan-colored, and well-circumscribed mass. The 
size of the lesions ranges from less than 1–4 cm. In some 
instances the tumors are less well de fi ned and show 
in fi ltrative borders  [  17  ] .  

   Histological Features 

 Histologically, three growth patterns have been described in 
keeping with those seen in adenoid cystic carcinoma of the 
salivary glands. The cribriform pattern is the most common 
and predominant one and can be seen in up to 74.4 % of 
cases  [  7,   17  ]  (Fig.  6.18 ). This pattern is characterized by 
nests of tumor cells that have abundant sharply punched-out 
pseudoluminal spaces that contain mucinous or basement-
membrane-like material (Figs.  6.19  and  6.20 ). The individual 
tumor cells are small with hyperchromatic round to angu-
lated nuclei and a sparse rim of amphophilic cytoplasm 
(Fig.  6.21 ). Peripheral palisading in the tumor islands can be 
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identi fi ed in some cases imparting a basaloid appearance. The 
second most common pattern (17.9 %) is the tubular type  [  7, 
  17  ] . This consists of cells forming scattered gland-like spaces 
with central lumina lined by cells that have identical features 
to those seen in the cribriform pattern (Figs.  6.22  and  6.23 ). 
Pink amorphous material is often noted in the luminal spaces. 
The least frequently seen type is the solid one amounting to 
about 7.7 % of cases  [  7,   17  ]  (Fig.  6.24 ). Here, the cells form 
sheets and nests of tumor with few or no luminal spaces and 
more vesicular nuclei with an open chromatin pattern 
(Fig.  6.25 ). Contrary to the cribriform and tubular patterns, 
where mitotic activity is virtually absent, occasional mitotic 
 fi gures can be identi fi ed in the solid variant  [  17  ] . Although 
perineural invasion is a frequent  fi nding, necrosis, hemorrhage, 
and nuclear pleomorphism are not common features (Fig.  6.26 ). 

Metastatic deposits in lymph nodes or other organs typically 
show the same histologic appearance as the main tumor.           

   Immunohistochemical and Molecular Features 

 Immunohistochemically, adenoid cystic carcinomas show 
evidence of epithelial and myoepithelial differentiation  [  2  ] . 
Therefore, the tumor cells express cytokeratin, CAM5.2, 
vimentin, and smooth muscle actin and show variable reac-
tivity for S100  [  17,   21,   22  ] . More recently, c-kit and EGFR 
protein expression has been demonstrated in the majority of 
these tumors  [  15,   23  ] . C-kit and EGFR mutations, however, 
have not been identi fi ed in these tumors, casting doubt on 
any clinical bene fi t from tyrosine kinase inhibitors  [  15,   23  ] .  

  Fig. 6.18    Low-power view of bronchial adenoid cystic carcinoma 
with cribriform growth pattern       

  Fig. 6.19    Cribriform pattern of pulmonary adenoid cystic carcinoma 
showing sharply punched-out spaces separating the tumor cells       

  Fig. 6.20    Adenoid cystic carcinoma showing predominantly cribri-
form growth pattern, smaller areas of more solid growth can be appreci-
ated focally       

  Fig. 6.21    Tumor cells are composed of small angulated cells with 
scant cytoplasm and bland nuclear features       
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   Differential Diagnosis 

 Although the morphologic features of adenoid cystic carci-
noma are often distinctive enough to allow correct diagnosis, 
the tumor may sometimes be mistaken for other neoplasms 
like conventional pulmonary adenocarcinoma and other sali-
vary gland type tumors of the lung such as pleomorphic ade-
noma. Pulmonary adenocarcinoma does not contain 
myoepithelial cells and lacks coexpression of cytokeratin, 
smooth muscle actin, and vimentin. In addition, adenocarci-
noma typically displays more nuclear pleomorphism, necro-
sis, and hemorrhage—features that are usually absent in 
adenoid cystic carcinoma. Pleomorphic adenoma is a rare 
lesion of the lung that can share similar histological and immu-
nohistochemical characteristics with adenoid cystic carci-
noma. Careful evaluation of the lesion for the more typical 

  Fig. 6.23    The tumor cells in the tubular growth pattern show similar 
characteristics to those in the cribriform type       

  Fig. 6.24    Solid pattern in bronchial adenoid cystic carcinoma       

  Fig. 6.25    Cytologic features in the solid variant of adenoid cystic car-
cinoma with slightly larger tumor cells and more vesicular nuclear 
chromatin pattern       

  Fig. 6.26    Characteristic perineural invasion in pulmonary adenoid 
cystic carcinoma       

  Fig. 6.22    Tubular pattern in adenoid cystic carcinoma containing 
numerous tubular or gland-like structures       
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cribriform growth pattern of adenoid cystic carcinoma may be 
the only distinguishing feature. Importantly, exclusion of 
metastasis from a primary adenoid cystic carcinoma of the 
salivary gland is essential in the assessment of these tumors.  

   Treatment and Prognosis 

 Although initially thought to be a slow-growing and indolent 
neoplasm, adenoid cystic carcinoma of the lung has been 
shown to pursue a more aggressive clinical course than its 
counterpart in the salivary glands, and complete surgical 
resection is the treatment of choice  [  4,   17,   24  ] . Since these 
tumors are known to show a high incidence of submucosal 
extension and tendency to recur locally, frozen section at the 
time of surgery is recommended to assess the margin status 
 [  20  ] . In addition, postoperative radiotherapy is often admin-
istered in cases of incomplete resection or residual disease 
 [  25–  27  ] . Lymph node involvement and metastasis are fre-
quent phenomena in these tumors, and survival rates are 
73 % at 3 years, 57 % at 5 years, and 45 % at 10 years  [  7  ] . 
Overall, tumor stage and complete surgical resection seem to 
be the most predictive determinants of outcome  [  4,   7,   17  ] .   

   Pulmonary Acinic Cell Carcinoma 

   Clinical Features 

 Acinic cell carcinoma of the lung or “Fechner tumor” was 
 fi rst described by Fechner et al. in 1972 as a solitary lung 
tumor that was histologically, immunohistochemically, and 
ultrastructurally identical to acinic cell carcinoma of the sali-
vary gland  [  28  ] . This tumor is one of the rarest salivary gland 
type neoplasms occurring in the lung, with less than 20 cases 
of primary tracheal or bronchopulmonary tumors described 
to date  [  28–  41  ] . Adults are affected more commonly, but 
several cases have also been described in children (age range 
4–75, average age 45 years). The male-to-female ratio is 5:4. 
The tumors may arise in the trachea, central bronchial sys-
tem, distal airways, or pulmonary parenchyma. Presenting 
symptoms include hemoptysis, dyspnea, cough, or recurrent 
pneumonia, although patients with parenchymal lesions are 
often asymptomatic. On chest X-ray, the lesions are either 
solitary masses or present with secondary changes such as 
pneumonia or atelectasis. In some rare instances, combined 
acinic cell carcinomas and typical carcinoid tumors have 
been described in the lung  [  42–  44  ] .  

   Gross Features 

 Acinic cell carcinomas of the lung may present as endotra-
cheal or endobronchial lesions or as parenchymal or 

 subpleural nodules. The tumors are well-circumscribed but 
unencapsulated masses ranging in size from 1.2 to 4.2 cm 
 [  28,   30  ] . The cut surface is usually tan-white or yellow in 
color and of rubbery or soft consistency.  

   Histological Features 

 Histologically, the tumors are characterized by a solid 
proliferation of large, cohesive cells of polygonal shape 
and abundant granular cytoplasm (Fig.  6.27 ). The nuclei 
are small, round to oval shaped, and either centrally placed 
or diplaced toward the periphery, imparting a signet ring 
cell appearance (Fig.  6.28 ). Large vesicular nuclei with 
marked nuclear pleomorphism and prominent nucleoli 
may be identi fi ed in isolated cases (Fig.  6.29 ). In addition 
to a solid arrangement of these cells, areas showing acinar, 

  Fig. 6.27    Pulmonary acinic cell carcinoma composed of sheets of 
polygonal cells with prominent granular cytoplasm       

  Fig. 6.28    High-power view of acinic cell carcinoma with tumor cells 
mimicking signet ring cell carcinoma       
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microcystic, or papillocystic growth patterns may be seen 
(Figs.  6.30 ,  6.31 , and  6.32 ). Mitotic activity is usually low 
to absent and necrosis is not typically seen. The cells are 
often traversed by bands of connective tissue carrying a 
lymphoplasmacytic in fi ltrate or are separated by a promi-
nent vasculature  [  30,   32  ]  (Fig. 6.33 ). Perineural invasion 
has been described in a single case  [  29  ] .         

   Immunohistochemical and Ultrastructural 
Features 

 Acinic cell carcinomas of the lung show an epithelial immu-
nohistochemical phenotype with reactivity for low molecular 
weight cytokeratins (CAM5.2), epithelial membrane anti-
gen, and cytokeratin. Occasionally, the tumor may also 
express markers like  a (alpha)-1-antichymotrypsin and 

  Fig. 6.29    Acinic cell carcinoma demonstrating areas of nuclear pleo-
morphism and rare mitotic  fi gures       

  Fig. 6.30    Acinar pattern in pulmonary acinic cell carcinoma       

  Fig. 6.31    Microcystic change in acinic cell carcinoma of the lung       

  Fig. 6.32    Papillary areas can sometimes be identi fi ed in pulmonary 
acinic cell carcinoma       

  Fig. 6.33    Acinic cell carcinoma traversed by  fi brous stromal bands       
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 amylase, while vimentin, S100, HMB45, chromogranin, and 
synaptophysin are usually negative. A characteristic  fi nding 
is diffuse positivity of the tumor cells for PAS histochemical 
staining, which is resistant to diastase digestion. Mucicarmine 
histochemical stain is usually negative, however, focal posi-
tive staining may be seen.  [  28–  30  ]  (Fig.  6.34 ). Ultrastructurally, 
the tumor cells contain abundant zymogen-type cytoplasmic 
granules each measuring 600–800 nm in size characteristic 
of acinar-type secretory cells  [  28–  30,   32  ] .   

   Differential Diagnosis 

 Since acinic cell carcinoma of the lung is such a rare neo-
plasm, the tumor is often confused with other lesions in which 
the tumor cells show granular or clear cell change  features. 
These include granular cell tumor, sugar tumor, oncocytic car-
cinoid tumor, pulmonary oncocytoma, clear cell adenocarci-
noma, and metastatic renal cell carcinoma. Granular cell tumor 
has a granular cytoplasm with eosinophilic appearance con-
trary to the basophilic color of acinic cell carcinoma. In addi-
tion, granular cell tumors display immunoreactivity with S100 
protein and are negative for epithelial markers and PAS his-
tochemical staining. Sugar tumor of the lung is another rare 
neoplasm with bland cytologic features and clear cell appear-
ance. Sugar tumor, although also positive for PAS, is typically 
positive for HMB45 and negative for epithelial immunomark-
ers. Ultrastructural examinations are the most important tool 
to differentiate acinic cell carcinoma of the lung from onco-
cytic carcinoid and pulmonary oncocytoma. Oncocytic carci-
noid tumors contain cytoplasmic electron-dense neurosecretory 
granules, and oncocytomas are characterized by mitochondrial 
hyperplasia; these features are distinct from the zymogen-type 
granules typically seen in acinic cell carcinoma. Primary clear 

cell adenocarcinoma will display a higher degree of cytologic 
atypia and mitotic activity as well as an absence of distinctive 
granules on ultrastructural examination. Lastly, metastatic 
renal cell carcinoma may be mistaken for acinic cell carci-
noma of the lung. Metastatic renal cell carcinoma is usually 
found in patients with a clinical history of a renal tumor. A PAS 
stain in renal cell carcinoma may also show a positive reaction 
although not as strong as that seen acinic cell carcinoma.  
Nevertheless, the morphological appearance of both tumors is 
distinct enough to separate them.  

   Treatment and Prognosis 

 Similar to acinic cell carcinomas of the salivary glands, their 
counterparts in the lungs are considered indolent neoplasms 
that carry a favorable prognosis and complete surgical resec-
tion is the treatment of choice. However, local recurrence and 
lymph node metastasis have been reported in isolated cases 
advocating close clinical follow-up for all patients  [  29,   32, 
  36,   45  ] . Due to the small number of cases of primary pulmo-
nary acinic cell carcinoma, the role of radiation or chemo-
therapy is still unknown and the assessment of adverse 
prognostic factors is limited. The presence of mitotic activity, 
perineural invasion, and lymph node metastasis has been pro-
posed as negative prognostic markers in this context  [  45  ] .   

   Pulmonary Pleomorphic Adenoma/Carcinoma 
Ex Pleomorphic Adenoma 

   Clinical Features 

 While pleomorphic adenoma is the most common neoplasm 
in the salivary glands, it is exceedingly rare in the tracheo-
bronchial tree. To date, only 35 of these neoplasms have been 
reported in the literature  [  46  ] . Even smaller is the number of 
pleomorphic adenomas displaying malignant features (carci-
noma ex pleomorphic adenoma) in this location  [  47–  51  ] . 
Together, these tumors affect mainly adults and rarely chil-
dren with an age range from 8 to 76 years and a peak in the 
sixth decade  [  46–  48,   51  ] . Whereas there is no clear gender 
predominance in pleomorphic adenoma  [  46  ] , carcinoma ex 
pleomorphic adenoma is slightly more common in men  [  51  ] . 
Although most tumors are connected to the tracheobronchial 
system, lesions arising in the peripheral lung have also been 
described  [  48  ] . Symptoms depend on tumor location: 
Endobronchial lesions may cause shortness of breath, cough, 
hemoptysis, fever, and pleural effusion, while peripheral 
tumors are often incidental  fi ndings  [  48,   51  ] . Recently, the 
simultaneous occurrence of a bronchial pleomorphic ade-
noma with conventional non-small cell lung cancer has been 
reported  [  46  ] .  

  Fig. 6.34    Strong positivity with a PAS histochemical stain is usually 
seen in acinic cell carcinoma       
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   Gross Features 

 On gross inspection endobronchial tumors often present as 
polypoid masses protruding into the bronchial lumen, while 
peripheral lesions are usually well-circumscribed and some-
times lobulated tumors. The size can range from 2 cm to 
more than 15 cm. The cut surface is gray-white in color and 
often has a soft or rubbery or myxoid appearance. Areas of 
hemorrhage can be seen in the malignant lesions  [  48,   51  ] .  

   Histological Features 

 Pleomorphic adenomas are biphasic tumors characterized by 
benign epithelial, myoepithelial, and stromal components 
(Figs.  6.35 ,  6.36 , and  6.37 ). The histological composition of 
these tumors arising in the lung is similar to those seen in the 
salivary glands. On low power, endobronchial tumors pres-
ent as well-de fi ned polypoid masses protruding into the 
luminal space, while peripheral tumors are circumscribed 
lesions clearly separated from the surrounding lung paren-
chyma (Fig.  6.38 ). On higher magni fi cation, the epithelial 
component is growing in nests, tubules, or duct-like struc-
tures (Fig.  6.39 ). These ducts are typically composed of two 
cell layers, inner cuboidal luminal cells and an outer rim of 
myoepithelial cells (Fig.  6.40 ). Some tumors may show a 
more solid and cellular proliferation of predominantly myo-
epithelial cells reminiscent of the cellular variant of pleo-
morphic adenoma of the salivary glands (Fig.  6.41 ). The 
myoepithelial cells may further display the whole spectrum 
of changes typically attributed to them including plasmacy-
toid, spindle cell, or clear cell change (Figs.  6.42  and  6.43 ). 
This epithelial component merges with a characteristic chon-
dromyxoid stroma containing bland spindle or stellate cells 

  Fig. 6.35    Pulmonary pleomorphic adenoma composed of mixed 
 epithelial, myoepithelial, and stromal components       

  Fig. 6.36    Prominent myxoid stroma, solid myoepithelial proliferation, 
and scattered duct-like structures in pleomorphic adenoma of the lung       

  Fig. 6.37    Pulmonary pleomorphic adenoma composed of myxoid 
stroma, fat, and myoepithelial proliferation       

  Fig. 6.38    Endobronchial growth of bronchial pleomorphic adenoma       
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and occasional in fl ammatory cells (Figs.  6.44  and  6.45 ). 
Cytologic atypia, mitotic activity, necrosis, or hemorrhage 
are usually lacking in these tumors; however, squamous 
metaplasia may be prominent (Fig.  6.46 ). Contrary to pleo-
morphic adenoma of salivary gland origin, well-developed 
cartilage is not a prominent feature in their pulmonary coun-
terparts and ductal structures are also less conspicuous  [  48  ] .             

 Carcinoma ex pleomorphic adenoma of the lung resem-
bles benign pleomorphic adenoma in many aspects like cel-
lular composition and a benign chondromyxoid stroma; 
however, carcinoma ex pleomorphic carcinoma shows subtle 
in fi ltrative margins and malignant features of the myoepithe-
lial component characterized by cytologic atypia, mitotic 
activity, hemorrhage, necrosis, and vascular invasion 
(Figs.  6.47 ,  6.48 , and  6.49 ). In some cases residual pleomor-
phic adenoma may be identi fi ed in addition to the malignant 

  Fig. 6.39    Epithelial component of pleomorphic adenoma  characterized 
by gland-like structures       

  Fig. 6.40    Tubular structures in pulmonary pleomorphic adenoma 
composed of inner epithelial and inner myoepithelial cells       

  Fig. 6.41    Solid proliferation of myoepithelial cells in pulmonary 
 pleomorphic adenoma       

  Fig. 6.42    Myoepithelial elements displaying a plasmacytoid appearance       

  Fig. 6.43    Spindle cell formation in myoepithelial cells of pulmonary 
pleomorphic adenoma       
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  Fig. 6.44    Pleomorphic adenoma with prominent chondroid stroma       

  Fig. 6.45    Myxoid stromal background in pulmonary pleomorphic 
adenoma       

  Fig. 6.46    Foci of squamous metaplasia in pleomorphic adenoma       

  Fig. 6.47    Carcinoma ex pleomorphic adenoma showing in fi ltration 
into the surrounding lung parenchyma       

  Fig. 6.48    Myoepithelial component showing increased mitotic  activity 
in carcinoma ex pleomorphic adenoma of the lung       

  Fig. 6.49    Extensive necrosis in pulmonary carcinoma ex pleomorphic 
adenoma       
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elements. Of note, whereas the malignant component in car-
cinoma ex pleomorphic adenoma is most often adenocarci-
noma or salivary duct carcinoma, primary carcinoma ex 
pleomorphic adenoma of the lung most often shows malig-
nant myoepithelial differentiation  [  47,   49–  51  ]  (Fig.  6.50 ).      

   Immunohistochemical Features 

 The immunohistochemical phenotype re fl ects the myoepi-
thelial differentiation of pleomorphic adenoma and carci-
noma ex pleomorphic adenoma. Positive markers include 
pancytokeratin, CAM5.2, CK7, CK14, SMA, S100, GFAP, 
and CD56.  

   Differential Diagnosis 

 The differential diagnosis largely depends on the type of 
specimen with which one is dealing. On small biopsy speci-
mens, pleomorphic adenoma may be confused with chon-
droid hamartoma or other salivary gland type neoplasms, 
depending on which component is sampled. In chondroid 
hamartoma, the cartilaginous component is well developed 
and sharply demarcated from any glandular components 
contrary to pleomorphic adenoma. Adenoid cystic carcinoma 
is another salivary gland type tumor that may mimic pleo-
morphic adenoma. Here, the tumor nests are clearly sepa-
rated from the connective tissue lacking the gradual transition 
seen in pleomorphic adenoma. In resection specimens, the 
biphasic pattern should be typical enough as to point to the 
correct diagnosis; however, tumors with a predominantly 
solid pattern may be mistaken for conventional non-small 
cell carcinoma of the lung. The latter tumors lack 

 myoepithelial differentiation and will not show reactivity for 
the respective myoepithelial markers. 

 Two other biphasic tumors that may resemble carcinoma 
ex pleomorphic adenoma are carcinosarcoma and biphasic 
pulmonary blastoma. In carcinosarcoma, the presence of a 
malignant epithelial component (most often squamous cell 
carcinoma) and a differentiated malignant mesenchymal 
component (rhabdomyosarcoma, chondrosarcoma, etc.) 
should facilitate correct diagnosis. Biphasic pulmonary blas-
toma is characterized by a malignant glandular component 
with an embryonic-like appearance and areas of undifferenti-
ated sarcoma separating this tumor from carcinoma ex 
 pleomorphic adenoma.  

   Treatment and Prognosis 

 Complete surgical excision is the treatment of choice for 
both the benign and malignant variants of pulmonary pleo-
morphic adenoma. Whereas surgical intervention should be 
curative in the former due to the generally indolent behavior 
of this tumor, carcinoma ex pleomorphic adenoma displays 
an aggressive clinical course with early distant metastasis 
 [  48–  51  ] . In this instance, patients may bene fi t from  additional 
adjuvant treatment.   

   Pulmonary Epithelial-Myoepithelial Carcinoma 

   Clinical Features 

 To date, less than 30 primary pulmonary epithelial- 
myoepithelial carcinomas have been described  [  24,   52–  66  ] . 
Epithelial-myoepithelial carcinoma of the lung is a  low-grade 
malignant neoplasm composed of epithelial and myoepithe-
lial elements. Although most cases affect the adult popula-
tion (34–73 years) with a slight female predominance, a 
single case has been reported in a 7-year-old boy  [  65  ] . Like 
most other salivary gland type neoplasms, patients with pul-
monary epithelial-myoepithelial carcinomas present with 
symptoms of bronchial obstruction (shortness of breath, 
cough, hemoptysis) due to the often endobronchial location 
of these tumors.  

   Gross Features 

 Grossly, epithelial-myoepithelial carcinomas present as 
polypoid endobronchial lesions with a size ranging from 0.6 
to 16 cm (average 3.2 cm)  [  64  ] . The tumors are well circum-
scribed but unencapsulated. The cut surface is white to tan in 
color and of solid and  fi rm consistency. Areas of necrosis or 
hemorrhage are not usually appreciated.  

  Fig. 6.50    Malignant myoepithelial proliferation in carcinoma ex 
 pleomorphic adenoma       
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   Histological Features 

 The histological hallmark of epithelial-myoepithelial 
 carcinoma is a biphasic architecture composed of epithelial 
cells and myoepithelial cells set in a  fi brous stroma 
(Fig.  6.51 ). Typically the tumor consists of glands, ducts, 
and tubular structures with a bilayered composition 
(Fig.  6.52 ); the inner luminal cells consist of cuboidal or 
columnar epithelial cells with pink cytoplasm and bland 
nuclei, whereas the outer layer is composed of round to 
polygonal myoepithelial cells with clear or eosinophilic 
cytoplasm (Fig.  6.53 ). In the periphery of the glands, the 
tumor cells often blend with a stroma composed of bland 
 fi brous spindle cells (Fig.  6.54 ). Mitotic activity is only 

rarely seen and if  present is not restricted to a particular 
cell type. The lumina of the gland or duct-like structures 
often contain a dense eosinophilic  colloid-like material or 
basophilic granular debris (Fig.  6.55 ). In some tumors the 
cell composition may vary and the myoepithelial compo-
nent may be prominent or inconspicuous (Figs.  6.56 ,  6.57  
and  6.58 ). In addition, the biphasic arrangement of the 
glands and duct-like structures may appear lost in some 
areas because the outer cells merge with the surrounding 
tissues (Fig.  6.59 ). Although nuclear atypia has been 
described in isolated cases, this is not a common feature 
and necrosis, if present, is only seen very focally  [  54,   58, 
  60,   64,   65  ] . As in many other salivary gland type tumors, 
squamous metaplasia can be seen (Fig.  6.60 ).            

  Fig. 6.51    Low-power view of endobronchial epithelial-myoepithelial 
carcinoma       

  Fig. 6.52    Biphasic architecture of epithelial-myoepithelial carcinoma 
of the lung       

  Fig. 6.53    Epithelial-myoepithelial carcinoma of the lung demonstrat-
ing the typical dual cellular proliferation with an inner epithelial and 
outer clear myoepithelial layer       

  Fig. 6.54    Bland acellular stroma separating the epithelial- myoepithelial 
components       
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  Fig. 6.55    Dense eosinophilic material in lumina of epithelial- 
myoepithelial carcinoma       

  Fig. 6.56    The dual cell composition may be less conspicuous in some 
epithelial-myoepithelial carcinomas       

  Fig. 6.57    Spindle cell change in myoepithelial component of 
 epithelial-myoepithelial carcinoma of the lung       

  Fig. 6.58    Solid proliferation of myoepithelial cells in epithelial- 
myoepithelial carcinoma       

  Fig. 6.59    Loss of the biphasic arrangement of epithelial-myoepithelial 
carcinoma may be seen in some cases       

  Fig. 6.60    Squamous metaplasia in epithelial-myoepithelial carcinoma       
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   Immunohistochemical and Molecular Features 

 Immunohistochemical studies con fi rm the biphasic pattern 
of these tumors. The epithelial component shows strong 
immunoreactivity for pancytokeratin, CAM 5.2, and c-kit 
and is negative for smooth muscle actin, S100 protein, 
HMB45, GFAP, vimentin, p63, and TTF-1  [  64,   66  ] . The 
outer layer of myoepithelial cells on the other hand shows 
strong staining with SMA, S100, vimentin, and p63 and is 
focally positive for pancytokeratin and GFAP, while TTF1 
and c-kit are negative  [  64,   66  ] . Polymerase chain reaction 
(PCR) performed on a single case failed to identify any 
EGFR or Kras mutations  [  65  ] .  

   Differential Diagnosis 

 The differential diagnosis for epithelial-myoepithelial 
 carcinoma of the lung is quite broad. Importantly, metastatic 
epithelial-myoepithelial carcinoma from the salivary glands 
has to be ruled out clinically. Other tumors that may mimic 
epithelial-myoepithelial carcinoma include adenoid cystic 
carcinoma, pleomorphic adenoma, myoepithelial tumors, 
sugar tumor, and primary or metastatic clear cell carcino-
mas. Adenoid cystic carcinoma, although also composed of 
tubules and gland-like structures, often demonstrates at 
least focal areas of its typical cribriform pattern and shows 
extensive in fi ltrative growth and prominent perineural inva-
sion. Pleomorphic adenoma usually shows a characteristic 
myxoid or chondroid stroma, which is not normally seen in 
pulmonary epithelial-myoepithelial carcinoma. Pure myo-
epithelial tumors are composed of only one cell type and 
lack the typical biphasic pattern of epithelial-myoepithelial 
carcinoma. Sugar tumors of the lung arise peripherally and 
are composed of a monotypic proliferation of large clear 
cells. Immunohistochemical stains will demonstrate HMB45 
positivity in these tumors, a feature lacking in epithelial-
myoepithelial carcinomas. Clear cell carcinoma of the lung 
and metastatic renal cell carcinoma are monophasic tumors 
lacking a myoepithelial component.  

   Treatment and Prognosis 

 Although epithelial-myoepithelial carcinoma of the lung 
is generally considered a low-grade neoplasm, cases with 
regional lymph node metastasis have recently been 
described and the long-term prognosis is therefore some-
what uncertain  [  64,   65  ] . Complete surgical excision is 
the current treatment of choice. Regular radiological 
 follow-up is recommended in cases of lymph node 
involvement  [  65  ] .   

   Pulmonary Oncocytoma 

   Clinical Features 

 Oncocytes are de fi ned as cells containing abundant granular 
eosinophilic cytoplasm. A variety of cytoplasmic organelles 
can cause this eosinophilic appearance including abundant 
smooth endoplasmic reticulum, lysosome-like bodies, or 
neurosecretory granules; however, only those cells showing 
mitochondrial hyperplasia are considered oncocytes. Thus, 
ultrastructural studies are needed to con fi rm true oncocytic 
differentiation. Oncocytomas are thought to express epithe-
lial differentiation and are presumed to arise from serous 
glands or duct-like epithelium  [  67  ] . Based on these criteria, 
less than 10 true primary oncocytomas of the lung have been 
described  [  67–  72  ] . Pulmonary oncocytomas affect adults 
with an age range from 22 to 68 years and no speci fi c sex 
predilection. Presenting symptoms include malaise, pneumo-
nia, and weight loss. In at least one case, the tumor was found 
incidentally  [  67  ] . Although most tumors are endobronchial 
lesions, tumors may also occur in the lung parenchyma  [  69  ] .  

   Gross Features 

 Grossly, most tumors measure around 3 cm in size and are 
circumscribed tumors of soft to  fi rm consistency and yellow-
tan color. One tumor described as malignant was character-
ized by a more in fi ltrative growth pattern showing multiple 
con fl uent nodules adjacent to the main bronchus  [  72  ] .  

   Histological Features 

 Histologically, the tumor cells are arranged in sheets, cords, 
or alveolar-like clusters. Most individual tumor cells are 
large and of ovoid or polygonal shape containing abundant 
eosinophilic granular cytoplasm. Other cells have a more 
vacuolated cytoplasm, and smaller cells with indistinct cyto-
plasmic borders can also be identi fi ed. The nuclei may be 
small and uniform or larger with prominent nucleoli. Mitotic 
activity and necrosis are generally not identi fi ed. Focal 
calci fi cation and a lymphoplasmacytic in fi ltrate can 
 occasionally be seen.  

   Immunohistochemical and Ultrastructural 
Features 

 Rare immunohistochemical studies have demonstrated immu-
noreactivity of the oncocytes with cytokeratin, vimentin, and 
 a (alpha)-1-antitrypsin  [  67  ] . The most characteristic feature of 
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oncocytoma is seen by ultrastructural examination. The tumor 
cells will typically contain abundant mitochondria in the cyto-
plasm. These mitochondria are large, swollen, and distended 
and will show loss of mitochondrial cristae. Golgi apparatus, 
lysosomes, and endoplasmic reticulum pro fi les are inconspicu-
ous. The presence of microvilli and junctional complexes seem 
to suggest epithelial differentiation, and these features are simi-
lar to those seen in serous oncocytes of the salivary glands  [  73  ] .  

   Differential Diagnosis 

 A range of neoplasms with oncocytic change need to be dif-
ferentiated from oncocytoma. One of the most common 
tumors with oncocytic differentiation in the lung is oncocytic 
carcinoid tumor. In fact, some of the earlier descriptions of 
“pulmonary oncocytoma” were later found to be oncocytic 
neuroendocrine tumors. In oncocytic carcinoid tumors, the 
eosinophilic appearance of the cytoplasm is due to a combi-
nation of mitochondrial hyperplasia and electron-dense 
 neurosecretory granules. The presence of the latter will point 
toward neuroendocrine differentiation, and their presence 
precludes classi fi cation as oncocytoma. Other tumors with a 
similar light microscopic appearance are granular cell tumor 
and acinic cell carcinoma of the lung. Granular cell tumor 
will be positive for S100 by immunohistochemistry and will 
show an abundance of cytoplasmic lysosomes by electron 
microscopy. Acinic cell carcinoma of the lung is another rare 
salivary gland type tumor that shows characteristic PAS pos-
itivity of the cytoplasm and abundant zymogen-type  granules 
on ultrastructural examination thereby differentiating this 
tumor from oncocytoma. Lastly, metastatic oncocytic tumors 
will have to be excluded by clinical history and supportive 
immunohistochemical examinations.  

   Treatment and Prognosis 

 Complete surgical excision is the treatment of choice for pul-
monary oncocytomas. Although initially thought to be 
entirely benign tumors, a single case of “malignant” pulmo-
nary oncocytoma has been reported showing an in fi ltrative 
growth pattern and metastasis to a peribronchial lymph node 
implying at least low-grade malignant potential  [  72  ] .   

   Sebaceous Carcinoma of the Lung 

   Clinical Features 

 Sebaceous neoplasms are tumors of adnexal derivation most 
commonly found in the orbital area. These lesions have 

rarely been described in an extraorbital location  [  74,   75  ] . 
A single case report has recently described a primary seba-
ceous carcinoma arising in the bronchus  [  76  ] . The tumor 
occurred in a 78-year-old male who was investigated for 
weight loss. The patient did not have any previous history of 
sebaceous carcinoma.  

   Gross Features 

 The tumor was a well-circumscribed mass arising in a seg-
mental bronchus and a tumor size of 2.2 cm. The cut surface 
was yellowish-white and of friable consistency.  

   Histological Features 

 Microscopy revealed a cellular tumor composed of uniform 
cells arranged in undulating rows. A range of cytological 
features were seen ranging from small basaloid cells to cells 
with more eosinophilic cytoplasm and  fi nally clear vacuo-
lated cells with distinct cytoplasmic borders. In addition, 
focal squamous differentiation was noted. The mitotic rate 
was up to four mitoses per ten high-power  fi elds, and focal 
areas of necrosis were also appreciated.  

   Immunohistochemical Features 

 Immunohistochemical results revealed an epithelial pheno-
type showing staining for keratin, epithelial membrane 
antigen, and carcinoembryonic antigen. Importantly, Oil 
Red O showed a positive reaction, while mucicarmine and 
diastase PAS stains were negative, con fi rming sebaceous 
differentiation.  

   Differential Diagnosis 

 The differential diagnosis includes salivary gland type tumors 
showing sebaceous differentiation, squamous cell carcinoma 
with sebaceous differentiation, and metastatic sebaceous car-
cinoma. Sebaceous differentiation in salivary gland type 
tumors is usually focal and will be identi fi ed against a back-
ground of an otherwise typical salivary gland neoplasm. In 
sebaceous carcinoma, the sebaceous change is usually dif-
fuse and other salivary gland type elements are absent. 
Similar criteria apply when differentiating sebaceous carci-
noma from squamous cell carcinoma with sebaceous differ-
entiation. Whereas squamous cell carcinoma with sebaceous 
differentiation will only show focal sebaceous change and 
the majority of the tumor will be composed of typical 
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squamous cell carcinoma, sebaceous carcinoma will only 
show focal squamous change if any. As with all other sali-
vary gland or adnexal type neoplasms arising in the bron-
chopulmonary system, metastasis from an extrapulmonary 
primary has to be excluded before a primary sebaceous 
 carcinoma of the lung can be diagnosed.  

   Treatment and Prognosis 

 Complete surgical excision by lobectomy was carried out and 
the patient remains disease-free 3 years after presentation.       
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            Introduction 

 The occurrence of these types of neoplasms as primary intra-
pulmonary tumors is rather rare. It is assumed that these 
tumors occur in the lung under the assumption that they may 
originate from ectopically occurring tissues that may have 
remained in the lung during embryogenesis. Although an 
interesting and provocative theory, it is only a theory as from 
a practical aspect this is rather dif fi cult to prove. On other 
hand, for practical purposes, it remains a viable theory to 
account for these tumors, which otherwise could be miscon-
strued as metastatic tumors to the lung. This particular issue 
must be considered not only for making a diagnosis of pri-
mary lung neoplasm but also to ensure that patients do not 
undergo unnecessary work-ups or treatments. This chapter 
highlights the occurrence of these tumors and emphasizes 
the importance of being familiar with these lesions in order 
to avoid misdiagnosis. 

 The histopathological criteria for the diagnosis of these 
tumors are essentially the same as for their counterparts in 
their more common anatomic site. However, knowing that 
the pulmonary system is often a site for metastasis and 
given the unusual occurrence of these tumors as primary 
lung neoplasms, it is always important to rule out a possible 
metastasis before rendering a diagnosis of primary pulmo-
nary neoplasm for these tumors. Thus, careful clinicopatho-
logical correlations including radiographic imaging are 
important parameters in the evaluation and diagnosis of 
these tumors. 

 Although, theoretically speaking, any tumor can occur at 
any time and in any anatomic site, in this chapter we will 
address those tumors that appear to be a relatively more 
 common occurrence in the lung parenchyma. The tumoral 
conditions that will be discussed are the following:

   Pulmonary meningioma  • 
  Bronchial/pulmonary melanoma  • 
  Pulmonary glomangioma/glomangiosarcoma  • 
  Intrapulmonary thymoma  • 
  Intrapulmonary teratoma    • 

 Tables  7.1  and  7.2  depict some of the most important his-
tological, immunohistochemical, and differential diagnostic 
features of these tumors.    

   Pulmonary Meningioma 

 The occurrence of meningiomas outside of the central ner-
vous systems is rare but well known. Their occurrence as 
primary intrapulmonary tumors, although it has been known 
for some time, still remains a rare occurrence. In addition, 
meningiomas are also well known to arise in ectopic loca-
tions such as the head and neck area in sites like the scalp, 
orbital fossa, maxillary antrum, and frontal sinus  [  1  ] . Another 
unusual phenomenon is the simultaneous occurrence of 
 pulmonary and central nervous system (CNS) meningiomas 
with “benign histology”; this has been regarded by some as 
benign metastasizing meningioma  [  2  ] . In other patients late 
metastasis to the lung from a previous CNS meningioma has 
been reported  [  3  ] . The time period from  fi rst diagnosis of a 
CNS neoplasm and development of metastasis has been as 
long as 19 years  [  3  ] . In 1960, Hoye et al.  [  4  ]  suggested 
 possible explanations for the occurrence of extracranial men-
ingiomas, which included four possibilities:
    1.    Direct extension from an intracranial tumor  
    2.    Extracranial growth from arachnoid cell rests along cra-

nial nerve sheaths  
    3.    Proliferation of ectopic embryonic rests of arachnoid 

cells  
    4.    Extracranial metastases from intracranial tumors     

 It appears that the most logical explanation for the appear-
ance of meningiomas in the lung may be best explained by 
the proliferation of ectopic embryonic rests of arachnoid 
cells. However, as stated before, although an interesting 
 theory, it still remains unproved. 

 Because of the unusual occurrence of these neoplasms 
as primary lung tumors, most of what has been reported in 
the literature is in the form of case reports. Kemnitz et al. 
 [  5  ]  is given credit for the  fi rst description of a primary pul-

      Tumors Derived from Presumed 
Ectopic Tissues         7
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monary meningioma in a 59-year-old female patient. Since 
then, numerous case reports describing similar  fi ndings 
have been presented  [  6–  16  ] . Drawn from the cases 
described in the literature, the patients encountered are 
adult individuals and predominantly female. In the major-
ity of patients, their tumors were discovered incidentally 
during a routine physical examination. Only in a few cases, 
patients suffered symptoms related to their tumors. In the 
largest series reported of intrapulmonary meningiomas, 
the authors were able to describe ten such cases  [  17  ] . The 
authors’  fi ndings somewhat mirrored those reported in the 
prior literature. The patients were adult individuals 
between the ages of 30 and 72 years (mean: 51 years) 
whose tumors were discovered incidentally. Only one 
patient in this series of cases had symptoms (cough) related 
to the intrapulmonary tumor. However, interestingly, the 
female predominance previously reported was not appar-
ent in this study. Although the authors  [  17  ]  stated that the 
occurrence of intrapulmonary meningiomas remains spec-
ulative, they acknowledge the occurrence of the so-called 
meningothelial-like nodules in the lung as a possible and 

more logical origin for pulmonary meningiomas. However, 
in the reported ten cases, none of the cases had associated 
meningothelial-like nodules in addition to the pulmonary 
meningioma. 

 More recently, we have been able to study more cases 
of intrapulmonary meningiomas in which an association 
of meningothelial-like nodules and meningioma was 
apparent. Interestingly, such an association has been 
made in some other reported cases, supporting the theory 
of a histogenetic link between meningothelial-like nod-
ules and meningioma  [  18,   19  ] . On the other hand, one 
still needs to explain the occurrence of meningothelial-
like nodules, which revives the previous theory of ecto-
pic embryonic rests. Although the great majority of 
intrapulmonary meningiomas reported are of the “benign” 
type, reports of malignant intrapulmonary meningiomas 
have been published  [  20,   21  ] . This raises the issue of 
speci fi c criteria for the diagnosis of malignancy in intra-
pulmonary meningiomas. For instance, in the case 
described by Prayson and Farver  [  20  ] , the histological 
features of the tumors, like nuclear pleomorphism, and 
increased mitotic activity (15 mitoses × 10 high-power 
 fi elds) lead the authors to classify this case as malignant. 
However, in the case described by van der Meij  [  21  ] , it 
appears that the authors designated their case as malig-
nant based on the invasiveness of the tumor (the tumor 
invaded pleura, esophagus, intrapulmonary vessels, hilar 
lymph nodes, peribronchial fat, and caused destruction 
of bronchial cartilage) rather than on the histological 
features of the tumor, which showed 0–1 mitotic  fi gures 
per square millimeter. It is logical that when these tumors 
occur in an intrapulmonary location, all of these features 
need to be taken into account in order to  possibly predict 
behavior. 

   Macroscopic Features 

 In the majority of cases reported, the tumors are well circum-
scribed and in many cases are found in a subpleural location. 
The tumors are solid and whitish in color with a homogenous 
cut surface. Areas of necrosis and/or hemorrhage are not 
common, except in cases that have malignant features. The 

   Table 7.1    Commonly used immunohistochemical stains in the diagnosis of tumors derived from presumed ectopic tissues   

 Tumor  Keratin  EMA  Vimentin  LCA  TdT  Pax8  Actin  S100 protein  Melan A 

 Meningioma  neg/pos  pos  pos  neg  neg  neg  neg  neg  neg 
 Glomus/
glomangiosarcoma 

 neg  neg  pos  neg  neg  neg  pos  neg  neg 

 Melanoma  neg  neg  pos  neg  neg  neg  neg  pos  pos 
 Thymoma  pos  neg  neg/pos  pos  pos  pos  neg  neg  neg 

   EMA  epithelial membrane antigen,  LCA  leukocyte common antibody,  TdT  terminal deoxynucleotidyl transferase,  neg  negative,  pos  positive  

   Table 7.2    Commonly considered neoplams in the differential diagno-
sis of tumors derived from presumed ectopic tissues   

 Tumor  Differential diagnosis 

 Meningioma  Carcinoma 
 Spindle cell sarcoma 
 Carcinoid tumor 
 Thymoma 
 Metastatic meningioma 

 Melanoma  Carcinoma 
 Spindle cell sarcoma 
 Neuroendocrine carcinoma 
 Metastatic melanoma 

 Glomangioma/
glomangiosarcoma 

 Sugar tumor 
 Oncocytic carcinoid tumor 
 Paraganglioma 
 Leiomyoma 
 Leiomyosarcoma 

 Thymoma  Carcinoma 
 Spindle cell carcinoid tumor 
 Monophasic synovial sarcoma 
 Meningioma 
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size of the tumors  varies from 1 cm to more than 5 cm; how-
ever, the majority of cases are in the 3–4 cm range.  

   Histological Features 

 The histological features of intrapulmonary meningiomas 
recapitulate those seen in CNS tumors. Transitional menin-
giomas (Figs.  7.1 ,  7.2 ,  7.3 ,  7.4 ,  7.5 ,  7.6 , and  7.7 ) are charac-
terized by the presence of a well-circumscribed but not 
encapsulated tumor mass surrounded by normal lung paren-
chyma. The cellular proliferation is composed of plump, 
slightly spindle-shaped cells arranged in lobules or whorls 
interspersed by collagenized vascular structures. At high-
power magni fi cation, the plump cells have indistinct cell 
borders, pale eosinophilic cytoplasm, round to oval nuclei, 
and inconspicuous nucleoli. Psammoma bodies may be pres-
ent toward the periphery of the tumor, but they may be com-
pletely absent in some cases. Areas resembling microcystic 
meningioma or clusters of xanthoma cells may be seen 
focally in some cases. Cellular atypia if present may be only 
focal, and mitotic activity is absent. The  fi brous variant of 
meningioma (Figs.  7.8 ,  7.9 ,  7.10 , and  7.11 ) is characterized 
by the presence of a spindle cell proliferation composed of 
fusiform cells with indistinct cell borders, pale eosinophilic 
cytoplasm, elongated nuclei, and inconspicuous nucleoli. 
However, the presence of more  conventional areas of transi-
tional meningiomas may be seen in the periphery of these 
tumors. Just like the cases of transitional meningioma, 

mitotic activity is absent in  fi brous meningiomas. Recently, 
Rowsell et al.  [  22  ]  described an intrapulmonary meningioma 
characterized by cords and fascicles of spindle cells and epi-
thelioid cells surrounded by abundant mucoid stroma that 
led the authors to classify the case as chordoid meningioma. 

  Fig. 7.1    Low power view of a primary pulmonary meningioma show-
ing a well circumscribed but unencapsulated lesion. The tumor grows  
in small nests       

  Fig. 7.3    Pulmonary meningioma showing prominent dilated vascular 
structures surrounded by tumor cells       

  Fig. 7.2    Pulmonary meningioma showing tumor cells dissecting 
 bundles of  fi broconnective tissue       
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  Fig. 7.4    Pulmonary meningioma showing a single psammoma body       

  Fig. 7.5    Pulmonary meningioma showing calci fi cations admixed with 
 fi broconnective tissue       

  Fig. 7.6    Pulmonary meningioma showing the typical whirling and 
a subtle clear cell component       

  Fig. 7.7    Close magni fi cation of a pulmonary meningioma showing 
a homogenous cellular proliferation without nuclear atypia or mitotic 
activity       
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  Fig. 7.8    Pulmonary  fi brous meningioma characterized by a prominent 
spindle cell proliferation destroying normal lung parenchyma       

  Fig. 7.9    Fibrous meningioma with a subtle schwannoma-like 
appearance       

  Fig. 7.11    High-power magni fi cation of a  fi brous meningioma showing 
a single mitotic  fi gure       

  Fig. 7.10    High-power magni fi cation of a  fi brous meningioma show-
ing a spindle cell proliferation without signi fi cant nuclear atypia       
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In one of the cases described as malignant meningioma, the 
tumor displayed more cytological atypia and increased 
mitotic activity  [  20  ] , while in another, the tumor did not 
show increased mitotic activity but had a rather in fi ltrative 
growth pattern.             

   Immunohistochemical Features 

 The two most consistent immunohistochemical stains that 
will aid in the diagnosis of meningiomas are vimentin and 
epithelial membrane antigen (EMA). However, in the 
reported cases of intrapulmonary meningiomas, other stains 
that have been reported as weakly or focally positive include 
CD34, S100 protein, keratin, and progesterone receptors. 
However, in all those tumors in which some of these stains 
have been reported as positive, vimentin and EMA have also 
always been reported as positive. Therefore, it is important to 
carefully evaluate the histological features of the tumor and 
the respective immunohistochemical pro fi le.  

   Differential Diagnosis 

 The most important differential diagnosis is to determine 
whether the tumor is not a metastasis from a cranial menin-
gioma. Once that is established, then there are several other 
diagnostic considerations depending on the particular histol-
ogy of the meningioma. Intrapulmonary spindle cell thymoma 
is one important differential diagnosis. Although rare, thymo-
mas may present as an intrapulmonary tumor. In this setting, 
the presence of psammoma bodies and whorling of cells 
would be unusual features for thymoma. In addition, thymo-
mas would show a strong positive reaction for keratin and 
either weak or negative staining for EMA. In fl ammatory 
pseudotumor may also enter the differential diagnosis in cases 
of  fi brous meningioma. However, the absence of plasma cells 
or a more meaningful in fl ammatory component would 
be unusual in cases of in fl ammatory pseudotumor. 
Intrapulmonary solitary  fi brous tumor is one other possibil-
ity; however, solitary  fi brous tumors will display more char-
acteristic histological features and likely will display positive 
staining for CD34 and be negative for EMA.  

   Treatment and Prognosis 

 The treatment of choice for intrapulmonary meningioma is 
complete surgical resection. In the majority of cases reported, 
the tumor has followed an indolent behavior. However, there 
is not enough data to determine what the best treatment is for 
cases that display more aggressive clinical behavior or for 
those cases that are deemed malignant from the beginning.   

   Meningothelial-Like Nodules and Diffuse 
Pulmonary Meningotheliomatosis 

 Meningothelial-like nodules are small tumors that are com-
monly encountered randomly in resected lungs for other con-
ditions (Figs.  7.12 ,  7.13 , and  7.14 ). Their occurrence has been 
known for more than 50 years, and in the past, they were 
referred to as minute chemodectomas  [  23–  30  ] . Although the 
concept of chemodectomas of the lung was essentially for 
lesions found incidentally in autopsy material, there are sev-
eral reports in which the patients presented with “coin lesions” 
that were deemed to represent this particular entity. In addi-
tion, some authors considered that these “chemodectomas” 
were induced by pulmonary thromboemboli  [  31,   32  ] , while 
others studying similar tumors in the head and neck consid-
ered that the occurrence of these lesions was due to prolonged 
and severe hypoxia  [  33  ] . However, it is important to note that 
in the past, these lesions were studied mainly in cases in 
which they did not represent the main pathology, as pulmo-
nary resections were performed for other reasons and the 
nodules were encountered by chance. Although in the major-
ity of cases reported, these small tumor nodules were reported 
as single nodules, there are several reports of multiple lesions. 
Zak and Chabes  [  34  ]  reported three autopsy cases in which 
the authors described multiple lung lesions, which the authors 
referred to as “pulmonary chemodectomatosis.” Unfortunately, 
no detailed description as to the number and distribution of 
these nodules was provided.    

 In 1975, Kuhn and Askin  [  35  ]  using electron micro-
scopy evaluated several tumors from one patient, which 
histologically were in keeping with the so-called minute 
chemodectomas of the lung. The authors concluded that 
these lesions had little resemblance to paragangliomas and 
their features were more akin to meningiomas. Churg and 
Warnock recorded similar  fi ndings  [  36  ]  after the authors 
studied 26 cases with electron microscopy. The authors 
concluded that these so-called minute chemodectomas are 
not related to paragangliomas and their  fi ndings also sug-
gested origin from meningeal arachnoid cells. Gaffey et al. 
 [  37  ] , using electron microscopy and immunohistochemis-
try, studied 23 of these tumors and concluded that a more 
accurate term for these lesions is that of “meningothelial-
like nodule." In addition, the authors found that these 
lesions are more common in women and in the majority of 
cases are found at autopsy. Also important to mention is 
that the authors estimated their incidence at approximately 
1 in every 60 autopsies. No particular association to any 
speci fi c disease was determined, and the tumor nodules 
varied in size from 1 to 3 mm, with pleural or parenchymal 
location. These clinical  fi ndings mirrored those reported 
in the previous literature, namely, the occurrence of these 
lesions in a wide spectrum of ages (range: 12–91) and with 
predominance in females. 



199Meningothelial-Like Nodules and Diffuse Pulmonary Meningotheliomatosis

a b

  Fig. 7.12    ( a ) Pulmonary parenchyma with an incidental small tumor nodule typical of a meningothelial-like nodule of the lung. ( b ) In some cases, 
the nodules may be more conspicuous in the lung parenchyma       

  Fig. 7.13    High-power magni fi cation of a meningothelial-like nodule 
showing a spindle cell growth pattern       

  Fig. 7.14    High-power magni fi cation of a meningothelial-like nodule 
with more conventional “transitional” features       
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 More recently, a new entity under the designation of diffuse 
pulmonary meningotheliomatosis was presented in the litera-
ture  [  38  ] . The authors reported  fi ve patients who presented with 
bilateral diffuse pulmonary involvement (Figs.  7.15 ,  7.16 , and 
 7.17 ). Female patients predominated (4 women and 1 man) 
ranging in age from 54 to 75 years. Clinically, some patients 
presented with symptoms of dyspnea and shortness of breath, 
and open lung biopsies were obtained for their diagnosis. In 
three of the reported patients, a history of previous malignancy 
was noted, and these patients were being followed for possible 
metastatic disease. The lesions are the same as those reported as 
meningothelial-like nodules, except that the patients were symp-
tomatic, had bilateral lung involvement, with clinical evidence 
of restrictive lung disease, and radiological evidence of diffuse 
reticulonodular pulmonary in fi ltrates. These  fi ndings are in con-
trast to the ones observed in meningothelial-like nodules in 
which the nodules are often an incidental  fi nding and do not 
cause any symptoms. Nevertheless, cases of multiple pulmo-
nary nodules of the type of meningothelial-like nodules have 
been reported. Ionescu et al.  [  39  ]  reported a series of 35 cases in 
which the authors documented the existence of multiple bilat-
eral nodules in three of their patients. Also Kukoki and Sellawi 
 [  40,   41  ]  have documented cases in which the imaging demon-
strated multiple bilateral pulmonary nodules.    

   Histological Features 

 Low-power magni fi cation of meningothelial-like nodules  
shows small aggregates or interstitial nodules distributed in a 
subpleural or parenchymal location. These nodules range in 

size from 1 to 3 mm in greatest diameter. High-power 
magni fi cation shows that these nodules are composed of oval 
to spindle cells with moderate amounts of eosinophilic cyto-
plasm, indistinct cell borders, oval nuclei with  fi nely dis-
persed chromatin, and inconspicuous nucleoli. In some 
areas, whorling of the tumor cells may be apparent, while in 
other areas, the cells may show pseudonuclear inclusions. 

  Fig. 7.15    Pulmonary meningotheliomatosis showing two distinct nod-
ules in the lung parenchyma       

  Fig. 7.16    The meningothelial nodules show the conventional “transi-
tional” features in this particular case with moderate amounts of 
 fi broconnective tissue       

  Fig. 7.17    High-power view of pulmonary meningotheliomatosis 
showing the classic features of a meningiomatous cellular 
proliferation       
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These tumor nodules show no evidence of mitotic  activity, 
prominent cellular atypia, necrosis, or hemorrhage. However, 
many of these nodules may be close to dilated blood vessels. 
The adjacent lung parenchyma may show areas of 
 hemosiderin-laden macrophages or be completely normal. 
These nodules may be solitary or numerous in the lung 
parenchyma. 

 In cases of meningotheliomatosis, the presence of these 
nodules is more obvious, and, depending on the number of sec-
tions available for study, one may be able to identify many of 
these nodules disseminated throughout the lung parenchyma.  

   Immunohistochemical and Molecular Biology 
Features 

 The immunohistochemical  fi ndings of meningothelial-like 
nodules and meningotheliomatosis are similar to the  fi ndings 
described for pulmonary meningiomas. In essence, these 
nodules are positive for vimentin and epithelial membrane 
antigen (EMA), which are the most consistent positive mark-
ers. In addition, the tumor cells are negative for keratins, 
muscle-speci fi c actin, smooth muscle actin, chromogranin, 
synaptophysin, and CD34. 

 In a molecular study by Niho et al.  [  42  ] , the authors con-
cluded that meningothelial-like nodules may represent reac-
tive proliferations after demonstrating monoclonal expansion 
of the X chromosome-linked human androgen receptor gene 
(HUMARA) in 7 of the 11 cases studied. Ionescu et al.  [  39  ] , 
in a comparative study of intracranial meningiomas and pul-
monary meningothelial-like nodules, using mutational anal-
ysis demonstrated loss of heterozygosity alterations at 
different chromosomal loci in both lesions, thus, concluding 
that both of these conditions are unrelated and that the lesions 
in the lung may represent a reactive process.  

   Differential Diagnosis 

 The differential diagnosis of these lesions may be divided 
into clinical and histological. Due to the small size of menin-
gothelial nodules, they may easily be confused with carcinoid 
tumorlets. However, the histological features of carcinoid 
tumorlets are similar to those seen in neuroendocrine tumors, 
mainly an organoid, nested pattern, in which the cells react 
with epithelial markers like keratins, and also with neuroen-
docrine markers such as chromogranin and synaptophysin. 
One other possibility considerations would include meta-
static disease mainly from a neuroendocrine tumor such as 
paraganglioma. However, the use of immunohistochemical 
studies for epithelial and neuroendocrine markers will lead 
to the correct interpretation. In cases in which the number of 
intrapulmonary lesions is large, the clinical impression may 
be of a metastatic process. As evidenced by some of the cases 
presented under meningotheliomatosis, cases in which there 

is a previous history of malignancy, the clinical  impression 
may be suggestive of metastatic disease.  

   Treatment and Prognosis 

 These tumors are benign, and complete surgical resection 
is curative. One needs to keep in mind that approximately 
65 % of the cases reported are derived from autopsy mate-
rial, while 35 % stems from surgically resected material 
unrelated to these lesions. However, with new modalities and 
techniques in diagnostic imaging, it is very likely that these 
tumor nodules may become part of daily diagnostic surgical 
pathology.   

   Bronchial/Pulmonary Melanoma 

 Primary bronchial melanomas are rare, and their mere exis-
tence as a primary malignant pulmonary neoplasm is rather 
controversial. Not only are the criteria for diagnosis as a pri-
mary lung neoplasm dif fi cult to apply but also is late metas-
tasis from an extrapulmonary primary a known occurrence. 
The lungs are not unusual sites for metastatic disease from 
melanomas. Gromet et al.  [  43  ] , in a study of 324 patients 
with malignant melanoma with a follow up period of 24 
months, noted that the thorax was the initial site of relapse in 
13 patients, 12 of whom were asymptomatic. The authors 
concluded that the thorax is a common site for relapse and 
that early detection of resectable metastases correlates with 
longer survival. Also Panagopoulos and Murray  [  44  ]  evalu-
ated 30 patients with metastatic melanoma of unknown pri-
mary and found that 5 patients (16 %) presented with lung 
metastases. From those reports it is evident that before a 
diagnosis of primary pulmonary malignant melanoma can be 
rendered, a detailed history mainly to assess the issue of pre-
vious skin or ocular tumors should be obtained. 

 Even though the existence of primary melanomas of the 
lung is well known, most of what is in the literature corre-
sponds to case reports  [  45–  71  ] . Some of these reports date 
back to the older literature in which there is not enough 
clinical, radiological, or histological information to properly 
de fi ne those tumors as of lung origin, while in others, there 
is a history of a skin tumor  [  45–  48  ] . The  fi rst case of primary 
melanoma of the lung appears to be reported by Reid and 
Metha  [  49  ] . Although the authors reported two cases, one of 
the cases presented was a tracheal melanoma. One case of 
bronchial melanoma corresponded to a 60-year-old woman 
who during a bronchoscopic examination was found to have 
a mass in the posterior basal bronchus. The patient denied 
any previous history of tumor, and no other malignancy was 
found. The patient was treated with pneumonectomy. 

 The criteria set forward for the diagnosis of primary pul-
monary melanoma were presented by Jensen and Egedorf 
 [  72  ]  who stated that in order for a melanoma to be accepted 
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as of lung origin, certain requirements had to be met. These 
can be summarized as follows:
    1.    No history of cutaneous lesion  
    2.    No history of ocular tumor  
    3.    Single tumor in the lung  
    4.    Morphology of the lung tumor compatible with primary 

neoplasm  
    5.    No spread of melanoma in other organs at the time of 

diagnosis  
    6.    Autopsy proven     

 In addition to these criteria, Allen and Drash  [  51  ]  reiter-
ated previous criteria of melanomas in other sites and sug-
gested that in order to accept melanomas as primary lung 
neoplasms, the following features had to be present:
    1.    Junctional change with “dropping off” or “nesting” of 

malignant cells just beneath the bronchial epithelium  
    2.    Invasion of the bronchial epithelium in an area where the 

bronchial epithelium is not ulcerated  
    3.    Obvious melanoma beneath the epithelium     

 Needless to say, in numerous reports, the issue of primary 
pulmonary melanoma has been diminished because of the 
possibility of a previous cutaneous melanoma that has under-
gone spontaneous regression. Based on all the required 
parameters for the diagnosis of primary bronchial/pulmonary 
melanoma, it is obvious that such a diagnosis is very dif fi cult 
to apply in real practice, therefore, leaving such assessment 
to a more conventional clinicopathological approach in 
which a detailed clinical history is of utmost importance. 

 Interestingly, in one of the largest series of primary mela-
nomas of the lung, Wilson  [  73  ]  encountered that all the crite-
ria for the diagnosis of bronchial/pulmonary melanomas are 
often not present or dif fi cult to obtain in any given patient. 
The authors assessed the incidence of primary malignant 
melanoma of the lung to be 0.01 % in a period of 45 years. 
Even though the eight cases reported mirrored to some extent 
what had been reported in the literature through case reports, 
the authors clearly stated that not all the parameters were met 
in each individual case. For instance, one of the “strongest” 
criteria for the diagnosis of pulmonary melanoma is the 
 fi nding of an in situ melanoma. However, it is well known 
that some metastatic melanomas to the lung will not only 
present as a single pulmonary mass but also will display his-
tological features of in situ melanoma  [  74  ] . 

 If we were to analyze in more detail the set clinical and 
histological criteria for the diagnosis of pulmonary mela-
noma, we could discover that some of the items stated in the 
1967 criteria may not necessarily apply in today’s more 
modern practice of medicine. One example would be the use 
of autopsy to con fi rm the diagnosis, which is less relevant 
today as it may have been 30 years ago. In today’s practice, 
it is possible to evaluate a patient for the possibility of an 
occult tumor in the eye or elsewhere. Also today it is possible 
to evaluate the possibility of widespread metastatic disease 

at the time of diagnosis. Therefore we may conclude that 
these criteria do not apply to today’s practice. Recently, de 
Wilt et al.  [  75  ]  analyzed the subject of metastatic versus pri-
mary pulmonary melanoma in a study of 15 patients with no 
history of melanoma and who presented with tumors in the 
lung. The authors acknowledged that this group of patients 
may represent approximately 5 % of all patients in whom the 
primary melanoma site is unknown. Of the 15 patients 
reported, 11 patients presented with a single tumor, and fur-
ther analysis produced seven cases in which the diagnosis of 
primary pulmonary melanoma was very likely. The authors 
concluded that the distinction between primary and meta-
static melanoma is best accomplished by clinical behavior 
(pattern of spread) rather than by histopathological criteria. 
Similar to the series of cases presented by Wilson  [  73  ] , de 
Wilt et al.  [  75  ]  were not able to match the entire set of criteria 
proposed for the diagnosis of primary pulmonary melano-
mas and stated that although the dilemma of primary versus 
metastatic disease was of considerable interest, it may be 
irrelevant in terms of optimal management of these patients. 
Therefore, each case should be evaluated on an individual 
basis. 

   Clinical Features 

 The clinical symptoms of patients with primary melanomas 
of the lung are in no way speci fi c and are similar to those 
seen in primary lung carcinomas. Therefore, it is very likely 
that patients with these unusual tumors will present with 
symptoms of cough, dyspnea, fever, chest pain, hemoptysis, 
or any other sign of bronchial obstruction. Bronchoscopic 
 fi ndings may suggest the possibility of melanoma if the 
lesion in question is pigmented; however, such a  fi nding 
is not always present. The tumor does not have any predi-
lection for a particular gender and usually is diagnosed in 
adult patients with a mean age of 51 years. One of the most 
important parameters that needs to be excluded by history or 
physical and radiological evaluations is the presence of past 
or present skin or ocular tumors.  

   Macroscopic Features 

 Ideally, the presence of a single tumor has been proposed 
as an important parameter, and in many ways such infor-
mation will bias toward the possibility of a primary neo-
plasm. However, it should be kept in mind that such 
occurrence can take place in cases of metastatic melanoma 
to the lung, limiting the use of that information in the 
assessment of primary versus metastatic disease. The 
tumors appear well de fi ned with or without obvious pig-
mentation. The cut surface may be tan in color with a 
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homogenous surface with or without areas of hemorrhage 
and/or necrosis. The tumors may vary in size from 1 cm to 
more than 5 cm in greatest diameter. The tumors may 
appear as polypoid bronchial lesions obstructing the lumen 
or may appear as an intraparenchymal mass.  

   Microscopic Features 

 The spectrum of histopathological features of primary mela-
nomas of the lung is similar to that seen in melanomas of the 
skin (Figs.  7.18 ,  7.19 ,  7.20 ,  7.21 ,  7.22 , and  7.23 ). The tumor 
may show in situ changes of the bronchial epithelium in 
many cases but not in all. These in situ changes may mimic in 
situ changes of carcinomas. Underneath the bronchial epithe-
lium, the tumor may grow in an organoid or nested, diffuse, or 
spindle cell pattern. The neoplastic cellular proliferation may 
be composed of medium-size cells with moderate amounts 
of eosinophilic cytoplasm, round to oval nuclei, prominent 
nucleoli, and easily identi fi able mitotic activity. The tumor 
may also display a cellular proliferation composed of rather 
small cells with round nuclei and inconspicuous nucleoli 
mimicking the growth pattern of a small cell carcinoma. In 
spindle cell melanomas, the tumors may be composed of fusi-
form cells with elongated nuclei and inconspicuous nucleoli. 
Pseudonuclear inclusions and mitotic activity can be easily 
identi fi ed. Areas of necrosis and/or hemorrhage may be seen 
in pulmonary melanomas regardless of the growth pattern. 
Melanin pigment is present in the majority of cases; however, 
in a few cases, its presence may only be focal.        

   Immunohistochemical Features 

 The use of immunohistochemical stains is generally helpful 
in the diagnosis of pulmonary melanoma. Since these tumors 
are very unusual as primary lung neoplasms and since mela-
nomas may also share some immunophenotypic features 
with lung carcinomas, it is important to perform a panel of 
immunohistochemical stains that may allow for proper char-
acterization of these tumors. It is known that melanomas 
react positively with S100 protein, HMB45, and Melan A; 
thus, these stains should be part of the panel. Important to 
recognize is that some spindle cell melanomas may be nega-
tive for HMB45  [  76  ]  and some may also be positive for car-
cinoembryonic antigen (CEA)  [  50  ] , thus the importance of 
adding putative epithelial markers such as keratins and EMA. 
Recently, Sox2-positive staining in melanomas has been 
described.  

   Differential Diagnosis 

 The wide spectrum of histopathological patterns that mela-
noma may display is well known, thus making a differential 
diagnosis rather impractical since melanoma can mimic any 
primary tumor in the lung, namely, carcinomas that do not 
show the conventional features of squamous or adenocarcino-
matous features. For instance, the histology observed in some 
cases of pleomorphic or sarcomatoid carcinomas of the lung 
can easily be applied to some cases of melanomas. Also some 
neuroendocrine tumors may share some histopathological 

  Fig. 7.18    Bronchial melanoma with an in situ component. Note the 
presence of uninvolved bronchial glands and bronchial cartilage       

  Fig. 7.19    Different view of a bronchial melanoma with an in situ 
 component. Note the presence of ciliated bronchial epithelium being 
replaced by tumor       
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 features with melanomas. Even the presence of melanin 
pigment can be seen in some neuroendocrine carcinomas; 
therefore, the recommended use of an immunohistochemical 
panel in cases in which the index of suspicion is high for a 
 non-epithelial malignancy. The only issue left is whether the 
tumor represents primary or metastatic disease, which to some 
extent cannot be solved by a histopathological assessment but 
rather by good clinical and radiological evaluation of the 
patient.  

   Treatment and Prognosis 

 The treatment of choice is complete surgical resection of the 
tumor. The prognosis of primary melanomas of the lung may 
be variable. In the cases described, some patients had an 
aggressive behavior of the tumors, while others had a pro-
tracted clinical course. In the series of eight patients reported 
by Wilson and Moran  [  73  ] ,  fi ve patients died of disease 4–32 
months after initial diagnosis, two patients were alive with 

a b

c

  Fig. 7.20    ( a ) Low-power view of a melanoma with prominent “rhabdoid” features. ( b ) High-power view showing neoplastic cells with ample 
eosinophilic cytoplasm and peripherally situated nucleus. ( c ) Alveolar-like areas alternating with a more solid component       
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metastasis 4–30 months after initial diagnosis, and one 
patient was alive without evidence of metastatic disease 108 
months after initial diagnosis. In the cases described by de 
Wilt et al.  [  75  ] , the 5-year survival was 42 %, which led the 
authors to state that resection of pulmonary disease in mela-
noma patients without a known primary can result in long-
term survival.   

   Pulmonary Glomangioma/Glomangiosarcoma 

 Of these two tumors, glomangioma is by far the most com-
mon. Glomangiomas occur more often in the nail bed, 
super fi cial, and deep soft tissue but have also been described 
in a more ubiquitous distribution that includes the gastroin-
testinal and gynecological systems and the head and neck 
area  [  77–  82  ] . The tumors are assumed to originate from the 
glomus body, which represents a specialized arteriovenous 
anastomosis made up of the Sucquet-Hoyer canals. Over the 
years, there has been considerable debate regarding whether 
glomangioma represents a true tumor or a hyperplasia. 
However, the fact that there is an entity known as gloman-
giosarcoma that can behave in an aggressive manner seems 
to favor that both of these conditions represent true neo-
plasms and not just a hyperplastic process. 

 Primary glomus tumor in the respiratory system is a very 
unusual neoplasm despite several reports in the lung or other 
respiratory structures. In the respiratory system, the trachea 
is the most common location, and although most of the cases 

described are of the benign type (glomangioma), cases of 
glomangiosarcoma have also been described  [  83–  86  ] . 
Herein, we will focus only on those tumors of the lower 
respiratory tract, namely, those occurring in the bronchus 
and in the lung. 

 Primary pulmonary and/or bronchial glomangiomas and 
glomangiosarcomas are very rare, and for the most part, are 
tumors reported as a curiosity or in small series of cases 
 [  87–  94  ] . Tang et al.  [  87  ]  are given the credit for the  fi rst 
description of a glomangioma in the lung. The authors 
reported a 67-year-old woman who on radiographic evalua-
tion showed the presence of a mass in the left lung. Two 
important aspects about this report are that the authors sug-
gested the possibility of glomera in the lung; the other 
important aspect is of the possible multicentricity of glo-
mangiomas as their patient had two distinct intrapulmonary 
nodules. Mackay et al.  [  88  ]  also described a 19-year-old 
with a coin lesion in the lung. However, more detailed his-
tory disclosed that the patient also had a soft tissue tumor 
with similar histology as that in the lung; therefore, in this 
particular case, it is most likely that the lesion in the lung 
represented metastatic disease from an extrapulmonary ori-
gin. Alt et al.  [  89  ]  reported a 34-year-old asymptomatic man 
with a coin lesion in the lung. The authors proposed that the 
term glomus tumor be reserved for those tumors composed 
of endothelial-lined vascular spaces surrounded by smooth 
muscle. Koss et al.  [  90  ]  added two additional cases of intra-
pulmonary glomangiomas in two asymptomatic adult 
patients 40 and 51 years old, respectively. Gaetner et al.  [  91  ]  

a b

  Fig. 7.21    ( a ) Low-power view of pulmonary melanoma with prominent neuroendocrine-like growth pattern. ( b ) High-power view showing a 
subtle nested pattern with a homogenous cellular proliferation admixed with numerous mitotic  fi gures       
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was able to collect  fi ve cases; however, one of those cases 
originated in the mediastinum and one case was a gloman-
giosarcoma. The three patients with glomangiomas were 
adults and their intrapulmonary lesion was discovered inci-
dentally while being followed for different reasons. On the 
other hand, the patient diagnosed with glomangiosarcoma 
appeared to have symptoms related to the tumor such as 
hemoptysis. More recently, three additional reports of glo-
mangiomas have been presented  [  92–  94  ]  and, contrary to 

previous cases in which the tumor has been in the lung 
parenchyma, these cases have been reported within the 
bronchus, obstructing its lumen. 

   Clinical Features 

 There are no speci fi c clinical features that can be correlated 
with glomangioma or glomangiosarcoma. In the reported 

a b

c

  Fig. 7.22    ( a ) Spindle cell growth pattern of a pulmonary melanoma with a subtle neural-like appearance. ( b ) Spindle cell melanoma with focal 
multinucleated malignant giant cells and necrosis. ( c ) More solid spindle cell component with nuclear pleomorphism       

 



207Pulmonary Glomangioma/Glomangiosarcoma

cases, many patients have been asymptomatic and their 
tumors have been found either during a routine radiographic 
evaluation or during the course of evaluating a different 
problem. On the contrary, when these tumors occur in a cen-
tral location, it is more likely that these patients may present 
with some symptomatology related to bronchial obstruc-
tion, namely, cough, chest pain, and/or hemoptysis. Since 
glomangiomas are very unusual tumors, the clinical impres-
sion is of that of a different, more common bronchial neo-
plasm. These tumors can be seen in young adult individuals 
or in older patients, approximately between the ages of 20 
and 65 years. The tumors also appear not to discriminate 
based on gender or racial background as they have been 
described in men and women and in Caucasian, Black, or 
Asian individuals.  

   Macroscopic Features 

 These tumors can occur either as central or peripheral 
tumors. The majority of cases appear to be within the lung 
proper, and they have been described as well-circum-
scribed tumor nodules that may range in size from 1 cm to 
6 cm in greatest diameter. In a few cases, the description 
has been of two separate nodules. The tumors are described 
as being of soft consistency, tan in color, with a smooth 
homogenous surface. In a few cases, the description has 
been of “encapsulated” tumor nodules with dilated spaces 
on cut surface. Glomangiomas characteristically do 
not show areas of necrosis and/or hemorrhage. 

Glomangiosarcomas appear to be larger tumors with areas 
of hemorrhage and/or necrosis.  

   Microscopic Features 

 The histopathological spectrum of glomangiomas in the soft 
tissue appears to be wider than that observed in the lung. 
Those tumors occurring in the lung appear to be more of the 
solid mucohyaline type (Figs.  7.24 ,  7.25 ,  7.26 ,  7.27 ,  7.28 , 
 7.29 ,  7.30 ,  7.31 , and  7.32 ). The low-power view is that of a 
well-demarcated tumor nodule surrounded by normal lung 
parenchyma. At low-power magni fi cation, the tumor is char-
acterized by the presence of a fairly homogenous cellular 
proliferation admixed with dilated vascular spaces. Those 
arising in a central location will show partial obstruction of 
the bronchial lumen with similar histopathological features 
as those present within the lung parenchyma. Higher 
magni fi cation of these tumors show a homogenous cellular 
proliferation composed of medium-size cells, with round to 
oval nuclei, clear to lightly eosinophilic cytoplasm, and pres-
ence of ectatic vascular spaces. The cellular proliferation is 
characterized by clear cytoplasm and elicits the so-called 
fried egg appearance, while the vascular spaces characteristi-
cally show perivascular hyalinization. Glomangiomas char-
acteristically do not show evidence of necrosis and/or mitotic 
activity.          

 Glomangiosarcoma will display areas reminiscent of glo-
mangiomas (Figs.  7.33 ,  7.34 ,  7.35 ,  7.36 ,  7.37 , and  7.38 ). 
However, at low-power magni fi cation, it is possible to 

  Fig. 7.23    Pulmonary melanoma with focal areas of melanin pigment 
deposition       

  Fig. 7.24    Pulmonary glomus tumor showing a well circumscribed but 
unencapsulated lesion. Note the presence of numerous dilated vessels       
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  Fig. 7.25    Pulmonary glomus tumor showing a homogenous cellular 
proliferation admixed with prominent dilated vessels       

  Fig. 7.26    Pulmonary glomus tumor composed of more solid areas       

  Fig. 7.27    Pulmonary glomus tumor with a more discohesive cellular 
proliferation and subtle hyaline changes       

  Fig. 7.28    Pulmonary glomus tumor with prominent hyaline changes 
and dilated vessels       
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  Fig. 7.29    Pulmonary glomus tumor with prominent hyaline changes 
and scant cellularity       

  Fig. 7.30    Pulmonary glomus tumor with prominent hyaline changes 
in the walls of vessels       

  Fig. 7.31    Pulmonary glomus tumor showing a combination of hyaline 
changes with solid areas and clear cell changes       

  Fig. 7.32    Closer view at the cellular proliferation of a pulmonary glo-
mus tumor showing prominent clear cell changes       
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a b

  Fig. 7.33    ( a ) Low-power view of a pulmonary glomangiosarcoma. Note the ciliated respiratory epithelium. ( b ) Glomangiosarcoma invading 
bronchial glands       

  Fig. 7.34    Pulmonary glomangiosarcoma showing prominent 
lobulation       

  Fig. 7.35    Glomangiosarcoma with extensive hyalinization and focal 
areas of conventional benign glomus tumor       
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observe areas of necrosis, which may not necessarily be 
extensive. Closer magni fi cation of glomangiosarcomas 
shows areas of nuclear atypia and mitotic activity. Transitional 
areas from conventional glomangioma into glomangiosar-
coma may be observed and are helpful in arriving at the 
 correct interpretation.        

   Immunohistochemical Features 

 The most consistent immunohistochemical characteristics 
for these tumors are positive staining for vimentin and 
muscle-speci fi c actin (Fig.  7.39 ). However, these tumors 
may show positive staining for other markers including 
smooth muscle actin, desmin, neuron-speci fi c enolase, and 
CD57. Glomangiomas and glomangiosarcomas characteris-
tically show negative staining for keratins, EMA, myoglobin, 
chromogranin, S100 protein, and HMB45. Hatori et al.  [  95  ]  
reported a study of six cases of glomus tumors (subungual 
tumors) in which the authors reported positive staining in 
vascular endothelial cells as well as in tumor cells for CD34. 
However, other authors have reported negative staining for 
CD34  [  90  ] .   

   Differential Diagnosis 

 The differential diagnosis of glomangiomas in the lung 
may be challenging due to the rarity of these tumors as pri-
mary lung neoplasms. Tumors that may pose a challenge 
and that may share some macroscopic as well as histo-
pathological features with glomangiomas include clear cell 
“sugar tumor” and well-differentiated neuroendocrine car-
cinoma (carcinoid tumor). Both of these tumors may show 
dilated vascular spaces, lack of mitotic activity and necro-
sis and may show a cellular proliferation composed of 
medium-size cells with clear or lightly eosinophilic cyto-

  Fig. 7.36    Higher magni fi cation of malignant areas (glomangiosar-
coma) with transition to benign areas (glomangioma)       

  Fig. 7.37    Glomangiosarcoma with prominent nuclear atypia       

  Fig. 7.38    Glomangiosarcoma showing a spindle cellular proliferation 
with marked nuclear atypia and mitotic activity       
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plasm. However, the use of immunohistochemical studies, 
mainly the positive staining of tumor cells for muscle-
speci fi c actin, will lead to the correct interpretation as sugar 
tumor or neuroendocrine carcinomas are negative for mus-
cle markers. In addition, sugar tumors may show positive 
staining for CD34, S100 protein, and HMB45, while 
 neuroendocrine carcinomas will show positive staining for 
keratin, EMA, and neuroendocrine markers such as chro-
mogranin and/or synaptophysin. In cases of glomangiosar-
coma, the main issue will be the identi fi cation of more 
conventional areas of glomangioma and positive staining 
for muscle-speci fi c actin. Nevertheless, a valid differential 
diagnosis will be with leiomyosarcoma, which may show a 
similar immunophenotype. In this setting, the identi fi cation 
of more conventional areas of glomangioma is crucial in 
arriving at a more speci fi c diagnosis.  

   Treatment and Prognosis 

 In cases of glomangioma, complete surgical resection of the 
tumor is curative. This procedure may be in the form of 
wedge resection or lobectomy, depending on the clinical and 
radiological evaluation. For those cases diagnosed as glo-
mangiosarcoma, surgical resection followed by chemother-
apy appears to be a reasonable approach; however, since the 
number of cases of this tumor in the lung is exceedingly low, 
there is not enough cumulative information to properly deter-
mine the exact nature of these tumors. However, it is possible 

that these tumors may follow an aggressive behavior with 
widespread metastasis.   

   Intrapulmonary Thymoma 

 Thymomas are more often found in the anterior mediastinal 
compartment. However, the occurrence of thymomas outside 
of the mediastinal structures is well known, and thymomas 
have been recorded to present as primary tumors in the neck, 
trachea, and thyroid gland  [  96–  98  ] . In the thoracic area, thy-
momas have been described as primary tumors in the pleura 
 [  99  ]  and in the lung  [  100–  114  ] . One important issue to keep 
in mind before rendering the diagnosis of primary ectopic 
thymoma is to rule out the presence of a primary thymoma 
the mediastinal compartment. Thymomas can become 
in fi ltrative and spread outside of the mediastinal compart-
ment into the pleura, lung, or outside of the thoracic cavity. 
Therefore, the most important issue is to rule out such pos-
sibility in order to properly assess the origin of these tumors. 
In addition, there are two additional aspects that need to be 
kept in mind in the evaluation of intrapulmonary thymomas: 
(1) although capsular integrity is the most important param-
eter to evaluate in mediastinal thymomas, such aspect is 
irrelevant when these tumors occur in an intrapulmonary 
location; (2) the histopathological subtype of thymomas is 
another aspect that becomes irrelevant when these tumors 
occur in an intrapulmonary location. However, a diagnostic 
challenge may arise in cases of atypical thymoma in an intra-
pulmonary location, as these tumors will require careful 
evaluation in order to separate them from non-small cell car-
cinomas of the lung, namely, squamous cell carcinoma. 
Nevertheless, it would be highly important to distinguish 
thymoma from thymic carcinoma, as thymic carcinoma not 
only is a separate clinicopathological entity but it also fol-
lows a more aggressive behavior. 

 Different theories have been presented to account for 
the occurrence of thymomas in an intrapulmonary location; 
however, there is not a single one that can completely explain 
such occurrence. Although links have been made to the 
embryologic development of the thymus, one may encoun-
ter that such theory may explain the occurrence of ectopic 
thymic tissue in the neck area but not in an intrapulmonary 
location. Therefore, the occurrence of these tumors in the 
lung cannot be fully explained and remains only in a specu-
lative form. 

   Clinical Features 

 Clinically, intrapulmonary thymomas have been described in 
a wide range of individuals from teenagers to patients older 
than 70 years. Although there may be a slight predilection 

  Fig. 7.39    Muscle speci fi c actin immunohistochemical stain showing 
strong positive  reaction in tumor cells       
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for these tumors to occur in females, the tumor has been 
described in men and women almost equally. Clinically, the 
patients may present completely asymptomatic or with a 
wide variety of symptoms that may include chest pain, 
fatigue, hemoptysis, dyspnea, dysphagia, dysarthria, neph-
rotic syndrome, cough, fever, chills, hyperhomocysteinemia, 
and more unusually myasthenia gravis.  

   Macroscopic Features 

 Intrapulmonary thymomas can be seen in two different forms: 
(1) as a hilar tumor and (2) as an intrapulmonary peripheral 
tumor. The tumor size may vary from 1 to more than 10 cm in 
greatest diameter. The tumors appear well-circumscribed, 
 fi rm, white to tan, with or without focal areas of hemorrhage 
and/or necrosis. In unusual cases, the tumor may also show 
additional lesions in the pulmonary parenchyma.  

   Histopathological Features 

 The histopathological features seen in intrapulmonary 
thymomas are the same as those described for mediastinal 
thymomas (Figs.  7.40 ,  7.41 ,  7.42 ,  7.43 ,  7.44 ,  7.45 ,  7.46 , 
and  7.47 ). Essentially, the tumor may show a biphasic cel-
lular proliferation composed of lymphocytes and epithe-
lial cells in different proportions. In some cases, either of 
these components may appear as the predominant compo-
nent. The tumor may show the characteristic  fi brous bands 
separating the cellular proliferation into different islands 
of tumor cells of different sizes. The epithelial cellular 
proliferation is composed of medium-size cells with round 
to oval nuclei and small or inconspicuous nucleoli. Mitotic 
activity in the epithelial component may be seen, but it is 
not high, while mitotic  fi gures may be seen in the lympho-
cytic component. In spindle cell thymoma, the cellular 
proliferation is composed of fusiform cells with indistinct 
cell borders, elongated nuclei, and inconspicuous nucle-
oli. The cells may be arranged in a subtle storiform pat-
tern with numerous easily identi fi able dilated vessels, 
reminiscent of a hemangiopericytic pattern of growth. 
Mitotic  fi gures and nuclear atypia are absent, while the 
presence of lymphocytes is inconspicuous.          

   Immunohistochemical Features 

 The use of immunohistochemical studies may aid and help 
in separating intrapulmonary thymomas from other more 
common intrapulmonary neoplasms. Thymomas show pos-
itive staining for keratin, and, in cases in which the lym-
phocytic component is present, the lymphocytes may also 

show positive staining for leukocyte common antibody and 
T and B cell markers such as CD20 and TdT. Although thy-
momas are epithelial tumors, EMA may show only weak 
positive staining, and in a high number of cases, it is nega-
tive. Other markers that may show positive staining for thy-

  Fig. 7.40    Intrapulmonary thymoma showing a well-demarcated tumor 
mass. The classic biphasic cellular growth pattern is apparent       

  Fig. 7.41    Intrapulmonary thymoma showing a dual cell population of 
lymphocytes and epithelial cells       
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momas include keratin 5/6, calretinin, CD5, and CD117. 
More recently, Pax8 has been found to show  positive stain-
ing in thymomas. This latter stain may be important as 
intrapulmonary carcinomas are generally  negative for this 
antibody.  

   Differential Diagnosis 

 Because of the presence of prominent lymphocytic compo-
nent and proliferation of T cells, one important differential 
diagnosis is lymphoblastic lymphoma. In addition, the positive 

  Fig. 7.42    Intrapulmonary thymoma showing clusters of lymphocytes 
in a predominantly epithelial neoplasm       

  Fig. 7.43    Intrapulmonary thymoma with a predominantly epithelial 
component       

  Fig. 7.44    Intrapulmonary thymoma with spindle cell growth pattern. 
Note the presence of lung parenchyma and bronchial epithelium       

  Fig. 7.45    Intrapulmonary spindle cell thymoma with subtle vascular-like 
growth pattern       
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staining using markers for T cells (TdT) may obscure the 
diagnosis of thymoma. In this setting, the use of epithelial 
markers, namely, keratin may be of great help in properly 
classifying the tumor as thymoma. In cases in which the pre-
dominant cell population is composed of epithelial cells, the 

main differential diagnosis is with a non-small cell lung car-
cinoma. However, the absence of marked nuclear atypia and 
mitotic activity coupled with the presence of lobulation and 
presence of perivascular spaces interspersed with the cellular 
proliferation are features more often seen in thymomas. 
When the tumors show a spindle cell growth pattern, the 
main differential diagnosis would be with a primary spindle 
cell sarcoma, namely, those sarcomas that may display a 
hemangiopericytic pattern. One of those sarcomas that may 
pose a speci fi c problem would be synovial sarcoma, which 
may show positive staining for keratin and weak positive 
staining for EMA. However, other stains such as Bcl-2 may 
help in this setting. More importantly, the absence of marked 
nuclear atypia and mitotic activity should lead to the correct 
interpretation.  

   Treatment and Prognosis 

 The treatment of choice for intrapulmonary thymomas is 
complete surgical resection of the tumor. In most of the cases 
reported, the behavior of the tumor has been indolent. In the 
largest series published of these tumors  [  114  ] , seven patients 
were followed for a period of time ranging from 10 months to 
8 years showing that only one patient had recurrence of the 
tumor. However, in that particular case, the patient did not 
have complete surgical resection of the tumor, and the patient 
was treated with radiation therapy. In those patients who died, 
the cause of death was unrelated to the intrapulmonary thy-
moma. The authors concluded that intrapulmonary thymo-
mas are slow-growing neoplasms with good prognosis when 
the tumor is amenable to complete surgical resection. For 
those patients with a non-resectable tumor, adjuvant treat-
ment should be considered as well as for those patients with 
invasive tumors. Myers et al.  [  113  ]  in a review of the litera-
ture on this topic concluded that complete resection appears 
suf fi cient for the treatment of intrapulmonary thymoma. The 
authors also found that the presence of paraneoplastic syn-
dromes decreases survival, while histological type and tumor 
size do not.   

   Intrapulmonary Teratoma 

 Germ cell tumors in an intrapulmonary location are 
exceedingly rare. Germ cell tumors occur more often 
along the midline, and in the thorax, they are by far more 
common in the anterior mediastinum. When these tumors 
occur in the lungs, teratomas are the most common of this 
family of tumors. Nevertheless, it is important to be cau-
tious about making a de fi nitive diagnosis of primary intra-
pulmonary teratoma as germ cell tumors of either testicular 
or ovarian origin may metastasize to the lung. These can 

  Fig. 7.46    Intrapulmonary spindle cell thymoma with areas mimicking 
a mesenchymal spindle cell tumor       

  Fig. 7.47    High-power view of a spindle cell thymoma showing a 
 cellular proliferation with lack of nuclear atypia or mitotic activity       
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either show malignant components or as mature teratoma-
tous elements  [  115  ]  and distinction between a primary 
versus a metastatic neoplasm can be dif fi cult. In addition, 
it is highly important to properly rule out the possibility 
of an anterior mediastinal teratoma with extension into 
the lung parenchyma as in some rare cases the teratoma-
tous lesion may have intrapulmonary and mediastinal 
involvement  [  116  ] . 

 In general, intrapulmonary teratomas are exceedingly 
rare and their occurrence has been reported in the litera-
ture only in the form of case reports  [  117–  132  ] . There is 
not a single series of cases dealing with these tumors; 
thus, their exact incidence, is dif fi cult to assess. Clinically, 
intrapulmonary teratomas have been described in a wide 
range of individuals from childhood to adulthood varying 
in age from a few months old to patients older than 60 
years. The symptomatology reported by patients with 
intrapulmonary teratomas is also wide and includes symp-
toms that may be seen in patients with other pulmonary 
neoplasms such as cough, hemoptysis, chest pain, fever, 
dyspnea, pneumonia, weight loss, and vomiting. One of 
the most salient signs of intrapulmonary teratomas is the 
presence of trichoptysis (expectoration of hair). However, 
this latter sign is seen in less than 20 % of the cases. Also 
important to mention is that a small number of patients 
may not present with any symptomatology. Although it 
appears that the tumors are more common in female 
patients, the tumor has been also described in male patients 
in almost the same number. 

   Macroscopic Features 

 Intrapulmonary teratomas may occur as an intraparenchymal 
tumor or as an endobronchial lesions  [  133–  135  ] . In many 
cases, the diagnosis becomes evident by  fi nding hair during 
a bronchoscopic examination. In addition, gross examination 
of the tumors can reveal the diagnosis. The tumors are cystic 
with focal solid areas, and in a minority of cases, the tumor 
may appear predominantly solid. The size of the tumors vary 
but they can reach up to 10 cm in greatest diameter. The cut 
surface of the tumor may disclose the presence of hair, carti-
lage, teeth, and sebaceous material.  

   Histopathological Features 

 The criteria for the diagnoses of intrapulmonary teratoma 
are the same as for gonadal teratomas, which is mainly the 
presence of tissue from the three germinal layers. 
Intrapulmonary teratomas just like their counterparts in the 
gonads may show a wide variety of tissues (Figs.  7.48 , 
 7.49 ,  7.50 , and  7.51 ). The majority of the cases reported 

have been of the mature type, which is resembled by the 
presence of appendage, squamous epithelium, mature glial 
tissue, cartilage, bone, pancreatic tissue, and enteric epithe-
lium. Several cases in which thymic tissue has been present 
as a component of mature teratomas have also been 
described.     

 Cases of malignant teratoma have also been reported 
 [  136–  140  ] . However, in some of these cases, the malignant 
component has only been reported as undifferentiated, 
while in other cases, the other germ cell tumors such as 
yolk sac tumor, or sarcomatous components in the form of 
malignant cartilage or undifferentiated sarcomatous com-
ponent have been identi fi ed. In a case described as terato-
carcinoma by Stair et al.  [  140  ] , the tumor showed areas of 
adenocarcinoma with cartilage and also areas of a spindle 
cell proliferation. Such  fi ndings in an intrapulmonary neo-
plasm may raise the question of either a pulmonary carci-
nosarcoma or the so-called carcinoma ex pleomorphic 
adenoma.  

   Differential Diagnosis 

 The diagnosis of teratoma is rather simple and straightfor-
ward. However, in a small biopsy, the diversity of conditions 
that may enter the differential diagnosis is rather wide, and 
very likely one is not going to be able to make a de fi nitive 
diagnosis. The differential diagnosis will be directly related 
to the sample of tissue obtained.  

  Fig. 7.48    Intrapulmonary teratoma showing prominent cystic changes 
and tissues from different germ cell layers       
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   Immunohistochemical Features 

 For the purpose of diagnosis, the use of immunohistochem-
istry is not necessary. However, the use of immunohis-
tochemical stains may be to identify speci fi c tissues that may 

be part of the tumor. The use of neural markers such as S100 
protein, muscle markers such as desmin and actin, and vas-
cular markers such as factor VIII, CD34, and CD31 may be 
of help in the identi fi cation of a particular tissue component 
of the tumor.  

   Treatment and Prognosis 

 Complete surgical resection via lobectomy or pneumonec-
tomy is the treatment of choice and is curative in cases of 
mature teratomas. The patients may also be followed with 
additional therapy. The behavior of teratoma with malignant 
components may be aggressive mainly in cases in which the 
malignant elements are sarcomatous. In some of the reported 
cases of malignant teratoma, recurrences, metastatic disease, 
and fatal outcome have been documented despite aggressive 
therapy.       
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            Introduction 

 Contrary to their counterparts in other organ systems,  primary 
vascular neoplasms of the lung are rare. Because of the rarity 
of these lesions, the clinical and radiological features are 
often mistaken for other, more common lesions. Both benign 
and malignant vascular tumors have been described. Before 
a diagnosis of a primary malignant vascular neoplasm can be 
rendered, metastasis from extrapulmonary sites will have to 
be excluded through thorough clinical and radiological inves-
tigations. Primary vascular tumors of the lungs include 
hemangioma, lymphangioma, angiolymphoid hyperplasia 
with eosinophilia, and capillary hemangiomatosis among the 
benign lesions and epithelioid hemangioendothelioma, 
angiosarcoma, and Kaposi’s sarcoma among the malignant 
ones (Table  8.1 ).   

   Hemangioma 

   Clinical Features 

 Hemangiomas are frequently seen in the soft tissue, skin, and 
liver and can occasionally occur in the subglottic region or in 
the mediastinum  [  1,   2  ] . In the lung, however, these tumors 
are rare. To date, only 24 cases of pulmonary hemangioma 
have been described in the English and Japanese literature 
 [  3,   4  ] . Hemangiomas have been described in patients of all 
ages with no speci fi c sex predilection and can present as soli-
tary or multiple lesions  [  3–  9  ] . Patients are either asymptom-
atic or present with respiratory symptoms such as hemoptysis, 
 pneumonia, or cyanosis  [  10–  12  ] . Hemangiomas may arise 
anywhere in the lower respiratory tract from the lung paren-
chyma to the airways and the bronchial tree  [  13–  16  ] . 
Although only few hemangiomas of the lung have been 
reported, a case with partial trisomy D has been described. In 
addition, it has been stated that pulmonary hemangiomas 

may be complicated by conditions such as Kasabach-Merritt 
syndrome  [  17,   18  ] .  

   Gross Features 

 Macroscopically, hemangiomas present as well-demarcated 
or ill-de fi ned hemorrhagic nodules, cysts, or cavernous 
spaces  fi lled with hemorrhagic porous or thrombotic mate-
rial  [  9–  11,   19,   20  ] . The tumors may measure between 1 and 
3 cm in size. Tumors with a bronchial component often dis-
play a polypoid growth pattern with protrusion into the bron-
chial lumen.  

   Histological Features 

 Histologically, pulmonary hemangiomas are identical to 
those seen elsewhere in the body. They are encapsulated and 
lobulated masses composed of numerous cavernous or capil-
lary vessels lined by bland endothelial cells  [  9,   10,   19,   20  ]  
(Fig.  8.1 ). Cytologic atypia and mitotic activity are usually 
absent, although rare mitotic  fi gures may be present in iso-
lated cases (Figs.  8.2  and  8.3 ). As is true for all other vascu-
lar tumors, the adjacent pulmonary parenchyma may show 
intra-alveolar hemorrhage and abundant hemosiderin-laden 
macrophages (Fig.  8.4 ).      

   Immunohistochemical and Molecular Features 

 The endothelial cells of hemangioma show immunoreactivity 
for factor VIII related antigen, CD31, and CD34  [  10,   12  ] . 
Due to the rarity of pulmonary hemangiomas, molecular 
investigations are lacking; however, studies performed on 
hemangiomas of the skin and soft tissue showed VEGF and 
TEM8 signaling pathway mutations  [  21,   22  ] .  

      Vascular Tumors of the Lungs         8
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223Hemangioma

   Differential Diagnosis 

 Pulmonary hemangioma should be distinguished from 
lymphangioma, pulmonary capillary hemangiomatosis, 
and sclerosing hemangioma. Lymphangioma may resem-
ble hemangioma closely; the absence of red blood cells 
in the vascular lumina and presence of smooth muscle in 
the vessel walls are supportive of the former. Pulmonary 
capillary hemangiomatosis is a distinct entity present-
ing as a multifocal angiomatous proliferation associated 
with pulmonary hypertension and poor long-term survival. 
The angiomatoid pattern of sclerosing hemangioma may 
mimic the cavernous type of hemangioma; however, the 
cavernous spaces in this tumor are separated by a cellular 

proliferation of cells displaying an epithelial immunohis-
tochemical phenotype.  

   Treatment and Prognosis 

 Localized hemangiomas are best treated with surgical exci-
sion, whereas interferon- a (alpha)-2a or coil embolization 
may be considered for multifocal lesions  [  11  ] . In asymp-
tomatic cases, radiologic follow-up may be suf fi cient  [  3,   9  ] . 
Whereas localized pulmonary hemangiomas tend to have a 
favorable outcome, multifocal lesions may cause signi fi cant 
loss of lung function, resulting in poorer  clinical course  [  11  ] .   

  Fig. 8.1    Low power view of pulmonary hemangioma with cavernous pattern       

  Fig. 8.2    Pulmonary hemangioma composed of cavernous blood vessels       

  Fig. 8.3    High power view of pulmonary hemangioma demonstrating 
no cytologic atypia       

  Fig. 8.4    Pulmonary hemangioma showing intra-alveolar hemorrhage 
and hemosiderin-laden macrophages       
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   Lymphangioma 

   Clinical Features 

 Lymphangiomas can occur at any age but present most often 
in the pediatric population. The median age at presentation is 
36.6 years. Males and females are equally affected  [  23–  25  ] . 
Most patients are asymptomatic unless compression of vital 
structures occurs. In the latter case, patients may present with 
respiratory distress or rarely pneumothorax  [  26,   27  ] . 
Radiologically, lymphangiomas may be mistaken for benign 
cystic lung disease on computed tomography (CT)  [  25,   26,   28  ] . 
Predominant involvement of the right lung has been reported 
 [  25  ] . Several etiologies have been proposed for the develop-
ment of these tumors including developmental abnormalities, 
cystic change in response to infection, surgery, and radiation 
treatment or embryologic remnants of lymphatic tissue that 
failed to connect to efferent lymph channels  [  29,   30  ] . 
Lymphangiomas have been described in association with 
Maffucci’s and Klippel-Trenaunay-Weber syndromes, and 
further investigations for other lymphangiomatous lesions or 
anomalies may be warranted in this context  [  29,   31,   32  ] .  

   Gross Features 

 Lymphangiomas grossly often present as multiloculated cystic 
masses containing gelatinous or sanguinous secretions  [  25,   33  ] . 
These tumors can reach a large size (up to 10 cm). Cavernous, 
capillary, or cystic growth patterns may be observed  [  29  ] .  

   Histological Features 

    The histological features are very similar to hemangiomas, 
and capillary, cavernous, or cystic growth patterns can be 
seen  [  29  ]  (Figs.  8.5  and  8.6 ). The lesions are composed of 
dilated lymphatic channels lined by  fl at endothelial cells 
(Figs.  8.7  and  8.8 ). Serous material may be present in the 
cystic lumina  [  25,   30,   34–  36  ] . In addition, foci of hyperplas-
tic smooth muscle and admixed lymphoid tissue are often 
identi fi ed in the interstitial spaces  [  28,   37  ]  (Fig.  8.9 ).       

   Immunohistochemical and Molecular Features 

 Lymphangiomas are positive for factor VIII related antigen, 
CD31, D2-40, vascular endothelial growth factor receptor 3 
(VEGFR3), and vessel endothelial receptor 1 (LYVE1) 
 [  25,   38  ] . Lymphangiomas do not show reactivity for cytok-
eratin (CK), epithelial membrane antigen (EMA), or CD34 
 [  25,   33,   37  ] . Molecular investigations performed on lymp-
hangiomas of the skin and soft tissue showed VEGFR3 
mutations in these tumors  [  39  ] .  

  Fig. 8.5    Subtle histological features of pulmonary lymphangioma       

  Fig. 8.6    Pulmonary lymphangioma involving lung parenchyma and 
pleural surface       

  Fig. 8.7    Dilated lymphatic channels replacing the normal lung 
parenchyma       

 

 

 



225Angiolymphoid Hyperplasia with Eosinophilia (Epithelioid Hemangioma)

   Differential Diagnosis 

 The differential diagnosis for lymphangiomas includes 
hemangioma, alveolar adenoma, and lymphangioleiomyoma-
tosis. Hemangiomas are characterized by blood- fi lled cystic 
space lined by bland endothelium. Smooth muscle is normally 
not seen in the vessel walls of this tumor. Alveolar adenoma 
is composed of large cystic spaces containing clear acellular 
secretions. The cystic spaces are lined by pneumocytes with a 
hobnailing pattern and are separated by  fi brous septa contain-
ing in fl ammatory cells. Alveolar adenomas are positive for CK 
and EMA by immunohistochemistry contrary to the endothe-
lial phenotype of lymphangioma  [  40,   41  ] . Lastly, lymphangio-
leiomyomatosis is a condition that primarily occurs in women 
of reproductive age. It typically presents as a cystic lung 

process that is not limited to the lymphatic routes but rather 
involves the alveoli and contains a relatively large proportion 
of smooth muscle. Immunohistochemically, the spindle cells 
in lymphangioleiomyomatosis express immunoreactivity for 
estrogen and progesterone receptors and HMB45, further dis-
tinguishing this lesion from lymphangioma  [  42–  44  ] .  

   Treatment and Prognosis 

 As spontaneous regression has not been described and the 
tumors have a tendency to recur if incompletely excised, the 
therapy of choice for lymphangioma consists of surgical 
resection or sclerotherapy  [  29,   45,   46  ] . If complete excision 
of lymphangioma is achieved, surgery alone should be cura-
tive with no reported recurrences to date  [  25  ] .   

   Angiolymphoid Hyperplasia with Eosinophilia 
(Epithelioid Hemangioma) 

 Angiolymphoid hyperplasia with eosinophilia or “epithelioid 
hemangioma” is an entity that was  fi rst described by Wells 
and Whimster in 1969 as an in fl ammatory angiomatous 
lesion affecting the subcutaneous tissues of the head and 
neck area of young to middle-aged adults  [  47  ] . Angiolymphoid 
hyperplasia with eosinophilia has since been reported in 
other sites such as the lymph nodes, bone, heart, salivary 
glands, and orbit  [  48–  51  ] . There has been contention in the 
literature in the past as to whether angiolymphoid hyperpla-
sia with eosinophilia and Kimura’s disease represent the 
same disease entity; however, recent evidence seems to sug-
gest that these two lesions represent different clinicopatho-
logical entities  [  52–  54  ] . To date, only two of these lesions 
have been described in the lung  [  55  ] . 

   Clinical Features 

 The two cases described have occurred in a 60-year-old man 
and a 27-year-old woman. Cough and dyspnea were the pre-
senting symptoms in the  fi rst case, and the second patient 
had a long history of asthma. Radiologically, right upper 
lobe lesions were identi fi ed in both cases  [  55  ] .  

   Gross Features 

 Both lesions were situated in the lung parenchyma and were 
described as well-circumscribed but unencapsulated tumors 
with a soft gray and partly cystic cut surface. The lesions 
measured 2 and 3 cm, respectively. Hemorrhage and necrosis 
were not identi fi ed  [  55  ] .  

  Fig. 8.8    High power view of pulmonary lymphangioma lined by bland 
endothelial cells       

  Fig. 8.9    Pulmonary lymphangioma with focal smooth muscle prolif-
eration involving vessel walls       
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   Histological Features 

 Histologically, the lesions are similar to the ones seen in the 
skin. They are well-delineated and non-encapsulated tumors 
composed of a proliferation of small caliber vessels lined by 
plump epithelioid endothelial cells (Figs.  8.10 ,  8.11 , and  8.12 ). 
These endothelial cells possess eosinophilic cytoplasm, 
 prominent nucleolus, and occasional cytoplasmic vacuoles 
(Fig.  8.13 ). The vascular proliferation is accompanied by a 
prominent in fl ammatory in fi ltrate composed predominantly of 
 eosinophils (Fig.  8.14 ). Lymphoid aggregates often accompany 
the vascular proliferation  [  55  ]  (Fig.  8.15 ). Involvement of 
larger vessels can occasionally be identi fi ed (Fig.  8.16 ).         

   Immunohistochemical and Molecular Features 

 The vascular proliferation is reactive for endothelial markers 
like CD31, whereas the lymphocytic component shows posi-
tive staining for CD20 and CD45  [  55  ] . More recently, it has 
been shown that some cases of angiolymphoid hyperplasia 
with eosinophilia of the skin harbor a clonal T-cell popula-
tion and may therefore represent a T-cell lymphoprolifera-
tive disorder of benign or low-grade malignant nature  [  56  ] .  

   Differential Diagnosis 

 Angiolymphoid hyperplasia with eosinophilia must be 
 distinguished from other benign or malignant vascular 
tumors of the lungs. Hemangioma is a benign lesion that is 
rarely found in the lung. This tumor is composed of a prolif-
eration of capillary or cavernous blood vessels lined by bland 
endothelial cells. Lymphoid follicles or a prominent eosino-
philic cell in fi ltrate are not seen in this tumor. More  important 

  Fig. 8.10    Low power view of angiolymphoid hyperplasia with 
 eosinophilia arising in the lung       

  Fig. 8.11    Circumscribed nature of pulmonary angiolymphoid hyperplasia 
with eosinophilia       

  Fig. 8.12    Proliferation of small caliber vessels in pulmonary 
 angiolymphoid hyperplasia with eosinophilia       

  Fig. 8.13    High power view of plump endothelial cells lining the vessel 
walls in angiolymphoid hyperplasia with eosinophilia of the lung       
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is the distinction from angiosarcoma. Primary angiosarco-
mas of the lung as well as metastatic angiosarcomas are often 
multifocal lesions that show malignant cytologic features 
and are not typically accompanied by the lymphoid and 
eosinophilic in fi ltrate seen in angiolymphoid hyperplasia 
with eosinophilia. Other conditions to include in the differ-
ential diagnosis comprise lymphoproliferative disorders. 
These include benign lesions like nodular lymphoid hyper-
plasia or lymphocytic interstitial pneumonia. Both affect the 
lung in a diffuse manner and are characterized by a promi-
nent lymphoid in fi ltrate, whereas eosinophils are not a prom-
inent feature. Among the malignant lymphoid lesions are the 
low-grade mucosa-associated lymphoid tissue (MALT) lym-
phoma and Hodgkin’s disease. These tumors lack the vascu-
lar component seen in angiolymphoid hyperplasia with 
eosinophilia and would show a more prominent atypical 
lymphoid proliferation including the typical Reed-Sternberg 
cells in Hodgkin’s disease.  

   Treatment and Prognosis 

 Similar to the lesions in the skin, complete surgical excision 
appears to be the treatment of choice for these tumors and 
should be curative. The behavior for these lesions is gener-
ally benign; however, tumor recurrence has been observed.   

   Capillary Hemangiomatosis 

    Capillary hemangiomatosis was  fi rst described by Wagenvoort 
et al. in 1978, and since then fewer than 50 cases have been 
described in the literature  [  57  ] . It is a disorder characterized 
by a proliferation of thin capillary-sized blood vessels in the 
lung parenchyma often leading to pulmonary hypertension. 
Many cases are initially mistaken for pulmonary veno- 
occlusive disease or primary pulmonary hypertension, and 
the diagnosis is often only established at autopsy. More 
recently, cases have been described in patients that did not 
have signs and symptoms of pulmonary hypertension and 
where the lesion was merely an incidental  fi nding  [  58,   59  ] . 

   Clinical Features 

 Capillary hemangiomatosis can affect patients of all age 
groups (birth to 71 years) but is most often seen in young 
adults  [  57,   58,   60  ] . There is no speci fi c gender predilection. 
In its diffuse form, capillary hemangiomatosis manifests as 
pulmonary hypertension with an indolent onset but eventual 
progression to cor pulmonale. Dyspnea, cough, hemoptysis, 
fatigue, and weight loss are often the presenting symptoms in 
these cases  [  61–  65  ] . In focal capillary hemangiomatosis, the 
patients may be entirely asymptomatic and the lesion is often 

  Fig. 8.14    Prominent eosinophilic in fi ltrate in pulmonary angiolym-
phoid hyperplasia with eosinophilia       

  Fig. 8.15    Lymphoid follicles in pulmonary angiolymphoid  hyperplasia 
with eosinophilia       

  Fig. 8.16    Large vessel involvement in pulmonary angiolymphoid 
hyperplasia with eosinophilia       
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an incidental  fi nding  [  58,   59,   66  ] . Radiologically, capillary 
hemangiomatosis is characterized by bilateral ill-de fi ned 
micronodular densities with equal distribution of lower and 
upper lobes and radiological  fi ndings associated with pulmo-
nary hypertension such as right ventricular hypertrophy or 
enlarged proximal pulmonary arteries  [  61,   67  ] . Although 
most cases appear to be sporadic, familial cases have also 
been described  [  65  ] . In addition, associations with hypertro-
phic cardiomyopathy, systemic lupus erythematosus and 
Takayasu aortoarteritis have been described  [  68–  70  ] .  

   Gross Features 

 Grossly, capillary hemangiomatosis presents as multiple 
small hemorrhagic nodules or  fi rm patchy areas with promi-
nent pulmonary vessels  [  65,   67–  68,   71–  73  ] . While micro-
scopic lesions ranged from 0.6 to 1.8 cm in size, grossly 
visible lesions can measure up to 3 cm  [  58  ] .  

   Histological Features 

 Microscopically, the characteristic  fi nding is a proliferation 
of capillary-sized blood vessels distributed along the intersti-
tium and alveolar septa preserving the overall lung architec-
ture (Figs.  8.17  and  8.18 ). This process may be diffused and 
involve both lungs or be solitary and restricted to a single 
lung. The capillaries are arranged forming at least a double 
row on both sides of the alveolar walls (Fig.  8.19 ). The 
abnormal capillaries may occasionally protrude into the 
alveolar spaces or invade the walls of small veins resulting in 
compression and obstruction of these structures and result-
ing in pulmonary hypertension (Figs.  8.20  and  8.21 ). The 
capillary proliferation may also involve the bronchial tree. 

  Fig. 8.17    Low power view of pulmonary capillary hemangiomatosis 
with relative preservation of the normal architecture       

  Fig. 8.18    At higher magni fi cation, a capillary proliferation affecting 
the alveolar walls can be appreciated       

  Fig. 8.19    High power view of capillary hemangiomatosis showing the 
multiple layers of capillary blood vessels within alveolar septa       

  Fig. 8.20    Capillary proliferation affecting the peribronchial areas in 
capillary hemangiomatosis       
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The cytologic features are generally bland with no evidence 
of atypia or mitotic activity; only rare cases can display mild 
endothelial atypia and pleomorphism  [  57,   63,   73,   74  ]  
(Fig.  8.22 ). Collections of red blood cells and hemosiderin-
laden macrophages are often seen  fi lling the alveolar spaces 
in the periphery of the process  [  58,   63,   70,   71  ] .        

   Immunohistochemical and Molecular Features 

 The proliferating capillaries are positive for CD31 and CD34 
and negative for D2-40  [  65  ] . On a molecular level, capillary 
hemangiomatosis is characterized by overexpression of 
platelet-derived growth factor (PDGF)-B and PDGF- b (beta) 
genes  [  75  ] .  

   Differential Diagnosis 

 The most important differential diagnosis for capillary 
hemangiomatosis is pulmonary veno-occlusive disease, 
a process it can be confused with both clinically and histo-
logically. Contrary to capillary hemangiomatosis, pulmonary 
veno-occlusive disease originates from small pulmonary 
venules and veins and is characterized by  fi brous obliteration 
of the vascular lumina with secondary dilatation of pulmo-
nary capillaries and small vessels. A proliferation of vessels 
as such is not identi fi ed, and only a single layer of dilated 
capillaries is observed in the alveolar walls. Furthermore, 
invasion of capillaries into vascular walls is not seen in pul-
monary veno-occlusive disease  [  58,   64  ] . Pulmonary angiop-
athy is another entity that enters the differential diagnosis. 
This process involves predominantly the small arteries with 
sparing of the veins. The localized form of capillary heman-
giomatosis can mimic conventional capillary hemangioma. 
The latter lesion is a nodular proliferation of vessels that is 
not restricted to the alveolar septa or vascular structures.  

   Treatment and Prognosis 

 Surgical resection of affected lung tissue is the treatment of 
choice and may result in pneumonectomy or lung transplan-
tation  [  58,   73,   77  ] . In addition, interferon- a (alpha)-2a has 
been successfully used in the treatment of capillary heman-
giomatosis due to its antiangiogenic properties  [  78–  79  ] . 
Furthermore, supportive therapy consisting of angiotensin-
converting enzyme (ACE) inhibitors, diuretics, oxygen, and 
warfarin may be indicated in cases associated with pulmo-
nary hypertension  [  80  ] . When associated with the clinical 
signs and symptoms of pulmonary hypertension, capillary 
hemangiomatosis usually has a slowly progressive and unre-
lenting clinical course eventually leading to death. The focal 
type, however, is normally identi fi ed incidentally at autopsy 
or during lung resection for other causes and does not seem 
to have an in fl uence on life expectancy  [  58,   66  ] .   

   Epithelioid Hemangioendothelioma 

 Epithelioid hemangioendothelioma was  fi rst described as 
“intravascular bronchioloalveolar tumor” (IVBAT) by Dail 
and Liebow in 1975, suggesting that this tumor was of epi-
thelial origin  [  81  ] . Using ultrastructural techniques, several 
groups subsequently demonstrated that the lesion was in fact 
a vascular tumor  [  82–  83  ] . After Weiss and Enzinger used the 
term “epithelioid hemangioendothelioma” to describe a sim-
ilar tumor in the soft tissue in 1982, it soon became clear that 
these lesions were essentially identical and the term “epithe-
lioid hemangioendothelioma” has since been used to describe 

  Fig. 8.21    Nodular proliferation of capillary blood vessels protruding 
into alveolar spaces in capillary hemangiomatosis       

  Fig. 8.22    Pulmonary capillary hemangiomatosis showing an absence 
of cytologic atypia or mitotic activity       
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these tumors regardless of their location  [  84–  86  ] . To date, 
more than 80 cases have been described in the lung  [  87  ] . 

   Clinical Features 

 Epithelioid hemangioendothelioma primarily occurs in 
younger individuals with 50 % of patients being younger 
than 40 years of age at diagnosis (median age 36 years). 
Females account for approximately 80 % of cases  [  88–  90  ] . 
Patients are often asymptomatic or present with dyspnea, 
cough, or pleuritic chest pain. Rare cases are symptomatic 
with alveolar hemorrhage and pleural effusions  [  91–  95  ] . 
Radiologically, epithelioid hemangioendothelioma is char-
acterized by multiple small nodular lesions in both lungs 
mimicking granulomatous or metastatic disease processes. 
In rare cases, ground glass opacities are identi fi ed on CT 
suggestive of interstitial lung disease. Epithelioid hemangio-
endothelioma is always a multifocal process and composed 
of multiple discrete nodules that individually measure less 
than 2 cm in diameter  [  96  ] . A single case report describes the 
presence of pulmonary epithelioid hemangioendothelioma 
in association with hypertrophic pulmonary osteoarthropa-
thy, and approximately 5 % of cases can be seen with con-
current bronchioloalveolar carcinoma raising the possibility 
of an association between these lesions  [  89 ,  91 ,  97  ] .  

   Gross Features 

 Macroscopically, epithelioid hemangioendothelioma pres-
ents as multiple nodules that on their own can measure up to 
2 cm in diameter. The nodules have a gray-white cut surface 
and a mucoid, chondroid, or calci fi ed appearance. Pleural 
involvement may occasionally be seen.  

   Histological Features 

 Histologically, epithelioid hemangioendothelioma is often 
closely associated with vascular structures and is character-
ized by the presence of multiple nodules (Figs.  8.23 ,  8.24 , 
and  8.25 ). These tumor nodules often display an intra-alve-
olar growth pattern, hence the original term of “IVBAT” 
(Fig.  8.26 ). The individual nodules often have hypocellular 
centers surrounded by rims of more cellular tissue (Fig.  8.27 ). 
The cellular areas are composed of short strands or solid nests 
of rounded or spindled endothelial cells (Fig.  8.28 ). They 
have central round to ovoid nuclei and characteristic intracy-
toplasmic lumina or vacuoles that may contain erythrocytes 
(Fig.  8.29 ). The cells are set in a prominent myxochondroid 
or hyaline stroma (Fig.  8.30 ). Overall, the cytologic features 
are bland with minimal nuclear  pleomorphism and virtually 

  Fig. 8.23    Low power view showing the multifocal nature of pulmonary 
epithelioid hemangioendothelioma       

  Fig. 8.24    Pulmonary epithelioid hemangioendothelioma associated 
with pulmonary vessels       

  Fig. 8.25    Nodular nature of pulmonary epithelioid hemangioendothelioma       
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no mitotic activity  [  96,   98  ] . In the soft tissue, up to one-fourth 
of cases may display a degree of cytologic atypia, mitotic 
activity, spindling of cells, or necrosis  [  98  ] . These features 
have not been described in primary lung lesions.          

   Immunohistochemical and Molecular Features 

 Immunohistochemically, epithelioid hemangioendothelioma 
shows the typical phenotype of endothelial cells demon-
strated by reactivity for factor VIII related antigen (up to 
99 % of cases), CD31 (up to 86 %), and CD34 (up to 94 %) 
 [  85,   99 – 100  ] . However, it should be noted that up to 50 % of 
cases may show positivity for cytokeratins so that this marker 
may not be helpful in distinguishing hemangioendothelioma 
from certain types of carcinoma  [  101  ] . At the molecular 

  Fig. 8.26    Prominent intra-alveolar growth pattern in pulmonary 
 epithelioid hemangioendothelioma       

  Fig. 8.27    Hypocellular centers in pulmonary epithelioid hemangioen-
dothelioma       

  Fig. 8.28    Solid proliferation of epithelioid cells in pulmonary epithe-
lioid hemangioendothelioma       

  Fig. 8.29    Tumor cells of pulmonary epithelioid  hemangioendothelioma 
showing cytoplasmic vacuoles containing red blood cells       

  Fig. 8.30    Tumor cells set in a prominent myxochondroid stroma in 
pulmonary epithelioid hemangioendothelioma       
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level, isolated case reports have described (1;3)(p36.3;q25) 
or (7;22) translocations in epithelioid hemangioendothe-
lioma of the soft tissue  [  102 – 103  ] , but larger series have yet 
to be investigated.  

   Differential Diagnosis 

 The differential diagnosis for epithelioid hemangioendothe-
lioma includes adenocarcinoma, sarcomas with a chondroid or 
epithelioid appearance, sclerosing hemangioma, and metastatic 
cardiac myxoma  [  91,   98  ] . Adenocarcinomas usually have a 
glandular growth pattern and show a greater degree of nuclear 
pleomorphism and increased mitotic activity. Sarcomas may 
demonstrate prominent intra-alveolar growth, but unequivo-
cal areas of sarcomatous differentiation as well as cellular 
pleomorphism and mitotic activity are normally identi fi able. 
Sclerosing hemangioma is a peculiar tumor presenting as an 
isolated lung mass; it is composed of bland-looking cells set 
in a sclerotic background. In contrast to epithelioid hemangio-
endothelioma, however, this lesion is more cellular, displays 
a greater variety of growth patterns, and often contains large 
telangiectatic vessels. In addition, sclerosing hemangioma 
is a misnomer as the tumor is not vascular, thus, the tumor 
fails to stain with the typical endothelial immunomarkers as 
described for epithelioid hemangioendothelioma. Finally, 
metastatic cardiac myxomas, although typically positive for 
factor VIII related antigen, have a more myxomatous back-
ground and an irregular cellular arrangement. These tumors 
are normally contained within vascular structures and do not 
display an intra-alveolar growth pattern. Most of the tumors 
considered in the differential diagnosis carry a worse progno-
sis and require different treatment modalities, making accu-
rate diagnosis highly important for patient management.  

   Treatment and Prognosis 

 If the disease burden is limited, surgical excision is the treat-
ment of choice for epithelioid hemangioendothelioma. Lung 
transplantation may be considered in cases of aggressive 
tumor growth  [  87  ] . Unfortunately, both chemotherapy and 
radiation have not proven to be effective in the treatment of 
this tumor, although antiangiogenic therapy with bevaci-
zumab has been successful in one case  [  86,   91,   104–  105  ] . In 
general terms, epithelioid hemangioendothelioma is consid-
ered a low-grade malignant tumor associated with a pro-
tracted clinical course and non-aggressive behavior but 
metastatic potential  [  85–  86  ] . Life expectancy spans 1–20 
years with a 5-year survival rate of 60 %  [  87,   106–  107  ] . 
Factors of poor prognosis include extensive intrapulmonary 
and pleural spread, weight loss, anemia, pulmonary symp-
toms, and hemorrhagic pleural effusions  [  86–  87,   91  ] . Partial 

regression has been described in three cases, but most patients 
eventually die of respiratory failure due to replacement of the 
pulmonary parenchyma by tumor  [  90  ] .   

   Angiosarcoma 

 Angiosarcomas represent less than 1 % of all sarcomas and 
develop most often in the skin, soft tissue, or liver. Associations 
have been described with prior radiation treatment, environ-
mental carcinogens, foreign body material, or lymphedema 
 [  108–  115  ] . The lungs are more often the site of metastasis 
from extrapulmonary tumors, most frequently from the heart 
and the pulmonary artery trunk  [  116–  119  ] . In the lung, pri-
mary angiosarcomas are extremely uncommon with fewer 
than 20 cases reported in the English literature to date. 

   Clinical Features 

 Pulmonary angiosarcomas affect adults with an age range from 
22 to 79 years (mean 54.0 years) and a male-to-female ratio of 
3:1. Presenting symptoms include dyspnea, chest pain, hemop-
tysis, cough, pulmonary hemorrhage, or hemothorax  [  120–  123  ] . 
Radiologically, bilateral interstitial or parenchymal in fi ltrates, 
pleural effusions, or solid masses are identi fi ed that may mimic 
in fl ammatory processes or metastatic carcinoma  [  120,   122, 
  124–  126  ] . The tumors arise in the parenchyma, the pulmonary 
artery trunk, or the bronchus  [  120,   124,   127  ] . Although often 
presenting as a diffuse process, single mass lesions may also be 
seen  [  121,   124,   126  ] . While pulmonary angiosarcomas may 
rarely be seen in association with  concurrent malignant neo-
plasms of other organ systems, angiosarcomas of extrapulmo-
nary sites have been described in association with Maffucci’s 
and Klippel-Trenaunay-Weber syndromes  [  128–  130  ] .  

   Gross Features 

 In angiosarcoma, the lungs appear diffusely hemorrhagic 
and studded with multiple dark-red nodules  [  121,   124  ] . The 
tumors have a predilection for the interlobular septa and 
bronchovascular bundles and tend to grow along the lym-
phatic or venous routes.  

   Histological Features 

 Primary angiosarcomas of the lung have similar histological 
growth patterns to those seen in other sites (Fig.  8.31 ). Low-
grade tumors are characterized by irregular interanastomos-
ing vascular channels dissecting the lung parenchyma 
(Fig.  8.32 ). In contrast to benign vascular neoplasms, these 
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channels are lined by more atypical endothelial cells that dis-
play crowding or hobnailing along the vessel walls (Figs.  8.33  
and  8.34 ). In some areas, the crowding is so pronounced as to 
form papillary projections similar to those seen in papillary 
endothelial hyperplasia (Fig.  8.35 ). Further patterns of growth 
include the formation of capillary, cavernous, or slit-like vas-
cular spaces. In high-grade tumors, the vascular nature of the 
neoplasms may be dif fi cult to identify. These tumors are com-
monly composed of solid sheets of epithelioid or spindled 
tumor cells (Fig.  8.36 ). Cytologically, these cells show obvi-
ous malignant features. In the epithelioid variant, the tumor 
cells are large and pleomorphic with vesicular and hyperchro-
matic nuclei and abundant pale cytoplasm (Figs.  8.37  and 
 8.38 ), while the conventional spindle cell type is character-
ized by fusiform and hyperchromatic nuclei, inconspicuous 

  Fig. 8.31    Pulmonary angiosarcoma arising in the lung periphery       

  Fig. 8.32    Low-grade angiosarcoma of lung characterized by small 
slit-like vessels replacing the lung parenchyma       

  Fig. 8.33    Low-grade pulmonary angiosarcoma showing crowding of 
atypical endothelial cells       

  Fig. 8.34    Low-grade pulmonary angiosarcoma demonstrating mild 
cytologic atypia and increased mitotic activity       

  Fig. 8.35    Low-grade angiosarcoma of lung resembling papillary 
endothelial hyperplasia       
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nucleoli, and moderate amounts of eosinophilic cytoplasm. 
Mitoses are generally easily found. Intracytoplasmic vacuoles 
containing red blood cells or rudimentary lumen formation 
may occasionally be seen facilitating distinction from other 
neoplasms (Fig.  8.39 ). The parenchyma surrounding the 
tumors is often intensely hemorrhagic and may contain abun-
dant hemosiderin-laden macrophages  [  120,   123,   127,   131  ] . 
Prominent concentric rings of tumor around intact blood ves-
sels were described in one case  [  120  ] .           

   Immunohistochemical and Molecular Features 

 Angiosarcomas are positive for the endothelial markers fac-
tor VIII related antigen, CD34, and CD31  [  122–  137  ] ; immu-
noreactivity for cytokeratin has been identi fi ed in a subset of 
the epithelioid angiosarcomas  [  138–  139  ] . Studies investigat-
ing the molecular events in hepatic and cardiac angiosarco-
mas suggest that K-ras-2, p53, ras oncogene, or PTEN gene 
mutations play a role in the development of these tumors 
 [  140–  143  ] . In addition, cases with chromosomal structural 
rearrangement and polysomy of chromosome 8 or increased 
expression of VEGFR and mdm-2-protooncogene have been 
reported  [  144–  145  ] . In angiosarcomas of the soft tissues, 
abnormal chromosome numbers have been identi fi ed charac-
terized by gains of chromosomes 5, 8, and 20 and losses of 
chromosomes 7 and 22 and Y-chromosome  [  146–  147  ] .  

   Differential Diagnosis 

 The main differential diagnoses include organizing throm-
boemboli and the plexiform lesions of pulmonary hyperten-
sion. These processes have a tendency to form intravascular 

  Fig. 8.36    Low power view of high-grade angiosarcoma with more 
solid growth pattern       

  Fig. 8.37    High-grade angiosarcoma composed of a proliferation of 
epithelioid tumor cells       

  Fig. 8.38    Prominent cytologic atypia and mitotic activity in high-grade 
pulmonary angiosarcoma       

  Fig. 8.39    Rudimentary lumen formation in high-grade pulmonary 
angiosarcoma       
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papillae and anastomosing vascular channels and may be mis-
taken for a malignant tumor. The lack of cytologic atypia, mito-
ses, and con fi nement of the lesions to the vascular lumina 
should help to distinguish these reactive processes from 
angiosarcoma. Among the neoplastic lesions, lymphangitis 
carcinomatosa, pseudoangiomatous carcinomas, and especially 
other vascular neoplasms such as Kaposi’s sarcoma and epithe-
lioid hemangioendothelioma need to be excluded. Lymphangitis 
carcinomatosa is normally associated with a known primary 
tumor, lacks a vasoformative component, and reacts with epi-
thelial immunohistochemical markers. Pseudoangiomatous 
carcinomas likewise should show positivity for epithelial mark-
ers and do not react with vascular immunohistochemical stains. 
Kaposi’s sarcoma is a tumor characterized by a proliferation of 
spindle cells showing prominent extravasation of red blood 
cells but no blood vessel formation as such. Epithelioid heman-
gioendothelioma shows a different growth pattern or distribu-
tion with a largely intra-alveolar growth pattern, a conspicuous 
myxoid background, and a bland cytological morphology.  

   Treatment and Prognosis 

 Current treatment for angiosarcoma consists of systemic 
chemotherapy with various combinations of doxorubicin, 
vincristine, cyclophosphamide, dacarbazine, and methotrex-
ate, and radiotherapy  [  120,   148  ] . One case report has shown 
treatment with interleukin-2 to be successful  [  126  ] . The 
prognosis is generally poor with survival dates ranging from 
<1 to 15 months (median 5.1 months)  [  129,   126,   127,   148  ] .   

   Kaposi’s Sarcoma 

 Before 1981, Kaposi’s sarcoma was mainly known as an indo-
lent neoplasm affecting the skin of the lower extremities of 
elderly men of Mediterranean or Ashkenazi Jewish origin  [  149  ] . 
Sporadic disseminated Kaposi’s sarcoma was rare and pulmo-
nary involvement even rarer  [  150–  151  ] . Kaposi’s sarcoma, 
however, was soon recognized to be the most common neo-
plasm in patients with acquired immune de fi ciency syndrome 
(AIDS) and in this setting often presenting with nodal and vis-
ceral involvement and a more aggressive behavior  [  152–  153  ] . 
As many as 47–90 % of AIDS patients were found to have 
Kaposi’s sarcoma involving the lungs at autopsy, but only iso-
lated case reports describe the presence of Kaposi’s sarcoma 
as a primary pulmonary tumor  [  154–  166  ] . 

   Clinical Features 

 The main presenting symptoms in patients with pulmonary 
Kaposi’s sarcoma include dyspnea, cough, hemoptysis, 

fatigue, fever, or respiratory failure  [  150,   163,   167  ] . 
Radiologically, Kaposi’s sarcoma is characterized by diffuse 
reticulonodular pulmonary in fi ltrates, solitary lung nodules, 
or pleural effusions  [  154–  155,   164,   168–  169  ] . Central 
 symmetrical bronchial wall thickening particularly in associa-
tion with  septal lines is a common  fi nding; unusual features 
include the presence of larger peripherally located nodules, the 
 predominance of which should prompt investigations into a 
different etiology  [  152  ] . The disease may be widespread with 
 involvement of the tracheobronchial tree, lung parenchyma, 
 mediastinal lymph nodes, and pleura  [  170–  171  ] . Although 
most cases of Kaposi’s sarcoma of the lung present in associa-
tion with AIDS, cases may also develop after organ transplan-
tation, in association with other immunocompromised states 
and less commonly in healthy individuals  [  160,   166  ] . Kaposi’s 
 sarcoma in AIDS and in transplant patients is closely associ-
ated with human herpes virus 8 (HHV8) infection, and the 
 detection of HHV8-DNA is thought to be highly speci fi c and 
sensitive for a diagnosis of this tumor, adding an important 
diagnostic tool in this setting  [  172–  173  ] .  

   Gross Features 

 Macroscopically, the lung parenchyma in Kaposi’s sarcoma 
is in fi ltrated by discrete dark-red hemorrhagic nodules with 
associated intra-alveolar hemorrhage. Endobronchial lesions 
may present as multiple dark-red raised lesions on bronchos-
copy  [  154,   174–  176  ] . Individual tumor nodules can measure 
from a few millimeters to 3 cm in size and may involve the 
pleural surfaces.  

   Histological Features 

 The histological hallmark of Kaposi’s sarcoma is its lym-
phatic distribution with growth along the septa and in fi ltration 
of small airways, pulmonary arteries, and veins (Fig.  8.40 ). 
The tumor is composed of spindle cells, in fl ammatory cells, 
and red blood cells forming in fi ltrative nodular masses of 
varying size (Figs.  8.41  and  8.42 ). The histological spectrum 
ranges from hypocellular areas in the periphery of the nod-
ules to cellular areas composed of spindled tumor cells, 
nonspeci fi c plump mesenchymal cells, lymphocytes, and 
plasma cells centrally. The spindle cells have elongated 
nuclei, only mild nuclear atypia, dense chromatin, and indis-
tinct nucleoli (Fig.  8.43 ). Cytoplasmic hyaline globules are 
often conspicuous. The spindle cells are arranged either 
without a speci fi c pattern or as intersecting fascicles. Cleft-
like spaces may be identi fi ed containing extravasated red 
blood cells and hemosiderin (Fig.  8.44 ). Mitoses are often 
present but not plentiful, and necrosis is only occasionally 
detected  [  96,   115,   177  ] .       
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   Immunohistochemical and Molecular Features 

 Immunohistochemical characteristics of Kaposi’s sarcoma 
include reactivity of tumor cells for CD34, CD31, D2-40, 
VEGFR-3, and HHV8  [  39,   178–  184  ] . Molecular character-
istics include deletion and translocation of chromosome 3, 
int-2 oncogene expression, and overexpression of Bcl-2 
 [  185–  187  ] .  

   Differential Diagnosis 

 The differential diagnosis for Kaposi’s sarcoma of the lung 
includes entities like angiosarcoma, spindle cell carcinoma, 
melanoma, and in fl ammatory lesions like organizing pneu-
monia. Angiosarcoma forms de fi nitive vascular structures 

  Fig. 8.40    Low power view of pulmonary Kaposi’s sarcoma growing 
along the pulmonary vasculature       

  Fig. 8.41    Formation of nodular masses by pulmonary Kaposi’s sarcoma       

  Fig. 8.42    Pulmonary Kaposi’s sarcoma involving the lung parenchyma       

  Fig. 8.43    High power view of pulmonary Kaposi’s sarcoma composed 
of spindle cells intermixed with numerous in fl ammatory cells       

  Fig. 8.44    Characteristic red blood cell extravasation in pulmonary 
Kaposi’s sarcoma       
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and lacks the spindle cell component and red blood cell 
extravasation seen in Kaposi’s sarcoma. The lack of red 
blood cells, prominent in fl ammatory cells, hyaline globules, 
and immunoreactivity with endothelial markers makes a 
diagnosis of other spindle cell lesions such as carcinoma or 
melanoma unlikely. Organizing pneumonia, although con-
taining variable amounts of in fl ammatory or spindle cells, 
does not have the growth pattern of Kaposi’s sarcoma and 
does not react with endothelial immunomarkers.  

   Treatment and Prognosis 

 Due to its multifocal growth pattern, surgical treatment is of lim-
ited use in Kaposi’s sarcoma and cytotoxic chemotherapy with 
doxorubicin, bleomycin, vincristine, taxol, or liposomal doxo-
rubicin is considered the treatment of choice  [  155,   188–  189  ] . 
In addition, highly active antiretroviral treatment (HAART) is 
thought to be an important component in the prevention and 
treatment of Kaposi’s sarcoma in patients with AIDS  [  190  ] . 
Furthermore, targeted antiviral treatment with zidovudine and 
immune response modi fi ers are thought to be effective but are 
still at an experimental stage  [  191–  192  ] . Radiotherapy plays 
only a minor role in the palliation of symptoms and has not 
shown to be bene fi cial with curative intent. Untreated pulmo-
nary Kaposi’s sarcoma has a poor prognosis with a median 
 survival of only 2–6 months  [  154–  155,   193  ] ; treatment with 
chemotherapy may increase median survival to up to 10 months 
 [  188  ] . The most important factor, however, for the prognosis of 
patients with pulmonary Kaposi’s sarcoma appears to be their 
serologic human immunode fi ciency virus (HIV) status, as 
patients with AIDS are likely to have an accelerated clinical 
course of their disease  [  96  ] .       
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            Introduction 

 Primary mesenchymal tumors of the lung are uncommon 
tumors that often resemble their counterparts in the soft tis-
sue. Both benign and malignant tumors of mesenchymal 
origin may arise from the bronchopulmonary system. These 
may be of single lineage differentiation and show 
 fi broblastic, muscle, cartilage and bone, adipose, myxoid, 
neurogenic, or neuroectodermal features or be composed of 
heterogenous cell types like hamartomas or malignant tri-
ton tumor. The incidence for these tumors is very low and 
based on the current literature it appears that primary pul-
monary sarcomas account for less than 1 % of all primary 
lung tumors.  

   Tumors of Fibroblastic Origin 

 Primary lung tumors of  fi broblastic origin encompass a 
group of heterogenous neoplasms that range from benign 
to malignant neoplasms. Included among this group of 
tumors are lesions, the histogenetic origins of which are 
still somewhat uncertain, like solitary  fi brous tumor or 
synovial sarcoma. 

   Pulmonary Adeno fi broma 

 Pulmonary adeno fi bromas are tumorous lesions histologi-
cally resembling the adeno fi broma of the female genital 
tract. Only two well-documented cases have been described 
in the literature  [  1  ] , although several other cases using a 
different terminology (“ fi broadenoma” or “pulmonary 
hamartoma”) histologically also appeared to represent this 
lesion  [  2,   3  ] . Pulmonary adeno fi bromas are tumors com-
posed of a combination of glandular and spindle cell stromal 
elements. Since the lesions comprise two elements native 

to the lung, a hamartomatous origin was proposed in terms 
of histogenesis  [  1  ] . 

   Clinical Features 
 Pulmonary adeno fi bromas occur in an adult population and 
are usually incidental  fi ndings on routine chest X-ray as so-
called coin lesions.  

   Gross Features 
 Grossly, adeno fi bromas are well-circumscribed lesions in 
the lung parenchyma measuring 1–2 cm in maximum dimen-
sion. The lesions are  fi rm, rubbery intraparenchymal masses 
that display a homogenous tan-pink cut surface.  

   Histological Features 
 Histological examination shows complex branching spaces 
lined by a single layer of cuboidal to columnar epithelium 
(Figs.  9.1  and  9.2 ). These spaces are surrounded by a dense 
sclerotic stroma protruding into the epithelium-lined spaces as 
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  Fig. 9.1    Low-power view of pulmonary adeno fi broma composed of 
glandular and spindle cell elements       
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club-shaped papillary projections (Fig.  9.3 ). The stroma is 
composed of a hypocellular proliferation of bland spindle-
shaped cells. The spindle cells have elongated nuclei with 
tapered ends and no discernible cytoplasm. Mitotic activity or 
cytologic atypia is not seen in any component. On occasion, 
isolated gland-like structures or myxoid change can be 
identi fi ed. Overall, the histological features are reminiscent of 
the adeno fi bromas typically seen in the female genital tract.     

   Immunohistochemical Features 
 The lining epithelial cells in adeno fi broma stain are positive 
for epithelial markers (keratin, EMA), while the spindled 
stromal cells are reactive with vimentin. The spindle cells are 
negative for SMA, desmin, S-100, and CD34.  

   Differential Diagnosis 
 Another tumor that is characterized by a bland spindle cell 
proliferation is intrapulmonary solitary  fi brous tumor. This 
lesion may frequently entrap benign respiratory epithelium 
in the tumor periphery, hence mimicking the biphasic com-
position of pulmonary adeno fi broma. However, adeno fi broma 
shows a diffuse distribution of the epithelial-lined spaces that 
are not restricted to a certain area within the lesion. This and 
the fact that the spindle cells of solitary  fi brous tumor display 
immunoreactivity for CD34 should help guide toward the 
correct diagnosis. In addition, metastatic sarcomas may enter 
the differential diagnosis. Histologically, these can be quite 
bland but should at least focally display some degree of cyto-
logic atypia or mitotic activity. Furthermore, the clinical his-
tory should aid in arriving at the correct diagnosis.  

   Treatment and Prognosis 
 Surgical excision is the treatment of choice for pulmonary 
adeno fi broma. The few cases described have been entirely 
benign; therefore, complete resection should be curative.   

   Intrapulmonary Solitary Fibrous Tumor 

 Solitary  fi brous tumor was  fi rst described by Klemperer in 
1931, describing a neoplasm arising from the pleura  [  4  ] . Since 
then, solitary  fi brous tumors have been identi fi ed in numerous 
extrapleural sites including the meninges, orbit, peritoneum, 
liver, skin, and soft tissues, to name but a few  [  5  ] . Solitary 
 fi brous tumors originating from the lung parenchyma with no 
obvious connection to the pleural surface are exceedingly rare 
with less than 15 cases reported in the English literature so far 
 [  6–  13  ] . While the pleural tumors are thought to arise from the 
subpleural mesenchyma  [  4,   14,   15  ] , two theories have been 
proposed as to the origin of intrapulmonary solitary  fi brous 
tumors  [  6,   7  ] . First, the subpleural mesenchyme is in direct 
continuity with the connective tissue of the interlobular septa 
of the lung and the intrapulmonary tumors may arise from 
this septal mesenchyme. Second,  fi broblastic elements in pul-
monary parenchyma may give rise to the tumors. Regardless 
of their site of origin, intrapulmonary solitary  fi brous tumors 
display very similar histological and immunohistochemical 
characteristics to their pleural counterparts. Another interest-
ing observation is that, similarly to their counterparts in the 
soft tissue, cases of lung tumors previously diagnosed as 
“hemangiopericytoma”  [  16  ]  probably belong to the same 
spectrum of tumors as solitary  fi brous tumors, most likely 
representing a cellular variant of these lesions. 

   Clinical Features 
 Intrapulmonary solitary  fi brous tumors affect mainly adults 
(age range 20–82 years) but have also been described in two 
children (7- and 8-year-old boys). Males appear to be slightly 
more commonly affected than females. Most tumors are 
incidental  fi ndings (“coin lesions”) on chest X-ray during 

  Fig. 9.2    The glands of pulmonary adeno fi broma are lined by bland 
cuboidal- to columnar-shaped epithelial cells and are surrounded by 
scanty stromal spindle cells       

  Fig. 9.3    Typical club-shaped papillary projections in pulmonary 
adeno fi broma       
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workup for non-related health issues; however, some patients 
presented with symptoms including cough, hemoptysis, 
chest pain, and arthralgia  [  11,   13  ] .  

   Gross Features 
 The tumors range in size from 1.0 to 15.0 cm, with a mean size 
of 5.0 cm. They are well-de fi ned, white,  fi rm, elastic masses that 
on cut section have a bulging whorled appearance. Focal areas of 
hemorrhage may be identi fi ed, but necrosis is usually absent.  

   Histological Features 
 Microscopic examination reveals a hypo- or hypercellular pro-
liferation of spindle cells arranged in various patterns (Figs.  9.4  
and  9.5 ). In some areas, the cells are arranged in short 
interdigitating fascicles (Fig.  9.6 ), whereas in others they are 
arranged haphazardly, the so-called patternless pattern 
(Figs.  9.7  and  9.8 ). The individual-spindled tumor cells are 
bland with medium-sized and elongated nuclei with inconspic-
uous nucleoli (Fig.  9.9 ). The cellularity can vary from area to 
area and show closely apposed cells (Fig.  9.10 ) or separation of 
cells by coarse, wavy collagen bundles (Fig.  9.11 ). In hypocel-
lular areas the collagen may appear hyalinized and have a 
whorled or cartwheel con fi guration. Other areas may have a 
more loose or myxoid stroma (Fig.  9.12 ). The vessels may con-
sist of narrow cleft-like spaces or gaping vascular channels 
similar to those seen in hemangiopericytoma (Fig.  9.13 ). A 
feature unique to intrapulmonary solitary  fi brous tumors is the 
presence of entrapped alveolar or bronchial epithelium in the 
periphery of the lesion. The presence of different growth pat-
terns in solitary  fi brous tumor is a good indicator as to the cor-
rect diagnosis. Malignant features as described for 
extrapulmonary solitary  fi brous tumors—including high cel-
lularity (Fig.  9.14 ), nuclear pleomorphism, necrosis, and 
increased mitotic activity (Fig.  9.15 )—have not been described 
in the published cases of intrapulmonary solitary  fi brous 
tumors. However, a large series of these cases has recently been 
collected from different medical centers expanding the mor-
phological spectrum of these tumors (Publication In Press).              

   Immunohistochemical and Molecular Features 
 The immunohistochemical characteristics mirror those 
described for pleural solitary  fi brous tumors. The spindle stains 
will be positive for CD34, bcl-2, and vimentin and negative for 
cytokeratin, S-100 protein, desmin, EMA, and TTF-1. In one 
of the reported cases, cytogenetic studies were performed to 
exclude a pulmonary hamartoma and found that high mobility 
group AT-hook-1 and −2 (HMGA-1 and −2) translocations, 
which are commonly found in pulmonary hamartoma, are 
absent in intrapulmonary solitary  fi brous tumor  [  10  ] .  

   Differential Diagnosis 
 Due to the multiple histological patterns that solitary  fi brous 
tumor may show, the differential diagnosis can be quite 
 extensive. Perhaps some of the most important consider-

  Fig. 9.4    Low magni fi cation of hypercellular proliferation of intrapul-
monary solitary  fi brous tumor       

  Fig. 9.5    Hypocellular sclerotic areas are typical  fi ndings in intrapul-
monary solitary  fi brous tumor       

  Fig. 9.6    Spindle cells in intrapulmonary solitary  fi brous tumor 
arranged in short intersecting fascicles       
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  Fig. 9.7    Spindle cells in intrapulmonary solitary  fi brous tumor 
arranged in a disorderly short storiform (so-called patternless) pattern       

  Fig. 9.8    Intrapulmonary solitary  fi brous tumor composed of haphazardly 
arranged spindle cells       

  Fig. 9.9    Bland spindle cells in intrapulmonary solitary  fi brous tumor 
showing no cytologic atypia or mitotic activity       

  Fig. 9.10    Dense spindle cell proliferation in hypercellular area of 
intrapulmonary solitary  fi brous tumor       

  Fig. 9.11    Rope-like collagen separating the spindle cells of intrapulmonary 
solitary  fi brous tumor       

  Fig. 9.12    Myxoid stroma in hypocellular area of intrapulmonary solitary 
 fi brous tumor       
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ations would include monophasic synovial sarcoma and 
 fi brosarcoma. Both of these tumors will show a prominent 
“herringbone” histological pattern, which can closely mimic 
some areas of solitary  fi brous tumor. This issue may be even 
more compounded by the fact that monophasic synovial sar-
coma may show positive staining for Bcl-2 just like solitary 
 fi brous tumor does. However, monophasic synovial sarcoma 
may also show in addition focal positive staining for EMA 
and keratin. In cases in which such distinction may be dif fi cult 
on morphological grounds, the use of molecular techniques, 
especially the demonstration of the typical SYT-SSX trans-
location will ultimately con fi rm the diagnosis of monophasic 
synovial sarcoma.   

   Treatment and Prognosis 
 Complete surgical resection has been the treatment of choice 
in the described cases of intrapulmonary solitary  fi brous 
tumor. Although follow-up has been rather limited in most 
cases, the tumors appear to behave in a benign fashion with 
no reported recurrences or metastasis to date.   

   Pulmonary Fibrosarcoma 

 Fibrosarcomas are very rare primary lung tumors accounting 
for only 12 % of all primary lung sarcomas  [  17  ] . However, it 
is very likely that most of the cases reported in the past as 
fi brosarcomas may represent what is today known as mono-
phasic synovial sarcoma. The diagnosis of these tumors is 
largely one of exclusion requiring differentiation from other 
spindle cell neoplasms often using immunohistochemical 
techniques  [  18  ] . Primary pulmonary  fi brosarcoma is a tumor 
affecting all age groups. In children and adolescents, these 
tumors, especially when in an endobronchial location, appear 
to be low-grade malignancies with a favorable prognosis; 
these lesions have been referred to as the bronchopulmonary 
counterpart of the  congenital–infantile  fi brosarcoma of the 
soft tissues  [  19  ] . In adults, the tumor prognosis is more var-
ied, depending on location, size, and mitotic activity  [  20  ] . 

   Clinical Features 
 Pulmonary  fi brosarcomas are neoplasms affecting the 
whole age range, from neonates to older adults with no 
speci fi c gender predilection  [  19,   20  ] . Patients present 
complaining of cough, chest pain, or hemoptysis, espe-
cially those with endobronchial lesions. Peripherally 
located tumors are often asymptomatic and discovered 
incidentally during workup for unrelated conditions. On 
imaging, the tumors present as sharply de fi ned and some-
times lobulated homogenous densities  [  20  ] .  

   Gross Features 
 Endobronchial tumors are normally restricted to the bron-
chial wall with minimal involvement of the lung parenchyma. 

  Fig. 9.13    Intrapulmonary solitary  fi brous tumor with characteristic 
hemangiopericytoma-like pattern       

  Fig. 9.14    High cellularity and increased cytologic atypia in a malig-
nant intrapulmonary solitary  fi brous tumor       

  Fig. 9.15    Increased mitotic activity ( arrows ) in the malignant variant 
of intrapulmonary solitary  fi brous tumor       
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These tumors are usually small in size ranging from 1 to 
2.5 cm in greatest dimension. Peripheral lesions may exceed 
20 cm in size. Regardless of location, the tumors are well 
circumscribed but not encapsulated and may have lobulated 
or nodular outlines. The cut surface is white to yellowish in 
color and  fi rm to rubbery in consistency. Areas of hemor-
rhage or necrosis may be identi fi ed.  

   Histological Features 
 Pulmonary  fi brosarcomas are highly cellular tumors com-
posed of sheets and interlacing fascicles of spindle cells often 
arranged in a herringbone pattern. The individual tumor cells 
are oval or fusiform in shape and contain vesicular nuclei, 
granular chromatin, and inconspicuous nucleoli. The cyto-
plasm is scant and ill-de fi ned with short cytoplasmic pro-
cesses. Areas containing cells with a less spindled and more 
epithelioid appearance growing in patternless sheets may be 
identi fi ed in some tumors. The stromal component is usually 
minimal but may show hyalinization or calci fi cation in some 
cases. The mitotic activity can range from 0 to 12 mitoses per 
10 high-power  fi elds (hpf) and is usually less in endobron-
chial tumors compared to parenchymal lesions. Foci of hem-
orrhage or necrosis may be identi fi ed occasionally.  

   Immunohistochemical Features 
 There is no speci fi c immunohistochemical marker for pul-
monary  fi brosarcoma, and therefore, several immunohis-
tochemical stains may have to be applied to rule out other 
spindle cell neoplasms of similar morphology. The cells of 
pulmonary  fi brosarcoma show strong and diffuse cytoplas-
mic staining for vimentin. Markers that are typically nega-
tive in  fi brosarcoma include cytokeratin, EMA, SMA, 
desmin, and S-100 protein, thereby excluding epithelial, 
muscle, or neural neoplasms  [  19,   21  ] .  

   Differential Diagnosis 
 Pulmonary  fi brosarcoma is often a diagnosis of exclusion 
after ruling out other spindle cell neoplasms that may arise in 
the lungs. These include leiomyosarcoma, monophasic syn-
ovial sarcoma, sarcomatoid carcinoma, and malignant periph-
eral nerve sheath tumor. The use of immunohistochemical 
stains in this context should lead to the correct diagnosis. 
Pulmonary  fi brosarcomas will only stain for vimentin and be 
negative for muscle-related, epithelial, or neural markers. In 
cases where monophasic synovial sarcoma enters the differ-
ential diagnosis, immunocytochemical studies using cytok-
eratin, EMA, and bcl-2 may be used to identify this tumor; in 
equivocal cases, molecular studies to identify the typical 
translocation speci fi c to synovial sarcoma may be applied.  

   Treatment and Prognosis 
 Complete surgical resection is the main treatment modality 
for pulmonary  fi brosarcoma. The ef fi cacy of adjuvant 

 chemotherapy or irradiation is still questionable  [  19,   22  ] . 
The prognosis for these tumors has been associated with 
tumor size, mitotic count, and location (endobronchial 
tumors demonstrating better survival)  [  20  ] . Generally, pul-
monary  fi brosarcomas of childhood are associated with a 
better prognosis (5-year overall survival 84 %) than those 
affecting adults, and this is especially true for those pediatric 
tumors arising in an endobronchial location  [  19  ] .   

   Pulmonary Synovial Sarcoma 

 Synovial sarcoma accounts for up to 10 % of soft tissue sarco-
mas with the most common sites of origin being the thigh, 
knee, ankle, foot, and upper extremity. Primary synovial sar-
coma of the lung was  fi rst described in 1995 in a series of 25 
cases from the Armed Forces Institute of Pathology (AFIP) 
 [  23  ] . The advent of modern immunohistochemical and cyto-
genetic techniques has increased the recognition of synovial 
sarcoma as a distinct subtype of sarcoma in the lung, and this 
tumor has since also been described in various other thoracic 
locations including the chest wall, pleura, and mediastinum 
 [  24–  28  ] . Although pulmonary synovial sarcomas resemble 
their soft tissue counterparts in many ways, the tumors in the 
lung seem to affect a slightly older patient population and 
appear to have a more aggressive clinical course than those 
tumors arising in the soft tissues. 

   Clinical Features 
 Pulmonary synovial sarcoma presents primarily in young or 
middle-aged patients with a peak in the fourth and  fi fth 
decade of life and an age range from 12 to 77 years  [  23,   29  ] . 
The tumors affect men and women equally with no speci fi c 
sex predilection. Clinically, patients most often present with 
cough, chest pain, shortness of breath, or hemoptysis, and in 
a subset of cases, the tumors are incidental  fi ndings. Less 
frequent forms of presentation are pneumothorax  [  30  ] , fever, 
or weight loss  [  31  ] . One reported case is associated with a 
history of radiation therapy to the chest  [  32  ] . On computed 
tomography (CT) scanning, the tumors are typically well-
de fi ned heterogenous masses with no calci fi cations and no 
associated lymphadenopathy  [  33  ] .  

   Gross Features 
 On gross examination, the tumors are well circumscribed but 
unencapsulated tumors of white or gray color and soft to rub-
bery or  fl eshy consistency. The tumors may measure less than 
1 cm or more than 20 cm in maximum dimension with a mean 
size of 4–5 cm. Most primary pulmonary synovial sarcomas 
are solitary lesions in the lung parenchyma, although rarely, 
central tumors with an endobronchial polypoid appearance 
may be identi fi ed  [  34,   35  ] . Hemorrhage, necrosis, and cystic 
change can be seen in the majority of cases.  
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   Histological Features 
 Generally, synovial sarcomas can be subtyped into the mono-
phasic and biphasic variant. In the lungs, however, the vast 
majority of synovial sarcomas are monophasic neoplasms 
with only isolated cases of the biphasic variant reported  [  36  ] . 
On low magni fi cation, the tumors impress as circumscribed 
tumors with pushing borders (Fig.  9.16 ). Higher power 
reveals a highly cellular proliferation of spindle cells com-
posed of relatively uniform plump spindle cells with scanty 
cytoplasm and elongated oval nuclei. Cell borders are typi-
cally indistinct. The cells are often arranged in interlacing 
fascicles with densely packed tumor cells and little interven-
ing stroma (Figs.  9.17 ,  9.18 , and  9.19 ). Myxoid degeneration, 
cystic change, osteoid/cartilaginous metaplasia, Verocay-like 
bodies, rosette-like structures, rhabdoid cytoplasmic inclu-
sions, and papillary, tigroid, or adenomatoid areas have all 
been described (Figs.  9.20 ,  9.21 ,  9.22 ,  9.23 , and  9.24 ) 
 [  23,   27,   37,   38  ] . The mitotic activity varies and may range 
from less than 2 to more than 20 mitoses per 10 high-power 
 fi elds (Fig.  9.25 )  [  23  ] . Necrosis, hemorrhage, and a promi-
nent hemangiopericytoma-like vasculature are common 
 fi ndings (Figs.  9.26  and  9.27 ). In fi ltration by mast cells is 
another typical  fi nding in these tumors (Fig.  9.28 ). Some 
cases may demonstrate areas of cells with a more round cell 
epithelioid appearance with a greater degree of nuclear pleo-
morphism and high mitotic rate qualifying for classi fi cation 
of poorly differentiated synovial sarcoma  [  27  ] .               

   Immunohistochemical and Molecular Features 
 Pulmonary synovial sarcomas display an identical immuno-
histochemical phenotype to their soft tissue counterparts. 
The most characteristic  fi nding is the positivity of tumor 
cells for epithelial markers including cytokeratin, EMA, and 
Cam5.2. Other markers typically expressed by these tumors 

include bcl-2, CD99, and vimentin, while SMA, desmin, and 
CD34 are negative. Staining for S-100 protein may show 
variable results. Synovial sarcomas are characterized cytoge-
netically by a speci fi c chromosomal translocation t(X;18) 
and the consequent fusion genes SYT-SSX1 or SYT-SSX2 
present in about 90 % of cases  [  39  ] , and the same is true for 
primary pulmonary synovial sarcomas  [  24,   25,   27,   31  ] .  

   Differential Diagnosis 
 The differential diagnosis for pulmonary synovial sar-
coma is broad and includes primary and metastatic spindle 
cell tumors. The most important distinction is whether the 
tumor is primary or a metastatic deposit from a soft tissue 
primary as the latter tumors have a tendency to spread to 
the lungs. In this instance, solitary tumors and a negative 
clinical history as to a soft tissue neoplasm speak in favor 

  Fig. 9.16    Demarcation of monophasic synovial sarcoma from sur-
rounding lung parenchyma       

  Fig. 9.17    Highly cellular proliferation of spindle cells in pulmonary 
monophasic synovial sarcoma       

  Fig. 9.18    Monophasic synovial sarcoma composed of a uniform spin-
dle cell proliferation       
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  Fig. 9.20    Osseous metaplasia in monophasic synovial sarcoma of the lung       

  Fig. 9.21    Pulmonary monophasic synovial sarcoma with myxoid 
stromal changes       

  Fig. 9.22    Cystic change in monophasic synovial sarcoma of the lung       

  Fig. 9.23    Prominent rhabdoid cytoplasmic inclusions in monophasic 
synovial sarcoma of the lung       

  Fig. 9.24    So-called tigroid pattern in pulmonary monophasic synovial 
sarcoma       

  Fig. 9.19    Interlacing fascicles of tumor cells in monophasic synovial 
sarcoma of the lung       
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of a primary lung tumor. The tumors should also be differ-
entiated from the more common spindle cell tumors of the 
lung like leiomyosarcoma,  fi brosarcoma, hemangiopericy-
toma, solitary  fi brous tumor, and spindle cell carcinoma. 
Application of immunohistochemical stains is of value in 
this setting. Leiomyosarcomas will show diffuse positiv-
ity for muscle markers including SMA and desmin, stains 
that will be negative in synovial sarcomas. Fibrosarcomas 
will not display epithelial differentiation contrary to syn-
ovial sarcoma. Cellular areas in hemangiopericytoma and 
solitary  fi brous tumor may closely resemble synovial sar-
coma histologically; however, these tumors express CD34 
and typically do not show a positive reaction with epithe-
lial markers. Lastly, sarcomatoid carcinoma shows spindle 
cell morphology. Immunohistochemically, both sarcomatoid 
carcinoma and synovial sarcoma are reactive with epithelial 
markers. Sarcomatoid carcinoma, however, typically affects 
an older age group, shows prominent cytologic atypia, and 
often shows transition with squamous or adenocarcinoma, 
thereby allowing differentiation from synovial sarcoma. 
Importantly, cytogenetic studies for the typical t(X;18) trans-
location speci fi c for synovial sarcoma can be performed in 
any equivocal cases.  

   Treatment and Prognosis 
 Multimodality treatment including complete surgical resec-
tion, chemotherapy, and radiation therapy is the treatment of 
choice for pulmonary synovial sarcoma  [  40,   41  ]  with the 
main determinant for prognosis being the completeness of 
surgical resection. Pulmonary synovial sarcomas appear to 
run a more aggressive clinical course than those tumors aris-
ing in the soft tissue, a feature attributed to the large size and 
dif fi culty to achieve complete resection of the pulmonary 
lesions  [  24  ] . The recurrence rate is generally high (up to 
75 %), and 39.4 % of cases are known to produce distant 
metastasis  [  24,   25  ] . The 5-year survival rate ranges from 

  Fig. 9.25    Mitotic activity in monophasic synovial sarcoma of the lung       

  Fig. 9.26    Areas of necrosis are not an uncommon  fi nding in pulmonary 
synovial sarcoma       

  Fig. 9.27    Hemangiopericytoma-like vasculature in monophasic 
 synovial sarcoma of the lung       

  Fig. 9.28    Scattered mast cells ( arrow ) are typical for pulmonary 
monophasic synovial sarcoma       
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31.6 % to around 50 %  [  25,   27  ] . Some authors have suggested 
that the type of fusion gene is important in terms of prognosis, 
reporting that SYT-SSX1 lesions behave more aggressively 
than SYT-SSX2 tumors in synovial sarcomas of the soft tis-
sues  [  42–  44  ] . This difference could not be demonstrated in a 
study of 40 primary intrathoracic synovial sarcomas  [  25  ] .   

   Pulmonary Malignant Fibrous Histiocytoma 

 Malignant  fi brous histiocytoma is one of the most common 
soft tissue sarcomas of adulthood but is exceedingly uncom-
mon as a primary lung tumor. Among all primary lung can-
cers, the incidence for malignant  fi brous histiocytoma is only 
0.04 %  [  45  ] . Fewer than 100 cases have been reported on 
review of the English and Japanese literature  [  46  ]  since the 
 fi rst three cases were published almost simultaneously in 
1979  [  47,   48  ] . Histologically, these tumors are characterized 
by an admixture of malignant  fi broblasts, myo fi broblasts, 
and histiocytes, which are probably derived from primitive 
multipotent mesenchymal cells  [  49  ] . 

   Clinical Features 
 Malignant  fi brous histiocytoma appears to affect men and 
women equally, with a peak in the sixth decade of life and an 
age range from 12 to 80 years  [  50,   51  ] . Single case reports 
have also described this tumor in the pediatric population 
 [  52–  54  ] . The main presenting symptoms include cough, 
shortness of breath, chest pain, hemoptysis, or weight loss, 
although patients may also be entirely asymptomatic and 
their tumors are incidental  fi ndings on a routine chest X-ray. 
Radiographically, primary malignant  fi brous histiocytoma 
tends to be large solitary non-cavitating lesions situated 
mostly in the lung periphery  [  50  ] .  

   Macroscopic Features 
 The tumors are large and can measure from 1 cm to more 
than 14 cm in size  [  51  ] . The majority of tumors appear to 
arise in the lung periphery, but smaller numbers of cases can 
also be identi fi ed in an endobronchial location  [  51  ] . There is 
a slight preponderance for the tumors to occur in the middle 
and lower lobes  [  50  ] . Grossly, the tumors are well circum-
scribed, but unencapsulated masses on cut section have a tan 
 fl eshy or rubbery appearance. Areas of hemorrhage or necro-
sis can be identi fi ed.  

   Histological Features 
 Malignant  fi brous histiocytoma of the lung have similar his-
tological features to their soft tissue counterparts and can be 
classi fi ed into the corresponding subtypes  [  51  ] . The majority 
of cases arising in the lung are of the storiform-pleomorphic 
type, which is characterized by cytologically malignant slen-
der spindle cells arranged in short intersecting fascicles or 

swirls around blood vessels resulting in a cartwheel or stori-
form pattern (Figs.  9.29  and  9.30 ). Admixed with these are 
larger, more pleomorphic spindle cells with irregular vesicu-
lar nuclei and prominent nucleoli as well as tumor giant cells 
showing multinucleation (Figs.  9.31  and  9.32 ). In some 
areas, a more fascicular arrangement of slim spindle cells 
arranged in parallel bands can be seen. The neoplastic cells 
are separated by a variable amount of  fi brous stroma, which 
may contain a scattered mononuclear in fl ammatory in fi ltrate. 
In some cases, a prominent myxoid matrix can predominate 
containing stellate pleomorphic cells with deeply eosino-
philic cytoplasm or signet-ring cell appearance (myxoid 
variant) (Figs.  9.33  and  9.34 ). The in fl ammatory variant is 
composed of sheets of histiocytic and xanthomatous cells 
with pleomorphic nuclei and pale foamy cytoplasm (Reed-
Sternberg-like cells) and a prominent in fl ammatory cell 

  Fig. 9.29    Malignant  fi brous histiocytoma arising from the lung parenchyma       

  Fig. 9.30    Storiform pattern of pulmonary malignant  fi brous 
histiocytoma       
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in fi ltrate composed of large numbers of neutrophils, eosino-
phils, and lymphyocytes. Very rarely, the giant cell variant of 
malignant  fi brous histiocytoma may be diagnosed in the 
lung. This type is characterized by a large number of osteo-
clast-like giant cells among a diffuse proliferation of malig-
nant histiocyte-like cells (Fig.  9.35 )  [  45  ] . Areas of coagulative 
tumor necrosis and hemorrhage are frequently seen in these 
tumors, and the mitotic activity is high and may exceed >20 
mitoses per hpf (Figs.  9.36 ,  9.37 ,  9.38 , and  9.39 ). Vascular 
invasion is another very common  fi nding being present in up 
to 50 % of cases (Fig.  9.40 )  [  51  ] .              

   Immunohistochemical Features 
 No speci fi c immunohistochemical marker exists to diag-
nose malignant  fi brous histiocytoma, but histiocytic 
stains like CD68, factor XIII,  a (alpha)-1-antitrypsin, and 

 a (alpha)-1-antichymotrypsin as well as vimentin are gen-
erally positive in the tumor cells. Markers to detect more 
speci fi c differentiation like cytokeratins, smooth muscle 
actin, desmin, myoglobin, and S-100 protein are generally 
negative.  

   Differential Diagnosis 
 The differential diagnosis for pulmonary malignant  fi brous 
histiocytoma includes a range of other spindle cell prolifera-
tions. First and foremost, metastatic disease from a soft tis-
sue primary has to be excluded based on clinical history and 
radiological investigations as malignant  fi brous histiocytoma 
of the soft tissue has a high propensity to metastasize to the 
lungs. Other primary spindle cell lesions of the lung that 
have similar morphologic features include benign 
 fi brohistiocytic proliferations as well as in fl ammatory 

  Fig. 9.31    Malignant  fi brous histiocytoma of lung showing an admix-
ture of malignant spindle cells and pleomorphic giant cells       

  Fig. 9.32    Multinucleated tumor giant cells in malignant  fi brous histio-
cytoma of the lung       

  Fig. 9.33    High-power view of malignant  fi brous histiocytoma show-
ing numerous pleomorphic tumor cells       

  Fig. 9.34    Myxoid variant of malignant  fi brous histiocytoma of the 
lung showing a prominent myxoid stromal background       
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  Fig. 9.35    Myxoid malignant  fi brous histiocytoma of the lung contain-
ing pleomorphic stellate-shaped tumor cells       

  Fig. 9.36    Scattered osteoclast-like giant cells in the giant cell type of 
malignant  fi brous histiocytoma of the lung       

  Fig. 9.37    Coagulative necrosis in malignant  fi brous histiocytoma of the lung       

  Fig. 9.38    Areas of hemorrhage may be identi fi ed in pulmonary malig-
nant  fi brous histiocytoma       

  Fig. 9.39    High-power view of malignant  fi brous histiocytoma of the 
lung showing increased mitotic activity       

  Fig. 9.40    Malignant  fi brous histiocytoma of the lung with vascular invasion       
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pseudotumor or  pleomorphic carcinoma. The presence of 
nuclear pleomorphism and increased mitotic activity will 
favor malignant  fi brous histiocytoma from other 
 fi brohistiocytic lesions.  Pleomorphic carcinoma is a malig-
nant epithelial tumor composed of a mix of spindle cells and 
giant cells. The use of immunohistochemical markers to 
detect epithelial differentiation in these tumors as well as 
residual areas of conventional non-small cell carcinoma 
should allow correct diagnosis.  

   Treatment and Prognosis 
 Complete surgical resection with lymph node dissection 
is the treatment of choice for these tumors  [  46  ] . Although 
no consistent data are available on the effectiveness of 
chemotherapy or irradiation in patients with malignant 
 fi brous histiocytoma, adjuvant treatment may be consid-
ered for some patients  [  55  ] . The prognosis is generally 
poor, with a 5-year survival rate of 43 % in resected 
patients  [  46  ]  and frequent metastasis to lymph nodes and 
distant sites  [  46,   50  ] .    

   Tumors of Muscle Origin 

 Primary pulmonary tumors with muscle differentiation 
can be either of smooth muscle differentiation (leiomy-
oma and leiomyosarcoma) or skeletal muscle differentia-
tion  (rhabdomyosarcoma). Interestingly and contrary to 
their soft tissue counterparts, leiomyosarcomas by far 
outnumber benign smooth muscle tumors when arising in 
the lung. 

   Pulmonary Leiomyoma 

 Leiomyoma is a benign tumor of smooth muscle origin. 
These tumors are thought to represent less than 2 % of the 
benign tumors involving the lower respiratory tract  [  56  ] . 
Approximately 70 cases have been described in the litera-
ture; however, a number of these cases were described in 
patients who had a prior history of primary uterine or soft 
tissue smooth muscle neoplasm, raising the suspicion that 
these cases represented metastatic disease to the lungs rather 
than being primary lung neoplasms (so-called benign metas-
tasizing leiomyoma)  [  56,   57  ] . The true incidence of primary 
pulmonary leiomyoma is thus likely to be lower. Primary 
leiomyomas may arise anywhere in the lower respiratory 
tract. Tumors involving the trachea or bronchus often grow 
in an endobronchial fashion, whereas parenchymal lesions 
are often solitary lesions in the lung periphery  [  56  ] . The 
tumors are thought to arise from the smooth muscle of the 
bronchi or bronchioles in the central lesions or from vessel 
walls in the periphery of the lung in parenchymal tumors  [  58  ] . 

The trachea is the least common site for these tumors in the 
respiratory tract, with the majority of cases arising in the 
lung parenchyma and about a third of tumors presenting as 
endobronchial lesions. 

   Clinical Features 
 Leiomyomas are tumors predominantly affecting middle-
aged patients with a mean age around 35 years; however, 
pediatric as well as older patients may also be affected. 
Patients with tracheal lesions are normally slightly older 
(mean age 40.6 years)  [  56,   59–  62  ] . Leiomyomas of the lung 
and bronchi are more frequently reported to occur in females, 
while tracheal lesions are more commonly seen in men  [  59, 
  61  ] . The higher incidence in females for the pulmonary 
lesions should be approached with care though, as many of 
these tumors likely represent metastatic disease from the 
uterus. Whereas tracheal and endobronchial lesions often 
cause obstructive symptoms (dyspnea, cough, chest pain, 
fever, pneumonia, and atelectasis), peripheral lesions are 
often incidental  fi ndings  [  59,   63  ] . On imaging, leiomyomas 
do not show any speci fi c features and cannot be distinguished 
completely from other benign or malignant tumors  [  56  ] .  

   Gross Features 
 Tumor size usually ranges from 2 to 4 cm but may rarely 
exceed 10 cm in maximum dimension. Tracheal and endo-
bronchial lesions are usually polypoid, protruding into the 
tracheal or bronchial lumen. Often these tumors are con-
nected to the tracheal/bronchial wall by a broad base. 
Intraparenchymal tumors are generally well circumscribed 
but not encapsulated. On sectioning, the tumor is character-
ized by white-yellow  fi rm cut surface that shows a homoge-
nous or whorled pattern. Prominent cystic change has been 
described in isolated cases  [  64  ] .  

   Histological Features 
 Histologically, leiomyomas of the lower respiratory tract are 
identical to those arising in the soft tissue. The tumors are 
composed of bundles of spindle cells arranged in fascicles 
intersecting at wide angles (Figs.  9.41  and  9.42 ). The nuclei 
are pale and elongated, show blunt-ended tips, and contain a 
moderate amount of eosinophilic cytoplasm. Nucleoli are not 
a prominent feature (Fig.  9.43 ). Entrapped respiratory epithe-
lium may mimic gland-like spaces or clefts (Fig.  9.44 ). 
Features of malignancy like cytologic atypia, mitotic activity, 
or areas of hemorrhage and necrosis are usually missing.      

   Immunohistochemical Features 
 Leiomymomas of the bronchopulmonary system show reac-
tivity for markers speci fi c for muscle differentiation. These 
include primarily smooth muscle actin, muscle speci fi c actin, 
desmin, calponin, and caldesmon, while keratin is usually 
negative but may be focally positive in isolated cases.  
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   Differential Diagnosis 
 Primary pulmonary leiomyomas must be distinguished from their 
malignant counterpart leiomyosarcoma. The biggest challenge 
represent low grade leiomyosarcomas in which nuclear atypia and 
mitotic activity is not high. In these cases a search for mitotic  fi gures 
is highly important. In addition, peripheral nerve sheath tumors 
such as schwannomas may mimic a smooth muscle neoplasm. 
However, primary schwannomas of the lung parenchyma are 
exceedingly rare and the cases reported appear to show the classi-
cal histology similar to those occurring in more common locations. 
In addition, peripheral nerve sheath tumors such as schwannomas 
may mimic a smooth muscle neoplasm. The aid of immunohis-
tochemical markers in this context, S-100 protein versus muscle 
markers, should allow differentiation. Another important diagnos-
tic consideration is the exclusion of metastatic disease from the 
so-called benign metastasizing leiomyoma of the uterus. The pres-
ence of multiple nodules in a female patient coupled with a history 
of uterine leiomyomas should lead to the correct diagnosis.  

   Treatment and Prognosis 
 Bronchoscopic intervention can be considered in tumors that 
present as endotracheal or endobronchial lesions. In cases of 
wide-based tumors or larger lesions, however, surgical exci-
sion (lobectomy or pneumonectomy) should be performed in 
order to prevent incomplete resection or tumor recurrence. 
Parenchymal tumors usually require segmentectomy or 
lobectomy for complete surgical resection  [  65  ] . The progno-
sis for pulmonary leiomyoma is favorable if surgical exci-
sions result in complete resection.   

   Pulmonary Leiomyosarcoma 

 Malignant smooth muscle tumors of the lung are more com-
mon than their benign counterparts; however, generally 
speaking they are still rare tumors. Approximately 100 cases 
have been described in adults and 15 cases in children under 

  Fig. 9.41    Fascicular arrangement of spindle cells in pulmonary 
leiomyoma       

  Fig. 9.42    Spindle cells of pulmonary leiomyoma growing underneath 
the bronchial epithelium       

  Fig. 9.43    Bland cytologic features of pulmonary leiomyoma characterized 
by spindle cells with blunt-ended nuclei and eosinophilic cytoplasm       

  Fig. 9.44    Entrapped respiratory epithelium in pulmonary leiomyoma       
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16 years of age  [  66,   67  ] . Leiomyosarcomas may arise from 
the pulmonary vasculature, the bronchial tree, or the pulmo-
nary parenchyma  [  20,   68–  78  ] . As with most sarcomas, meta-
static disease from an extrapulmonary primary will have to 
be excluded by clinical and radiological investigations as the 
tumors show the same histological features like the ones 
originating in the soft tissue. 

   Clinical Features 
 Pulmonary leiomyosarcoma is a tumor primarily affecting 
adult patients with an average age around 50 years  [  79  ] . The 
tumors may rarely affect children and even newborns 
 [  67,   78,   80,   81  ] . The tumors may arise as endobronchial, 
parenchymal, or subpleural lesions  [  79  ] . Cough, chest pain, 
dyspnea, hemoptysis, fatigue, or weight loss have been 
described as presenting symptoms, although peripheral 
lesions may often be incidental  fi ndings  [  79,   82  ] . More 
rarely, pulmonary leiomyosarcoma may present as a pan-
coast tumor  [  83  ] , cause hemorrhagic pleural effusion and 
digital clubbing  [  84  ] , produce paraneoplastic symptoms 
 [  85  ] , or be associated with Epstein-Barr virus infection 
 [  86  ] .  

   Gross Features 
 Macroscopically, the tumor size ranges from less than 2 cm 
to more than 20 cm  [  79,   87  ] . The size often correlates with 
the degree of histological differentiation with low- or inter-
mediate-grade tumors being smaller (mean 3.2 cm) than 
high-grade tumors (up to 10 cm)  [  79  ] . Irrespective of tumor 
location, the lesions are well-circumscribed, gray-white, 
 fi rm rubbery masses, which may show areas of hemorrhage 
or necrosis. Rare tumors have been described, showing cen-
tral cavitation  [  88  ] , arising within an emphysematous bulla 
 [  89  ]  or arteriovenous  fi stula  [  75  ] , or having a pedunculated 
appearance  [  73,   90  ] .  

   Histological Features 
 Pulmonary leiomyosarcomas are proliferations of  spindle
cells that grow in characteristic broad fascicles that intersect 
at right angles (Fig.  9.45 ). Leiomyosarcomas can be divided 
into low-, intermediate-, and high-grade tumors. Low-grade 
tumors are characterized by a well-developed fascicular pat-
tern of growth composed of interlacing fascicles of tumor 
cells. The individual cells have a lightly eosinophilic cyto-
plasm and show the typical blunt-ended “cigar-shaped” 
nuclei with little cytologic atypia (Fig.  9.46 ). The mitotic 
activity does not exceed 3 mitoses per 10 high-power  fi elds. 
Prominent cellular pleomorphism, hemorrhage, or necrosis is 
not usually identi fi ed  [  79  ] . Intermediate-grade tumors have a 
preserved fascicular growth pattern, a slightly higher cellular-
ity than low-grade tumors, and an increased mitotic activity 
(4–8 mitoses per 10 high-power  fi elds).    Cytologic atypia is 
more pronounced than in low-grade leiomyosarcoma but not 
pronounced (Fig.  9.47 ). Neither hemorrhage nor necrosis is 

usually seen. High-grade leiomyosarcomas show a predomi-
nantly solid spindle cell proliferation with more scanty areas 
showing the typical fascicular arrangement. The cellularity 
is high and focally as storiform pattern may be observed. 
There is marked cytologic atypia with large hyperchromatic 
nuclei and frequent mitotic  fi gures (8–12 mitoses per 10 
high-power  fi elds) (Figs.  9.48  and  9.49 ). Besides the heman-
giopericytic growth pattern, the stroma may show degenera-
tive changes such as myxoid change or hyalinization, while  
hemorrhage or necrosis is present in most cases (Figs.  9.50  
and  9.51 )  [  79  ] .         

   Immunohistochemical and Molecular Features 
 Immunohistochemical markers for muscle differentiation are 
positive in most cases of pulmonary leiomyosarcoma. These 
include smooth muscle actin and desmin. While high grade 

  Fig. 9.45    High-power view of pulmonary leiomyosarcoma consisting 
of a malignant spindle cell proliferation       

  Fig. 9.46    Low-grade pulmonary leiomyosarcoma showing little cyto-
logic atypia       
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tumors may only show focal positive staining for these 
 muscle markers. It has been demonstrated that keratin can 
also be focally positive in these tumors. Generally, the stain-
ing pattern for muscle markers is stronger in the better dif-
ferentiated tumors. S-100 protein is generally negative  [  79  ] . 
Cytogenetic abnormalities have been described for single 
case of pulmonary leiomyosarcoma in an 8-year-old boy 
 [  91  ] . The karyotype of the tumor demonstrated complex 
structural abnormalities involving chromosomes 1, 5, 6, and 
7, gains of chromosomes 2 and 11, and losses of chromo-
somes 9, 19, 20, and 22.  

   Differential Diagnosis 
 Pulmonary leiomyosarcoma must be distinguished from 
leiomyoma, and from other malignant spindle cell neo-
plasms. Pulmonary leiomyoma may have an identical  clinical 
presentation but lacks the cytologic atypia, mitotic activity, 

  Fig. 9.47    Intermediate-grade leiomyosarcoma showing more cellular atypia       

  Fig. 9.48    High cellularity and obvious cytologic atypia in high-grade 
leiomyosarcoma of the lung       

  Fig. 9.49    Pleomorphic tumor cells in high-grade pulmonary leiomyosarcoma       

  Fig. 9.50    Necrosis is often seen in high-grade leiomyosarcoma of the lung       

  Fig. 9.51    Pulmonary leiomyosarcoma with areas of hemorrhage       
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and areas of  hemorrhage or necrosis that leiomyosarcoma 
usually  displays. Other spindle cell neoplasms of the lung 
primarily include sarcomatoid carcinoma, monophasic syn-
ovial sarcoma, and malignant peripheral nerve sheath tumor. 
In this scenario, immunohistochemical studies may aid in 
arriving at the correct diagnosis. Sarcomatoid carcinoma and 
monophasic synovial sarcoma will stain with keratin and 
will lack positive smooth muscle markers. Malignant periph-
eral nerve sheath tumor will show S-100 protein expression 
and be negative for smooth muscle markers contrary to leio-
myosarcoma. Lastly, in every case of pulmonary leiomyo-
sarcoma, metastasis from an extrapulmonary leiomyosarcoma, 
mainly from the uterus or soft tissue, has to be excluded 
through a complete clinical and radiological workup.  

   Treatment and Prognosis 
 There is insuf fi cient evidence that chemotherapy or radiation 
is bene fi cial for patients with pulmonary leiomyosarcomas 
either as the primary treatment or in an adjuvant setting  [  92  ] , 
and hence, complete surgical resection remains the only 
curative form of treatment. It has been shown that the clini-
cal outcome depends on histological grade and to a certain 
degree on the size of the tumors. Generally, lesions of smaller 
size (<4 cm) and low or intermediate grade tend to have a 
better prognosis than tumors of larger size or high-grade his-
tology  [  79  ] . The 5-year overall survival rate is approximately 
43 %  [  93  ] .   

   Pulmonary Rhabdomyosarcoma 

 To date less than 50 primary pulmonary rhabdomyosarco-
mas have been described in the English literature. Of these, 
around 15 cases were diagnosed in adults and 31 in the pedi-
atric population. In adults rhabdomyosarcomatous elements 
may be components of other tumors, for instance rhabdomy-
osarcomatous elements in carcinosarcoma or pulmonary 
blastoma, requiring extensive sampling and careful histo-
logical evaluation to arrive at the correct diagnosis. Likewise, 
all cases of pediatric primary pulmonary rhabdomyosarcoma 
should be examined with care as many of the cases reported, 
especially when associated with cystic features, have now 
been reclassi fi ed as pleuropulmonary blastomas, casting 
some doubt on the reported incidence of these tumors  [  94  ] . 

 The absence of skeletal muscle in the bronchopulmonary 
system has raised speculation about the origin of these 
tumors. Some authors believe that primitive mesenchymal 
cells in the bronchial walls and interstitium undergo myo-
blastic differentiation  [  95,   96  ] , while other hypotheses con-
clude that tumor cells are the result of metaplastic 
transformation of pluripotent non-myoblastic mesenchymal 
cells  [  97  ] . An alternative view is provided by other groups 
that believe in the misplacement of striated muscle or 

 embryonic rests into the pulmonary system during fetal 
development  [  98–  100  ] . 

   Clinical Features 
 In the adult population, primary pulmonary rhabdomyosar-
coma affects predominantly male patients with a median age 
of 57 years  [  101  ] . The tumors can present as endobronchial 
or intraparenchymal masses, and symptoms are often related 
to the location of the neoplasm within the lung. For tumors 
arising in the bronchial tree, cough and dyspnea are the most 
frequent complaints, while tumors in the lung periphery most 
often cause chest pain. Rarely, pulmonary rhabdomyosarco-
mas may be seen in association with other conditions such as 
other lung tumors  [  96  ]  or neuro fi bromatosis type 1  [  102  ] .  

   Gross Features 
 The tumors are large and may exceed 10 cm in maximum 
dimension. They are well circumscribed and may show cys-
tic changes  [  96  ] . The cut surface is tan-gray and of soft to 
 fi rm or rubbery consistency. Areas of hemorrhage or necro-
sis are frequently seen  [  103  ] .  

   Histological Features 
 Primary pulmonary rhabdomyosarcoma occurs as the pleo-
morphic variant in adults. On low magni fi cation, the tumors 
are characterized by a proliferation of loosely arranged, dis-
cohesive spindle cells alternating with more cellular areas 
arranged in a fascicular or storiform patterns (Figs.  9.52  and 
 9.53 ). Foci of necrosis and hemorrhage are frequently found 
(Fig.  9.54 ). On higher power, the neoplastic spindle cells are 
large to medium sized, contain irregular hyperchromatic 
nuclei and prominent nucleoli, and have a densely eosino-
philic cytoplasm that in some cases may display prominent 
cross striations (Figs.  9.55  and  9.56 ). Typical rhabdomyo-
blasts are a frequent  fi nding (Figs.  9.57  and  9.58 ) and atypi-
cal mitoses are abundant (Fig.  9.59 ). In some cases, the 
stroma can show edematous or myxoid changes (Fig.  9.60 ) 
 [  101,   103  ] .           

   Immunohistochemical and Molecular Features 
 Immunoperoxidase studies typically show strong staining of the 
neoplastic cells with desmin, myoglobin, myogenin, and myo-
D1  [  101,   103,   104  ] . Although keratin, EMA, and S-100 protein 
are negative in most cases, keratin can sometimes be focally 
positive in these tumors, emphasizing the need for an expanded 
immunopanel in the diagnosis of pleomorphic spindle cell 
lesions in the lung. Trisomy 8 has been reported for rhabdomyo-
sarcomas of soft tissue origin  [  105  ]  and has also been demon-
strated in primary pulmonary rhabdomyosarcoma  [  104  ] .  

   Differential Diagnosis 
 Due to the low incidence of primary pulmonary rhabdomyo-
sarcoma, it is important to consider other primary pulmonary 
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  Fig. 9.52    Low-power view of pulmonary rhabdomyosarcoma 
 composed of a loosely arranged spindle cell proliferation       

  Fig. 9.53    Pulmonary rhabdomyosarcoma composed of discohesive 
tumor cells       

  Fig. 9.54    Extensive areas of necrosis may be identi fi ed in rhabdomyo-
sarcoma of the lung       

  Fig. 9.55    Pulmonary rhabdomyosarcoma composed of large pleomorphic 
tumor cells       

  Fig. 9.56    Intermediate-sized ovoid to spindled tumor cells in pulmonary 
rhabdomyosarcoma       

  Fig. 9.57    At higher magni fi cation, numerous rhabdomyoblasts are 
readily apparent       
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tumors that may resemble rhabdomyosarcoma or to exclude 
metastatic disease from a soft tissue or bone primary. While 
exclusion of metastatic rhabdomyosarcoma requires care-
ful clinical and radiological correlation, other primary lung 
tumors to consider include carcinosarcoma, pulmonary blas-
toma, and pleomorphic carcinoma. Carcinosarcoma and 
pulmonary blastoma can show areas containing rhabdomyo-
blastic elements along with the typical malignant epithe-
lial elements characterizing these tumors. Extensive tumor 
sampling should lead to the correct diagnosis in these cases. 
Pleomorphic carcinoma of the lung is a neoplasm composed 
of malignant epithelial spindle cells intermixed with tumor 
giant cells, thereby mimicking a sarcomatous tumor. The use 
of immunohistochemical studies using epithelial in combi-
nation with muscle markers should help in classifying the 
tumors accordingly.  

   Treatment and Prognosis 
 Complete surgical resection is the treatment of choice for 
primary pulmonary rhabdomyosarcoma. Chemotherapy or 
radiation may be used in an adjuvant setting. More than half 
of the adult patients reported have died with widespread 
metastasis and most of them within 24 months  [  101,   103  ] . 
However, rare long-term survivors (up to 12 years) have also 
been reported  [  96  ] .    

   Tumors of Cartilage or Bone Origin 

 Malignant cartilage or bone is most often identi fi ed as an 
 element in malignant biphasic lung tumors; however,  primary 
lung tumors composed entirely of cartilaginous or osseous com-
ponents represent only a very small subset of lung neoplasms. 

   Pulmonary Chondroma 

 The terms “pulmonary chondroma” and “pulmonary chon-
droid hamartoma” are often used interchangeably; however, it 
has been demonstrated that these lesions differ morphologi-
cally  [  106  ] . Pulmonary chondromas may occur as sporadic 
neoplasms or as part of Carney’s triad, clinical association of 
gastrointestinal stromal tumors, pulmonary chondromas, and 
extra-adrenal paragangliomas  [  107  ] . Sporadic tumors tend to 
affect a different clinical group than tumors associated with 
Carney’s triad as they are more commonly detected in mid-
dle-aged men, while patients with Carney’s triad are usually 
young women. In addition, sporadic tumors are generally 
single endobronchial lesions, whereas tumors of the triad are 
often multiple lesions that arise in the lung periphery. Overall, 
the clinical features of sporadic pulmonary chondromas are 
therefore very similar to those identi fi ed in patients with pul-
monary hamartomas  [  106  ] . 

  Fig. 9.58    Mixture of spindle cells and rhabdomyoblasts in pulmonary 
rhabdomyosarcoma       

  Fig. 9.59    High mitotic activity is often found in pulmonary 
rhabdomyosarcoma       

  Fig. 9.60    Myxoid stromal changes may be focally identi fi ed in rhab-
domyosarcoma of the lung       
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   Clinical Features 
 As mentioned previously, the clinical features differ for spo-
radic pulmonary chondromas and those associated with 
Carney’s triad  [  106  ] . Sporadic chondromas are tumors aris-
ing in middle-aged patients with a male-to-female ratio of 
2:1 and an age range from 12 to 93 years (average age 53 
years). These tumors are single lesions and normally arising 
in an endobronchial location or being related to the bron-
chus. The minority of these tumors are found in the lung 
periphery. Patients with Carney’s triad, on the other hand, 
are predominantly young women (male-to-female ratio 1:9) 
with a mean age of 24.8 years (range 12–44 years). In addi-
tion, triad-associated chondromas are often multiple and 
only rarely found in an endobronchial location but are rather 
seen in the lung periphery. Radiologically, the tumors impress 
as well-circumscribed round or lobulated tumors with pop-
corn-like calci fi cation irrespective of sporadic or syndromic 
origin  [  106  ] .  

   Gross Features 
 The macroscopic features show well-circumscribed tumors 
with bosselated or lobulated outlines and a gritty or cartilagi-
nous appearance  [  106  ] . The cut surface is gray-white or 
gray-blue in color and has a  fi rm or gelatinous consistency. 
Cystic change, hemorrhage, or necrosis is rarely identi fi ed 
 [  106  ] .  

   Histological Features 
 Pulmonary chondromas are well circumscribed and sepa-
rated from the surrounding tissues by a  fi brous pseudocapsule 
 [  106  ] . The characteristic feature of pulmonary chondromas is 
that they are almost exclusively composed of cartilage, either 
of hyaline or myxoid type (Figs.  9.61  and  9.62 ). This car-
tilage typically shows areas of calci fi cation or ossi fi cation. 
Cytologic atypia or mitotic activity is absent (Fig.  9.63 ). 
Most importantly and contrary to pulmonary hamartomas, 
pulmonary chondromas lack the entrapped respiratory epithe-
lium, fatty,  fi brous, or smooth muscle components typically 
identi fi ed in the former tumors.     

   Differential Diagnosis 
 The most important differential diagnosis for pulmonary 
chondroma is its malignant counterpart pulmonary chon-
drosarcoma. Chondrosarcoma, either as a pulmonary pri-
mary or metastatic disease will show malignant properties 
of the cartilage characterized by prominent chondrocyte 
atypia but not necessarily mitotic activity. Close clinical 
correlation, especially in cases of multifocal pulmonary 
lesions, will help exclude metastatic chondrosarcoma from 
a bone primary. As mentioned earlier, the term pulmonary 
chondroma is often used interchangeably with pulmonary 
hamartoma. Hamartomas, however, are lesions composed 
of several different elements (cartilage, fat,  fi brous or 
smooth muscle tissue, and entrapped respiratory epithe-

  Fig. 9.61    Low magni fi cation of pulmonary chondroma       

  Fig. 9.62    Pulmonary chondroma composed of mature hyaline 
cartilage       

  Fig. 9.63    Pulmonary chondroma lacking cytologic atypia       

 

 

 



263Tumors of Cartilage or Bone Origin

lium), whereas pulmonary chondromas are composed of 
cartilage only.  

   Treatment and Prognosis 
 Surgical resection in the form of tumor enucleation, wedge 
biopsy, segmentectomy, lobectomy, or pneumonectomy is 
the treatment of choice for pulmonary chondromas. Although 
in some patients additional chondromas will develop, the 
lesions are considered entirely benign as metastatic disease 
and tumor-related deaths have not occurred  [  106  ] . Importantly, 
if these tumors are detected in a young female, thorough 
investigations to rule out Carney’s triad are advised, as the 
other lesions associated with this syndrome carry a signi fi cant 
risk of morbidity and mortality.   

   Pulmonary Chondrosarcoma 

 Pulmonary chondrosarcoma is an uncommon primary lung 
tumor. These tumors may arise from the tracheobronchial 
system or originate from the bronchial cartilage in the lung 
parenchyma  [  97,   108–  124  ] . Since the lungs are a common 
site for metastatic disease, careful clinical assessment is 
required before a diagnosis of primary pulmonary chondro-
sarcoma can be rendered. Furthermore, chondrosarcomas of 
the lung may arise “de novo” (also called “primary” pulmo-
nary chondrosarcoma) or from a preexisting benign chon-
droid neoplasm such a chondroma or hamartoma (“secondary” 
pulmonary chondrosarcoma)  [  125,   126  ] . 

   Clinical Features 
 Pulmonary chondrosarcomas affect the adult age group, pre-
dominantly patients in the sixth decade (age range 23–74 
years)  [  110  ] . No speci fi c gender predilection has been 
observed. Symptoms depend on the site of involvement, and 
for tracheobronchial (central) lesions include signs of bron-
chial obstruction characterized by cough, dyspnea, and chest 
pain. Parenchymal (peripheral) tumors, on the other hand, 
are often incidental  fi ndings or present late with symptoms 
of dyspnea and chest pain  [  97,   108,   114  ] .  

   Gross Features 
 The tumors may vary in size and range from 1 cm to more 
than 10 cm in maximum dimension. The tumors are usually 
sharply de fi ned and lobulated or irregular in shape. Depending 
on tumor subtype, the cut surface is white in color with a  fi rm 
consistency (conventional hyaline type), tan colored, and 
soft to mucoid (myxoid type), or yellow-brown with patchy 
glossy white areas (dedifferentiated type)  [  110,   119,   121  ] . 
Areas of hemorrhage or necrosis are rarely identi fi ed.  

   Histological Features 
 The morphology of pulmonary chondrosarcomas shows sim-
ilar features to those seen in the skeleton. The most common 

form of pulmonary chondrosarcoma is the conventional hya-
line type, which is characterized by lobules of hyaline carti-
lage containing chondrocytes with plump nuclei, binucleated 
forms, and coarse nuclear chromatin (Figs.  9.64 ,  9.65 , and 
 9.66 ). Some of the lacunae may contain two or more cells 
(Figs.  9.67  and  9.68 ). These hyaline areas may be associated 
with more myxoid areas. Hemorrhage, necrosis, and mitotic 
activity are not common in this variant  [  110  ] . Other subtypes 
that have been identi fi ed in primary chondrosarcomas of the 
lung include myxoid, mesenchymal, and dedifferentiated 
types  [  110,   119,   121–  123,   127  ] . These show lobulated 
masses of cords or strands of round cells embedded in a 
basophilic matrix (myxoid type), combined hypercellular 
zones of anaplastic small cells alternating with islands of 
cartilage (mesenchymal type) (Figs.  9.69 ,  9.70 , and  9.71 ), 
and areas of highly atypical cartilaginous tumor intermingled 

  Fig. 9.64    Low-power view of conventional pulmonary chondrosar-
coma of the lung characterized by a lobulated proliferation of hyaline 
cartilage       

  Fig. 9.65    Pulmonary chondrosarcoma with myxoid change of the 
cartilage       
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  Fig. 9.66    Malignant cartilage in pulmonary chondrosarcoma showing 
chondrocyte atypia       

  Fig. 9.67    High-power view of pulmonary chondrosarcoma with 
hypercellularity in chondrocyte lacunae       

  Fig. 9.68    Prominent chondrocyte atypia in pulmonary chondrosarcoma       

  Fig. 9.69    Low-power view of mesenchymal variant of pulmonary 
chondrosarcoma composed of mesenchymal and cartilaginous areas       

  Fig. 9.70    Anaplastic small cell component in mesenchymal pulmo-
nary chondrosarcoma       

  Fig. 9.71    Alternating small cells and islands of cartilage in mesenchymal 
pulmonary chondrosarcoma       
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with a malignant spindle cell component (dedifferentiated 
type)  [  110,   119,   121  ] . Foci of necrosis and increased mitotic 
activity may be observed in these latter types.          

   Immunohistochemical Features 
 Although a diagnosis of pulmonary chondrosarcoma is often 
a histological one, immunohistochemical techniques may aid 
in equivocal cases or in cases where other mesenchymal com-
ponents are present (mesenchymal or dedifferentiated sub-
types). The chondrocytes of the conventional hyaline type 
will show positive staining with S-100 protein and vimentin 
and will generally be negative for markers associated with 
epithelial and muscle differentiation  [  109,   110,   116  ] . 
Mesenchymal chondrosarcomas have been shown to express 
Sox-9 reactivity in both the small round cell and cartilaginous 
areas  [  128  ] . Dedifferentiated chondrosarcomas may show 
various sarcomatous differentiations and will show an immu-
nohistochemical staining pattern according to the dedifferen-
tiated sarcoma component present in the individual tumors.  

   Differential Diagnosis 
 Exclusion of metastatic chondrosarcoma to the lung is the most 
important differential diagnosis for primary pulmonary chon-
drosarcoma and should be taken care of by complete physi-
cal history and radiological investigations. Another important 
aspect is the separation from the benign counterpart, pulmonary 
chondroma. Pulmonary chondromas may be multiple and asso-
ciated with Carney’s triad and are usually composed of benign 
cartilage with areas of ossi fi cation. Chondrosarcomas, on the 
other hand, are usually solitary sporadic tumors that only rarely 
show areas of osseous differentiation. Chondroid hamartomas 
may also enter the differential diagnosis. These are tumors 
composed of several benign tissue types including cartilage, 
entrapped respiratory epithelium, and fat and  fi brous tissue, 
features that are not typically seen in chondrosarcoma. Myxoid 
chondrosarcomas may be confused with other neoplasms show-
ing a myxoid stroma such as epithelioid hemangioendothelioma. 
Immunohistochemical staining with vascular markers such as 
CD31 and CD34 in the tumor cells will help in making a diag-
nosis in favor of the latter. An important issue in the assessment 
of pulmonary chondrosarcoma is suf fi cient histological sam-
pling of the tumors in order to exclude an epithelial component 
as part of the slightly more common carcinosarcomas.  

   Treatment and Prognosis 
 Complete surgical resection is the primary treatment for pul-
monary chondrosarcoma. Adjuvant chemotherapy or irradia-
tion has been used in isolated cases; however, due to the rarity 
of these tumors, the effectiveness of such therapy is still uncer-
tain. The prognosis of pulmonary chondrosarcoma appears to 
vary depending on site of origin (tracheobronchial versus 
peripheral tumors)  [  97,   108,   114  ] . Central lesions are usually 

localized at the time of diagnosis and detected early, whereas 
peripheral lesions tend to be asymptomatic with the risk of 
more rapid growth and distant metastasis  [  109,   114,   120  ] . 
Furthermore, nonconventional chondrosarcomas of the lung 
are more likely to show aggressive behavior  [  110  ] .   

   Pulmonary Osteosarcoma 

 Extraskeletal osteosarcomas represent 1–2 % of soft tissue 
sarcomas and approximately 4 % of all osteosarcomas  [  129  ] . 
Primary osteosarcomas arising in the lung are among the rar-
est human cancers with less than 25 reported cases in the 
literature  [  130–  143  ] . There is still some debate about the 
pathogenesis of these tumors with the most popular hypoth-
esis postulating an origin from pluripotent pulmonary mes-
enchymal cells  [  133  ] . Importantly, pulmonary osteosarcomas 
affect an older age group than their osseous equivalent. 

   Clinical Features 
 Primary pulmonary osteosarcoma usually occurs in older 
adults with an age range from 33 to 83 years and an average 
age in the seventh decade. Men and women are equally 
affected. The main presenting symptoms are chest pain, cough, 
and hemoptysis  [  144  ] . Many of the tumors are centrally 
located, but peripheral lesions have also been described. 
Interestingly, there is a striking predominance of involvement 
of the left lung and especially the upper lobe. On CT scanning, 
the tumors can be suspected by the presence of a heterogenous 
mass with dense calci fi cation  [  142  ] . In addition, increased 
uptake can be demonstrated in the tumor mass by techne-
tium-99 m methylene diphosphonate bone scintigraphy  [  142  ] .  

   Gross Features 
 The tumors are  fi rm and solid masses of large size (range 
4–30 cm, average 10 cm). They are well de fi ned but not 
encapsulated. On cut surface, the tumors may show bony or 
cartilaginous change. Cystic areas as well as areas of hemor-
rhage and necrosis may be identi fi ed.  

   Histological Features 
 The tumors are similar to the ones diagnosed in the bone 
(Figs.  9.72 ,  9.73 , and  9.74 ). They are predominantly com-
posed of a malignant pleomorphic spindle cell proliferation. 
These spindle cells have hyperchromatic nuclei and scant 
cytoplasm and are admixed with an osteoid or bony matrix as 
well as scattered osteoclast-like giant cells (Figs.  9.75 ,  9.76 , 
 9.77 , and  9.78 ). Cytologic atypia and mitotic activity are 
usually readily identi fi ed (Fig.  9.79 ). Some tumors may 
exhibit areas resembling  fi brosarcoma or malignant carti-
lage, in a similar pattern to those tumors arising in the bone 
(Fig.  9.80 ).           
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  Fig. 9.72    Low-power view of pulmonary osteosarcoma undermining 
the bronchial epithelium       

  Fig. 9.73    Pulmonary osteosarcoma sharply circumscribed from the 
surrounding pulmonary parenchyma       

  Fig. 9.74    Pulmonary osteosarcoma characterized by a bony matrix 
and pleomorphic spindle cell proliferation.       

  Fig. 9.75    Malignant spindle cell proliferation in close apposition with 
malignant bone in pulmonary osteosarcoma       

  Fig. 9.76    High-power view of malignant osteoid lacking osteoblastic 
rimming in pulmonary osteosarcoma       

  Fig. 9.77    Prominent osteoid formation in pulmonary osteosarcoma       
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   Immunohistochemical and Molecular Features 
 The spindle cells in pulmonary osteosarcoma are positive for 
vimentin and osteonectin and negative for a range of other 
markers including epithelial markers, desmin, myoglobin, 
CD34, S-100, SMA, TTF-1, and osteopontin  [  143,   144  ] . 
A single case of primary pulmonary osteosarcoma has been 
investigated for molecular abnormalities using immunohis-
tochemical and cytogenetic techniques  [  139  ] . By immuno-
histochemistry, strong expression of bcl-2 and cyclin D1 was 
observed, while comparative genomic hybridization of this 
case demonstrated a higher degree of genetic gains or losses 
than in cases of other extraskeletal osteosarcomas  [  139  ] .  

   Differential Diagnosis 
 As with other lung sarcomas, metastatic disease from a bone or 
extraskeletal primary has to be excluded by complete clinical 
history and imaging techniques. In addition, an important dif-
ferential diagnosis for pulmonary osteosarcoma is carcinosar-
coma. Pulmonary carcinosarcoma is a biphasic neoplasm 
composed of epithelial and mesenchymal elements. Since the 
mesenchymal element often takes the form of osteosarcoma, 
extensive sampling and examination of the tissue is required to 
detect even small foci of a malignant epithelial component and 
to exclude carcinosarcoma. Bone formation may also be seen 
in some other primary lung neoplasms including carcinomas 
and other types of sarcoma. However, the bone in these cases 
will be metaplastic in nature rather than malignant osteoid.  

   Treatment and Prognosis 
 Complete surgical resection is the main treatment for patients 
with primary osteosarcoma of the lung. Chemotherapy and 
radiation have been reported to be useful in some cases of 
extraosseous osteosarcoma  [  145  ] , but the effects of adjuvant 
therapy have not been proven for the pulmonary variant due 
to the rarity of these tumors  [  143  ] . Pulmonary osteosarcomas 
are highly aggressive tumors that show a high propensity to 
recur and metastasize, and most patients die within a year of 
diagnosis  [  142  ] . The longest surviving patient has been 
reported to be alive 42 months after resection, albeit with 
widespread metastasis  [  140  ] .    

   Tumors of Adipocytic Origin 

 Tumors showing adipocytic differentiation are very common 
lesions in the soft tissue; however, in the lung these tumors 
are rare. Pulmonary lipomas are the most common tumors of 
this group, while primary pulmonary angiomyolipomas or 
liposarcomas have only been sporadically reported. 

   Pulmonary Lipoma 

 Although lipomas are the most common tumors of the soft 
tissues, their presentation as a primary lung tumor is infrequent 

  Fig. 9.78    Pulmonary osteosarcoma showing malignant spindle cells 
intermixed with osteoid       

  Fig. 9.79    High mitotic activity and cytologic atypia in pulmonary 
osteosarcoma       

  Fig. 9.80    Malignant cartilage in pulmonary osteosarcoma       
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and their incidence is estimated to range from 0.1 to 0.5 % of 
all lung tumors  [  146,   147  ] . The vast majority of pulmonary 
lipomas are endobronchial lesions and are thought to arise 
from the submucosal adipose tissue  [  146  ] ; intraparenchymal 
lipomas are extremely uncommon with approximately ten 
reported cases in the world literature. These tumors may 
originate from the fatty tissue in the wall of peripheral bron-
chi or arise from subpleural adipose tissue  [  148,   149  ] . 
Interestingly, only 31 % of pulmonary lipomas are diagnosed 
correctly on bronchial biopsy, thereby often delaying 
de fi nitive diagnosis until after surgical resection  [  150  ] . 

   Clinical Features 
 Pulmonary lipomas preferentially arise in middle-aged adults 
with a mean age of 60 years. There is a strong male predomi-
nance. The majority of patients present with symptoms of 
bronchial obstruction (productive cough, hemoptysis, dysp-
nea, fever, obstructive pneumonia) while others are asymp-
tomatic and the tumors are incidental  fi ndings on chest 
radiographs  [  150  ] . On CT scanning, the tumors are well-
de fi ned homogenous lesions of fat density and endoscopi-
cally present as pedunculated, sessile, or dumbbell-shaped 
masses with a soft yellowish appearance  [  149  ] .  

   Gross Features 
 Pulmonary lipomas are well-circumscribed tumors with a 
homogeneous yellow, soft cut surface. Endobronchial lesions 
often have a polypoid con fi guration, while parenchymal 
tumors are surrounded by lung parenchyma. The average 
tumor size is around 2 cm, but some may grow larger than 
7 cm  [  150,   151  ] .  

   Histological Features 
 The tumors are well-circumscribed lesions and most show 
the classical morphology of lipomas as described in more 
common locations: lobules of mature adipocytes traversed 
by thin  fi brovascular septa (Figs.  9.81 ,  9.82 , and  9.83 ). In an 
endobronchial location, the lesions are often covered by a 
rim of overlying normal respiratory epithelium. The lesions 
lack cytologic atypia, mitotic activity, hemorrhage, or necro-
sis. Rarely, some neoplasms may contain a prominent but 
bland spindle cell proliferation or  fl oret-like giant cells remi-
niscent of the changes seen in the so-called spindle cell and 
pleomorphic variants of lipoma of the soft tissue  [  151,   152  ] .     

   Differential Diagnosis 
 The differential diagnosis for pulmonary lipoma primarily 
includes chondroid hamartoma. The latter is characterized 
by a proliferation of various tissue types including cartilage, 
fat, smooth muscle, and  fi brous tissue. In some of these cases 
the fatty component may predominate, requiring close exam-
ination to identify the other elements in order to arrive at the 
correct diagnosis. In those rare cases, in which a spindle cell 

  Fig. 9.81    Low-power view of pulmonary lipoma composed of mature 
adipose tissue       

  Fig. 9.82    Pulmonary lipoma in close association to bronchial system       

  Fig. 9.83    Lipoma of the lung with sparing of the bronchial structures       
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component is present, malignant spindle cell tumors  (sarcoma 
or sarcomatoid carcinoma) may enter the differential 
 diagnosis. The lack of cytologic atypia, mitotic activity and 
the presence of areas of more conventional lipoma will usu-
ally lead to the correct diagnosis.  

   Treatment and Prognosis 
 Since pulmonary lipomas are considered entirely benign 
lesions that do not harbor any risk for malignant transforma-
tion  [  151,   153  ] , a conservative surgical approach in the form 
of bronchoscopic resection is the treatment of choice  [  150  ] . 
In cases of peripheral tumors or contraindications for bron-
choscopic treatment, more extensive surgical intervention 
may be necessary  [  150  ] .   

   Pulmonary Angiomyolipoma 

 Angiomyolipoma is a rare tumor that most often occurs in 
the kidney and in 50 % of cases is associated with tuberous 
sclerosis  [  154  ] . Extrarenal angiomyolipomas are uncommon 
tumors and have been described in various organ systems 
including the lung. The number of cases of pulmonary angio-
myolipomas, however, is small with less than ten reported 
cases in the English literature  [  155–  160  ] . Contrary to renal 
angiomyolipomas, extrarenal tumors are well demarcated, 
easily resectable, and not necessarily associated with the 
tuberous sclerosis complex  [  155,   156  ] . Pulmonary angio-
myolipomas may present as solitary or multifocal lesions 
and may be seen in association with other extrarenal angio-
myolipomas  [  158,   159  ] . 

   Clinical Features 
 Pulmonary angiomyolipomas have been described in patients 
ranging in age from 36 to 68 years with slight female predi-
lection. Chest pain, fatigue, or back pain is the most common 
presenting symptoms; in patients with tuberous sclerosis, the 
tumors may be detected during workup of other lesions asso-
ciated with this complex. On CT the lesions present as small, 
well-demarcated low-density non-enhancing nodules.  

   Gross Features 
 On gross examination pulmonary angiomyolipomas present 
as a well demarcated but unencapsulated nodules of tan- 
yellow color and rubbery consistency. The lesions may be 
solitary or multifocal.  

   Histological Features 
 The tumors are composed of mature fat cells admixed with 
numerous thick-walled blood vessels and bundles of smooth 
muscle cells (Figs.  9.84  and  9.85 )  [  155,   156  ] . The smooth 
muscle cells often show accentuation around blood vessels 
and possess an oval shape with clear cytoplasm and irregular 

nuclei (Figs.  9.86  and  9.87 ). The vessels vary in size and 
may show walls of uneven thickness. An elastic lamina is 
usually not identi fi ed in the vessel wall. Mitotic  fi gures and 
necrosis are generally absent.      

   Immunohistochemical and Molecular Features 
 Although histologically identical to renal angiomyolipomas, 
pulmonary angiomyolipomas may differ slightly in their 
immunohistochemical pro fi le  [  155  ] . The smooth muscle 
cells of renal angiomyolipomas often show reactivity for 
HMB45, whereas the pulmonary tumors may  [  158–  160  ]  or 
may not express this marker  [  155–  157  ] . The smooth muscle 
bands may further stain positive with muscle markers like 
SMA, desmin, and caldesmon  [  155–  158  ] . Pancytokeratin 
and S-100 protein are usually negative  [  155–  160  ] . In renal 
angiomyolipomas associated with the tuberous sclerosis 
complex, allelic loss of tuberous sclerosis complex (TSC) 1 

  Fig. 9.84    Low-power view of angiomyolipoma of lung       

  Fig. 9.85    Pulmonary angiomyolipoma of lung composed of mature 
fat, thick-walled blood vessels, and smooth muscle proliferation       
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or 2 has been described  [  161  ] ; however, this association has 
so far not been identi fi ed in pulmonary angiomyolipoma 
 [  159  ] .  

   Differential Diagnosis 
 Angiomyolipomas of the lung have to be differentiated from 
other fat-containing lesions occurring in the pulmonary sys-
tem. Among these, lipomas are rare neoplasms involving the 
lung. Lipomas, however, are composed entirely of mature 
adipocytes and lack the vascular and smooth muscle compo-
nents that characterize angiomyolipoma. Pulmonary hamar-
toma is another lesion that is composed of various tissue 
elements including cartilage, fat, entrapped respiratory epi-
thelium, smooth muscle, and  fi brous tissue. Contrary to 
angiomyolipoma, these tumors, in addition to their typical 

cartilaginous elements, are devoid of a prominent vascular 
component.  

   Treatment and Prognosis 
 In contrast to renal angiomyolipomas, pulmonary angiomyo-
lipomas are noninvasive lesions that are easily resected and 
run a benign clinical course  [  155,   156  ] . Despite this, some 
authors have argued that since some renal and hepatic angio-
myolipomas have shown malignant behavior, pulmonary 
angiomyolipomas should be viewed as tumors with uncer-
tain malignant potential, at least until more follow-up 
becomes available in a larger number of cases  [  159  ] .   

   Pulmonary Liposarcoma 

 Pulmonary liposarcomas have only been reported in a hand-
ful of case reports, and some of them are either not well 
documented or may have arisen from the pulmonary artery 
or mediastinum  [  162–  166  ] . Indeed, in the thorax liposarco-
mas are more commonly found originating in the mediasti-
num or from the chest wall. Due to the scarcity of this tumor 
in the lung, reliable data especially about treatment and prog-
nosis are still lacking. 

   Clinical Features 
 Primary pulmonary liposarcomas have been described in 
patients with an age range from 18 to 49 years with no 
speci fi c gender predilection. The most common presenting 
symptoms are cough, dyspnea, and chest pain. CT scanning 
shows well-de fi ned lobulated masses of low density  [  163  ] .  

   Gross Features 
 Liposarcomas of the lung are usually well-de fi ned lesions 
that may either arise in an endobronchial location or in the 
peripheral lung. When associated with a bronchus, the tumors 
may have a polypoid con fi guration. Generally, the tumors 
have a homogenous soft and yellow cut surface. The tumor 
size can range from 1.5 cm to very large tumors involving the 
whole hemithorax.  

   Histological Features 
 Liposarcomas of the lung show very similar morphological 
features to their soft tissue counterparts. In addition to the 
classical well-differentiated variant of liposarcoma, myxoid 
(Figs.  9.88 ,  9.89 , and  9.90 ) and pleomorphic subtypes have 
also been described in the lung  [  162–  165  ] .     

   Differential Diagnosis 
 The most important issue when encountering a liposarcoma 
in the lung is exclusion of metastatic disease from an extra-
pulmonary primary. In cases of well-differentiated liposar-
coma, pulmonary lipoma may be included in the differential 

  Fig. 9.86    Prominent smooth muscle component in pulmonary 
angiomyolipoma       

  Fig. 9.87    Higher power view of pulmonary angiomyolipoma with 
prominent smooth muscle cells surrounding blood vessels       
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diagnosis. The latter will usually not show any lipoblasts, 
atypical stromal cells, and variation in cell size and shape—
features that are commonly seen in liposarcomas.  

   Treatment and Prognosis 
 In the few cases described in the literature, the primary treat-
ment of choice for pulmonary liposarcoma is complete surgical 
resection. Adjuvant chemoradiaton has been applied in isolated 
cases, with varying success  [  162,   165  ] . Liposarcomas of the 
lungs are considered aggressive neoplasms, which appear to 
have high intraoperative mortality  [  163,   166  ]  and low survival 
rates (6–8 months)  [  162,   165  ] . Only a single patient was alive 
and free of disease 1 year after the operation  [  164  ] .    

   Tumors with Myxoid Features 

 Myxoid tumors of the lung encompass a group of very rare 
benign and malignant neoplasms that have only sporadically 
been reported. Among these, myxomas, angiomyxoma, 
aggressive angiomyxoma, and malignant myxoid endobron-
chial tumors have been described  [  167–  173  ] . The latter have 
not been characterized fully and may actually represent 
examples of malignant salivary-gland-type tumors such as 
carcinoma ex-pleomorphic adenoma  [  173  ] . 

   Myxoma, Angiomyxoma, Aggressive 
Angiomyxoma, and Malignant Myxoid 
Endobronchial Tumor 

   Clinical Features 
 Primary myxoid tumors of the lungs arise in the adult age 
group (27–70 years) with a slight female predominance. Pre-
senting symptoms include cough, chest pain, and dyspnea. 
Some patients are asymptomatic and their tumors are found 
during a routine radiographic evaluation. Radiologically the 
tumors present as well-de fi ned homogenous nodules, either 
in an endobronchial location or in the lung periphery.  

   Gross Features 
 Macroscopically, the benign and malignant myxoid 
tumors show similar features. The tumors are character-
ized by fairly well-circumscribed masses with a soft to 
rubbery consistency and glistening or gelatinous cut sur-
face. Cystic degeneration may be focally observed. Areas 
of hemorrhage and necrosis should raise the suspicion 
for a more aggressive clinical course. The tumor size can 
range from 1.3 cm to more than 6 cm.  

  Fig. 9.88    Myxoid variant of pulmonary liposarcoma of lung       

  Fig. 9.89    Scattered lipoblasts embedded in a myxoid matrix in pulmo-
nary liposarcoma of the lung       

  Fig. 9.90    High-power view of myxoid liposarcoma of lung showing 
adipocytes embedded in a prominent myxoid matrix       
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   Histological Features 
 Pulmonary myxomas are well circumscribed but unencapsu-
lated tumors composed of bland spindle or stellate cells 
embedded in a myxoid stroma (Figs.  9.91  and  9.92 )  [  167,   170  ] . 
The lesions are distinctly hypocellular and lack a prominent 
vascular component (Fig.  9.93 ). Necrosis, hemorrhage, or 
mitotic activity is not identi fi ed in these lesions.    

 Pulmonary angiomyxomas show ill-de fi ned borders to 
the surrounding lung parenchyma. In these tumors, the neo-
plastic stellate-shaped cells are dispersed in a prominent 
myxoid stroma. Contrary to pulmonary myxomas, an arbo-
rescent network of thin-walled small vessels and capillaries 
is characteristic  [  171  ] . 

 Aggressive angiomyxoma of the lung is composed of 
scattered oval to spindle-shaped cells and variably sized 

thin- and thick-walled blood vessels embedded in a promi-
nent myxoid stroma. The cellularity is generally low to mod-
erate but may be increased around blood vessels. The vessels 
often show striking hyalinization in addition to medial 
 hypertrophy. Mitotic  fi gures and necrosis are generally not 
identi fi ed  [  172  ] . 

 The so-called malignant myxoid endobronchial tumors 
are described as ill-de fi ned nodules composed of myxoid 
stroma containing interweaving cords of small uniform round 
cells with scanty eosinophilic cytoplasm. The nodules are 
traversed by thin  fi brous septa imparting a lobulated architec-
ture. Occasional mitoses are typically seen. Overall, the his-
tological features are reminiscent to those of extraskeletal 
myxoid chondrosarcoma or malignant salivary-gland-type 
tumors  [  173  ] .  

   Immunohistochemical Features 
 The spindle cells of pulmonary myxoid neoplasms express 
vimentin but are negative for a range of other immunohistochem-
ical markers like cytokeratin, S-100 protein, desmin, SMA, bcl-
2, neuro fi lament, HMB45, and CD34  [  170,   172,   173  ] .  

   Differential Diagnosis 
 Myxoid changes can be seen in other primary lung neoplasm, 
for example, solitary  fi brous tumor or pulmonary hamar-
toma. Immunohistochemical stains using CD34 and bcl-2 
will be helpful in excluding solitary  fi brous tumor, which 
will show positive reactivity for these markers contrary to 
myxoid neoplasms. The cartilage in pulmonary hamartoma 
can show prominent myxoid changes mimicking a true myx-
oid neoplasm. However, hamartomas will show additional 
tissue elements (fat, respiratory epithelium,  fi brous tissue, 
smooth muscle), whereas myxoid neoplasms are composed 
of one tissue type only.  

  Fig. 9.91    Low-power view of pulmonary myxoma demonstrating the 
circumscribed nature of the lesion       

  Fig. 9.92    Bland stellate-shaped cells are embedded in a hypovascular 
myxoid matrix in pulmonary myxoma       

  Fig. 9.93    High-power view of pulmonary myxoma showing lack of 
cytologic atypia or mitotic activity       
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   Treatment and Prognosis 
 The treatment of choice for primary myxoid neoplasms of 
the lung is complete surgical resection. For pulmonary myx-
omas surgical resection should be curative  [  170  ] , while 
aggressive angiomyxomas have a tendency for local recur-
rence  [  171  ] . Based on individual circumstances, malignant 
myxoid tumors of the lung may require adjuvant treatment in 
addition to surgical resection.   

   Pulmonary Hyalinizing Spindle Cell Tumor with 
Giant Rosettes 

 Hyalinizing spindle cell tumor with giant rosettes is a rare 
tumor occurring mainly in the deep soft tissues of the extrem-
ities and is considered a variant of low-grade  fi bromyxoid 
sarcoma  [  174,   175  ] . Very occasionally this tumor can be 
identi fi ed in other sites; however, a lung origin has only been 
proposed for two cases  [  176,   177  ] . It has to be noted, though, 
that in the  fi rst reported case, the tumor was described as 
multiple bilateral nodules raising the possibility of metastatic 
disease despite a negative clinical history  [  176  ] . In the sec-
ond case report, the tumor was a solitary lung lesion with 
associated small pleural metastasis  [  177  ] . 

   Clinical Features 
 The two reported cases of pulmonary hyalinizing spindle 
cell tumor with giant rosettes involved two female patients 
aged 20 and 50 years. In one patient, the tumor was an 
incidental  fi nding, whereas the other presented with chest 
pain. CT scanning shows a lobulated mass with focal 
calci fi cation  [  177  ] .  

   Gross Features 
 The tumors are described as well-circumscribed multinodu-
lar and  fi rm masses surrounded by a thin pseudocapsule. The 
largest single tumor mass measured 7.5 cm in size  [  177  ] . The 
cut surface demonstrates a white to tan whorled appearance 
with focal myxoid change, cystic degeneration, and exten-
sive calci fi cation.  

   Histological Features 
 On histological examination, the tumors are composed of a 
proliferation of bland spindle cells arranged in various pat-
terns that may show hyaline or myxoid areas (Fig.  9.94 ). The 
cellularity may vary in different areas of the same tumor. 
Hypocellular areas may be composed of hyalinized stroma, 
whereas in more cellular areas, the spindle cells may be 
arranged in crisscrossing fascicles (Fig.  9.95 ). The most 
characteristic  fi nding is the presence of large collagen rosettes 
consisting of a central collagen core surrounded by a rim of 
spindle cells (Fig.  9.96 ). The tumor periphery may show 
hemangiopericytoma-like vessels and scattered giant cells. 
Mild cytologic atypia may be seen, but mitotic activity is 

  Fig. 9.94    Low-power view of hyalinizing spindle cell tumor with 
giant rosettes composed of a bland spindle cell proliferation demon-
strating hyaline and myxoid areas       

  Fig. 9.95    Hyalinizing spindle cell tumor with giant rosettes showing 
stromal and vascular hyalinization       

  Fig. 9.96    Characteristic large collagen rosette in hyalinizing spindle 
cell tumor with giant rosettes       

 

 

 



274 9 Mesenchymal Tumors of the Lungs

usually absent. Osseous metaplasia, foci of necrosis, and 
cystic degeneration are focally identi fi ed  [  176,   177  ] .     

   Immunohistochemical and Molecular Features 
 The neoplastic cells of hyalinizing spindle cell tumor with 
giant rosettes stain positive for vimentin. S-100 protein may be 
focally positive in the rosette-like structures. Pancytokeratin, 
SMA, desmin, CD34, EMA, NSE, and calretinin are gener-
ally negative. One of the cases was examined cytogenetically 
and demonstrated the FUS-CREB3L2 fusion gene product 
resulting from a reciprocal translocation t (7;16), the same 
characteristic fusion transcript that has been described for 
their soft tissue counterparts  [  177–  179  ] .  

   Differential Diagnosis 
 First and foremost, metastatic soft tissue hyalinizing spindle 
cell tumor with giant rosettes has to be excluded by complete 
clinical and radiological examination. Furthermore, pulmo-
nary solitary  fi brous tumor may enter the differential diagno-
sis. Immunohistochemical studies may be of use in this setting 
demonstrating expression of CD34 and bcl-2 in solitary  fi brous 
tumors but not in hyalinizing spindle cell tumor with giant 
rosettes.  

   Treatment and Prognosis 
 Although initially believed to be benign, hyalinizing 
 spindle cell tumor with giant rosettes has been shown to 
be a low-grade sarcoma that may produce metastasis over 
time  [  175,   180,   181  ]  and, indeed, in one of the reported 
cases of the lung metastasis to the pleura, was present at 
the time of diagnosis  [  177  ] . Complete surgical excision is 
therefore the treatment of choice, and long-term follow-up 
is advised.    

   Tumors of Neurogenic Origin 

 Primary lung tumors of neurogenic origin may be sporadic 
neoplasms or genetic lesions associated with neuro fi broma-
tosis. Whether benign or malignant, these tumors are very 
uncommon with an estimated incidence of 0.2–0.5 % of all pul-
monary neoplasms  [  182,   183  ] . 

   Pulmonary Neuro fi broma 

 Thoracic neuro fi bromas are most commonly seen in the pos-
terior mediastinum and only rarely present as primary pul-
monary tumors. Although most of these are sporadic tumors, 
the possibility of these tumors arising in association with 
neuro fi bromatosis should be kept in mind. 

   Clinical Features 
 Pulmonary neuro fi bromas are predominantly tumors of the 
adult age group (18–67 years) but can rarely be seen in chil-
dren as well  [  184  ] . The tumors present with symptoms such 
as cough, expectoration, and dyspnea, owing to their often 
endobronchial location. Radiologically, they are described as 
circumscribed lung masses that may be associated with a 
major bronchus. Generally, the tumors are solitary neo-
plasms; however, a case of multiple pulmonary tumors has 
also been reported  [  185  ] .  

   Gross Features 
 Grossly, the tumors are well-de fi ned masses that may range 
in size from less than 3 cm to more than 9 cm  [  186,   187  ] . 
When located endobronchially, the lesions appear as smooth 
polypoid intraluminal masses  [  188  ] . Parenchymal lesions are 
often encapsulated. On cut surface, the tumors are white to 
gray colored and of  fi rm consistency.  

   Histological Features 
 The typical histological  fi ndings include a well-circumscribed 
spindle cell proliferation embedded in a  fi brocollagenous 
stroma (Fig.  9.97 ). The neoplastic cells have elongated to 
pear-shaped nuclei and scant eosinophilic cytoplasm 
(Fig.  9.98 ). Mitotic activity or cytologic atypia is absent. In 
some areas, the stroma can show prominent myxoid or  fi brotic 
changes (Fig.  9.99 ). Hemorrhage and necrosis are not usually 
identi fi ed.     

   Immunohistochemical Features 
 The neoplastic cells in pulmonary neuro fi bromas show posi-
tive staining for S-100 and neuro fi lament protein  [  188  ] .  

  Fig. 9.97    Low magni fi cation of neuro fi broma of the lung       
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   Differential Diagnosis 
 Other spindle cell lesions with similar morphology enter 
the differential diagnosis for pulmonary neuro fi broma. 
Tumors like pulmonary leiomyoma or intrapulmonary 
solitary  fi brous tumor are composed of a bland spindle 
cell proliferation similar to the features of neuro fi broma. 
Immunohistochemical studies may aid in the differential 
diagnosis of these lesions; leiomyomas typically show 
strong and diffuse positivity of smooth muscle markers 
like SMA and desmin, and solitary  fi brous tumor is gener-
ally positive for CD34 and bcl-2. These markers will not 
be expressed by neuro fi broma, which will show staining 
for S-100 and neuro fi lament protein only.  

   Treatment and Prognosis 
 The treatment of pulmonary neuro fi broma consists of complete 
surgical resection. In endobronchial tumors this may be achieved 
by transbronchial snaring and laser abrasion  [  188  ] . Complete 
surgical resection is regarded as curative in these patients.   

   Pulmonary Schwannoma 

 Schwannomas are benign tumors of peripheral nerve sheath 
origin. In the thoracic cavity, these tumors are commonly 
found in the posterior mediastinum and the chest wall  [  189  ] . 
Primary intrapulmonary schwannomas, originating from 
nerve  fi bers associated with the bronchopulmonary system, 
however, are uncommon tumors, accounting for 0.2–0.5 % 
of all pulmonary neoplasms  [  182,   183  ] . 

   Clinical Features 
 Pulmonary schwannomas can arise in any age group and 
have been described in patients ranging from 5 to 83 years of 
age  [  189  ] . Females are slightly more commonly affected 
than males. The presenting symptoms largely depend on 
tumor location and for endobronchial tumors consist of 
cough, shortness of breath, obstructive pneumonia, or 
hemoptysis, whereas peripheral tumors are often asymptom-
atic  [  189  ] . Radiographically, the tumors present as rounded 
or lobulated masses with well-de fi ned margins  [  189,   190  ] . 
Although most pulmonary schwannomas are sporadic 
lesions, some tumors may be associated with neuro fi bromatosis 
 [  191,   192  ] .  

   Gross Features 
 The tumors are well encapsulated and of  fi rm consistency. 
The cut surface is homogenous and may show cystic areas; 
hemorrhage, necrosis, and calci fi cation are not usually 
identi fi ed  [  190  ] . The tumor size averages 4 cm with a range 
from 1.5 to 10 cm  [  189  ] . Intrapulmonary schwannomas most 
often arise in the peripheral lung, but endobronchial lesions 
are also more frequently described.  

   Histological Features 
 Pulmonary schwannomas are sharply circumscribed and sur-
rounded by a thin capsule (Fig.  9.100 ). The characteristic 
morphologic feature is the presence of two growth patterns: 
Antoni A and Antoni B areas (Fig.  9.101 ). Antoni A areas 
are composed of compactly arranged spindle cells with elon-
gated nuclei arranged in parallel rows creating a palisaded 
pattern with the formation of Verocay bodies (Figs.  9.102 , 
 9.103 , and  9.104 ). Antoni B areas are less cellular and show 
elongated spindle cells arranged in an irregular fashion and 
embedded in an edematous stroma (Figs.  9.105  and  9.106 ). 

  Fig. 9.98    Bland spindle cell proliferation surrounding nerve trunks in 
pulmonary neuro fi broma       

  Fig. 9.99    Myxoid change in pulmonary neuro fi broma       
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  Fig. 9.100    Low-power view of pulmonary schwannoma       

  Fig. 9.101    Typical hypo- and hypercellular areas in pulmonary schwannoma       

  Fig. 9.102    Antoni A area in schwannoma characterized by a hypercellular 
spindle cell proliferation       

  Fig. 9.103    Subtle palisading in pulmonary schwannoma       

  Fig. 9.104    Verocay body formation can be seen in pulmonary schwannoma       

  Fig. 9.105    Myxoid stroma in Antoni B areas of pulmonary 
schwannoma       
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Microcyst formation and prominent hyalinized blood vessels 
are another typical  fi nding in these areas (Fig.  9.107 ). 
Hemorrhage, necrosis, and mitotic activity are not typical 
 fi ndings in these tumors. Variants of schwannoma like the 
ancient type (Fig.  9.108 ), psammomatous melanotic type 
(Fig.  9.109 ), or cellular type have also been described in a 
primary pulmonary location  [  183,   193–  195  ] .            

   Immunohistochemical and Molecular Features 
 Pulmonary schwannomas demonstrate strong and diffuse 
nuclear and cytoplasmic positivity for S-100 protein and are 
negative for cytokeratin, desmin, HHF35, c-kit, and CEA 
 [  183,   189–  193  ] . Flow cytometry performed on two cases 
showed diploid DNA pro fi les  [  183  ] .  

   Differential Diagnosis 
 Pulmonary schwannomas may resemble other spindle cell 
tumors arising in the bronchopulmonary system. Among 
these, neuro fi broma, leiomyoma, and spindle cell neuroen-
docrine carcinoma (carcinoid tumor) enter the differential 
diagnosis. Neuro fi broma is  another type of benign neuro-
genic tumor that infrequently affects the lung. Neuro fi bromas 
lack the typical Antoni A and B areas seen in schwannoma 
and only show focal immunohistochemical reactivity with 
S-100 protein in contrast to the diffuse staining characteristic 
for schwannoma. Leiomyomas can easily be differentiated 
using immunohistochemical studies; these tumors will 
express muscle markers including SMA and desmin and will 
lack reactivity with S-100 protein. Lastly, spindle cell 

  Fig. 9.106    Antoni B areas in pulmonary schwannoma composed of a 
hypocellular spindle cell proliferation       

  Fig. 9.107    Prominent hyalinized blood vessels are a characteristic 
 fi nding in pulmonary schwannoma       

  Fig. 9.108    Ancient type of pulmonary schwannoma characterized by 
atypical hyperchromatic spindle cells       

  Fig. 9.109    Melanotic pigment can be identi fi ed in melanotic 
schwannomas       
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 neuroendocrine carcinoma can mimic pulmonary schwan-
noma. The use of immunohistochemical markers to detect 
neuroendocrine differentiation in the former can aid in the 
differential diagnosis.  

   Treatment and Prognosis 
 Surgical resection is the treatment of choice for pulmonary 
schwannomas as these are entirely benign tumors with an 
excellent prognosis.   

   Pulmonary Ependymoma 

 Extra-axial ependymomas are rare tumors that have been 
reported predominantly in the gynecologic tract, the pelvic 
area, and the mediastinum. To date, only two primary 
ependymomas of the lung have been described  [  196,   197  ] , 
one of which arose near the site of a previously treated small 
cell lung carcinoma  [  196  ] . Despite various hypotheses 
including origin from heterotopic glial tissue, monodermal 
differentiation of a pulmonary teratoma, or a metaplastic 
event related to therapy, the histogenesis for these tumors in 
the lung is still uncertain  [  196  ] . 

   Clinical Features 
 In the cases described, the patients affected have been females 
aged 48 and 64 years. In one patient the tumor was detected at 
routine surveillance for small cell carcinoma of the lung diag-
nosed and treated by chemo- and radiotherapy 2½ years ear-
lier  [  196  ] . The other patient presented with dyspnea on exertion 
 [  197  ] . Radiographically, the tumors were solitary lung lesions 
with no evidence of hilar adenopathy.  

   Gross Features 
 The tumors have been described as circumscribed but unen-
capsulated masses which measured 2 and 17.5 cm in maxi-
mum dimension. The cut surface appears lobulated or 
multinodular and pale gray in color. Areas of hemorrhage, 
necrosis, and cystic degeneration can be appreciated.  

   Histological Features 
 The tumors are composed of plump and pleomorphic spindle 
cells with round to oval nuclei, prominent nucleoli, and abun-
dant eosinophilic cytoplasm containing  fi ne  fi brils  [  196  ] . The 
tumors can show solid or pseudopapillary patterns or can be 
arranged in ill-de fi ned fascicles with nuclear palisading. 
Perivascular pseudorosettes, increased mitotic activity, and 
foci of calci fi cation are a common  fi nding. Cystic changes 
and areas of necrosis may also be identi fi ed  [  196,   197  ] .  

   Immunohistochemical Features 
 Positive immunohistochemical markers for pulmonary 
ependymoma include glial  fi brillary acidic protein (GFAP), 

CK7, estrogen and progesterone receptors, high molecular 
weight cytokeratin, CAM5.2, CK18, EMA, S-100 protein, 
and vimentin. Staining is usually negative for neuroendo-
crine markers and CK20  [  196,   197  ] .  

   Differential Diagnosis 
 Pulmonary ependymomas may be mistaken for other spindle 
cell neoplasms of the lung. Sarcomatoid carcinoma may 
enter the differential diagnosis but can be excluded by the 
presence of nuclear palisading and pseudorosettes, features 
that are uncommon in carcinomas. In addition, the use of 
immunohistochemical stains, in this context especially kera-
tins, GFAP, S-100 protein, and vimentin, may facilitate the 
correct diagnosis. Schwannomas are neoplasms that may 
also show nuclear palisading, but pseudorosettes are not a 
typical  fi nding. In addition, schwannomas will be negative 
for GFAP and keratins.  

   Treatment and Prognosis 
 Although surgical resection has been performed in the cases 
reported, little is known about the use of adjuvant therapy 
and the prognosis of these tumors.  Of the cases reported, one 
patient died 6 months post diagnosis while no follow-up was 
obtained in the other patient  (  196,   197  )   .   

   Pulmonary Ganglioneuroma and 
Ganglioneuroblastoma 

 Ganglioneuromas and ganglioneuroblastomas of the lung 
are extremely uncommon tumors attributed to arise from 
the sympathetic component of the posterior pulmonary 
plexus  [  198  ] . Only a handful of cases of pulmonary gan-
glioneuroma  [  199–  201  ]  and three cases of pulmonary gan-
glioneuroblastoma  [  198,   202  ]  have been reported in the 
literature. Of the latter, one case occurred in a patient suf-
fering from multiple endocrine neoplasia (MEN) syndrome 
type 1  [  202  ] . 

   Clinical Features 
 Ganglioneuromas of the lung can affect both adults and chil-
dren  [  199–  201  ] , whereas pulmonary ganglioneuroblastomas 
have been exclusively described in adults  [  198,   202  ] . Depending 
on exact tumor location, both lesions can produce symptoms of 
bronchial obstruction or be entirely asymptomatic.  

   Gross Features 
 Gross examination shows well-circumscribed tumors that 
can range from <1 cm to up to 5 cm. The tumors are pale-
pink to gray-white with a  fi rm consistency. On cut surface, 
the tumors appear  fl eshy and may be homogenous or show 
focal areas of hemorrhage or cystic change in cases of 
ganglioneuroblastomas.  
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   Histological Features 
 Pulmonary ganglioneuromas are characterized by a similar 
spindle cell proliferation to that seen in neuro fi broma 
(Figs.  9.110 ,  9.111 , and  9.112 ). In addition, numerous gan-
glion cells with abundant pink cytoplasm and prominent 
eosinophilic nucleoli are interspersed with the spindle cell 
proliferation (Figs.  9.113  and  9.114 ). All cells have a mature 
appearance, and mitotic activity is absent.      

 Pulmonary ganglioneuroblastomas show a population 
of small undifferentiated cells with hyperchromatic nuclei, 
occasional punctuate nucleoli, and scanty cytoplasm 
embedded in a  fi brillary neuropil matrix (Figs.  9.115 , 
 9.116 , and  9.117 ). Mitotic activity and nuclear atypia are 
usually present and occasionally Homer–Wright-type 
rosettes can be identi fi ed (Fig.  9.118 )  [  202  ] . Areas of 
necrosis, cystic  degeneration, and vascular invasion are 

also common  fi ndings  [  198  ] . Diffusely admixed with this 
component are prominent mature-appearing ganglion 
cells, hence the term “ganglioneuroblastoma” (Fig.  9.119 ). 
In some cases the presence of ganglion cells is not very 
conspicuous a fact that can further be challenging as these 
scattered ganglion cells can have an immature 
appearance.       

   Immunohistochemical Features 
 Immunohistochemical staining for S-100 and neuro fi lament 
protein as well as neuron-speci fi c enolase usually show at 
least focal reactivity in the tumor cells; staining for cytokera-
tin, glial  fi brillary acidic protein, and chromogranin is not 
observed  [  202  ] . In some cases in which the presence of gan-
glion cells is inconspicuous the use of NeuN may help detect 
these cells.  

  Fig. 9.111    Bland spindle cell proliferation in pulmonary 
ganglioneuroma       

  Fig. 9.110    Low-power view of pulmonary ganglioneuroma         Fig. 9.112    Spindle cells embedded in a  fi brocollagenous stroma in 
pulmonary ganglioneuroma       

  Fig. 9.113    Numerous ganglion cells are interspersed in pulmonary 
ganglioneuroma       
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  Fig. 9.114    High-power view of ganglion cells in pulmonary ganglioneuroma       

  Fig. 9.115    Low-power view of pulmonary ganglioneuroblastoma 
showing prominent neuroblastomatous differentiation       

  Fig. 9.116    Pulmonary ganglioneuroblastoma composed of small cells 
embedded in a neuropil matrix       

  Fig. 9.117    Prominent  fi brillary neuropil in pulmonary ganglioneuro-
blastoma       

  Fig. 9.118    Homer–Wright-type rosettes in pulmonary ganglioneuro-
blastoma       

  Fig. 9.119    Ganglion cells ( arrows ) interspersed with neuroblastoma 
cells in pulmonary ganglioneuroblastoma       
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   Differential Diagnosis 
 The differential diagnosis for ganglioneuroma is similar to 
that for neuro fi broma. The identi fi cation of ganglion cells 
and the use of immunohistochemical stains should aid in 
arriving at the correct diagnosis. Pulmonary ganglioneuro-
blastoma must be differentiated from other small round cell 
tumors of the lung. However, small cell carcinoma represents 
the most important tumor to exclude. In this setting  the pres-
ence of ganglioneuromatous differentiation coupled with 
immunohistochemical staining for S-100 and neuro fi lament 
protein should favor a diagnosis of ganglioneuroblastoma.  

   Treatment and Prognosis 
 The treatment for both tumors consists of complete surgical 
resection. Pulmonary ganglioneuromas are benign tumors 
with an excellent prognosis, whereas ganglioneuroblastomas 
of the lung are malignant neoplasms with the potential to 
metastasize. The effectiveness of adjuvant treatment in these 
patients as well as the exact biologic behavior is dif fi cult to 
assess given the low number of reported cases.   

   Pulmonary Malignant Peripheral Nerve Sheath 
Tumor 

 These tumors are also known as malignant schwannoma, 
neurogenic sarcoma, or neuro fi brosarcoma. They account 
for approximately 10 % of soft tissue sarcomas and are often 
associated with neuro fi bromatosis  [  203,   204  ] . Malignant 
peripheral nerve sheath tumors originating in the lung are 
exceedingly rare; less than 25 cases have been described in 
the English literature  [  41,   92,   182,   183,   205–  217  ] . 

   Clinical Features 
 Primary malignant peripheral nerve sheath tumors of the lung 
are more common in adults with an age range from 19 to 74 years 
and slight male predilection. A single case has been reported, 
affecting a 2-year-old child without neuro fi bromatosis  [  214  ] . 
The majority of pulmonary malignant peripheral nerve sheath 
tumors are symptomatic and patients present with cough, chest 
pain, dyspnea, hemoptysis, weight loss, fever, and anorexia. 
More commonly the tumors arise in a peripheral location; only 
a few cases have been described involving the tracheobronchial 
system  [  215,   216  ] . CT scan of the chest often reveals a solid 
homogenous mass lesion that fails to show any more speci fi c 
features. Very rarely, malignant peripheral nerve sheath tumor 
of the lung is associated with neuro fi bromatosis  [  183  ] .  

   Gross Features 
 Malignant peripheral nerve sheath tumors of the lung can 
vary greatly in size and be as small as <1 cm or measure more 
than 20 cm in maximum dimension. The tumors are well-cir-
cumscribed masses with a white,  fi rm, whorled cut surface. 
Areas of hemorrhage and necrosis may be identi fi ed.  

   Histological Features 
 Pulmonary malignant peripheral nerve sheath tumors are 
composed of loose fascicles of round epithelioid cells and 
spindle cells arranged in fascicular patterns (Fig.  9.120 ). The 
individual tumor cells show moderately or marked cytologic 
atypia, hyperchromatic nuclei, and occasional conspicuous 
nucleoli. The neoplastic cells have  fi ne and elongated eosino-
philic cytoplasm (Figs.  9.121 ,  9.122 ,  9.123 , and  9.124 ). 
Multinucleated  tumor giant cells are a common  fi nding in 
these tumors (Fig.  9.125 ). The mitotic activity can be high 
with more than 25 mitoses per 10 hpf (Fig.  9.126 ).         

   Immunohistochemical and Molecular Features 
 Contrary to their benign counterparts, malignant peripheral 
nerve sheath tumors only show focal staining with S-100 
protein but diffuse and strong positivity for vimentin  [  183  ] . 

  Fig. 9.120    Well-demarcated pulmonary malignant peripheral nerve 
sheath tumor       

  Fig. 9.121    Hypo- and hypercellular areas in pulmonary malignant 
peripheral nerve sheath tumor       
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Cytokeratin, CEA, SMA, desmin, CD34, TTF-1, HMB45, 
and EMA are usually negative  [  183,   214,   215  ] . Similar to 
pulmonary schwannoma,  fl ow cytometry performed on two 
cases failed to show any aneuploid DNA pro fi les  [  183  ] .  

   Differential Diagnosis 
 Several other malignant spindle cell neoplasms enter the dif-
ferential diagnosis for malignant peripheral nerve sheath 
tumors of the lung. Monophasic synovial sarcoma may 
closely resemble a malignant peripheral nerve sheath tumor 
based on their spindle cell morphology. The cells of synovial 
sarcoma, however, show a distinctly uniform population of 
spindle cells that lack morphologic variability or the pres-
ence of tumor giant cells. Cytogenetic studies may help in 
equivocal cases showing the typical translocation t(X;18) in 
synovial sarcoma but not malignant peripheral nerve sheath 
tumor. Another tumor that may closely mimic malignant 

  Fig. 9.122    Pulmonary malignant peripheral nerve sheath tumor char-
acterized by a malignant spindle cell proliferation       

  Fig. 9.123    Less cellular areas in pulmonary malignant peripheral 
nerve sheath tumor       

  Fig. 9.124    Pulmonary malignant peripheral nerve sheath tumor show-
ing perivascular tumor cell condensation       

  Fig. 9.126    Mitotic activity can be high in pulmonary malignant 
peripheral nerve sheath tumors       

  Fig. 9.125    Tumor giant cells in pulmonary malignant peripheral nerve 
sheath tumor       
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peripheral nerve sheath tumor of the lung is malignant  fi brous 
histiocytoma. Immunopositivity for S-100 protein in the for-
mer may be the only distinguishing feature between these 
tumors. Lastly, malignant melanoma can present as a spindle 
cell lesion. Melanoma, however, will show diffuse and strong 
expression of S-100 protein in addition to positivity for other 
melanocytic markers like HMB45 or melan A. The latter 
have not been shown to be positive in malignant peripheral 
nerve sheath tumors.  

   Treatment and Prognosis 
 Complete surgical excision is the treatment of choice for pul-
monary malignant peripheral nerve sheath tumors. This can 
be followed by chemo and radiation therapy on an individual 
basis. Although isolated long-term survival has been noted 
 [  92  ] , the prognosis for these tumors is generally poor, with 
most patients dying of tumor recurrence or metastatic dis-
ease within 2 years  [  213  ] .    

   Tumors of Neuroectodermal Origin 

 Tumors composed of small neuroectodermal cells constitute 
a family of related malignant neoplasms including Ewing’s 
sarcoma of bone, extraskeletal Ewing’s sarcoma, and periph-
eral primitive neuroectodermal tumor (PNET). PNET, as 
these tumors are commonly referred to in an extraosseous 
location, have also been described in the thoracopulmonary 
region and are here also known under the designation “Askin 
tumor”  [  218  ] . Similar tumors arising in the lung parenchyma 
are rarities, with less than 20 cases described in the English 
literature. 

   Pulmonary Primitive Neuroectodermal Tumor 
(PNET) 

   Clinical Features 
 Pulmonary PNET are tumors primarily affecting a younger 
age group with a mean age in the fourth decade and an age 
range from 8 to 64 years  [  219–  221  ] . Males are slightly more 
commonly affected than females. Presenting symptoms 
include dry cough, fever, hemoptysis, or back pain, although 
several patients were asymptomatic at presentation  [  219, 
  221–  223  ] . Radiographically, the tumors are described as as 
well-circumscribed masses in the lung parenchyma, hilar 
area, or in an endobronchial location  [  219,   221,   223–  225  ] .  

   Gross Features 
 The tumors are generally large and may range in size from 
3.6 to 9.0 cm  [  222,   223  ] . They are described as well- 
demarcated tumors with a lobulated con fi guration, yellow-gray 
cut surface, and varying amounts of necrosis  [  222  ] .  

   Histological Features 
 The tumors are composed of diffuse sheets or lobules of 
fairly homogenous small round or ovoid tumor cells sepa-
rated by thin  fi brovascular septa (Fig.  9.127 ). Individual 
tumor cells are discohesive and closely packed with hyper-
chromatic nuclei, indistinct cytoplasm, and inconspicuous 
nucleoli (Fig.  9.128 ). Homer–Wright-like rosettes are occa-
sionally seen (Fig.  9.129 ). The mitotic activity is usually 
high (Fig.  9.130 ), and areas of necrosis are commonly seen 
(Fig.  9.131 ). In some cases, perivascular accentuation can be 
identi fi ed (Fig.  9.132 ). Areas of calci fi cation (Fig.  9.133 ), 
edematous stromal change (Fig.  9.134 ), and cystic degenera-
tion (Fig.  9.135 ) are not uncommon. Interestingly, chondroid 
differentiation has been described in a single case  [  223  ] .           

  Fig. 9.127    Low-power view of pulmonary peripheral neuroectoder-
mal tumor showing a proliferation of small cells sharply demarcated 
from the surrounding lung parenchyma       

  Fig. 9.128    Higher magni fi cation of peripheral neuroectodermal tumor 
of the lung composed of sheets of discohesive and monotonous small 
cells       
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  Fig. 9.129    In some cases of pulmonary peripheral neuroectodermal 
tumor, Homer–Wright-like rosettes may be identi fi ed       

  Fig. 9.130    Mitotic activity ( arrows ) is usually conspicuous in peripheral 
neuroectodermal tumor of the lung       

  Fig. 9.131    Areas of necrosis are another common  fi nding in pulmonary 
peripheral neuroectodermal tumor       

  Fig. 9.132    The tumor cells sometimes show prominent arrangement 
around blood vessels in peripheral neuroectodermal tumor of the lung       

  Fig. 9.133    Foci of calci fi cation may be identi fi ed in some cases of 
pulmonary peripheral neuroectodermal tumor       

  Fig. 9.134    Stromal edema in peripheral neuroectodermal tumor of the 
lung       
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   Immunohistochemical and Molecular Features 
 Pulmonary PNET share the same immunohistochemical and 
molecular characteristics as their extrapulmonary counterparts. 
The tumor cells are positive for CD99 and neuron speci fi c eno-
lase and negative for cytokeratin, chromogranin, leukocyte 
common antigen, smooth muscle actin, desmin, and epithelial 
membrane antigen  [  219,   221,   223,   225  ] . Synaptophysin, S-100 
protein, and neuro fi lament can show varying results. Since the 
tumor cells often contain glycogen, a PAS histological stain 
may be used to con fi rm the diagnosis. 

 On a molecular level, chromosomal translocations 
t(11;22)(q24;q12) or t(21;22)(q22;q12) resulting in EWS-
FLI1 or EWS-ERG fusion genes are a consistent  fi nding in 
PNET and Ewing’s sarcoma, con fi rming a close relationship 
between these tumors  [  226–  229  ] .  

   Differential Diagnosis 
 The differential diagnosis for PNET mainly includes other 
blue, round, small cell neoplasms. In the lung, small cell car-
cinoma is an important entity to include in the differential 
diagnosis. Both tumors may show similar histological features 
and immunohistochemical studies may be required to arrive at 
the correct diagnosis. In this setting, an absence of cytokeratin 
positivity and lack of convincing reactivity for neuroendocrine 
markers (especially chromogranin) would support a diagnosis 
of PNET. Other diagnostic considerations include rhabdomy-
osarcoma, neuroblastoma, or lymphoma. In cases of rhab-
domyosarcoma, the presence of typical rhabdomyoblasts and 
immunohistochemical expression of muscle speci fi c markers 
may lead to the correct interpretation. Neuroblastomas may 
show histological and immunohistochemical overlap with 
PNET; however, the latter will show CD99 positivity along 
with the typical cytogenetic translocation, allowing distinction 
from the former. Lymphoma is distinguished from PNET by 

its morphologic features along with positive staining of the 
tumor cells for LCA and B or T cell markers.  

   Treatment and Prognosis 
 PNET is an aggressive malignancy that requires multimodal 
therapy consisting of surgery, chemotherapy, and/or radio-
therapy. In a recent study by Demir et al.  [  230  ] , neoadjuvant 
chemotherapy led to greater complete resection rate and dis-
ease-free survival in patients with thoracic PNET. However, 
for patients with primary pulmonary PNET, the prognosis is 
still poor with a mean 2-year event-free survival rate of only 
25 %  [  230  ] .    

   Tumors of Mixed Origin 

 Some primary tumors of the lung are composed of a mix of two 
or more cell types. Pulmonary hamartoma is an example of 
such lesions with benign behavior, whereas triton tumor is a 
malignant tumor composed of neural and skeletal muscle ele-
ments. Pulmonary artery sarcoma is a rare and unusual tumor 
arising from pluripotent cells in the vessel wall that can show 
any single and even dual sarcomatous differentiation  [  231  ] . 

   Pulmonary Hamartoma 

 Pulmonary hamartomas are mesenchymal lesions composed 
of several tissue elements. There has been debate in the past 
whether these lesions represent true hamartomatous lesions 
or rather benign neoplasms. Evidence to support one or the 
other opinion has been presented in various publications 
 [  232–  238  ] . More recently, a cytogenetic analysis of seven 
pulmonary hamartomas demonstrated an abnormal karyo-
type with recombinations between chromosomal bands 6p21 
and 14q24 supporting the view that these tumors are genuine 
neoplasms rather than developmental anomalies  [  239  ] . The 
incidence of pulmonary hamartoma in the general popula-
tion is approximately 0.25 %  [  240  ]  and it accounts for 3 % of 
all benign lung tumors  [  241  ] . Pulmonary hamartomas are 
generally composed of varying amounts of cartilage, 
entrapped benign respiratory epithelium, adipose tissue, 
smooth muscle, and  fi brous tissue. Based on this, these 
tumors can be differentiated from two related lesions— 
pulmonary chondroma and pulmonary lipoma—which are 
composed of a single tissue type only. 

   Clinical Features 
 Pulmonary hamartomas seem to affect men slightly more than 
women. The age range spans 14–74 years with a peak age in 
the sixth decade  [  233  ] . The tumors most often occur in the 
periphery of the lung (92 %) and are often asymptomatic, while 
only 8 % arise from the bronchial tree  [  233  ] . The latter tumors 

  Fig. 9.135    Formation of cystic spaces in pulmonary peripheral neu-
roectodermal tumor       
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may produce pulmonary symptoms (cough, hemoptysis, dysp-
nea, fever) due to bronchial obstruction. Solitary tumors show-
ing partial calci fi cation (“popcorn calci fi cation”) are a typical 
 fi nding of these tumors using imaging techniques. Rarely, mul-
tiple pulmonary hamartomas may be identi fi ed in the same 
patient  [  242  ] , may show a diffuse growth pattern along the 
bronchial tree  [  243  ] , or the tumors may present with unusual 
symptoms like pneumothorax  [  244  ] . Pulmonary hamartomas 
have also been described in association with other tumors, 
especially bronchial carcinomas  [  233,   245,   246  ] . More recently, 
cases of carcinoid tumor, atypical lipomatous tumor, and myo-
epithelial tumors have been described, arising within otherwise 
typical hamartomas  [  244,   247,   248  ] .  

   Gross Features 
 The gross features of pulmonary hamartoma are those of well-
circumscribed unencapsulated lesions that usually range from 
1 to 10 cm in size. Giant pulmonary hamartomas measuring 
more than 12 cm are sometimes seen  [  249  ] . On sectioning, the 
tumors appear lobulated,  fi rm, and white and have a cartilagi-
nous or myxoid appearance. Hemorrhage and necrosis are gen-
erally absent, but cystic change can be seen in isolated cases 
 [  250  ] . An unusual case arising in an extralobar location con-
nected to the lung by a slender stalk has been described  [  251  ] .  

   Histological Features 
 Pulmonary hamartomas are typically composed of a mixture 
of tissue types, and most often chondroid differentiation pre-
dominates (Figs.  9.136 ,  9.137 , and  9.138 ). The cartilage nor-
mally grows in a lobulated pattern and may be of the myxoid 
type or more mature-appearing cartilage with typical chon-
drocytes. Intermixed with the chondroid tissue are areas of 
adipose tissue and entrapped benign respiratory epithelium 
(Figs.  9.139 ,  9.140 , and  9.141 ). Smooth muscle,  fi brous tis-
sue, or endobronchial glands (in central lesions) may be 
present in some cases; in those lesions, in which the smooth 
muscle predominates, a diagnosis of leiomyomatous hamar-
toma may be rendered (Figs.  9.142 ,  9.143 , and  9.144 ). In 
endobronchial tumors, the chondroid component is not usu-
ally associated with the bronchial cartilage. A mix of 
in fl ammatory cells including lymphocytes, plasma cells, and 
mast cells can occasionally be seen in the periphery of the 
tumors. Cytologic atypia, mitotic activity, hemorrhage, or 
necrosis are usually absent, although mild nuclear atypia of 
chondrocytes can be seen in large lesions.           

   Molecular Features 
 Cytogenetic studies performed in several small series of pulmo-
nary hamartomas have demonstrated clonal chromosome aber-
rations and shown that recombination of chromosomes 6p21, 
12q14-15, and 14q24 are common. The authors concluded from 
this that pulmonary hamartomas are in fact genuine neoplasms 
and not hamartomatous in nature  [  239,   252–  254  ] .  

  Fig. 9.136    Lobulated appearance of pulmonary chondroid hamartoma       

  Fig. 9.137    Chondroid and adipose elements in pulmonary chondroid 
hamartoma       

  Fig. 9.138    Low-power view of small pulmonary chondroid hamartoma 
composed of cartilage, fat, and entrapped respiratory epithelium       
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  Fig. 9.139    Intermediate-power view showing typical epithelial invagi-
nations of pulmonary chondroid hamartoma       

  Fig. 9.140    Adipose tissue juxtaposed with cartilage in pulmonary 
chondroid hamartoma       

  Fig. 9.141    Myxoid-type cartilage in pulmonary chondroid hamartoma       

  Fig. 9.142    Low-power view of pulmonary leiomyomatous hamartoma       

  Fig. 9.143    Smooth muscle proliferation with entrapped respiratory 
and bronchial epithelium in leiomyomatous hamartoma of the lung       

  Fig. 9.144    High-power view showing a proliferation of smooth muscle 
surrounding bronchial epithelium       
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   Differential Diagnosis 
 Pulmonary hamartomas do not usually pose a diagnostic 
problem. In case of endobronchial lesions, however, bron-
chial chondromas or bronchial lipomas may enter the differ-
ential diagnosis. Chondromas and lipomas are lesions 
composed of one tissue type only and lack the mix of ele-
ments typically seen in hamartomas.  

   Treatment and Prognosis 
 Pulmonary hamartomas are benign lesions, and complete 
surgical excision is curative. Parenchyma-saving enucleation 
or excision in the form of enucleation, wedge resection, or 
segmentectomy has been recommended as the treatment of 
choice  [  255  ] .   

   Malignant Triton Tumor 

 Malignant triton tumors are de fi ned as malignant neurogenic 
tumors with rhabdomyoblastic differentiation. These are rare 
tumors of the soft tissues that have occasionally been 
described in sites other than the soft tissues, but only three 
cases of primary malignant triton tumor of the lung have 
been reported  [  256,   257  ] . In the soft tissues, there appears to 
be an association with neuro fi bromatosis; however, in the 
lung cases, this association has not been observed  [  256  ] . 

   Clinical Features 
 Malignant triton tumors of the lung have been described in 
two men, 28 and 53 years of age, as well as in a 3-year-old 
child  [  256,   257  ] . The patients presented with shortness of 
breath and demonstrated large intrapulmonary masses on 
chest radiographs.  

   Gross Features 
 The tumors were large (8–13 cm) and variably delineated 
masses with a soft and gelatinous cut surface and areas of 
hemorrhage and necrosis.  

   Histological Features 
 The histological features of malignant triton tumor of the 
lung are those of a spindle cell proliferation forming fasci-
cles and a subtle storiform pattern embedded in a myxoid 
stroma. Faint nuclear palisading was observed in some areas 
as well as areas of perivascular hyalinization (Figs.  9.145  
and  9.146 ). Nuclear atypia and mitotic activity varied from 
case to case, with the pediatric case demonstrating large 
bizarre tumor cells with prominent nuclear pleomorphism. 
Extensive areas of hemorrhage and necrosis were present in 
all cases. Intermixed with the spindle cell proliferation were 
foci containing larger cells with eosinophilic cytoplasm, 
eccentric nuclei, and cytoplasmic cross-striations represent-
ing rhabdomyoblastic differentiation (Fig.  9.147 ).     

  Fig. 9.145    Low-power view of malignant triton tumor of the lung       

  Fig. 9.146    Malignant triton tumor of the lung composed of a malignant 
spindle cell proliferation embedded in a myxoid stroma       

  Fig. 9.147    The spindle cell proliferation of malignant triton tumor of 
the lung contains interspersed rhabdomyoblasts       
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   Immunohistochemical Features 
 Immunohistochemically, S-100 protein is focally expressed 
in the neural component of the tumors, while desmin and 
myoglobin highlighted the rhabdomyoblasts  [  256  ] . Vimentin 
was positive for both components, but cytokeratin, GFAP, 
and neuro fi lament protein were negative.  

   Differential Diagnosis 
 The differential diagnosis for these lesions comprises a 
range of other spindle cell tumors primary or metastatic to 
the lung. In children, the most important differential diag-
nosis is pleuropulmonary blastoma, a tumor composed of 
undifferentiated blastemal elements and rhabdomyoma-
tous differentiation. These tumors, however, will lack any 
Schwannian features typically present in malignant triton 
tumor. In adults, pure malignant peripheral nerve sheath 
tumors will lack the rhabdomyomatous elements seen in tri-
ton tumor. Other tumors that may show similar histological 
features include leiomyosarcoma and intrapulmonary  fi brous 
tumor. Immunohistochemical studies detecting desmin and 
SMA positivity in leiomyosarcoma and CD34 and bcl-2 in 
solitary  fi brous tumor should facilitate correct interpretation. 
Importantly, metastasis from a soft tissue primarily needs to 
be excluded by careful clinical and radiological evaluation 
of the patients.  

   Treatment and Prognosis 
 Complete surgical excision was performed in all cases of pul-
monary malignant triton tumor. One patient died 3 months 
after surgical resection due to widespread intrathoracic spread 
 [  256  ] , while one patient was alive and free of disease 1 year 
after diagnosis  [  257  ] . The third patient was lost to follow-up.   

   Pulmonary Artery Sarcoma 

 Pulmonary artery sarcomas are rare malignancies that most 
often originate in the pulmonary trunk, the pulmonary 
arteries (or less commonly pulmonary veins), the pulmo-
nary valve, or the right ventricular out fl ow tract  [  258–  260  ] . 
The cell of origin is believed to be a pluripotent cell in the 
intimal or medial layers of the vessel wall, hence the early 
name of “intimal sarcoma”  [  259,   261  ] . Clinically, pulmo-
nary artery sarcoma is commonly mistaken for pulmonary 
embolism or primary pulmonary hypertension, and the 
diagnosis is delayed until thoracotomy or autopsy is per-
formed  [  262,   263  ] . 

   Clinical Features 
 Pulmonary artery sarcomas affect adults with an age range 
from 21 to 69 years and a peak in the  fi fth and sixth decades 
 [  264,   265  ] . Whereas in some series males appear to be 
 predominantly affected  [  265  ] , other authors report female 

predilection  [  70,   266  ] . Cough, chest pain, dyspnea, cyanosis, 
hemoptysis, and right-sided heart failure are the most  common 
presenting symptoms. Radiographically, intravascular masses 
causing  fi lling defects are seen often mimicking pulmonary 
embolism. Cardiomegaly and right ventricular hypertrophy 
are often identi fi ed on an echocardiogram  [  266  ] .  

   Gross Features 
 The tumor is seen attached to the pulmonary artery and may 
show extension along the vessel branches into the right heart 
or lung parenchyma. The tumors are white, gray, or yellow 
and irregular masses that, depending on the histological sub-
type, may contain bony, chondroid, or hemorrhagic 
elements.  

   Histological Features 
 Histological examination will reveal the sarcomatous nature 
of the tumor. Generally, any type of sarcoma may arise in the 
pulmonary vasculature with the most common types being 
leiomyosarcoma and high-grade “undifferentiated” sarcomas 
(Figs.  9.148  and  9.149 )  [  70  ] . Less frequently, angiosarcoma-
tous, osteosarcomatous, chondrosarcomatous, rhabdomyo-
sarcomatous, or low-grade myo fi broblastic differentiation is 
seen  [  231,   265,   267–  270  ] . The histological features of these 
tumors will be identical to those described in the lung or soft 
tissue; however, it is essential to identify the subtype and pul-
monary artery origin of these tumors because of treatment 
and prognostic implications.    

   Immunohistochemical Features 
 Immunohistochemical studies may be used in order to allow 
more de fi nitive classi fi cation, and the use of smooth or skel-
etal muscle as well as vascular markers may be helpful for 
correct subtyping of the lesions.  

  Fig. 9.148    Atypical spindle cells in the vessel wall of a pulmonary 
artery sarcoma       
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   Treatment and Prognosis 
 The treatment for pulmonary artery sarcoma consists of 
complete surgical resection. Although the role of additional 
treatment is still uncertain, neoadjuvant or adjuvant chemo-
therapy and radiation are increasingly being used to treat 
these patients with potential bene fi t for symptom relief and 
survival  [  271  ] . Despite this, the prognosis for these tumors is 
poor with a reported median survival times of 1.5 months 
without surgery and 10 months with surgery and adjuvant 
chemotherapy  [  263  ]  and an overall 1 year survival of 20 % 
 [  266  ] . The tumors are characterized by frequent recurrences, 
intrathoracic and distant metastasis, and tumor embolism 
 [  258  ] . Although historically, pulmonary artery sarcomas has 
been considered a single disease entity, more recently it 
could be demonstrated that survival to a certain degree also 
depends on tumor subtype, with better prognosis for patients 
with leiomyosarcoma, intermediate prognosis for high-grade 
undifferentiated sarcomas, and worse survival in patients 
with rhabdomyosarcoma  [  265  ] .        
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            Introduction 

 The cell of origin of several rare lung tumors is still a mat-
ter of debate. Although some progress has been made in 
the last few decades in identifying the possible histogen-
esis of these tumors, their exact origins remain uncertain. 
Clear cell sugar tumor of lung, granular cell tumor, 
in fl ammatory  pseudotumor, and sclerosing hemangioma 
are a group of tumors that fall into this category. A sum-
mary of the most pertinent features of these tumors is 
 provided in Table  10.1 .   

   Clear Cell Sugar Tumor of Lung 

 Clear cell sugar tumor of the lung is a rare neoplasm with 
less than 50 cases described in the literature to date. This 
tumor was  fi rst described by Liebow and Castleman in 
1963  [  1  ] , reporting a benign clear cell tumor of the lung. 
The subsequent  fi nding of abundant cytoplasmic glyco-
gen in this tumor later led to its name “sugar cell tumor” 
 [  2  ] . The cell of origin of these tumors has long been a 
matter of debate. Initially believed to be of myoid origin 
 [  2  ] , later proposals suggested neuroendocrine, epithelial, 
melanocytic, and pericytic differentiation  [  3–  6  ] . More 
recently, it was noted that clear cell sugar tumors of the 
lung share morphologic and immunohistochemical fea-
tures with a group of tumors known as perivascular epi-
thelioid cell tumors (PEComas), which include 
angiomyolipoma, lymphangioleiomyomatosis, and clear 
cell myomelanocytic tumor of ligamentum teres/falciform 
ligament and that have been linked with the tuberous 

sclerosis complex  [  7,   8  ] . Hence, the “perivascular 
 epithelioid cell” may be the regarded as the precursor cell 
of these tumors. 

   Clinical Features 

 Clear cell sugar tumors usually present in middle-aged 
adults (40–60 years) with no speci fi c sex predilection; 
however, isolated cases have been described in children 
and  adolescents  [  9,   10  ] . Since most of these tumors occur 
in the peripheral portions of the lung, patients are usually 
asymptomatic and the tumors are usually found 
 incidentally. In rare cases,  however, patients may present 
with hemoptysis, fever,  anemia, and abnormal 
in fl ammatory blood serum markers  [  11,   12  ] . On imaging, 
a typical  solitary “coin lesion” is identi fi ed on chest X-ray 
or computed tomography (CT) often mimicking a 
 malignant lung tumor.  

   Gross Features 

 Clear cell sugar tumors are well circumscribed but unencap-
sulated neoplasms usually measuring less than 3 cm, but 
larger tumors (up to 12 cm) have also been described  [  11, 
  13  ] . The lesions are located in the lung parenchyma and are 
unrelated to the bronchial system. The cut surface is 
 homogenous and of white or tan color. Necrosis,  hemorrhage, 
or calci fi cation is uncommon and has only rarely been 
described in cases that metastasized  [  14–  16  ] . Cystic change 
has also been described in isolated cases  [  13  ] .  

      Lung Tumors of Uncertain Histogenesis         10
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   Histological Features 

 Clear cell sugar tumors are characterized by a sheet-like 
proliferation of large clear cells with little  intervening 
stroma (Figs.  10.1  and  10.2 ). The cells are  polygonal in 
shape, have distinct cell borders, and possess uniform oval-
shaped nuclei and inconspicuous nucleoli (Figs.  10.3 ,  10.4 , 
and  10.5 ). The most characteristic features are the cyto-
plasmic clearing of the cells and prominent sinusoidal or 
hemangiopericytoma-like blood vessels, which may show 

hyaline changes (Figs.  10.6 ,  10.7 , and  10.8 ). Typically, the 
tumor cells are immediately juxtaposed to the vessel wall 
with no visible intervening stroma (Fig.  10.9 ). In addition, 
areas of spindle-shaped cells (Fig.  10.10 ),  Touton-type or 
other giant cells (Fig.  10.11 ), calci fi cation (Fig.  10.12 ), 
“spider cells” (large cells with granules radiating from the 
nucleus in a linear arrangement) (Fig.  10.13 ), and “neuroid 
cells” (round or polygonal cells with homogenous acido-
philic cytoplasm resembling neural cells) (Fig.  10.14 ) can 
be observed. Mitotic activity, cellular  pleomorphism, 

   Table 10.1    Histological, immunohistochemical, ultrastructural, and molecular features of lung tumors of uncertain histogenesis   

 Tumor 
 Presumed cell of 
origin  Histology 

 Immunohistochemical 
features 

 Ultrastructural 
features  Molecular features 

 Clear cell 
sugar cell 
tumor 

 Perivascular 
epithelioid cell 

 Proliferation of clear cells with 
bland cytologic features 

 HMB45, S100 protein, 
CD1a, CD34 

 Abundant 
 membrane-bound 
glycogen vesicles, 
pericytic 
 differentiation and 
the presence of 
premelanosomes 

 Not investigated 

 Granular cell 
tumor 

 Schwann cell  Sheet-like proliferation of cells with 
abundant eosinophilic granular 
cytoplasm 

 S100 protein, CD68, 
NSE, vimentin 

 Abundant mem-
brane-bound 
cytoplasmic 
granules consistent 
with lysosomes 

 Not investigated 

 Sclerosing 
hemangioma 

 Type II 
pneumocyte 

 Tumor composed of surface 
(cuboidal) and stromal (round) cells; 
solid, hemorrhagic, papillary, and 
sclerotic patterns 

 TTF-1, EMA; surface 
cells also positive for 
CK, CEA, surfactant 
protein alpha 

 Not routinely 
investigated 

 Loss of 
 heterozygosity at 5q 
and 10q; microsatel-
lite alterations of p16 
and RB genes; t(8;18) 
and trisomy 14 

 In fl ammatory 
pseudotumor 

 Myo fi broblast  Fibrohistiocytic variant: 
myo fi broblastic spindle cells 
admixed with an in fl ammatory cell 
in fi ltrate; plasma cell variant: 
proliferation of plasma cells 
admixed with smaller numbers of 
myo fi broblastic spindle cells 

 ALK-1, SMA, vimentin; 
kappa and lambda light 
chains, IgG4 in plasma 
cells 

 Not routinely 
investigated 

 ALK-1 translocations 

  Fig. 10.1    Low-power view of sugar cell tumor of the lung demonstrat-
ing the circumscribed nature of the lesion       

  Fig. 10.2    Sugar cell tumor of the lung composed of sheets of clear 
cells with little stromal component       
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  Fig. 10.3    More nested pattern composed of larger clear cells in sugar 
cell tumor of the lung       

  Fig. 10.4    Sugar cell tumor of lung composed of large cells with clear 
to eosinophilic cytoplasm       

  Fig. 10.5    Classic appearance of sugar cell tumor composed of 
 monomorphic clear cells       

  Fig. 10.6    Prominent dilated sinusoidal-like blood vessels in sugar cell 
tumor of the lung       

  Fig.10.7    Hemangiopericytoma-like vessels are a typical  fi nding in 
sugar cell tumor       

  Fig. 10.8    Hyaline changes of the vessel walls are not uncommon in 
sugar cell tumor       
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  Fig. 10.9    Tumor cells of sugar cell tumor located immediately adja-
cent to the vessel walls       

  Fig. 10.10    Sugar cell tumor of lung showing slight spindling of the 
tumor cells       

  Fig. 10.11    Cluster of multinucleate giant cells forming an ill-de fi ned 
granuloma in sugar cell tumor of the lung       

  Fig. 10.12    Foci of calci fi cation are not unusual in sugar cell tumor of 
lung       

  Fig. 10.13    So-called spider cells in sugar cell tumor of the lung       

  Fig. 10.14    Scattered “neuroid cells” can be identi fi ed in some sugar 
cell tumors       
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necrosis, and hemorrhage are usually absent but have been 
described in tumors that metastasized. These were there-
fore assumed to represent a malignant variant of clear cell 
sugar tumor (Fig.  10.15 )  [  14–  16  ] .                 

   Immunohistochemical Features 
and Ultrastructural Features 

 Clear cell sugar tumor has a characteristic immunohis-
tochemical staining pattern. The tumors are immunoreactive 
for HMB45, S100 protein, CD1a, CD34, and are typically 
negative for epithelial markers including cytokeratin (CK), 
epithelial membrane antigen (EMA), and chromogranin 
 [  5,   6,   17–  20  ] . Due to their high glycogen content, these 
tumors will also show positive staining for a periodic acid 
Schiff (PAS) histochemical stain. On an ultrastructural level, 
the tumors are characterized by abundant membrane-bound 
glycogen vesicles, pericytic differentiation, and the presence 
of premelanosomes  [  4–  6,   21  ] .  

   Differential Diagnosis 

 Clear cell sugar tumor of the lung must be distinguished 
from other primary or secondary lung tumors with clear 
cell change. Primary lung tumors with clear cell change 
include clear cell carcinoma and clear cell carcinoid tumor. 
With the aid of immunohistochemical stains, the distinction 
should be straightforward, as both these latter tumors will 
show positive staining for cytokeratins, a  fi nding that has 
not been described in clear cell sugar tumor of the lung. 
Metastatic renal cell carcinoma is another tumor that may 
mimic sugar tumor of the lung, owing to its clear cell mor-
phology and prominent vasculature. These tumors will not 

show the immunoreactivity for HMB45 characteristically 
observed for sugar tumors. In addition, the presence or 
absence of a tumor mass in the kidneys should facilitate 
correct diagnosis.  

   Treatment and Prognosis 

 Sugar tumors of the lung are generally believed to be benign 
neoplasms and complete excision is usually curative. 
However, there have been isolated case reports of sugar 
tumors that have metastasized or showed unequivocal malig-
nant cytologic features  [  14–  16  ] , raising concern that some of 
these tumor may harbor malignant potential.   

   Granular Cell Tumor 

 Granular cell tumors are neoplasms that can be found in a 
wide anatomic distribution. Most commonly, these tumors 
can be found in the skin, tongue, and breast  [  22  ] . The  fi rst 
description of granular cell tumor is attributed to Abrikossoff 
 [  23  ]  who described the  fi rst of these tumors in 1926. He 
believed granular cell tumor to be of myoid origin, hence 
the term “myoblastoma” in the original description. Later, 
other studies have proposed histiocytic,  fi broblastic, or 
Schwannian differentiation  [  24–  26  ] . Although derivation 
from Schwann cells seems to be supported by most authors 
to date, some histologic, immunohistochemical, and ultra-
structural differences to the more common Schwann cell 
neoplasms exist, casting some doubt on this line of differ-
entiation  [  27  ] . Based on this, granular cell tumor is cur-
rently considered a separate clinicopathologic entity. Since 
the  fi rst description of granular cell tumor of the lung by 
Kramer in 1939  [  28  ] , approximately 100 cases have been 
described in this location, constituting 6–10 % of all granu-
lar cell tumors  [  29–  31  ] . Although most lesions run a benign 
clinical course, rare malignant granular cell tumors of the 
lung have been described  [  32,   33  ] . Of note, up to 25 % of 
tumors may be multifocal or may coexist with granular cell 
tumors outside the lung  [  22  ] . A number of granular cell 
tumors may also be associated with concurrent intra- or 
extrapulmonary malignancies including bronchogenic 
mucoepidermoid carcinoma, squamous cell carcinoma, 
adenocarcinoma, small cell carcinoma, and testicular germ 
cell tumors  [  32,   34–  36  ] . One case report highlights the 
occurrence of a familial case of granular cell tumor  [  37  ] . 

   Clinical Features 

 Granular cell tumors of the lungs predominantly occur in 
adults with equal male and female distribution and a 

  Fig. 10.15    Areas of necrosis are an unusual  fi nding in sugar cell 
tumor       
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median age of 45 years  [  22  ] . Patients of African-American 
descent appear to be slightly more commonly affected 
 [  22,   38  ] . Occasional cases have also been described in 
children  [  39,   40  ] . Very often these tumors are incidental 
 fi ndings. If symptomatic, the main presenting symptoms 
include obstructive symptoms (pneumonia, atelectasis) or 
hemoptysis  [  22  ] . Other, less speci fi c symptoms include 
hypertension and neurologic symptoms  [  41  ] . The vast 
majority of tumors are endobronchial, while the less com-
mon parenchymal tumors often present as coin lesions on 
imaging.  

   Gross Features 

 Tumors range in size from less than 1 to more than 5 cm. 
Endobronchial lesions often have a polypoid appearance 
and are attached to the bronchial wall in a pedunculated or 
sessile manner. Although most tumors appear circum-
scribed, cases with in fi ltrative margins can also be 
observed. The cut surface can show white, yellow, or pink 
discoloration and is of  fi rm consistency. Areas of hemor-
rhage and necrosis are not identi fi ed in benign granular 
cell tumors but may be seen in the  malignant variant.  

   Histological Features 

 Most granular cell tumors contain a polypoid endobron-
chial component (Fig.  10.16 ). Although most tumors are 
well delineated, tumors may also show in fi ltrative mar-
gins (Figs.  10.17  and  10.18 ). Squamous metaplasia can 
commonly be identi fi ed in endobronchial lesions, but the 
pseudoepitheliomatous hyperplasia, associated with gran-
ular cell tumors of other sites, is not usually identi fi ed 
 [  22,   42  ] . The tumors tend to grow in sheet-like or nested 
patterns, and the tumor cells are round to oval shaped and 
possess abundant eosinophilic granular cytoplasm 
(Figs.  10.19  and  10.20 ). The nuclei tend to be small to 
medium sized with bland nuclear chromatin and are often 
displaced to the periphery of the cells (Figs.  10.21 ,  10.22 , 
and  10.23 ). Spindling of the tumor cells may be observed 
in up to 40 % of cases, and a dense stroma may be present 
in a small subset of cases (Fig.  10.24 ). Connective tissue 
is, however, generally scarce. Involvement of regional 
lymph nodes by direct extension of benign granular cell 
tumor is not an uncommon occurrence, and perineural 
invasion can occasionally be identi fi ed (Fig.  10.25 ). Cyst 
formation or metaplastic bone deposits are additional fea-
tures described in these tumors (Fig.  10.26 ). Mitotic activ-
ity, cytologic atypia, necrosis, and hemorrhage are absent 
in benign granular cell tumors but have been described in 
the rare malignant cases  [  32,   33  ] .             

  Fig. 10.16    Granular cell tumor of the lung protruding into the bron-
chial lumen       

  Fig.10.17    Low-power view of granular cell tumor showing an 
in fi ltrative growth pattern       

  Fig. 10.18    Intermediate power view showing tumor cells of granular 
cell tumor in fi ltrating around bronchial glands       
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  Fig. 10.19    Sheet-like proliferation of granular cells undermining the 
bronchial epithelium       

  Fig. 10.20    Granular cell tumor showing the characteristic eosinophilic 
properties of the lesion       

  Fig.10.21    Monomorphic tumor cells with  fi nely granular cytoplasm 
in granular cell tumor of the lung       

  Fig. 10.22    Nuclei in granular cells are typically small round to oval 
and displaced to the periphery of the cell       

  Fig. 10.23    Granular cell tumor of lung demonstrating a coarsely gran-
ular cytoplasm       

  Fig. 10.24    Focal spindling of tumor cells in granular cell tumor of 
lung       
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   Immunohistochemical and Ultrastructural 
Features 

 Strong cytoplasmic reactivity of the granular cells is seen 
with a PAS histochemical stain. Immunohistochemical inves-
tigations show consistent reactivity for S100 protein, as well 
as positive reactions for neuron speci fi c enolase, CD68, and 
vimentin  [  22,   34,   42,   43  ] . Negative markers include cytok-
eratin, EMA, smooth muscle actin, desmin, HMB45, glial 
 fi brillary acidic protein (GFAP), thyroid transcription  factor-1 
(TTF-1), and chromogranin  [  34,   42,   44  ] . Ultrastructurally, 
the characteristic feature of granular cell tumor is abundant 
membrane-bound cytoplasmic granules consistent with lyso-
somes  [  34  ] .  

   Differential Diagnosis 

 The histologic differential diagnosis of granular cell tumor 
includes reactive lesions like malakoplakia or tumors such as 
oncocytic carcinoid tumor, granular cell renal cell carcinoma, 
and metastatic malignant granular cell tumor to the lung. If 
distinction based on histologic features alone is not suf fi cient, 
the use of histochemical or immunohistochemical stains may 
help in making the correct diagnosis. Granular cell tumors 
will be strongly PAS and S100 positive; these stains will be 
negative in malakoplakia, carcinoid tumor, or renal cell car-
cinoma. Exclusion of metastatic malignant granular cell 
tumor from an extrathoracic site requires careful clinical 
assessment in order to identify the primary site.  

   Treatment and Prognosis 

 Surgical excision is the treatment of choice for pulmonary 
granular cell tumors including conservative approaches like 
bronchoscopic extirpation, laser therapy, or sleeve resection. 
Lobectomy can be performed for larger lesions or parenchy-
mal tumors  [  22,   45  ] . Pulmonary granular cell tumors tend to 
behave in a benign fashion with slow growth and low rates of 
recurrence  [  22  ] . If completely resected, the patient should be 
cured. A more aggressive clinical course can be expected for 
the rare malignant variant; however, uniform treatment strat-
egies for these lesions are still lacking  [  33  ] .   

   Sclerosing Hemangioma (Pneumocytoma) 

 The term “sclerosing hemangioma” was  fi rst used describ-
ing a series of seven cases of a slow-growing lung tumor 
strongly resembling the so-called sclerosing hemangioma 
(dermato fi broma) of the skin  [  46  ] . Because of their histo-
logical appearance displaying prominent hemangiomatous 
structures, an endothelial origin was proposed  [  46  ] . Initially, 
ultrastructural investigations seemed to support this theory 
 [  47  ] ; subsequent studies, however, suggested other origins 
including mesothelial  [  48  ]  or mesenchymal differentiation 
 [  49  ] . Using ultrastructural and immunohistochemical tech-
niques, the majority of investigators, however, have demon-
strated type II pneumocyte differentiation in these tumors 
leading to the alternate designation “pneumocytoma” for 
these lesions  [  50–  57  ] . Some contention still exists regard-
ing the two cell types that form these tumors (the  so-called 
surface cells and stromal cells). While some authors believe 
that both cellular elements are neoplastic in nature and 
share a common origin  [  58–  60  ] , others believe that the sur-
face cells merely represent entrapped reactive type II 

  Fig. 10.25    Perineural invasion in granular cell tumor can occasionally 
be seen       

  Fig. 10.26    Metaplastic bone can sometimes be identi fi ed in granular 
cell tumor of the lung       
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 pneumocytes  [  57,   61  ] . Furthermore, recent molecular stud-
ies argue for a true neoplastic process  [  59,   60  ]  
ending speculation that sclerosing hemangiomas represent 
a hamartomatous lesion  [  62  ] . 

   Clinical Features 

 Sclerosing hemangiomas are more common in female 
patients with a male-to-female ratio of 1:5. Although these 
tumors may affect patients with a wide age range (10–
83 years), the majority are in the fourth and  fi fth decade at 
presentation  [  56,   63,   64  ] . Approximately 80 % of patients 
are asymptomatic, and the tumors are found incidentally 
 [  56  ] . The rest of the patients often present with symptoms 
like hemoptysis, cough, or chest pain  [  56  ] . Radiologically, 
the tumors are described as peripheral, solitary, well-de fi ned, 
and homogenous nodules. More rarely, sclerosing heman-
giomas may present as multifocal tumors  [  56,   59,   63,   65–  68  ]  
or may be associated with other tumors  [  56  ]  or familial ade-
nomatous polyposis  [  69,   70  ] .  

   Gross Features 

 Sclerosing hemangiomas are well-circumscribed tumors of 
yellow to tan color located in the periphery of the lung. More 
rarely, tumors may be in an endobronchial or pleural location 
 [  56,   71,   72  ] . The tumors range in size from 0.3 to 8 cm 
 [  56,   73  ] . There appears to be slight predilection for the lower 
lobes of the lung. The cut surface is solid with some cystic 
change and normally displays varying degrees of hemor-
rhage  [  74  ] .  

   Histological Features 

 Sclerosing hemangiomas typically display four different 
major histopathologic patterns or an admixture thereof 
 [  46,   56,   64  ] . These include solid, hemorrhagic, papillary, 
and sclerosing patterns. The tumors are generally composed 
of two cell types, surface (cuboidal) cells and stromal (round) 
cells. In the solid pattern, the stromal cell component is 
characterized by sheets of round to polygonal cells with 
small round nuclei, inconspicuous nucleoli, and moderate 
amounts of eosinophilic cytoplasm (Figs.  10.27 ,  10.28 , 
 10.29 , and  10.30 ). The cytologic features are bland lacking 
cytologic atypia, and the mitotic index is low (up to 1 mito-
sis per 10 high-power  fi elds). Surface cells may be present 
lining the sheets of stromal cells peripherally. These surface 
cells have uniform and cuboidal shape and mirror the mor-

phology of bronchiolar epithelium or activated type II pneu-
mocytes (Figs.  10.31  and  10.32 ). The hemorrhagic pattern is 
composed of angiomatous spaces showing varying degrees 
of dilatation that are  fi lled with blood (Figs.  10.33 ,  10.34 , 
 10.35 ,  10.36 , and  10.37 ). Papillae and tubular structures 
containing stromal cells in the stalk and surface cells lining 
the papillary projections are characteristic for the papillary 
type (Figs.  10.38 ,  10.39 ,  10.40 ,  10.41 , and  10.42 ). 
Furthermore, the stalks may contain a myxoid or sclerotic 
stroma, and the interpapillary spaces may be  fi lled with his-
tiocytes, desquamated type II pneumocytes, or blood. Lastly, 
the sclerotic variant shows areas of dense hyalinization espe-
cially around vascular structures (Figs.  10.43 ,  10.44 , and 
 10.45 ). In addition to the features described, the tumors may 

  Fig. 10.27    Sclerosing hemangioma of the lung showing sharp circum-
scription of the lesion       

  Fig. 10.28    Solid proliferation of stromal or round cells in sclerosing 
hemangioma of lung       
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  Fig. 10.29    Stromal (round) cells of sclerosing hemangioma are usu-
ally small to medium sized and lack cytologic atypia       

  Fig. 10.30    Bland cytologic features and absence of mitotic activity in 
stromal (round) cells of sclerosing hemangioma       

  Fig. 10.31    Surface or cuboidal cells can be seen lining the prolifera-
tion of stromal (round) cells in the tumor periphery       

  Fig. 10.32    Surface cells in sclerosing hemangioma resembling acti-
vated type II pneumocytes       

  Fig. 10.33    Low-power view of the vascular or hemorrhagic pattern of 
sclerosing hemangioma mimicking a vascular neoplasm       

  Fig. 10.34    Multiple angiomatous spaces constitute the hemorrhagic 
pattern of sclerosing hemangioma of lung       
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show varying proportions of foamy macrophages (Figs.  10.46  
and  10.47 ), giant cells (Fig.  10.48 ), cholesterol clefts 
(Fig.  10.49 ), granulomatous in fl ammation, adipose or seba-
ceous-like differentiation (Fig.  10.50 ), calci fi cations, cystic 
structures, or lamellar bodies  [  71,   75  ] . Small areas of necro-
sis as well as very occasional mitotic  fi gures may also be 
identi fi ed (Fig.  10.51 )  [  71  ] .                           

   Immunohistochemical and Molecular Features 

 The results of several immunohistochemical studies on 
sclerosing hemangiomas have shown that surface and 
stromal cells show reactivity for TTF-1 and EMA in almost 
all cases  [  53,   55,   61,   71  ] . While the surface cells also dem-
onstrate positive staining for pancytokeratin, CEA, and 

  Fig. 10.35    Large dilated vascular spaces  fi lled with blood in the hem-
orrhagic pattern of sclerosing hemangioma of lung       

  Fig. 10.36    Vascular spaces may be devoid of blood but hemosiderin 
deposition is seen among the tumor cells in the hemorrhagic pattern of 
sclerosing hemangioma of lung       

  Fig. 10.37    Characteristic stromal proliferation of cells in sclerosing 
hemangioma of the lung       

  Fig. 10.38    Low-power view of the papillary pattern of sclerosing 
hemangioma of lung       

  Fig. 10.39    Large broad-based papillary structures forming the papil-
lary pattern of sclerosing hemangioma       
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  Fig. 10.40    Papillary variant of sclerosing hemangioma showing more 
delicate papillary structures       

  Fig. 10.41    Papillary structures in sclerosing hemangioma lined by 
surface (cuboidal) cells with a hobnailing appearance       

  Fig. 10.42    Characteristic stromal (round) cells seen in the stalks of the 
papillary structures of sclerosing hemangioma       

  Fig. 10.43    Large areas of dense sclerosis characterize the sclerosing 
pattern of sclerosing hemangioma of lung       

  Fig. 10.44    Sclerotic mixing with papillary areas in sclerosing heman-
gioma of lung       

  Fig. 10.45    Prominent hyalinization around vascular structures is a 
typical  fi nding in sclerosing hemangioma       
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  Fig. 10.46    Scattered foamy macrophages in sclerosing hemangioma 
of the lung imparting a starry sky appearance       

  Fig. 10.47    Collections of foamy macrophages are a typical  fi nding in 
sclerosing hemangioma of lung       

  Fig. 10.49    Cholesterol clefts are frequently found in sclerosing 
hemangioma of lung       

  Fig. 10.48    Scattered giant cells may be identi fi ed in sclerosing heman-
gioma of lung       

  Fig. 10.50    Adipose tissue or sebaceous-like cells can occasionally be 
seen in sclerosing hemangioma       

  Fig. 10.51    Scattered mitotic  fi gures in sclerosing hemangioma of 
lung       

 

 

 

 

 

 



310 10 Lung Tumors of Uncertain Histogenesis

surfactant protein alpha, these markers are not expressed 
by the stromal cells  [  55,   61,   71  ] . The stromal cells may, 
however, react focally with cytokeratin 7 (CK7) and 
CAM5.2. These results have prompted some authors to 
believe that the cells are derived from primitive respiratory 
type epithelium with the surface cells being more differen-
tiated than the stromal cells  [  57  ] . 

 On a molecular level, sclerosing hemangioma demon-
strates loss of heterozygosity at 5q and 10q, markers adjacent 
to APC and PTEN suppressor genes  [  76  ]  as well as microsat-
ellite alterations of p16 and RB genes  [  60  ] . These changes 
are similar to those seen in early lung adenocarcinoma tum-
origenesis, suggesting a possible link between the two 
tumors. However, epidermal growth factor receptor (EGFR), 
Kras, and Her2 mutations could not be shown in sclerosing 
hemangioma, suggesting different molecular pathways  [  60  ] . 
The  fi nding of monoclonality in both cellular components 
 [  59  ]  and the fact that the microsatellite alterations were pres-
ent in surface and stromal cells con fi rm the common origin 
of these cells and the neoplastic nature of the tumor  [  60  ] . 
Recently, cytogenetic studies identi fi ed a novel translocation 
t(8;18) and trisomy 14 in a single case of pulmonary 
 sclerosing hemangioma  [  77  ] .  

   Differential Diagnosis 

 The differential diagnosis depends on the predominant 
growth pattern of the individual tumors. Identi fi cation of 
more than one growth pattern may be very helpful in mak-
ing the correct diagnosis. However, if the solid or papil-
lary patterns are dominant, adenocarcinoma may enter the 
differential diagnosis. Adenocarcinoma will show cyto-
logic atypia and increased mitotic activity in addition to 
diffuse immunoreactivity for pancytokeratin. Prominence 
of the hemorrhagic or angiomatous pattern may be mis-
taken for a low-grade vascular neoplasm. In this case, the 
absence of endothelial immunomarkers should point to 
the correct diagnosis. The rather monotonous prolifera-
tion of cells in sclerosing hemangioma may further be 
confused for a low-grade neuroendocrine neoplasm. The 
latter will often show organoid or trabecular growth pat-
terns and will display immunoreactivity for neuroendo-
crine markers, features that will usually be absent in 
sclerosing hemangioma.  

   Treatment and Prognosis 

 Sclerosing hemangiomas are generally considered benign 
lesions, and surgery either by wedge resection or lobectomy 
is the treatment of choice and should be curative. Although 

multifocal disease, lymph node metastasis, and recurrent 
tumors have been described  [  55,   58,   63,   65,   71,   73,   78–  80  ] , 
these features do not appear to affect the prognosis, and mor-
tality has not yet been attributed to these tumors.   

   In fl ammatory Pseudotumor 

 In fl ammatory pseudotumor of the lung was  fi rst described 
as “plasma cell granuloma” by Childress and Adie in 1950 
 [  81  ]  followed by the  fi rst larger series of these lesions by 
Bahadori and Liebow  [  82  ]  describing 40 cases. Since then 
this tumor has been reported under a variety of different 
names (“in fl ammatory myo fi broblastic tumor,” 
“ fi broxanthoma,” “histiocytoma”) based on its histological 
variability  [  83–  85  ] . The lesions tend to form a spectrum of 
morphological patterns but are generally characterized by a 
proliferation of  fi broblasts and myo fi broblasts, plasma 
cells, lymphocytes, and histiocytes in varying numbers. At 
one end of the spectrum is the so-called  fi brohistiocytic 
variant in which  fi broblasts, myo fi broblasts, and histiocytes 
predominate. At the other end is a type almost completely 
composed of plasma cells, the so-called plasma cell vari-
ant. More fundamental than nomenclature, however, is the 
question of the pathogenesis of these lesions. Initially, 
in fl ammatory pseudotumor was thought to be a reactive 
postin fl ammatory, infectious, or immunologic process 
 [  82,   85–  88  ] , a fact later supported by the  fi nding that the 
plasma cells are polyclonal in nature by kappa and lambda 
immunostaining  [  89  ] . However, more recently cytogenetic 
studies have demonstrated a clonal origin of these lesions 
 [  90,   91  ] . Since cases with recurrence and metastasis have 
been described, a true neoplastic origin is favored for these 
lesions  [  92,   93  ] . 

   Clinical Features 

 In fl ammatory pseudotumor occurs in patients with a wide 
age range (less than 1 to more than 77 years) and a peak 
incidence in the third decade. The majority of patients are 
younger than 40 years of age  [  85  ] . In children, the inci-
dence of in fl ammatory pseudotumor is high, representing 
20 % of all pediatric primary lung tumors  [  94  ] . Generally, 
no signi fi cant difference in sex incidence is noted, although 
some reports mention slight male predominance  [  95  ] . The 
vast majority of patients (75 %) are asymptomatic at pre-
sentation, although some patients present with hemopty-
sis or abnormal laboratory tests like elevated serum 
immunoglobulin or ESR  [  85,   89,   96  ] . Most lesions are 
solitary “coin lesions” situated in the periphery of the 
lungs; extrapulmonary involvement of the bronchus, 
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mediastinum, pleura, or hilum can be seen in isolated 
cases  [  85,   95,   97,   98  ] .  

   Gross Features 

 The lesions are circumscribed but unencapsulated masses 
ranging in size from 1 to more than 10 cm. The lesions have 
a  fi rm gray-white cut surface with a whorled appearance. 
Central cavitation or cystic change is infrequently identi fi ed 
 [  85,   99  ] . Areas of calci fi cation may be present in up to 25 % 
of cases  [  85  ] .  

   Histological Features 

 Two distinct histological subtypes of in fl ammatory pseudotu-
mor have been described: the  fi brohistiocytic variant and the 
plasma cell type. The  fi brohistiocytic variant is characterized 
by a spindle cell proliferation growing in a storiform or fascicu-
lar pattern (Figs.  10.52 ,  10.53 , and  10.54 ). These spindle cells 
are admixed with an in fl ammatory cell in fi ltrate composed of 
plasma cells and lymphocytes (Figs.  10.55  and  10.56 ). The 
in fl ammatory cells may be present in variable numbers, rang-
ing from a sparse to prominent in fi ltrate. The spindle cells have 
elongated nuclei with blunted ends, inconspicuous nucleoli, 
and moderate amounts of eosinophilic cytoplasm (Fig.  10.57 ). 
Mitotic activity is usually inconspicuous and if present will not 
show atypical forms (Fig.  10.58 ). Another common feature is 
the presence of foamy macrophages or Touton-type giant cells 
in the periphery of the lesions (Figs.  10.59  and  10.60 ). Some 
cases may show a more loose arrangement of the spindle cells, 
a myxoid background and red blood cell extravasation reminis-
cent of the pattern seen in nodular fasciitis (Fig.  10.61 ).           

 As the name implies, the plasma cell variant is character-
ized by a nodular proliferation of plasma cells (Figs.  10.62 , 
 10.63 , and  10.64 ). Smaller numbers of  fi brohistiocytic spin-
dle cells may be intermixed with the in fl ammatory cells. The 
plasma cells may contain prominent Russell bodies 
(Fig.  10.65 ), and areas of sparsely cellular collagen or 
hyalinized stroma may be seen in this variant (Fig.  10.66 ). 
Mitotic activity is not usually identi fi ed in this subtype.      

 Both variants may show in fi ltration of adjacent anatomic 
structures as well as lymphoid follicles (Fig.  10.67 ), choles-
terol clefts (Fig.  10.68 ), and areas of sclerosis, calci fi cation 
(Fig.  10.69 ), or ossi fi cation (Fig.  10.70 ).      

   Immunohistochemical and Molecular Features 

 In the  fi brohistiocytic variant, the spindle cells show immu-
noreactivity for smooth muscle actin and vimentin and are 

negative for pancytokeratin, EMA, and S100 protein 
 [  85,   100  ] . More recently, anaplastic lymphoma kinase 1 
(ALK-1) has been reported to be expressed immunohis-
tochemically by up to 40 % of cases  [  101–  106  ] . Corresponding 
to this, a range of ALK-1-associated translocations have 
been identi fi ed in these tumors  [  102,   103,   107–  112  ] . Some 
authors have implicated human herpes virus 8 (HHV8) to be 
associated with these tumors, but this hypothesis has been 
refuted by others  [  104,   105,   113  ] . 

 In the plasma cell variant, the plasma cells show a poly-
clonal pattern with kappa and lambda light chain stains. 
More recently, IgG4 positive plasma cells were found to be 
abundant in pulmonary in fl ammatory pseudotumor, raising 
the possibility of a link with IgG4 disease  [  114  ] .  

  Fig. 10.52    Endobronchial component of in fl ammatory pseudotumor       

  Fig. 10.53    Low-power view of  fi brohistiocytic variant of in fl ammatory 
pseudotumor       
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  Fig. 10.54    The  fi brohistiocytic variant of in fl ammatory pseudotumor 
is characterized by a proliferation of spindle cells       

  Fig. 10.55    Storiform growth pattern in  fi brohistiocytic variant of 
in fl ammatory pseudotumor       

  Fig. 10.56    Bland spindle cells mixed with scattered in fl ammatory 
cells are typical for the  fi brohistiocytic variant of in fl ammatory 
pseudotumor       

  Fig. 10.57    Spindle cells with blunt elongated nuclei and eosinophilic 
cytoplasm in the  fi brohistiocytic variant of in fl ammatory pseudotumor       

  Fig. 10.58    Occasional mitotic  fi gures can be seen in in fl ammatory 
pseudotumor of the lung       

  Fig. 10.59    Foamy macrophages are a typical  fi nding in in fl ammatory 
pseudotumor of the lung       
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  Fig. 10.60    In fl ammatory pseudotumor of the lung containing scat-
tered Touton-type giant cells       

  Fig. 10.61    Nodular fasciitis-like pattern in in fl ammatory pseudotumor 
of the lung characterized by loose spindle cells, myxoid stroma, and 
extravasated red blood cells       

  Fig. 10.62    Low-power view of the plasma cell variant of in fl ammatory 
pseudotumor       

  Fig. 10.63    Intermediate power view of plasma cell variant of in fl ammatory 
pseudotumor showing a sheet-like proliferation of plasma cells       

  Fig. 10.64    Plasma cells in fi ltrating between normal bronchial struc-
tures in in fl ammatory pseudotumor       

  Fig. 10.65    Russell bodies can be identi fi ed in some areas of the plasma 
cell variant of pulmonary in fl ammatory pseudotumor       
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   Differential Diagnosis 

 The differential diagnosis for in fl ammatory pseudotumor 
largely depends on the histological subtype. In cases of the 
 fi brohistiocytic variant, other spindle cell neoplasms enter 
the differential diagnosis. Among these, sarcomatoid carci-
noma or pleomorphic sarcoma, are entities that must be ruled 
out. Both of these tumors will demonstrate more severe cyto-
logic atypia and an increased mitotic count including atypi-
cal mitotic  fi gures. In cases of spindle cell carcinoma, 
immunohistochemical stains for cytokeratin may be used to 
facilitate the diagnosis  [  100  ] . 

 The plasma cell variant may be confused with an 
in fl ammatory reaction or infectious process or a malignant 
proliferation of plasma cells (plasmacytoma). In an  infectious 
process, the use of histochemical stains or  microbiological 

investigations may lead to the correct diagnosis. In plasma-
cytoma, the plasma cells would usually show light chain 
restriction con fi rming the presence of a clonal cell 
population.  

   Treatment and Prognosis 

 Complete surgical resection is the treatment of choice for 
pulmonary in fl ammatory pseudotumors. Although wedge 
resection is usually suf fi cient for peripherally located lesions, 
some lesions require a more extensive surgical approach 
(lobectomy or pneumonectomy) depending on location and 
degree of invasiveness. Incompletely resected cases have a 
tendency to recur, and in those instances, re-resection is 
advised. Metastasis from a pulmonary in fl ammatory 

  Fig. 10.66    Stromal hyalinization in the plasma cell variant of 
in fl ammatory pseudotumor       

  Fig. 10.67    Lymphoid follicles with germinal centers are a common 
 fi nding in in fl ammatory pseudotumors of the lung       

  Fig. 10.68    Cholesterol cleft formation in in fl ammatory pseudotumor 
of the lung       

  Fig. 10.69    Areas of calci fi cation can occasionally be identi fi ed in 
in fl ammatory pseudotumor       
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 pseudotumor is a rare event, and metastatic sites are usually 
the opposite lung and the brain  [  90,   93,   115,   116  ] . 
Interestingly, the lesions that metastasize tend to be ALK-1 
negative by immunohistochemistry  [  93  ] . Overall 5-year sur-
vival is reported to be around 91 %  [  117  ] .       
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         Introduction 

 Primary malignant lymphomas of the lung are traditionally 
de fi ned as lymphomas presenting as pulmonary lesions, 
affecting one or both lungs, in a patient with no evidence 
of lymphoma elsewhere in the past, at present, or for 3 
months after presentation  [  1  ] . Primary pulmonary lympho-
mas are rare and represent only 0.4 % of all malignant lym-
phomas, 3.6 % of extranodal lymphomas  [  2  ] , and only 
0.5 % of all primary neoplasms of the lung  [  3  ] . By con-
trast, secondary involvement of the lung in patients with 
systemic lymphoma is common and occurs by hematoge-
nous dissemination and/or by contiguous invasion from a 
nodal or mediastinal lymphoma. It is important to recog-
nize that the assessment between primary and secondary 
lymphomas is impossible to make on histologic grounds 
alone, because both processes share similar  histopathologic 
and immunophenotypic features. 

 Most of the lymphomas involving the lung are B-cell neo-
plasms. About 80 % of the primary lung lymphomas are 
extranodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue (MALT lymphomas), often in the past con-
sidered as “pseudotumors” because of its indolent clinical 
course. The second most frequent lymphoma of the lung is 
diffuse large B-cell lymphoma (DLBCL) (~20 %); some of 
them representing large cell transformation of a previous 
MALT lymphoma. Other types of B-cell lymphomas are dis-
tinctly uncommon. Lymphomatoid granulomatosis and intra-
vascular large cell lymphoma (IVLBCL) are rare B-cell 
lymphomas that characteristically involve the lung. Very rare 
cases of primary lung plasmacytoma and primary lung clas-
sical Hodgkin’s lymphoma (HL) have been described. 
Follicular lymphoma, chronic lymphocytic leukemia/small 

lymphocytic lymphoma, mantle cell lymphoma, and 
 lymphoplasmacytic lymphoma may involve the lung but they 
represent, in virtually all the cases, secondary involvement 
by a systemic lymphoma. 

 Primary T- and NK-cell lymphomas seem to present very 
rarely as primary tumors in the lung. Peripheral T-cell lym-
phomas, NOS, and anaplastic large cell lymphoma (ALCL) 
are T-cell lymphomas that may present with predominant 
lung involvement  [  4,   5  ] . Mycosis fungoides frequently 
involves the lung after visceral and systemic dissemination 
(the lung is the second most involved extracutaneous site 
after lymph nodes). Angioimmunoblastic T-cell lymphoma 
is another systemic T-cell lymphoma that frequently involves 
the lungs. 

 Secondary involvement of the pleura in patients with sys-
temic lymphoma is very common. However, primary pleural 
lymphomas are rare. Two distinct clinicopathologic malig-
nancies will be reviewed at the end of this chapter: primary 
effusion lymphomas (PEL) and DLBCL associated with 
chronic in fl ammation, also known as pyothorax-associated 
lymphoma (PAL). PEL are seen in human immunode fi ciency 
virus (HIV) patients and associated with infection by human 
herpes virus 8 (HHV-8).  

   B-Cell Lymphomas 

   Extranodal Marginal Zone Lymphoma: 
MALT Lymphoma 

 Extranodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue, also known as MALT lymphoma, arises in 
extranodal sites and is the most frequent lymphoma involv-
ing the lung (80 % of the all primary lung lymphomas). Other 
common sites are stomach, skin, ocular adnexa, salivary 
glands, and thyroid gland, but virtually any extranodal site 
can be involved  [  6  ] . 

 MALT lymphoma is the prototype for antigen-driven 
B-cell lymphoma. Most extranodal sites involved by MALT 
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lymphoma such as stomach, salivary gland, lung, thyroid, 
and ocular adnexa normally lack lymphoid tissue. Chronic 
antigenic stimulation results in these sites acquiring lym-
phoid tissue, within which MALT lymphomas can arise. 
Antigens involved in lymphomagenesis result from either 
chronic infection (e.g.,  Helicobacter pylori  in stomach, 
 Borrelia burgdorferi  in skin,  Chlamydophila psittaci  in con-
junctiva) or autoimmune diseases (e.g., Hashimoto thyroidi-
tis in thyroid, Sjogren’s syndrome in salivary glands). Lung 
MALT lymphomas are thought to be a consequence of long-
term exposure to a variety of antigenic stimuli—including 
smoking, in fl ammatory disorders, or autoimmune diseases. 
Acquired MALT (also named in the lung as BALT for bron-
chus-associated lymphoid tissue) is not present in normal 
lung. Acquired MALT/BALT has been found more common 
in smokers than in nonsmokers, and there is experimental 
evidence that rats exposed to cigarette smoke have enlarged 
BALT  [  7,   8  ] . BALT has also been identi fi ed in fetal and neo-
natal lung from infants with pulmonary infections of an 
undetermined nature  [  9  ] . Patients with interstitial lung dis-
eases, rheumatoid arthritis, Sjogren’s syndrome, and sys-
temic sclerosis have inducible BALT (condition also named 
follicular bronchiolitis)  [  10,   11  ] . 

 BALT consists of B-cell lymphoid follicles containing 
follicular dendritic cell networks and germinal center B- and 
T-cells. T-cells also surround the lymphoid follicles and may 
form distinct interfollicular zones  [  12,   13  ] . It is believed that 
some degree of lymphoid hyperplasia is a necessary precon-
dition to the development of MALT lymphoma and explains 
the  fi nding of reactive germinal centers in MALT lympho-
mas. This single observation had also led to erroneous diag-
noses of MALT lymphomas as “pseudolymphomas” for 
many years  [  14,   15  ] . 

   Clinical and Radiological Features 
 Patients range in age from the second to the ninth decades, 
with an average of 60 years  [  16  ] . The incidence in men and 
women is approximately equal. Up to 40–50 % of the patients 
have radiological abnormalities without respiratory or B-cell 
symptoms. Dry cough and mild dyspnea are the most fre-
quent respiratory symptoms  [  17  ] . Chest X-ray may show a 
small mass, usually less than 5 cm, with blurred or well-
de fi ned contours frequently associated with air bronchogram 
 [  18–  20  ] . Computed tomography (CT) scan, which is more 
sensitive than standard chest X-rays, usually shows bron-
chocentric lesions that usually are bilateral (up to 70 %) and 
multiple (up to 80 % of the cases)  [  21,   22  ] . A solitary nodule 
is seen in less than 10 % of the cases  [  17  ] . Less than 10 % of 
the patients present with diffuse reticulonodular opacities, 
atelectasis, or pleural effusion  [  21,   22  ] . Necrosis and hemor-
rhage are not seen. An 18F-2- fl uoro-2-deoxy- d -glucose 
(FDG) positron emission tomography (PET) scan usually 
shows mild uptake in most of the cases  [  17  ] . Up to 35 % of 

the patients have concomitant involvement of other extran-
odal sites (extrapulmonary lymphoma)  [  17,   23,   24  ] . 
Systematic gastric endoscopy biopsies in patients with pul-
monary MALT lymphomas show gastric lymphoma in ~40 % 
of the patients. Approximately, 20 % of the patients have 
also bone marrow involvement  [  17,   24  ] .  

   Histopathologic Features 
 Three histological  fi ndings are usually present in MALT 
lymphomas: a tumor population of small- to medium-sized 
lymphoma cells, lymphoepithelial lesions, and reactive lym-
phoid follicles. At low magni fi cation, the neoplasm may 
have different growth patterns. The neoplasm may present as 
a dense and relatively monotonous lymphoid in fi ltrate that 
effaces and destroys the lung architecture and consolidates 
the air spaces (Fig.  11.1 ). It can also present as small multi-
ple scattered nodules or may manifest as ill-de fi ned in fi ltrates 
along bronchovascular bundles and interlobular septa. In 
some cases, the neoplasm may also resemble nodular lym-
phoid hyperplasia. One striking low-magni fi cation feature is 
the presence of lymphoid follicles with reactive germinal 
centers. In the early stages of disease, the tumor cells in fi ltrate 
around reactive B-cell follicles, external to a preserved man-
tle zone, in a marginal zone distribution; however, eventually 
the tumor cells overrun some or most of the follicles (follicu-
lar colonization). Follicular colonization may result in a 
vaguely nodular pattern of the neoplasm. Invasion of the 
bronchial cartilage and visceral pleura can also be seen 
(Fig.  11.2 ). Hyaline sclerosis and/or hyalinized small vessels 
are frequently seen. Amyloid deposition can be seen; this 
seems to be more frequent in MALT lymphomas involving 
the lung than in those involving other sites.   

  Fig. 11.1    Primary lung MALT lymphoma. The neoplastic lymphoid 
in fi ltrate forms a mass lesion that effaces the lung architecture and con-
solidates the airspaces       
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 The most characteristic tumor cells are small- to 
medium-sized with slightly irregular nuclei and inconspic-
uous nucleoli, resembling centrocytes, (Fig.  11.3 ). Isaacson 
designated these cells as “centrocyte-like” because their 
resemblance to germinal center centrocytes (small cleaved 
cells). The accumulation of more pale-staining cytoplasm 
may lead to a monocytoid appearance of the lymphoma 
cells. Scattered large cells resembling centroblasts or 
immunoblasts are usually present, but they do not form 
con fl uent clusters or sheets. If solid or sheet-like prolifera-
tions of these large lymphoid cells are present, the pres-
ence of a DLBCL component should be mentioned. This 
large cell transformation may or may not result in com-
plete overgrowth of the preceding MALT lymphoma. 
Plasma cell differentiation is common (Fig.  11.4 ), and the 

plasmacytoid lymphocytes may have Russell (eosinophilic 
cytoplasmic inclusions) or Dutcher bodies (eosinophilic 
intranuclear pseudoinclusions of cytoplasm). The presence 
of frequent Dutcher bodies appears to correlate more often 
with malignant than reactive processes. As seen in other 
MALT lymphomas involving other sites, the plasmacytic 
cells may be compartmentalized beneath the bronchiolar 
epithelium.   

 The neoplastic cells of MALT lymphoma have a marked 
tendency to invade mucosal epithelium, usually forming 
lymphoepithelial lesions, each seen as a cluster of cells 
within the bronchiolar epithelium (Fig.  11.5 ). However, in 
neoplasms with extensive lung involvement, lymphoepithe-
lial lesions may be dif fi cult to recognize because most of the 
bronchiolar epithelium is destroyed. In those cases, 

  Fig. 11.2    MALT lymphoma invading the visceral pleura. The tumor 
cells are small in size. Note the presence of hyalinization of some of the 
vessel walls. The pleura shows mild mesothelial hyperplasia       

  Fig. 11.3    MALT lymphoma involving the lung. The tumor cells are 
predominantly small with scant cytoplasm. Occasional tumor cells with 
irregular-shaped nuclei are also noted       

  Fig. 11.4    MALT lymphoma involving the lung with marked plasmacytic 
differentiation. Scattered centroblasts and immunoblasts are also seen       

  Fig. 11.5    MALT lymphoma involving the lung. Note the presence of 
numerous lymphoepithelial lesions associated with destruction of the 
bronchiolar epithelium       
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 immunostains for keratin can be helpful in identifying 
 residual epithelium surrounded by tumor cells (Fig.  11.6 ).   

 Secondary morphologic  fi ndings that can be seen in pul-
monary MALT lymphomas include foci of organizing pneu-
monia, multinucleated giant cells, sarcoid-like granulomas, 
and cholesterol cleft granulomas.  

   Immunohistochemical Features 
 The tumor cells are B-cells positive for common pan B-cell 
markers (CD19, CD20, CD22, and CD79a), PAX-5, BCL-
2, and CD45/LCA, and usually are negative for CD5, 
CD10, CD23, and IgD (Figs.  11.7  and  11.8 ). Few cases can 
be positive for CD5. CD43 expression by the B-cells is 
indicative of a neoplastic phenotype and is found in ~50 % 
of cases. A signi fi cant intratumoral population of CD3+, 

predominantly CD4+ T cells is characteristic (Fig.  11.9 ). 
Follicular colonization is not always apparent on H&E 
stains, but it is easily demonstrated with immunostains for 
follicular dendritic cells (Fig.  11.10 ) such as CD21, CD23, 
or CD35, or with immunostains for follicular germinal 
center B-cells such as CD10 or BCL-6 (follicular germinal 
center B-cells will be positive for CD10 and BCL-6 and 
negative for BCL-2). The demonstration of immunoglobu-
lin (Ig) light chain restriction using antibodies (Fig.  11.11 ) 
or by in situ hybridization assays is important in the dif-
ferential diagnosis with benign lymphoid in fi ltrates, in par-
ticular for those cases resembling nodular lymphoid 
hyperplasia. In MALT lymphomas, the tumor proliferation 
index, as measured by MIB-1 (Ki-67), is usually low 
(Fig.  11.12 ).        

  Fig. 11.6    The presence of lymphoepithelial lesions is easily demon-
strated using immunostains against cytokeratins       

  Fig. 11.7    The CD20 immunohistochemical stain highlights numerous 
B-cells in this case of MALT lymphoma involving the lung. 
A  perivascular distribution of the B-cells is noted       

  Fig. 11.8    MALT lymphoma involving the lung. A CD20 immunostain 
highlights the presence of lymphoepithelial lesions       

  Fig. 11.9    MALT lymphoma involving the lung. Numerous small 
CD3+ T-cells are present. This is a characteristic feature of MALT 
lymphomas       
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   Genetics and Molecular Findings 
 Molecular studies typically reveal  Ig  heavy and light chain 
gene rearrangements. The presence of ongoing mutations 
has been reported indicating direct antigenic stimulation of 
the neoplastic clone, resulting in clonal evolution  [  25  ] . 
Because of the dif fi culty in distinguishing between acquired 
benign MALT and low-grade MALT lymphoma, particularly 
in small endoscopic biopsy specimens, there has been a 
 tendency to rely on molecular evidence of monoclonality 
detected by polymerase chain reaction (PCR) for the diagno-
sis of lymphoma. However, it is important to know that this 
technique may fail to detect monoclonality (false-negative 
results) in up to 40 % of cases of overt lymphoma and vice 
versa; monoclonality may be detected by PCR in 

 nonneoplastic conditions (false positive results). The rela-
tively high percentage of false-negative rate is attributable to 
the frequent presence of somatic mutations of the  IgH  vari-
able (V) region genes in this lymphoma type that may disturb 
the annealing of the primers with the V region  [  26  ] . In addi-
tion, small monoclonal B-cell populations may be present in 
lesions that histologically and immunohistochemically do 
not meet the criteria for a malignant process. These  fi ndings 
emphasize that the diagnosis of MALT lymphoma should 
not rely exclusively in the clonality studies by PCR. 

 Chromosomal translocations, usually resulting in onco-
gene activation, occur in many types of lymphoma, and their 
detection is helpful for establishing the diagnosis of lym-
phoma and monitoring the disease after therapy. In MALT 
lymphomas, a total of 10 chromosomal translocations have 
been reported, of which four are well characterized and 
implicated in pathogenesis, with six more recently described 
and variably de fi ned  [  6,   27  ] . The most common is t(11;18)
(q21;q21), which is identi fi ed in up to one-third of cases, and 
results in a chimeric  api2-malt1  gene. The t(14,18)
(q32;q21)/ IgH-malt1 , t(3,14)(p14.1;q32)/ IgH-foxp1 , and 
t(1,14)(p22;q32)/ IgH-bcl10  have been identi fi ed in approxi-
mately 10–20, 10, and 1–2 % of MALT lymphomas, respec-
tively, and result in overexpression of  malt1 ,  foxp1 , and  bcl10  
genes. These translocations are mutually exclusive in an 
individual MALT lymphoma and correlate with site of dis-
ease  [  28  ] . MALT lymphomas associated with t(11;18) arise 
most often in the lung (40 %) and stomach (30 %). In con-
trast, MALT lymphomas associated with t(14;18) arise com-
monly in skin, ocular adnexa, salivary glands, and liver. 
MALT lymphomas associated with t(3;14) tend to occur in 
the thyroid gland, skin, and the ocular adnexa, while MALT 

  Fig. 11.10    MALT lymphoma involving the lung. Residual networks 
of follicular dendritic cells are frequently seen using markers such as 
CD23. They indicate the presence of follicular colonization by the 
tumor cells and support the diagnosis of MALT lymphoma       

  Fig. 11.11    A monotypic population of plasma cells and lymphoplas-
macytoid B-cells, in this case kappa light chain restricted, is frequently 
demonstrated in MALT lymphomas       

  Fig. 11.12    Primary lung MALT lymphomas usually show a low pro-
liferation index (less than 10 %) as detected using the immunomarker 
MIB1 (Ki-67). Note the presence of small clusters of positive cells, 
indicating the presence of residual nonneoplastic germinal center cells 
of almost completed colonized germinal centers       
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lymphomas associated with t(1;14) may have a predilection 
for the intestines. The heterogeneity of MALT lymphomas, 
in their site of origin, associated diseases, and translocations, 
suggests that MALT lymphoma is actually a number of dif-
ferent, but related, diseases. The t(11;18) can be detected in 
paraf fi n-embedded tissue by reverse transcription PCR and 
by  fl uorescence in situ hybridization (FISH).  

   Differential Diagnosis 
 The distinction between a reactive lymphoid in fi ltrate and 
MALT lymphoma can be dif fi cult in particular with cases of 
follicular bronchiolitis, nodular hyperplasia of the bronchial 
lymphoid tissue, and lymphocytic interstitial pneumonitis 
(LIP) (Fig.  11.13 )  [  29  ] . In general, the larger the in fi ltrate, 
the greater the likelihood of lymphoma. Clear evidence of 
cytological atypia, lymphoplasmacytoid cells, and Dutcher 
bodies, if numerous, support lymphoma. Areas of cartilage 
invasion and plaque-like invasion of the pleura also support 
lymphoma. A relatively monotonous lymphoid population is 
also more likely to be lymphoma. The interstitial in fi ltrate in 
LIP consists predominantly of T-cells  [  30  ] .  

 However, this distinction may be not possible in some 
cases without ancillary studies in particular in cases of nodu-
lar lymphoid hyperplasia. Coexpression of CD43 by the 
B-cells is a useful hint that the B-cell population is neoplas-
tic. MALT lymphoma is also generally accepted if a mono-
typic B-cell (lymphoplasmacytoid) or plasma cell population 
is detected using immunophenotypic or in situ hybridization 
methods. However, as previously mentioned, the presence of 
monoclonal  Ig  gene rearrangements without immunopheno-
typic evidence of clonality is more controversial  [  31,   32  ] . 

 It is also important to differentiate MALT lymphoma 
from the other small B-cell lymphomas that may present or 
involve the lungs. These include mantle cell lymphoma, 
chronic lymphocytic leukemia/small lymphocytic lym-
phoma, follicular lymphoma, and lymphoplasmacytic lym-
phoma. Classical mantle cell lymphoma may show diffuse or 
vaguely nodular patterns and is composed of small- to 
medium-sized lymphoid cells with slightly irregular nuclear 
contours resembling centrocytes as MALT lymphoma. 
However, the tumor cells in mantle cell lymphoma are posi-
tive for CD5, IgD, and cyclin D1—a consequence of the 
translocation t(11;14). Chronic lymphocytic leukemia/small 
lymphocytic lymphoma is composed of a relatively mono-
morphic population of small and round lymphocytes and 
may show, at low power, characteristic pale areas corre-
sponding to proliferation centers that are diagnostic of this 
lymphoma type. Expression of CD5, CD23, and IgD without 
cyclin D1 provides further distinction from MALT lym-
phoma. Follicular lymphoma, which can arise extranodally, 
can be dif fi cult to distinguish from MALT lymphoma with 

follicular colonization. The tumor cells in follicular lym-
phoma are positive for germinal center cell markers such as 
CD10, BCL-6, and LMO2 and are negative for CD5 and 
CD43. The presence of reactive germinal centers and a mar-
ginal zone growth pattern with lymphoepithelial lesions will 
help in distinguish MALT lymphomas with plasmacytic dif-
ferentiation from lymphoplasmacytic lymphoma and pri-
mary lung plasmacytoma.  

   Treatment and Prognosis 
 MALT lymphomas are among the most indolent of all lym-
phomas and have a good prognosis, regardless of clinical 
stage. The outcome is favorable with a 5-year survival rate of 
>80 % and a median survival time of >10 years  [  17  ] . In the 
largest series of pulmonary MALT lymphoma (63 cases), 
Borie and associates  [  17  ]  found that 44 % of patients had a 
disseminated disease at diagnosis, which appears greater 
than the 10–34 % previously published in nongastric MALT 
lymphomas  [  24,   33,   34  ] . However, extrapulmonary location 
of lymphoma was not a prognostic factor of overall survival 
or for progression-free survival. Transformation to DLBCL 
results in a signi fi cantly lower survival of approximately 
50 % at 5 years. 

 Current treatment options are surgery, chemotherapy, and 
radiotherapy as well as “watch and wait” (abstention from 
therapy). The management of these lymphomas has not been 
clearly determined. Surgical resection is commonly preferred 
for localized tumors. Chemo- and immunotherapy is gener-
ally used for patients with bilateral and extensive extrapul-
monary involvement, relapse, or tumor progression.   

  Fig. 11.13    High-power view of diffuse hyperplasia of the bronchus-
associated lymphoid tissue (BAL, lymphoid interstitial pneumonia) 
showing small lymphoid follicles with reactive germinal centers and an 
interstitial lymphoid in fi ltrate composed of T-cells as demonstrated by 
immunohistochemistry (not shown)       
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   Diffuse Large B-Cell Lymphoma 

 Diffuse large B-cell lymphoma (DLBCL) is the next most 
common type of primary pulmonary lymphoma, accounting 
for approximately 10–30 % of cases  [  5,   35  ] . Some of these 
lymphomas may arise from the transformation of a previous 
MALT lymphoma (50 % of the cases) or occur in individuals 
with an underlying immunode fi ciency disorder (HIV, organ 
transplantation, etc.)  [  35,   36  ] . However, most of the DLBCLs 
involving lung and/or pleura represent a manifestation of 
systemic disease, and most of the patients have evidence of 
involvement of other anatomic sites at the same time. 

   Clinical and Radiological Features 
 Most patients are adults, but there is a wide range of age, 
including children. Excluding HIV-infected patients, mean 
age at onset is ~60 years  [  20,   37–  39  ] . In contrast to patients 
with MALT lymphomas, most patients with DLBCL present 
with shortness of breath, fever, chest pain, weight loss, and 
hemoptysis, as well as paraneoplastic syndromes. Up to 
40 % of the patients may be asymptomatic  [  35  ] . 

 Chest X-rays reveal solitary nodules and in fi ltrates that 
may involve one or more lobes, mass or masses, and consoli-
dations  [  5,   35  ] . Cavitation and pleural effusions are com-
monly seen. Regional lymph nodes are frequently enlarged.  

   Histopathologic Features 
 Morphologically these lymphomas are identical to the 
nodal DLBCL. The diagnosis is based on the presence of a 
diffuse proliferation of large- or medium-sized lymphoid 
cells (nuclear size greater than or equal to that of a histio-
cyte nucleus or more than twice the size of a small 

 lymphocyte) that diffusely efface the lung architecture 
(Figs.  11.14  and  11.15 ).   

 DLBCL can have centroblastic and/or immunoblastic 
cytologic features (Fig.  11.16 ). By de fi nition, in the centro-
blastic variant at least 10 % of the cells are centroblasts (2–3 
nucleoli with 1 central and 1 or 2 apposed to the nuclear 
membrane), and in the immunoblastic variant, immunoblasts 
(centrally located nucleolus and moderate basophilic cyto-
plasm) must be >90 % of all cells. The immunoblasts may 
exhibit plasmacytoid features, with eccentrically located 
nuclei and a paranuclear hof. Some studies identi fi ed the 
immunoblastic variant as being more clinically aggressive 
than centroblastic variant. Nonetheless, the lymphoma cells 

  Fig. 11.14    Low-power view of a DLBCL involving the lung. The neo-
plasm has a diffuse growth pattern and effaces the lung architecture. 
Focal areas of necrosis are seen       

  Fig. 11.15    CT-guided 20-gauge core needle biopsy specimen showing 
DLBCL involving the lung. The neoplasm is diffuse and effaces the 
lunch architecture       

  Fig. 11.16    High-power view of an open lung biopsy showing DLBCL. 
The neoplasm is composed of intermediate to large atypical lymphoid 
cells with features of immunoblasts and centroblasts       
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may not conform to these classic cell types, exhibiting hybrid 
features of centroblasts and immunoblasts and frequently is 
dif fi cult to decide whether a lymphoma cell is a centroblast 
or an immunoblast (Fig.  11.17 ). The anaplastic variant com-
prises cells with bizarre pleomorphic nuclei, often with 
multinucleated forms (Fig.  11.18 ). In this variant, the tumor 
cells may form deceptively cohesive nodules mimicking 
 carcinoma, and some of the tumor cells can express CD30.    

 In DLBCL, there can be a variable number of reactive 
cells, such as small lymphocytes, plasma cells, and histio-
cytes. There may be a “starry sky” appearance imparted by 
interspersed histiocytes with phagocytosed cell debris. 
Sclerosis and necrosis may be present. As mentioned before, 
an underlying MALT lymphoma may be recognized in a 
 subset of cases.  

   Immunohistochemical Features 
 The tumor cells are B-cells positive for common pan B-cell 
markers (CD19, CD20, CD22, and CD79a), PAX-5, and 
CD45/LCA (Fig.  11.19a, b ). CD10 and BCL-6 are expressed 
in variable proportion of cases. Cases with plasmacytoid dif-
ferentiation usually have dim expression of CD20 and 
expression of MUM1/IRF-4. The proliferation fraction, as 
detected by MIB-1 antibody (Ki-67), is usually high (usually 
more than 30 %). The tumor cells are usually negative for 
T-cell antigens, although CD3 can be very rarely coex-
pressed. Association with Epstein-Barr virus (EBV) is 
uncommon in nonimmunocompromised patients.   

   Genetics and Molecular Findings 
 Molecular studies typically reveal  Ig  heavy- and light-chain 
gene rearrangements and germ line T-cell receptor genes. 
Approximately, 20 % of cases show  bcl-2  rearrangements 
due to the t(14;18)(q32;q21) and 30 % show  bcl-6  (at 3q27) 

  Fig. 11.17    High-power view of a CT-guided 20-gauge core needle 
lung biopsy specimen showing DLBCL. The tumor cells are intermedi-
ate to large, some with irregular nuclear contours and frequent mitoses       

  Fig. 11.18    High-power view of a DLBCL anaplastic variant involving 
the lung. Note the presence of pleomorphic multinucleated neoplastic 
cells with irregular nuclei contours       

a

b

  Fig. 11.19    Primary DLBCL involving the lung. The tumor cells are 
uniform and strongly positive for ( a ) CD20 and ( b ) PAX-5. PAX-5 is 
particularly useful to demonstrate a B-cell phenotype in relapsed tumors 
in patients previously treated with rituximab       
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gene rearrangements  [  40–  42  ] . Chromosomal translocations 
involving  myc  (at 8q24), a molecular hallmark of Burkitt’s 
lymphoma, are reported up to 10 % of DLBCL, more fre-
quently in HIV-infected patients  [  43–  45  ] . Gene rearrange-
ments of  myc  frequently occur as part of complex genetic 
alterations and indicate clonal evolution  [  46  ] . Approximately 
20 % of cases with  myc  gene rearrangements are associated 
with the presence of translocation involving  bcl-2  and/or 
 bcl-6 . These “double- or triple-hit lymphomas” can be 
de novo or follow follicular lymphoma. These lymphomas 
usually have a high proliferation rate, blastic appearance, 
systemic involvement (including peripheral blood, leukemic 
expression), and a very poor prognosis with poor response to 
current chemotherapy protocols  [  47  ] .  

   Differential Diagnosis 
 Undifferentiated primary or metastatic carcinomas are 
important differential diagnoses. The use of a broad panel of 
immunohistochemical studies, including keratins, epithelial 
membrane antigen (EMA), CD45/LCA, and CD20, should 
help to obtain an accurate diagnosis. However, rare DLBCL 
can be focally positive for EMA and/or keratins; in particu-
lar, cases of DLBCL with plasmacytic differentiation may 
have weak and focal positivity for keratins  [  48  ] . 

 T-cell lymphomas comprising large neoplastic lymphoid 
cells may be morphologically indistinguishable from 
DLBCL, but the distinction can be easily made by immuno-
histochemistry or  fl ow cytometry immunophenotyping. 

 Burkitt’s lymphoma (BL) is an important differential 
diagnosis with therapeutic implications. In BL, the tumor 
cells are intermediate in size with squared-off cytoplasmic 
borders and multiple (2–4) nucleoli. In addition, BL has 
characteristic immunophenotypic and genetic features; the 
tumor cells are positive for CD10, CD20, BCL-6 (uniform 
and strong), and Ki-67 (virtually 100 % of the tumor cells) 
and are negative for BCL-2. Chromosomal translocations 
involving  myc  gene are detected in most of the cases. A new 
diagnostic category recognized by the 2008 World Health 
Organization (WHO) lymphoma classi fi cation is B-cell lym-
phoma, unclassi fi able, with features intermediate between 
DLBCL and BL. In this neoplasm, the tumor cells have mor-
phologic and/or immunophenotypic features that are atypical 
for BL (Fig.  11.20 ). Other B-cell lymphoma that can be con-
fused with DLBCL is the pleomorphic variant of mantle cell 
lymphoma (Fig.  11.21 ). In this lymphoma, the tumor cells 
are positive for CD5 and cyclin D1.    

   Treatment and Prognosis 
 The 5-year overall survival for patients with DLBCL is 
40–70 %, depending on prognostic factors present at diagnosis. 
The prognosis and evolution are the same as for DLBCL 
involving other sites. The conventional treatment is R-CHOP 
(rituximab + cyclophosphamide, doxorubicin, vincristine, 

 prednisone). The addition of rituximab has improved overall 
survival by 20 % especially in elderly patients and those DLBCL 
positive for BCL-2  [  49  ] . Those “double- or triple-hit lympho-
mas” with translocations involving  myc  and  bcl-2  and/or  bcl-6  
have a rapidly progressive clinical course, refractory disease, 
and short survival (usually <1 year) despite aggressive therapy 
 [  47,   50  ] . Proper identi fi cation of these cases using ancillary 
studies is important. All the DLBCLs with high-grade feature 
(high proliferation rate, apoptosis/necrosis, and starry sky pat-
tern) are candidates for cytogenetic or FISH studies to assess 
the presence of  myc ,  bcl-2  and/or  bcl-6  gene rearrangements.   

  Fig. 11.20    High-power view of a B-cell lymphoma, unclassi fi ed with 
features intermediate between DLBCL and Burkitt’s lymphoma ( BL ). 
The neoplasm is composed of intermediate to large cells. The variabil-
ity in the nuclear size and the prominent nucleoli in numerous tumor 
cells are not typical features of BL. A starry sky pattern can be appreci-
ated (tingible body macrophages represent the “stars” in the starry sky 
pattern)       

  Fig. 11.21    High-power view of pleomorphic mantle cell lymphoma. 
Note the mixture of intermediate and large lymphoid cells with vesicu-
lar nuclear chromatin, numerous mitoses, and few tingible body mac-
rophages. The tumor cells were strongly positive for cyclin D1       
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   Lymphomatoid Granulomatosis 

 Lymphomatoid granulomatosis (LyG) is an extranodal EBV-
positive B-cell lymphoproliferative disorder that characteris-
tically presents with multifocal angiocentric and 
angiodestructive lesions and is composed predominantly of 
reactive T-cells and variable number of neoplastic EBV-
positive B-cells. 

 Our understanding of the pathogenesis of LyG has 
evolved since its  fi rst description in 1972 by Liebow and 
colleagues  [  51  ] , when it was unclear whether it was neo-
plastic or in fl ammatory in nature. In 1979, Katzenstein 
and associates  [  52  ]  published the largest series of patients 
with LyG to date, 152 cases, that highlighted several 
important clinicopathologic features of this disease, i.e., 
the prognosis of LyG inversely correlated with the num-
ber of large atypical lymphoid cells, the association 
between LyG and immunosuppression, and the absence of 
features of Wegener’s granulomatosis such as giant cells 
and palisading epitheliod cells. However, these authors 
did not solve the question of whether LyG is a variant of 
Wegener’s granulomatosis or whether it is a form of 
malignant lymphoma. Later, LyG was thought to be a 
form of T-cell lymphoma and considered part of the spec-
trum of angiocentric immunoproliferative lesions (AIL)/
angiocentric lymphomas (also known as polymorphic 
reticulosis, midline malignant reticulosis) that are now 
recognized to be extranodal NK/T-cell lymphomas  [  53–
  55  ] . LyG was thought to be a T-cell lymphoma because of 
the predominance of CD4-positive helper cells, aggres-
sive clinical course, and the failure to detect B-cell gene 
rearrangements in these lesions  [  54  ] . The failure to detect 
B-cell gene rearrangements at that time could be explained 
by the use of less sensitive techniques (Southern blot) and 
also the scarcity of neoplastic cells within the lesions. 
Alternatively, in some LyG cases, the EBV-infected 
B-cells may be polyclonal  [  56  ] . 

 The nature of LyG has been largely resolved in more 
recent years. As initially suggested by Liebow and associ-
ates, LyG has been demonstrated to be associated with EBV 
 [  57  ] . Later, Guinee and associates, using in situ hybridiza-
tion, demonstrated the presence of EBV within B-cells and 
the presence of monoclonal  IgH  gene rearrangements by 
PCR analysis in a subset of cases  [  58  ] . This and other recent 
studies have helped to characterize LyG as a type of EBV-
positive B-cell lymphoproliferative disease with a prominent 
T-cell reaction and vasculitis with many similarities to post-
transplant lymphoproliferative disorder  [  58–  60  ] . 

   Clinical Features 
 LyG is a rare neoplasm, ~600 cases reported in the literature, 
most in the form of case reports and small series. Patients of 
all ages can be affected, although most cases occur in young 

adults (30–50 years). Children also can be affected. Males 
seem to be more susceptible than females (approximately 
2:1). No clear geographical or ethnic susceptibility has been 
found. There is no increase in Asians, in contrast to EBV+ 
T-cell and NK-cell lymphomas  [  61  ] . 

 LyG is a multisystem disease, and the lung is the most 
frequent organ involved, and virtually all patients will have 
pulmonary disease at some point during the course of the 
disease. Patients usually present with signs and symptoms 
related to the respiratory tract such as cough, dyspnea, and 
chest pain  [  51,   52  ] . Constitutional symptoms are common, 
including fever, malaise, weight loss, night sweats, arthral-
gias, myalgias, and gastrointestinal symptoms  [  62,   63  ] . Other 
organs involved in LyG include skin (second most frequent 
organ involved), kidneys, central nervous system (CNS), 
adrenal glands, and gastrointestinal tract. Lymphadenopathies 
and splenomegaly are uncommon  [  52  ] . Moreover, the pres-
ence of lymph node involvement should raise questions 
regarding the diagnosis. 

 The skin is the extrapulmonary organ most commonly 
involved in LyG, occurring in 25–50 % of the patients  [  52, 
  63  ] . Most of the patients (55 %) exhibit disseminated cuta-
neous nodules with or without ulceration, multiple papules, 
and or plaques frequently located on lower extremities, 
trunk, and head and neck  [  63  ] . Lesions are typically painless 
but may be pruritic. Cutaneous lesions are the initial mani-
festations of LyG in up to one-third of patients, and the skin 
is a common site of recurrence  [  52  ] . The central nervous 
system is involved in one-third of patients, and peripheral 
nerve involvement has been reported in 7 % of patients  [  52  ] . 
The most common radiological abnormalities, encountered 
in at least 50 % of the patients, are brain masses as well as 
multiple focal intraparenchymal lesions, which exhibit T2 
prolongation and commonly punctate and/or linear enhance-
ment  [  64,   65  ] . This type of enhancement has been shown 
that correlates with the histopathology  fi ndings of perivas-
cular and vascular wall in fi ltration as seen in LyG involving 
the CNS  [  64–  66  ] . 

 A striking clinical feature of LyG is the sparing of lym-
phoid tissues. Involvement of the spleen is seen in few 
patients and lymphadenopathies are unusual early in the 
disease course  [  52  ] . However, up to 25 % of patients 
develop DLBCL EBV positive and histologic progression 
may be associated with lymph node involvement. Usually, 
LyG does not involve bone marrow. Some patients may 
develop a hemophagocytic syndrome, secondary to sys-
temic EBV infection with fever, splenomegaly, adenopa-
thies, pancytopenia, and rapidly progressive course. 

 LyG is associated with both congenital and acquired 
immunode fi ciencies, such as those related to the X-linked 
lymphoproliferative syndrome, Wiskott-Aldrich syndrome, 
HIV infection, and after chemotherapy and/or organ 
 transplant. Even in patients who do not have a known 



329B-Cell Lymphomas

immunode fi ciency disorder, testing of the immune system 
may reveal abnormalities. This association between LyG and 
immunosuppression implicates abnormal immune system 
regulation in the context of an expanding EBV-infected 
B-cell population  [  58  ] .  

   Radiological Features 
 Imaging studies of the lung usually reveal multiple small to 
large nodules (80 % of the cases) (Fig.  11.22a, b ) with cavi-
tation in up to 25 %  [  62  ] . The tumors are most often bilateral 
and characteristically involve the middle and lower lung 
 fi elds  [  51,   52  ] . Several reports have described spontaneous 
regression of some of the nodules with growth of other nod-
ules in different sites  [  67,   68  ] . Cases presenting as interstitial 
pneumonitis have been also described  [  69,   70  ] .   

   Histopathologic Features 
 LyG is characterized by an angiocentric and angiodestruc-
tive polymorphic in fi ltrate of small lymphocytes, plasma 
cells, histiocytes, variable number of scattered large atypi-
cal cells, and necrosis (Figs.  11.23  and  11.24 ). The EBV+ 
B-cells, hallmark of LyG, vary in size and may resemble 
immunoblasts and Reed-Sternberg cells. Neutrophils, 
eosinophils, well-formed granulomas, and multinucleated 
giant cells are usually absent. The majority of the small 
lymphocytes are T-cells. Reactive lymphoid follicles are 
generally absent. The necrosis is infarct-like (coagulative) 

and appears to be due to both vascular occlusion by the 
lymphoid in fi ltrate or vascular necrosis mediated by EBV-
induced chemokines.    

   Immunohistochemical Features 
 The large atypical tumor cells are B-cells positive for com-
mon pan B-cell markers (CD19, CD20, CD22, and CD79a), 

a b  Fig. 11.22    ( a ) CT scan shows 
bilateral pulmonary masses that 
are larger and con fl uent in the 
right lung. A small left pleural 
effusion is also noted. The left 
lung masses are not shown in the 
 fi gure. ( b )    PET/CT scan of the 
same patient shows, in addition 
of the bilateral hypermetabolic 
pulmonary masses, a 3.5-cm left 
adrenal mass is also noted. 
Fluorodeoxyglucose uptake in 
the liver and spleen appears 
normal. There are no 
hypermetabolic abdominal 
lymph nodes       

  Fig. 11.23    Open lung biopsy of a 29-year-old man with pulmonary 
LyG grade 3. There are large areas of geographic necrosis as well as a 
dense lymphohistiocytic in fi ltrate. The in fi ltrate is diffuse in some areas 
but maintained an angiocentric pattern in others       
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PAX-5, and CD45/LCA (Fig.  11.25a ). They are usually 
 positive for CD30 but negative for CD15. LMP1 is usually 
positive. In situ hybridization for EBV-encoded RNA (EBER) 
is positive in a variable number of the large neoplastic 
B-cells. The number of EBV+ neoplastic B-cells varies 
among cases and correlated with the prognosis. The positiv-
ity for CD45/LCA and CD79a and negativity for CD15 is 
useful in excluding the diagnosis of classical HL. Small reac-
tive T-cells are numerous (Fig.  11.25b ). Plasma cells are 
variable in number and usually polyclonal, but rare cases 
with monotypic, light chain-restricted plasma cells have been 
described  [  56  ] .   

   Grading 
 This neoplasm is graded on the basis of the number of EBER 
positive B-cells and extent of the necrosis  [  71  ] . LyG grade 1 
shows less than  fi ve EBER positive cells per high-power 
 fi eld. LyG grade 1 is usually characterized by a polymorphic 
lymphoid in fi ltrate with few scattered large atypical cells 
(better appreciated by immunohistochemistry) and usually 
small and focal areas of necrosis. LyG grade 2 shows 
between 5 and 20 EBER positive cells per high-power  fi eld 
(Fig.  11.25c ). The number of large atypical cells is more 

prominent, and necrosis is common. Small clusters of large 
atypical cells can be seen, especially highlighted using 
immunostains for B-cell markers. LyG grade 3 shows more 
than 20 EBER positive cells per high-power  fi eld (Fig.  11.26 ). 
In these cases, large atypical cells forming large aggregates 
are seen, and there is extensive necrosis. The end point of 
the spectrum is a monomorphic EBV+ large B-cell lym-
phoma. A uniform population of large, atypical EBV+ 
B-cells without a polymorphic background should be 
classi fi ed as DLBCL and is beyond the spectrum of LyG as 
currently de fi ned.   

   Genetics and Molecular Findings 
 In most cases of LyG grades 2 and 3, clonality of the  IgH  
genes can be demonstrated by PCR methods  [  58  ] . In some 
cases, different clonal populations may be identi fi ed in dif-
ferent anatomic sites  [  56  ] . Demonstration of clonality in 
LyG grade 1 is more inconsistent. This could be related to 
the relative rarity of the tumor cells in these cases or that 
some cases may be truly polyclonal. T-cell receptor gene 
analysis usually shows no evidence of clonality  [  72  ] . 
Recurrent cytogenetic abnormalities have not been 
reported.  

   Differential Diagnosis 
 The clinical presentation of LyG and Wegener’s granuloma-
tosis may be very similar. Wegener’s granulomatosis is a sys-
temic necrotizing vasculitis that primarily involves the upper 
and lower respiratory tracts and kidneys. Wegener’s granulo-
matosis shows the following hallmark histologic features: 
geographic-shaped liquefactive and/or coagulative necrosis, 
variable number of eosinophils, multinucleated giant cells 
without forming well-de fi ned granulomas, and destructive 
leukocytolytic angiitis involving arteries and veins 
(Fig.  11.27a ). In Wegener’s granulomatosis, the multinucle-
ated giant cells contain elastic  fi bers, and the destructive 
character of the leukocytolytic angiitis is outlined by the dis-
ruption of the network of elastic  fi bers of the vessel wall 
(Fig.  11.27b ). Elastophagocytosis, multinucleated giant 
cells, and disruption of the networks of elastic  fi bers of the 
vessel wall are not seen in LyG. In addition, the upper respi-
ratory tract is rarely involved in LyG.  

 The exact relationship between LyG and posttransplant 
lymphoproliferative disorders (PTLD) is not clear. Both are 
observed in immunode fi cient patients and are EBV driven. 
These disorders are, however, considered distinct based on 
clinical presentation, histopathologic features, and the 
immune response elicited; LyG is extranodal, with angio-
centric and angiodestructive lesions, and rich in T-cells 
(T-cell rich B-cell EBV lymphoproliferative disease). 
PTLD can be nodal and/or extranodal with diffuse efface-
ment of the architecture and are T-cell poor with plasmacy-
toid B-cells (T-cell poor B-cell EBV lymphoproliferative 

  Fig. 11.24    The morphologic hallmark of LyG is the presence of vessel 
walls with a transmural in fi ltrate of small lymphocytes and variable 
number of large atypical lymphoid cells with angiodestruction       
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disease)  [  56  ] . Cases of PTLD demonstrating histopatho-
logic features of LyG have been described  [  73,   74  ] . 

 LyG also shares some similarities with extranodal NK/T-
cell lymphoma, nasal type. Both diseases are extranodal, 
EBV associated, and show necrosis with vascular invasion 
and destruction. Immunohistochemical studies differentiate 

both diseases, with variable number of large cells positive for 
EBER and CD20 in LyG and atypical cells positive for CD2, 
CD56, TIA-1, and cytoplasmic CD3 e (epsilon), and negative 
for  b (beta)F1 and surface CD3 in NK/T-cell lymphoma. 
Clinically, there are also important differences. Nearly all 
patients with extranodal NK/T-cell lymphoma present with 

a

c

b

  Fig. 11.25    ( a ) CT-guided 19-gauge core needle biopsy specimen 
showing LyG involving the lung. There are clusters of large atypical 
cells that are positive for CD20. Although an angiocentric pattern was 
not recognized in the H&E slide, this pattern was highlighted with 

CD20 immunostain. ( b ) Numerous CD3+ T-cells were associated with 
the neoplasm. ( c ) This case of LyG involving lung shows less than ten 
large cells positive for EBER per high-power  fi eld (LyG grade 2)       
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disease in the upper aerodigestive tract (nasal cavity, 
nasopharynx, paranasal sinuses, and palate), and  pulmonary 
involvement is rare, whereas, in LyG, the opposite distribu-
tion of disease is seen. In addition, clonal  IgH  gene rearrange-
ments are not usually detected in NK/T-cell lymphomas. 

 Histologically, LyG can be similar to classical HL, as both 
have a polymorphic cellular composition and pleomorphic 
atypical large EBV-positive cells. The tumor cells in classi-
cal HL are positive for CD30, usually positive for CD15 and 
usually negative for CD20 and CD45/LCA. The large cells in 
LyG are usually strongly positive for CD20, CD45/LCA, and 
negative for CD15. In LyG, the EBV-positive cells usually 
exhibit a range of sizes and nuclear features, whereas in 
EBV-positive classical HL, only the Hodgkin and Reed-
Sternberg cells are positive for EBV. 

 Some aggressive DLBCL or T-cell lymphomas may 
invade and destroy blood vessels. However, most of these 
tumors will be negative for EBER. 

 Similarities between the pathology features of acute pul-
monary histoplasmosis to LyG grade 1 have been reported 
 [  75  ] . The presence of tiny necrotizing granulomas and multi-
nucleated giant cells support the diagnosis of histoplasmosis. 
Grocott’s methenamine silver (GMS) stain also will be help-
ful to con fi rm the diagnosis.  

   Treatment and Prognosis 
 Although some patients follow a waxing and waning clinical 
course with rare spontaneous remissions without therapy, in 

  Fig. 11.26    In this case of LyG, EBER shows numerous positive tumor 
cells. This case is grade 3       

a b

  Fig. 11.27    ( a ) Wegener’s granulomatosis involving the lung showing 
leukocytolytic angiitis. There are scattered large lymphoid cells admixed 
with small lymphocytes and plasma cells in fi ltrating the vessels wall. ( b ) 

Clusters of multinucleated giant cells are also seen. Some multinucle-
ated giant cells contain elastic  fi bers (elastophagocytosis). Well-de fi ned 
granulomas are not a characteristic of Wegener’s granulomatosis       
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most patients, the disease is aggressive with a median survival 
of less than 2 years. In the largest series reported, more than 
60 % of patients died, most within a year of diagnosis, and the 
overall median survival was 14 months  [  52  ] . LyG grades 1 
and 2 are considered a B-cell lymphoproliferative disorder of 
uncertain malignant potential. LyG grade 3 is equivalent to 
DLBCL. Corticosteroids, interferon-alfa-2b, chemotherapy, 
rituximab, and autologous hematopoietic stem cell transplan-
tation are commonly used for the treatment of LyG  [  76  ] .   

   Intravascular Large B-Cell Lymphoma 

 Intravascular large B-cell lymphoma (IVLBCL) is a sys-
temic large B-cell lymphoma characterized by selective 
intravascular growth  [  77  ] . This preferential intravascular 
growth is a  conditio sine qua non  for diagnosing IVLBCL, 
although a minimal extravascular location of neoplastic 
cells, usually surrounding involved vessels, can be seen 
 [  78  ] . The disease was  fi rst reported in 1959 by P fl eger and 
Tappeiner in Germany and was described as “angioendothe-
liomatosis proliferans systemisata”  [  79  ] . The remarkable 
restriction of malignant cells to the intraluminal space led 
the authors to believe that the neoplastic cells derived from 
the endothelium. 

   Clinical and Radiological Features 
 This lymphoma is most frequent in middle-aged or elderly 
patients; median age 67 years. The incidence in men and women 
is approximately 1.3:1. IVLBCL can involve any organ (most 
common CNS, skin, kidney, lung, adrenal gland and liver), and 
the symptoms are usually nonspeci fi c and heterogeneous (fever 
of unknown origin, general fatigue, and deterioration in perfor-
mance status). The most common clinical manifestations 
involve the skin and CNS. The diagnosis can be clinically 
dif fi cult, and some cases are diagnosed postmortem. A variant 
associated with hemophagocytic syndrome has been reported 
mostly in Japan  [  80–  82  ] . 

 Autopsy studies revealed that lung involvement is common 
but predominant lung presentation of this neoplasm is rare 
 [  83  ] . Dyspnea, hypoxemia, and pulmonary arterial hyperten-
sion have been reported associated with IVLBCL. Imaging 
studies of the lung may reveal diffuse interstitial in fi ltrates, 
pleural effusion, signs of pulmonary hypertension, multifocal 
ground-glass opacities, and diffuse narrowing of the pulmo-
nary veins throughout the lung  [  36,   84–  87  ] . It has been shown 
that FDG-PET provides a high-sensitivity method to detect 
IVLBCL involving the lungs  [  88,   89  ] .  

   Histopathologic Features 
 Diagnosis of IVLBCL can be made by random transbron-
chial lung biopsies  [  87,   89–  91  ] . Lymphoma cells are mainly 
located in the lumina of small vessels, arterioles, and 
 capillaries (Fig.  11.28a, b ). The tumor cells are usually large, 

with vesicular nuclear chromatin with distinct nucleoli 
(Fig.  11.28c ). In some cases, the tumor cells have coarse 
nuclear chromatin, irregular or indented nuclei, and are 
smaller than usual. Mitoses are frequently seen. Some cases 
may have a small extravascular component.   

   Immunohistochemical Features 
 The tumor cells are B-cells positive for pan B-cell markers 
(CD19, CD20, CD22, and CD79a), PAX-5, and CD45/LCA 
(Fig.  11.29a, b ). They are usually positive for BCL-2 and 
MUM1/IRF-4. CD5 is positive in 30 % of the cases, CD10 in 
10 %, and BCL-6 in 25 %. Ki-67 usually reveals a high pro-
liferative activity (Fig.  11.29c ). Rare cases of intravascular 
lymphoma are of T-cell or NK-cell lineage (peripheral T- or 
NK-cell lymphomas with intravascular pattern). These rare 
lymphomas are not recognized as diagnostic categories in 
the 2008 WHO lymphoma classi fi cation.   

   Molecular Biology and Cytogenetics 
 Pathognomonic cytogenetic abnormalities have not been 
reported. Monoclonal rearrangements of the  IgH  gene can be 
detected by PCR. Chromosomal translocations involving 
 bcl-2  gene are not detected, and  TCR  genes are in germ line 
con fi guration. EBV association is uncommon, but it has been 
reported in HIV patients  [  92,   93  ] .  

   Differential Diagnosis 
 Rare cases of T-cell or NK-cell lymphomas can be intravas-
cular. As mentioned, these rare lymphomas do not exist as 
diagnostic categories in the 2008 WHO lymphoma 
classi fi cation. Some of the T-cell lymphomas with an intra-
vascular phenotype are gamma/delta T-cell lymphomas or 
hepatosplenic T-cell lymphomas  [  94,   95  ] . Hepatosplenic 
T-cell lymphomas are positive for T-cell markers, CD2, CD3, 
and TIA-1, and are negative for granzyme B and perforin 
(inactive cytotoxic phenotype). Isochromosome 7q is present 
in most cases of hepatosplenic T-cell lymphoma. Cases of 
DLBCL can relapse with the outlook of IVLBCL  [  96  ] . In 
patients with carcinomatosis, clusters of carcinoma cells 
may be lodged in small lymphovascular channels. Carcinoma 
cells are generally cohesive, and they are positive for cytok-
eratin and are negative for CD20 and CD45/LCA.  

   Treatment and Prognosis 
 IVLBCL is frequently a fatal disease characterized by an 
aggressive clinical course. However, this poor prognosis is in 
part related to the failure to make an early diagnosis. 
Complete remission and long-term survival can be achieved 
in patients treated early with aggressive combination chemo-
therapy  [  97  ] . Prognostic factors that are useful for risk 
strati fi cation are not established. The patients are usually 
treated with rituximab-containing  chemotherapy plus CNS-
oriented therapy (R-CHOP plus high-dose methotrexate or 
cytarabine).   
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   Primary Lung Plasmacytoma 

 Extramedullary plasmacytoma is a neoplasm composed of 
monoclonal plasma cells that involved tissues other than 

bone. By de fi nition, there is no evidence of bone marrow 
involvement, no clinical features of plasma cell myeloma, 
and small or absent M-component in urine or serum. 

a

b

c

  Fig. 11.28    ( a ,  b ) IVLBCL involving a lung biopsy specimen. The 
tumor cells are large, compared with the reactive lymphocytes, and 
located within the alveolar capillaries. ( c ) Tumor cells present within 
middle size vessels are also noted       

a

b
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  Fig. 11.29    ( a ,  b ) The intravascular neoplastic in fi ltrate is easy to rec-
ognized using immunostains speci fi c for B-cell markers, such as CD20. 
( c ) IVLBCL is usually characterized by a high proliferation rate as 
shown by reactivity with the Ki-67 (MIB-1) antibody. Note that virtu-
ally all the tumor cells are positive for this proliferation marker       
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Although extramedullary plasmacytoma can arise in almost 
any organ, by far the commonest site of presentation is the 
mucosa/submucosa of the upper respiratory tract (nasophar-
ynx, sinuses, and tonsils), and the second most common site 
is the gastrointestinal tract  [  98,   99  ] . Few cases of primary 
lung plasmacytoma have been described in the literature 
 [  100–  105  ] . Extramedullary plasmacytoma can arise in 
immunosuppressed and in immunocompetent patients. 

   Clinical and Radiological Features 
 The median age of occurrence is between 40 and 60 years 
with exceptional cases in childhood and without gender pre-
dominance  [  103,   104  ] . They present as a perihilar mass, soli-
tary lung nodule, peribronchial lesions, and less commonly 
as lobar consolidation  [  100,   101  ] . The right and left lungs are 
equally affected, with the upper lobes being more commonly 
involved. The patients are usually asymptomatic or may 
present with cough, dyspnea, and/or hemoptysis. Rarely, 
a peripheral blood monoclonal gammopathy is detected, 
which should disappear after surgical resection of the 
tumor.  

   Histopathologic Features 
 The in fi ltrate comprises a diffuse in fi ltrate of plasma cells 
(Fig.  11.30 ). The in fi ltrate is frequently peribronchial or 
involved the bronchial wall directly  [  103  ] . The neoplastic 
plasma cells may show a spectrum of maturation from mature 
to immature (pleomorphic nuclei,  fi ne nuclear chromatin, 
and distinct nucleoli) and plasmablasts (large nuclei with 
vesicular nuclear chromatin and centrally located nucleoli; 
immunoblast-like). Crystal-like inclusions can be found in 
the tumor cells or in histiocytes and amyloid deposits may be 
observed  [  103  ] . Extension to peribronchial or mediastinal 
lymph nodes can occur.   

   Immunohistochemical Features 
 Plasmacytoma shows an immunophenotype similar to plasma 
cell myeloma. The tumor cells are positive for CD138 
(Fig.  11.31 ), CD38, MUM1/IRF-4, CD79a, and EMA, and 
are cytoplasmic light chain restricted. They are usually posi-
tive for IgG or IgA. They are usually negative for CD19 and 
CD45/LCA. Cyclin D1 may be positive in a small subset of 
cases due to ampli fi cations of  ccnd1  gene  [  106  ] . EBER is 
usually negative; however, those cases associated with immu-
nosuppression can be EBER+.   

   Molecular Biology and Cytogenetics 
 In general, plasmacytoma shows cytogenetic abnormalities 
similar to plasma cell myeloma  [  107  ] . The t(11;14)
( ccnd1 / IgH ) is not present, but ampli fi cations of  ccnd1  gene 
have been described  [  106,   107  ] . Chromosomal transloca-
tions involving  myc  are common in cases of plasma cell 
myeloma with extramedullary spread but uncommon in 

extramedullary plasmacytoma. Loss of 13q (40 %), as well 
as chromosomal gains (82 %), are common, and the t(4;14)
( fgfr3 / IgH ) may occur (~15 %)  [  107  ] .  

   Differential Diagnosis 
 It is dif fi cult to distinguish primary lung plasmacytoma 
from MALT lymphoma with marked plasmacytic differen-
tiation. The presence of a B-cell lymphoid in fi ltrate sup-
ports the diagnosis of MALT lymphoma. In MALT 
lymphoma, the B-cells are monoclonal and usually positive 
for IgM and may coexpress CD20 and CD43. In addition, 
the presence of one of MALT lymphoma related transloca-
tions support the diagnosis of MALT lymphoma, t(11;18)
(q21:q21)/ malt1 - iap2 , t(1;14)(p22;q32)/ bcl10 - IgH , and 
t(14;18)(q32;q21)/ malt1 - IgH . 

  Fig. 11.30    Plasmacytoma involving the lung. Sheets of well-differen-
tiated plasma cells are replacing the lung architecture. Note that the 
plasma cells have atypical morphologic features; enlarged nuclei, with 
irregular nuclear contours, and distinct nucleoli       

  Fig. 11.31    Plasmacytoma involving the lung. The tumor cells are 
strongly positive for CD138       
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 However, some cases of extramedullary plasmacytoma 
may in fact be MALT lymphoma with extreme plasmacytic 
differentiation. There are clinical data that supports this idea; 
some patients presenting with MALT lymphoma recur as 
extramedullary plasmacytoma and, some patients presenting 
with extramedullary plasmacytoma recur as MALT 
lymphoma. 

 Another differential diagnosis is plasma cell granuloma 
or in fl ammatory pseudotumor of the lung. These lesions usu-
ally show a polymorphic in fl ammatory in fi ltrate in addition 
to plasma cells. These lesions are frequently seen in children 
and constitute the most common isolated primary lesions of 
the lung in patients under 16 years of age. In these lesions the 
plasma cells lack of cytologic atypia and are polytypic.  

   Treatment and Prognosis 
 Patients are mostly treated with surgery and radiotherapy. 
This lung neoplasm is too rare to comment on the prognosis. 
Two patients have been reported to survive for 9 years, and 
two patients have been reported to survive for >20 years 
 [  103  ] . The prognosis for extramedullary plasmacytoma 
involving other body sites is relatively good, ~75 % of the 
patients are alive for more than 10 years, and only ~15 % will 
progress to plasma cell myeloma.   

   Primary Anaplastic Large Cell Lymphoma (ALCL) 
of the Lung 

 Primary anaplastic lymphoma kinase (ALK)-positive and 
negative ALCL of the lung are very rare malignancies, with 
very few cases reported in the literature  [  4,   5  ] . However, 
lung involvement by systemic ALK-positive and negative 
ALCL is relatively frequent. ALK-negative ALCL is cur-
rently de fi ned as a lymphoma morphologically and immu-
nophenotypically within the spectrum of ALK-positive 
ALCL but lacking expression of ALK protein  [  4,   108  ] . 
Importantly, in most of the cases of primary pulmonary 
ALCL published in the literature, ALK expression has not 
been determined. 

   Clinical and Radiological Features 
 These tumors affect both male and female patients and may 
occur in any age group. Clinical signs and symptoms may 
include cough, chest pain, dyspnea, fever, night sweats, and 
weight loss. The involvement can be unilateral or bilateral. 
By de fi nition, clinical and radiological staging shows no evi-
dence of mediastinal or extrathoracic disease.  

   Histopathologic Features 
 Histologically, primary pulmonary ALCL is characterized 
by a diffuse in fi ltrate of small to large atypical cells with 
bizarre, often polylobated, nuclei. This variability in the 

cytologic features of the tumor cells is helpful in distin-
guishing ALCL from classical HL. “Hallmark” cells (large 
cells with  eccentric horseshoe- or kidney-shaped nuclei 
with a prominent paranuclear eosinophilic Golgi region) 
are characteristic. Multinucleated giant cells, some with 
Reed-Sternberg-like features, are frequently seen. Variable 
number of reactive small lymphocytes is frequently 
admixed with the tumor cells (feature also frequently seen 
in systemic ALCL). Some tumors are described to have 
intraluminal polypoid masses that partially occluded large 
airways  [  108  ] .  

   Immunohistochemical Features 
 In ALK-positive ALCL the tumor cells will be strongly and 
uniformly positive for CD30 and ALK. ALCL can be of T- or 
null cell lineage; in cases of T-cell lineage, an aberrant T-cell 
immunophenotype is common; most tumors do not express 
CD3, CD5, or T-cell receptors. CD2 and CD43 are the most 
frequent expressed T-cell markers. EMA may be positive in 
a subset of cases  [  109  ] . The type of ALK immunostaining 
correlates with the type of underlying genetic abnormality. 
Cytoplasmic and nuclear positivity for ALK indicates the 
presence of the t(2;5); cytoplasmic, not coarsely granular, 
indicates a variant translocation except t(2;X) and t(2;17); 
cytoplasmic, coarsely granular, indicates t(2;17), and a mem-
branous staining indicates t(2;X).  

   Molecular Biology and Cytogenetics 
 ALK-positive ALCL is characterized by chromosomal trans-
locations involving  alk  gene being the t(2;5)(p23;q35) the 
most frequent, ~80 % of the cases  [  110  ] . The t(2;5) fuses the 
nucleophosmin ( npm ) gene, at 5q35 with the  alk  gene, at 
2p23. The fusion gene encodes an oncogenic 80-kd chimeric 
protein  [  111  ] . In other variants translocations,  alk  gene is 
rearranged with other genes including  tropomyosin 3 ,  TRK-
fused gene ,     ATIC ,  moesin ,  clathrin heavy chain ,  tropomyosin 
4 ,  alo17 , and  myh9   [  112  ] .  

   Differential Diagnosis 
 Classical HL and pleomorphic carcinomas (primary or meta-
static) are important differential diagnoses. The tumor cells 
in classical HL are usually positive for PAX-5 (characteristi-
cally weak) and CD15 and are negative for EMA, CD45/
LCA, and ALK. Carcinomas are usually positive for cytok-
eratins and EMA and are negative for CD45/LCA and nega-
tive for CD30. Remember that some cases of ALCL can be 
positive for EMA and negative for CD45/LCA and that CD30 
may be positive in carcinomas and other tumors (however, 
when positive is usually focal and weak). 

 Distinction between ALK-positive and ALK-negative 
ALCL is important. ALK-positive ALCL has a better prog-
nosis and responds better to therapy than ALK-negative 
ALCL  [  113  ] . ALK-positive ALCL is consistently negative 
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for EBV: however, a subset of cases of ALK-negative ALCL 
is EBV positive. 

 DLBCL can also express ALK and carry either the t(2;5) 
or t(2;17)  [  114  ] . These lymphomas usually have plas-
mablastic morphology, express CD138, CD4, and often 
IgA, and are mostly negative for B-cell markers and CD30. 
ALK protein may also be expressed in tumors other than 
lymphoid neoplasms. Expression of ALK has been docu-
mented in several types of primary solid cancers including 
lung carcinomas  [  115  ] .  

   Treatment and Prognosis 
 The overall 5-year survival rate in systemic ALK-positive 
ALCL is 80 % (when the pediatric patients are included in 
this analysis). These tumors are sensitive to anthracycline-
based therapies. Relapses are not uncommon (30–40 %) but 
often remain sensitive to chemotherapy. The clinical out-
come of ALK-negative ALCL is clearly poorer than that of 
ALK-positive ALCL. The overall 5-year survival of patients 
with ALK-negative ALCL is only 49 %  [  116  ] . Furthermore, 
peripheral T-cell lymphoma, NOS with CD30 expression, 
which can be dif fi cult to differentiate histologically from 
ALK-negative ALCL, has a poorer prognosis and a 5-year 
overall survival of 19 %.   

   Primary Pulmonary Classical Hodgkin’s 
Lymphoma (HL) 

 Classical HL is characterized by a heterogeneous cellularity 
comprising, in most of the cases, a minority of neoplastic 
cells—the Hodgkin cells and the Reed-Stenberg cells—in a 
variable background of reactive nonneoplastic cells. 

 Although classical HL is almost always a node-based 
lymphoma, practically any site and organ can be involved 
during the course of the disease. Classical HL frequently 
involves the lung; more than 13 % of patients with classical 
HL have lung involvement at presentation  [  115  ] . Fifty per-
cent have relapses in the lung, and almost 60 % are found to 
have pulmonary involvement at autopsy  [  117  ] . However, pri-
mary pulmonary classical HL is very rare but apparently well 
documented  [  118–  121  ] . 

   Clinical and Radiological Features 
 Primary pulmonary classical HL shows the usual bimodal 
age distribution of systemic classical HL. Symptoms include 
cough, dyspnea, hemoptysis, and chest pain. B symptoms 
are observed in one-third of the patients  [  120  ] . Chest radio-
graphs and CT scans usually demonstrate  multiple nodular 
lesions, solitary nodules, and pneumonic consolidation with 
and without air bronchograms  [  120,   122  ] . Upper lobe 
involvement is twice as common as lower lobe disease, and 
cavitation is found in nearly one-third of cases  [  122  ] .  

   Histopathologic Features 
 The most common subtypes of classical HL involving the 
lung are nodular sclerosis (Fig.  11.32 ) and mixed cellularity. 
In general, nodular sclerosis HL is the type most frequently 
associated with mediastinal involvement, and mixed cellu-
larity is the most common type in patients with HIV/AIDS. 
Yousem and colleagues  [  119  ]  documented several different 
growth patterns of classical HL involving the lungs, includ-
ing nodular, diffuse, involving lymphatic routes, pneumonic, 
endobronchial, and subpleural. Bronchial involvement can 
result in a polypoid endobronchial mass, mural permeation, 
and destruction of the cartilage.  

 The cellular in fi ltrates are identical to those seen in nodal 
classical HL (Fig.  11.33 ) and can be associated with variable 

  Fig. 11.32    Nodular sclerosis classical Hodgkin’s lymphoma involving 
the lung. The neoplasm is nodular and surrounded by collagen bands. 
Note that some of the tumoral nodules are in close proximity to bron-
chial walls       

  Fig. 11.33    Nodular sclerosis HL involving the lung. The neoplasm 
partially destroyed a bronchial wall. Note the presence of clusters of 
lacunar cells in a polymorphic in fl ammatory background       
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granulomatous in fl ammation and necrosis. Reed-Sternberg 
cells are considered the morphologic feature of classical HL. 
However, the tumor cells (Hodgkin and Reed-Sternberg 
cells) show great morphologic variability, and cells of strik-
ing similarity can be observed in several benign conditions 
such as infectious mononucleosis, toxoplasmosis, and in 
various unrelated neoplasms.   

   Immunohistochemical Features 
 Despite the morphologic variability of classical HL, the 
immunophenotype of the neoplastic cells is quite constant. 
The tumor cells are characteristic positive for CD15 (75 %), 
CD30 (membranous and cytoplasmic with frequent dot-like 
perinuclear accentuation), and PAX-5 (expressed weaker 
than in reactive B-cells) (Fig.  11.34a, b ) and are negative for 
CD45/LCA and CD79a. CD20 may be positive in up to 40 % 
of cases, although usually weak and usually not in all the 
tumor cells. ALK is negative, and EMA is usually negative. 
The background population of reactive lymphocytes is gen-
erally composed of numerous T-cells with a CD4-positive 
(helper) phenotype; these cells often form rosettes around 
Reed-Sternberg cells.   

   Molecular Biology and Cytogenetics 
 In general, molecular and cytogenetic studies of classical 
HL have yielded variable results because the neoplastic 
cells in most cases represent only a very small amount of 
the tissue analyzed. In bulk tissue extracts of classical HL, 
detection of B-cell clonality by PCR is successful in only a 
minority of cases and usually yields weak clonal bands, 
re fl ecting the paucity of neoplastic cells  [  123  ] . Cases of 
classical HL selected for the presence of numerous tumor 
cells have shown clonal rearrangements for the  IgH  gene 
and no rearrangements for the  TCR  gene  [  124  ] . The genetic 
lesions most frequently found so far in Reed-Sternberg 
cells involve members of two signaling pathways: Janus 
kinase (Jak)-Stat and nuclear factor-kB (NF-kB). There are 
frequent genomic gains of  jak2 , and the suppressor of 
cytokine signaling 1 ( socs1 ) gene, a negative regulator of 
Jak-Stat signaling, is frequently mutated and inactivated in 
classical HL  [  125,   126  ] . The  rel  gene, on 2p16, that encodes 
one component of NK-kB pathway shows gains or 
ampli fi cations in 50 % of the cases  [  127  ] . Inactivating 
mutations of one NF-kB inhibitor IkBa are seen in 20 % of 
the cases  [  128  ] . Mutations of  p53  are demonstrated by PCR 
analysis in ~10 % of the cases  [  129  ] .  

   Differential Diagnosis 
 The differential diagnosis includes in fl ammatory/infectious 
processes, sarcoidosis, and malignant neoplasms such as 
pleomorphic giant cell carcinoma, LyG, ALCL, and other 
B-cell lymphomas. Immunohistochemical studies are  helpful 

to con fi rm the diagnosis of classical HL and to exclude other 
non-Hodgkin’s lymphomas. The expression of CD15 is use-
ful for differentiating Reed-Sternberg of Hodgkin cells from 
CD30+ reactive immunoblasts, which are usually CD15 neg-
ative. However, cytomegalovirus-infected cells are positive 
for CD15 and CD30 and may simulate Hodgkin cells by vir-
tue of their eosinophilic nuclear inclusions  [  130  ] . In neoplas-
tic lesions, other than classical HL, coexpression of CD15 
and CD30 is infrequent  [  131,   132  ] .  

   Treatment and Prognosis 
 The number of cases of primary pulmonary classical HL 
published is very small, so it is dif fi cult to draw meaningful 
conclusions regarding the prognosis of this neoplasm. In 
general, early stage classical HL has a very good prognosis 
with a 5-year and 10-year survivals of 98 and 97 %, respec-
tively  [  133  ] . Classical HL is a neoplasm that usually responds 
very well to chemotherapy and radiotherapy.    

a

b

  Fig. 11.34    Classical HL involving the lung. ( a ) The Hodgkin and 
Reed-Sternberg cells are uniformly and strongly positive for CD30 and 
( b ) weakly positive for PAX-5 as compared with reactive small B-cells       
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   Lymphomas Involving the Pleura 

   Primary Effusion Lymphoma (PEL) 

 Primary effusion lymphoma (PEL), also known as body cav-
ity-based lymphoma, is a human herpes virus 8 (HHV-8)-
associated large B-cell neoplasm that most often involves 
body cavities (pleural, pericardial, or peritoneal cavity) caus-
ing effusions without identi fi able tumor masses  [  134  ] . HHV-
8-positive lymphomas indistinguishable from PEL rarely 
present as solid tumor mass and are designated as extracavi-
tary or solid variants of PEL. PEL arises from HHV-8-
infected B-cells that are frequently coinfected (>90 %) by 
EBV  [  135  ] . 

 HHV-8 virus, also known as Kaposi’s sarcoma-associated 
herpes virus, is an oncogenic  g  (gamma) herpes double-
stranded DNA lymphotropic virus. It is endemic in sub- 
Saharan Africa (seroprevalence of 50–70 %) and the 
Mediterranean region (seroprevalence of 20–30 %), while 
North America exhibits only a 1–3 % infection rate among 
asymptomatic blood donors  [  136  ] . In addition to PEL, 
HHV-8 is associated with Kaposi’s sarcoma, multicenter 
Castleman disease (MCD), and MCD-associated plasmablas-
tic lymphoma  [  137–  139  ] . 

   Clinical and Radiological Features 
 PEL is a rare lymphoma seen frequently in HIV-infected 
patients; it represents about 4 % of all acquired immune 
de fi ciency syndrome (AIDS)-related lymphomas and 0.3 % 
of all aggressive lymphomas in HIV-negative patients  [  134, 
  140  ] . PEL can occasionally occur in HIV-negative patients, 
especially in the setting of other forms of immunosuppres-
sion. PEL not related to an overt immunode fi ciency has been 
reported, in particular, in older individuals and from HHV-8 
endemic geographical areas (same risk population for HIV-
negative classical Kaposi’s sarcoma)  [  141,   142  ] . 

 The patients usually presents with B symptoms and bilat-
eral or unilateral pleural effusion associated with slight 
thickening of parietal pleura in the absence of solid tumor 
masses, parenchymal abnormalities, or mediastinal enlarge-
ment  [  143  ] . Dyspnea is common and results from massive 
malignant pleural and/or pericardial effusions. The patients 
usually have clinical and laboratory  fi ndings of severe immu-
nosuppression and marked depletion of T-cells (T-cell counts 
<100/mm 3 ). A signi fi cant portion of patients has preexisting 
Kaposi’s sarcoma or MCD, re fl ecting the other known mani-
festations of HHV-8 infection. Rare cases of PEL are associ-
ated with hepatitis C and/or B.  

   Histopathologic Features 
 The diagnosis is usually made on cytological preparations 
of involved effusion  fl uid. The tumor cells are large with 

 abundant basophilic cytoplasm sometimes with vacuoles, 
irregular nuclear contours, and prominent nucleoli 
(Figs.  11.35  and  11.36 ). Cytomorphologic appearances 
range from immunoblastic (round nuclei with centrally 
located nucleoli) to anaplastic (large with bizarre nuclei, 
multinucleated, and Reed-Sternberg-like). The tumor cells 
exhibit frequent plasmablastic differentiation (eccentric 
nuclei with abundant cytoplasm, sometimes with perinu-
clear hof). Biopsy specimens of the pleura may show 
small number of large neoplastic cells adherent to the 
mesothelial surface and/or embedded in  fi brin. 
Occasionally, there is underlying invasion of the pleural 

  Fig. 11.35    Cytologic specimen of pleural  fl uid showing PEL. The tumor 
cells are medium- to large-sized lymphoid cells with abundant  fi nely 
vacuolated cytoplasm and irregular nuclei (Courtesy of W. Chen, MD)       

  Fig. 11.36    Cytologic specimen of pleural  fl uid showing PEL. In this 
case, PEL cells are medium to large in size with oval to markedly irreg-
ular nuclear contours, slightly open chromatin, and relatively abundant 
and slightly vacuolated cytoplasms. Apoptotic cells are also seen       
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tissue without tumor formation. Intranuclear herpes virus 
particles (110-nm nucleocapsids) and complete cytoplas-
mic virions have been disclosed at the ultrastructural level 
in the lymphoma cells  [  144  ] .    

   Immunohistochemical Features 
 Detecting evidence of infection by HHV-8 in the tumor cells 
is essential for the diagnosis of PEL (Fig.  11.37a ). 
Immunohistochemical staining for LANA-1 (ORF-73) is the 
standard assay to detect evidence of HHV-8 infection in 
tissue. The tumor cells are positive for plasma cell-associated 
markers CD138, VS38c, MUM1/IRF-4, CD38, and EMA 
(Fig.  11.37b ). They are also positive for CD30 and frequently 
positive for CD45/LCA (Fig.  11.37c ), Notch1 and cytoplas-
mic Ig  l  (lambda) light chain restricted  [  145  ] . They are nega-
tive for CD19, CD20, CD79a, PAX-5, CD15, CD10, BCL6, 
and surface immunoglobulin. A subset of cases may express 
some T-cell markers such as CD45RO (~90 %), CD7 
(~30 %), CD4 (~20 %), and cytoplasmic CD3  [  146,   147  ] . 
EBER is positive in 80–90 % of cases (Fig.  11.37d ). 

Immunohistochemical staining for EBV latent membrane 
protein (LMP-1) is negative.   

   Molecular Biology and Cytogenetics 
 In most of the cases, PCR methods detect the presence of 
monoclonal  IgH  gene rearrangements with frequent somatic 
hypermutations of the  IgH  variable regions. Aberrant clonal 
rearrangements of the TCR gene have been reported  [  148  ] . 
Cytogenetic studies usually reveal a complex karyotype but 
failed to disclose recurrent chromosomal abnormalities. Gains 
of chromosomes 7q (58 %), 8q (63 %), 12 (61 %) and loss of 
14q32 (63 %) have been described by comparative genomic 
hybridization (CGH) array  [  149  ] . The HHV-8 genome 
 contains potential oncogenes, including a viral cyclin homo-
logue, viral IL-6, and a gene homologous to a G-protein-
coupled receptor (GPCR)  [  150  ] .  

   Differential Diagnosis 
 Many aggressive lymphomas and carcinomas can present 
with neoplastic pleural effusion. A lymphoma should not be 
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  Fig. 11.37    ( a ) Cell block of PEL that shows that the neoplastic cells are strongly positive for HHV-8, ( b ) positive for CD38, ( c ) weakly and vari-
able positive for CD45/LCA, and ( d ) positive for EBER       
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classi fi ed as PEL without evidence of HHV-8 infection and 
supportive morphological and immunophenotypical criteria. 
HIV patients may have Burkitt’s lymphoma with plasmacy-
toid differentiation that rarely presents as a lymphomatous 
effusion; such cases may show morphologic overlap with 
PEL but will have chromosomal translocations involving 
 myc  gene and will be negative for HHV-8 infection. 

 Because of similar morphology, ALCL may also be con-
fused with PEL; immunohistochemical staining for ALK 
and negativity for plasma cell-associated markers will help 
to con fi rm the diagnosis. PAL is another differential diagno-
sis. This lymphoma is more common in Japan and usually 
arises in elderly men without HIV but with a history of pul-
monary tuberculosis or tuberculous pleuritis treated with 
pneumothorax. PAL is usually a large cell lymphoma of 
B-cell lineage expressing B-cell markers, positive for LMP-1 
and EBER and negative for HHV-8  [  151  ] .  

   Treatment and Prognosis 
 The prognosis is usually poor; median survival <6 months 
with very few long-term survivors  [  152,   153  ] . The use of 
highly active antiretroviral therapy (HAART) improves 
prognosis, suggesting a role for immune reconstitution in 
control of this aggressive lymphoma. Much like other lym-
phomas, combination traditional chemotherapy (usually 
cyclophosphamide, doxorubicin, vincristine, and predni-
sone) forms the backbone of therapy for PEL. Novel 
approaches include intracavitary cidofovir (antiviral agent 
that inhibits replication of HHV-8)  [  154  ] , bortezomib (pro-
teasome inhibitor that inhibits NK-kB pathway)  [  155  ] , anti-
virals such as valganciclovir or foscarnet  [  156  ] . Rituximab 
does not play a role in PEL therapy because the tumor cells 
are usually CD20 negative.   

   Diffuse Large B-Cell Lymphoma Associated with 
Chronic In fl ammation (Pyothorax-Associated 
Lymphoma; PAL) 

 PAL is another type of large B-cell lymphoma occurring pri-
mary in the pleura in patients with long-standing pleural 
in fl ammation  [  157  ] . The chronic in fl ammation may result 
from therapeutic arti fi cial pneumothorax or from tubercu-
lous pleuritis and is associated with latent EBV infection but 
without HHV-8 infection  [  157,   158  ] . Arti fi cial pneumotho-
rax is the most signi fi cant risk factor for development of 
PAL. Most cases are reported in Japan and are exceedingly 
rare in Western countries. The higher incidence in Japan is 
explained by the more popular use of arti fi cial pneumothorax 
for the treatment of pulmonary tuberculosis in the past. 

   Clinical and Radiological Features 
 Patients are commonly in the seventh decade of life (median 
age of 63 years) and are mostly male (male-to-female ratio 

12:1)  [  151,   159  ] . The patients have a long history of chronic 
pyothorax and usually complain of chest or shoulder pain, 
dyspnea, and constitutional symptoms, such as fever or 
weight loss. Almost half of the patients present with a tumor 
or swelling in the chest wall. Chest radiography and CT 
scan revealed frequently a large tumor mass (located at the 
pleura, 80 %; pleura and lung, 10 %; and lung near the 
pleura, 7 %) as well as irregular pleural thickening. Direct 
invasion of adjacent structures (ribs, spinal cord) and organs 
is frequent; patients presenting with paralysis of the lower 
extremities caused by tumor invasion of the spinal cord have 
been reported  [  151  ] .  

   Histopathologic Features 
 The neoplasm is composed of large atypical lymphoid cells 
usually with immunoblastic morphology and plasmacytoid 
differentiation (Figs.  11.38a, b  and  11.39 ). Rare Reed-
Sternberg-like cells can be observed. An angiocentricity 
growth pattern with focal vascular wall destruction has been 
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  Fig. 11.38    ( a ) DLBCL associated with chronic in fl ammation of PAL 
type. The neoplasm is diffuse and shows large areas with apoptosis and/
or necrosis. ( b ) The cells are large with relatively abundant retracted 
cytoplasm due to  fi xation artifact or poor preservation       
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described  [  160  ] . Cytologic examination of the pleural 
 effusion  fl uid also shows large atypical cells with the 
 morphology of immunoblasts, plasmablasts, anaplastic large 
cells, or even giant cells similar to those seen in PEL.    

   Immunohistochemical Features 
 The tumor cells are usually positive for CD20, CD79a, 
and CD45/LCA. Intracytoplasmic monotypic immuno-
globulin expression is frequently detected. A subset of 
cases with plasmacytoid differentiation may be negative 
for CD20 and CD79a but positive for MUM1/IRF-4 or 
CD138 (similar to PEL). EBER is positive, EBNA2 
(Fig.  11.40 ) and LMP1 are often positive, but HHV-8 is 
negative. A subset of cases may express some T-cell mark-
ers such as CD2, CD3, and CD4 in addition to pan-B 
markers  [  160  ] . PAL of a T-cell phenotype has also been 
reported rarely  [  151  ] .   

   Molecular Biology and Cytogenetics 
 In most of the cases, PCR methods detect the presence of 
monoclonal  IgH  gene rearrangements with frequent somatic 
hypermutations of the  IgH  variable regions but do not show 
ongoing somatic mutations. Mutations of  p53  are detected 
in 71 % of the cases, and  myc  ampli fi cation is found in 
80 %  [  161  ] .  

   Differential Diagnosis 
 One important differential diagnosis is PEL. The most impor-
tant criteria to rule out PEL is the absence of infection by 
HHV-8. In addition, patients with PAL will be HIV negative, 
will have a long clinical history of pleural or pleuropulmo-
nary in fl ammation (tuberculosis) and presence of tumor 
masses. 

 Plasmacytoma arising from ribs or vertebra may involve 
the pleura or the lung. The plasmablastic form of plasma-
cytoma can mimic PAL. Features favoring the diagnostic 
of plasmacytoma include history of plasma cell myeloma 
and the presence of a background of smaller neoplastic 
plasma cells. Cases of PAL with plasmacytoid differentia-
tion may have a similar immunophenotype to  plasmablastic 
plasmacytoma. 

 Carcinoma and malignant mesothelioma may show dif-
fuse growth simulating PAL. Demonstration of positivity for 
CD20 or CD45/LCA and negativity for cytokeratin will help 
excluding these diagnoses.  

   Treatment and Prognosis 
 PAL is responsive to chemotherapy and radiotherapy, but the 
overall prognosis is poor, with a 5-year survival of 35 %  [  162  ] . 
Underlying chronic pyothorax, respiratory failure, and other 
comorbidities frequently seen in these patients are additional 
obstacles to the successful treatment of this lymphoma.   

  Fig. 11.39    In this case of DLBCL associated with chronic in fl ammation 
of PAL type, the tumor cells are a mixture of centroblasts and immuno-
blasts. Note the presence of numerous mitoses (Courtesy of Dr. Shigeo 
Nakamura)       

  Fig. 11.40    DLBCL associated with chronic in fl ammation of PAL 
type. The tumor cells are positive for EBNA2. This supports a type III 
latency pattern of EBV infection       
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   Pleural Involvement by Systemic Lymphomas 

 Patients with lymphoma may present with or subsequently 
develop pleural involvement during course of disease. 
Approximately 16 % of patients with non-Hodgkin lym-
phoma present with or subsequently develop pleural involve-
ment  [  163  ] . Pleural involvement can be unilateral or bilateral; 
unilateral involvement is more common on left side  [  163  ] . 
Most patients are symptomatic, presenting mainly with dys-
pnea, cough, or chest pain. Most of the patients have evi-
dence of involvement of other anatomic site at the same time 
they have pleural involvement  [  164  ] . 

 Any systemic lymphoma may involve pleural cavity; the 
most frequent type is DLBCL (60 %) followed by follicular 
lymphoma (20 %)  [  164  ] . Very few cases of classical HL 
involving the pleura have been described  [  165,   166  ] . For those 
cases of DLBCL involving pleura, the immunophenotype is 
similar to DLBCL elsewhere, and they are HHV-8 negative.       
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            The Pleura    

 The gamut of neoplastic and pseudoneoplastic conditions 
that may seed the pleural surface is extensive and can be 
divided into primary and metastatic neoplasms. In addition, 
the pleura may be the site for tumors of different lineage 
including epithelial, mesenchymal, neural, and neuroecto-
dermal, as well as lymphoid neoplasms. However, in order to 
properly assess the origin of lesions seeding the pleural sur-
face, it is important to properly correlate  fi ndings with imag-
ing studies, which can be of important aid in addressing 
issues such as extent of disease and possible origin. In this 
chapter, the emphasis will be on primary pleural lesions leav-
ing the issue of metastatic  disease in the context of differen-
tial diagnosis.  

   Epithelial Tumors 

 Mesothelioma is by far the most popular tumor of the pleural 
surface and is one that poses the most diagnostic problems. 
However, it is important to highlight that epithelial tumors of 
the pleura may be as varied as they are in other anatomic 
sites. Some of the most common epithelial tumors that can 
present as primary pleural tumors include:

   Malignant mesothelioma  • 
  Pseudomesotheliomatous adenocarcinoma  • 
  Mucoepidermoid carcinoma  • 
  Thymoma  • 
  Adenomatoid tumor  • 
  Endometriosis    • 

   Malignant Mesothelioma 

 Even though pleural mesotheliomas in practice are  uncommon 
tumors, due to their legal implications, they appear to domi-

nate pleural pathology. For the same reason plenty of 
resources in terms of  immunohistochemical and ultrastruc-
tural analysis have been devoted to properly address and sup-
port the diagnosis of mesothelioma. It has been estimated 
that their incidence in the USA is approximately three to 
seven cases per million persons per year, with a tendency to 
increase in more recent years  [  1,   2  ] . Even though mesothe-
liomas have been associated to asbestos  fi ber exposure, 
approximately 50 % of individuals affected by mesothe-
liomas do not disclose such history, leading to believe that 
their etiology may be a  multifactorial one and not one lim-
ited to the exposure of asbestos  fi bers  [  1–  5  ] . 

 Careful analysis of the radiological studies with the 
appropriate material for histopathological evaluation should 
lead both clinicians and pathologists to a more speci fi c diag-
nosis. It is not uncommon to observe that many times the 
clinical and radiological aspects of the cases are clear, but 
the available material for histopathological examination is 
not adequate. In such circumstances, one should not make a 
de fi nitive diagnosis but rather raise the level of suspicion 
and request additional material if clinically indicated. Part 
of this rationale is the fact that the surgical treatment for 
cases of mesothelioma can be radical. Thus, it is imperative 
for a pathologist to be absolutely certain about the diagno-
sis. Furthermore, it is well known that there are other pleural 
conditions of an in fl ammatory nature that may mimic malig-
nant mesothelioma. Therefore, one should carefully evalu-
ate the clinical and radiological information and use it as an 
aid to guide decision making in terms of the use of immuno-
histochemistry and/or electron microscopy. Ultimately the 
diagnosis of mesothelioma is a pathological one and requires 
histopathological assessment. 

   Historical Perspective 
 Wagner is credited for having described this tumor in the 
pleura in 1870  [  6  ] . However, in the following years and into 
the nineteenth century, there was great controversy around 
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tumors with diffuse pleural involvement. Thus, many of 
these tumors were classi fi ed under different designations, 
which included endothelial carcinoma, sarcoma, lymphan-
gitis proliferans, sarcocarcinoma, and endothelioma  [  7,   8  ] . 
It was not until 1920 that Dubray and Rosson proposed the 
term mesothelioma  [  9  ] , a name that is commonly used now. 
Even though there was some resistance to accept the notion 
of primary tumors of the pleura, in time well-documented 
cases were reported  [  8,   10  ] . In 1931, Klemperer and Rabin 
 [  8  ]  essentially divided pleural tumors by their macroscopic 
appearance into those affecting the pleura in a localized 
fashion and those affecting the pleura in a diffuse manner. 
This division of pleural tumors gave rise to what is now 
known as diffuse pleural mesothelioma and solitary  fi brous 
tumors of the pleura. 

 Wagner et al.  [  11  ]  in 1960 described 33 patients with 
mesothelioma and suggested their association with asbes-
tos  fi bers. According to the authors, all patients with only 
one exception had probable exposure to asbestos. Later, 
Hirsch et al.  [  12  ]  described 28 cases in which the authors 
established asbestos exposure in 17 cases. Other authors 
reported larger series of cases with more emphasis on the 
association of mesothelioma and asbestos exposure  [  4, 
  5  ] , while some others stated the histopathological vari-
ability of mesotheliomas  [  13  ] . Although in the past, the 
diagnosis was essentially established using conventional 
histology and histochemical stains such as periodic acid-
Schiff (PAS) with and without diastase and mucicarmine, 
new modalities such as electron microscopy and immuno-
histochemistry have shifted the emphasis in the study of 
mesotheliomas. In general, the numerous clinicopatho-
logical correlations on mesotheliomas have provided 
valuable information in the understanding of this tumor 
 [  14–  22  ] .  

   Clinical Features 
 The evaluation of clinical and radiological information is 
crucial in the diagnosis of mesothelioma. Every effort 
should be made to properly correlate the histological 
 fi ndings with the clinical and radiological ones. In general 
terms, mesotheliomas are more common in adult individu-
als over 50 years of age. However, mesotheliomas may also 
occur in children  [  23,   24  ] . History of long-standing expo-
sure to asbestos, whether factual or not, should lead to a 
careful analysis of the biopsy material available for diagno-
sis. It is important to recognize that mesotheliomas, as 
stated before, can occur in the setting of a negative history 
of asbestos exposure, and examples of it are the cases that 
have been described in children and women (housewives). 
Other possible etiopathologic causes that have been men-
tioned in the development of mesothelioma include radia-
tion, chronic in fl ammation, viral infections, and 
diethylstilbestrol  [  25  ] . 

 In the evaluation of a potential case of mesothelioma, one 
should emphasize the following aspects:

   Diffuse involvement of the pleura  • 
  Intraparenchymal tumor nodules or masses (peripheral)  • 
  Diffuse thickening of the pleura  • 
  Encasement of the lung  • 
  Unilateral or bilateral pleural involvement  • 
  Pleural-based tumor mass    • 
 Clinically patients with mesothelioma may present with 

nonspeci fi c symptoms such as chest pain, dyspnea, cough, 
weight loss, and pleural effusions. Similar symptoms may 
also be present in other types of pathology.  

   Gross Features 
 The tumor will show diffuse pleural involvement with 
thickening of the pleural lining encasing the entire lung 
(Fig.  12.1 ). In some cases, the tumor follows the intrapul-
monary septa, and in rare instances, the tumor may involve 
the lung parenchyma. Therefore, the gross appearance of 
mesothelioma rarely poses problems with its diagnosis. 
However, the presence of a well-de fi ned tumor mass in 
the periphery of the lung, even if the tumor also shows 
diffuse pleural  involvement, should alert the pathologist 
to the possibility of an adenocarcinoma with diffuse 

  Fig. 12.1    Extrapleural pneumonectomy specimen; note the thickening 
of the pleural surface and the encasement of the lung parenchyma       
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 pleural involvement. Even though those previously 
described gross  fi ndings occur in the great majority of 
cases, in some unusual cases, mesotheliomas may present 
as an intrapulmonary mass involving the pleural surface 
 [  26  ]  (Fig.  12.2 ). Crotty et al.  [  26  ]  described six patients, 
in whom the tumor presented a as localized tumor mass 
within the lung parenchyma, ranging in size from 2.8 to 
10 cm. Based on their experience, the authors stated that 
it is possible that mesotheliomas presenting in this man-
ner may not be as aggressive as the diffuse form of the 
tumor. In such situations, careful histopathological and 
immunohistochemical analysis is of utmost importance 
in order to arrive at the correct interpretation. In addi-
tion, such  fi nding is important to mention, as those 
patients are most likely not candidates for extrapleural 
pneumonectomy.    

   Histopathologic Features 
 Mesotheliomas may show an extensive spectrum of histo-
pathological growth patterns. However, traditionally meso-
theliomas have been divided into three distinct growth 
patterns:

   Epithelioid  • 
  Sarcomatoid  • 
  Biphasic (combination of epithelioid and sarcomatoid)    • 

   Epithelioid Mesothelioma 
 Epithelioid mesothelioma represents the most common of 
the three variants. It has been estimated that it accounts for 
about 70 % of all mesotheliomas. Several distinct histopatho-
logical growth patterns of epithelioid malignant mesothe-
lioma have been described. Some of those growth patterns in 
cases with limited tissue for diagnosis may pose a diagnostic 

challenge  [  27–  31  ] . Among the variants that have been recog-
nized are:

    • Tubulopapillary  (Figs.  12.3 ,  12.4 ,  12.5 ,  12.6 ,  12.7 ,  12.8 , 
and  12.9 ): This is likely the most common growth pattern 
encountered in epithelioid mesotheliomas. The tumor 
may show the characteristic papillary growth pattern 
composed of medium-size, round to oval cells, with mod-
erate amounts of eosinophilic cytoplasm, round nuclei, 
and conspicuous nucleoli. In other areas, this cellular 

  Fig. 12.2    Localized malignant 
mesothelioma; contrary to the 
conventional and more common 
form of diffuse pleural 
thickening the localized form is 
rather uncommon       

  Fig. 12.3    Low power view of an epithelioid mesothelioma showing a 
papillary growth pattern       
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 proliferation may show elongated tubular structures that 
appear to anastomose with each other. The tumor char-
acteristically is fairly uniform with very mild nuclear 
atypia and low mitotic activity. Areas of necrosis and/or 
hemorrhage are not commonly seen with this growth 
pattern.         

   • Clear cell  (Figs.  12.10 ,  12.11 ,  12.12 , and  12.13 ): The 
tumor is characterized by a cellular proliferation com-
posed of medium-size, round to oval cells with round 
nuclei, conspicuous nucleoli and clear cytoplasm. The 
tumor shows a diffuse cellular proliferation dissecting 
 fi broconnective tissue. Mitotic activity although present is 

  Fig. 12.4    Epithelioid mesothelioma showing prominent papillary 
features       

  Fig. 12.5    Epithelioid mesothelioma in fi ltrating into adipose tissue and 
skeletal muscle       

  Fig. 12.6    Epithelioid mesothelioma dissecting  fi broconnective tissue       

  Fig. 12.7    Epithelioid mesothelioma showing numerous psammoma 
bodies (calci fi cations)       
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not prominent, and focal areas of necrosis may be seen. 
This growth pattern mimics clear cell carcinoma of renal 
origin.      
   • Glandular  (Figs.  12.14a, b  and  12.15 ): The tumor is char-
acterized by the presence of well-formed glands similar to 
those seen in cases of adenocarcinoma. The glandular 

proliferation appears to dissect  fi broconnective tissue, 
and in some cases, there may be a desmoplastic reaction 
with an in fl ammatory in fi ltrate. This growth pattern 
closely resembles adenocarcinoma.    
   • Myxoid / Mucoid  (Figs.  12.16  and  12.17a, b ): The  neoplastic 
cellular proliferation is embedded in a myxoid or mucoid 

  Fig. 12.8    Epithelioid mesothelioma showing areas of necrosis       

  Fig. 12.9    Higher magni fi cation of an epithelioid mesothelioma. Note 
the absence of prominent nuclear atypia or increased mitotic activity       

  Fig. 12.10    Epithelioid mesothelioma with prominent clear cell 
features       

  Fig. 12.11    Clear cell mesothelioma in fi ltrating into adipose tissue       
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background. The tumor may display glandular differenti-
ation, which can be easily confused for adenocarcinoma, 
or the tumor may show the conventional tubulopapillary 
growth pattern. In some cases, the tumor can show such 
abundant mucoid material, that it can be confused with a 
mucinous adenocarcinoma. However, in these cases, a 
mucicarmine stain does not show intracellular mucin 
production.    

   • Adenomatoid  (Figs.  12.18 ,  12.19 , and  12.20 ): This growth 
pattern closely resembles that of the conventional ade-
nomatoid tumor. Cords of medium-size cells with clear 
cytoplasm and displacement of the nuclei toward the 
periphery of the cells characterize the tumors. Nuclear 
atypia, mitotic activity, necrosis, and/or hemorrhage is not 
common.     
   • Deciduoid  (Figs.  12.21 ,  12.22 , and  12.23 ): This tumor is 
characterized by the presence of a cellular proliferation 

  Fig. 12.12    Clear cell mesothelioma with focal areas of necrosis       

  Fig. 12.13    Higher magni fi cation of a clear cell mesothelioma showing 
moderate nuclear atypia but lack of mitotic activity       

a

b

  Fig. 12.14    ( a ) Epithelioid mesothelioma showing a prominent glan-
dular growth pattern. ( b ) In some areas the gland-like structures are 
embedded in  fi broconnective tissue       
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composed of medium-size cells with eosinophilic 
 cytoplasm displaying a “deciduoid” appearance similar to 
that seen in the gravid uterus.     
   • Cartilaginous and   osseous metaplasia  (Fig.  12.24 ): 
This variant of mesothelioma represents a highly 
unusual growth pattern and may pose serious diagnostic 

problems. The tumor characteristically shows areas of 
“osteoid” formation or immature cartilage that may be 
confused with a primary bone or cartilage tumor. 
However, dispersed among the cartilaginous or osseous 
changes, there is cellular proliferation composed of 
medium-size cells with round to oval nuclei and con-
spicuous nucleoli. In some areas, the cellular prolifera-
tion may show spindle cell features or a mixture of 
spindle and epithelioid cells.     

  Fig. 12.15    Epithelioid mesothelioma showing areas of glandular and 
solid growth patterns       

  Fig. 12.16    Epithelioid mesothelioma showing mesothelial cells 
embedded in a mucoid stroma       

a

b

  Fig. 12.17    ( a ) Cluster of malignant cells and single cells embedded in 
a mucoid stroma. ( b ) In some other areas the cellularity is higher and 
the stroma has a mucoid/chondroid-like appearance       
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 It is comforting to know, however, that among the 
described histopathological growth patterns, the tubulopapil-
lary is the most common one and the one easiest to recog-
nize. However, it is very important to be familiar at least in 
theory with the other growth patterns in order to properly 
assess a possible differential diagnosis. Regardless of the 
growth pattern, whether the tumor shows clear cell change, 

myxoid areas, glandular differentiation, or an adenomatoid 
pattern, one cannot overlook the fact that radiologically the 
tumor characteristically involves the pleura in a diffuse man-
ner. This latter fact should always alert the pathologist to the 
possibility of mesothelioma.    It is also important to note that 
in the great majority of cases, only a small biopsy is available 
to render a diagnosis. Recently, Arrossi et al.  [  32  ]  evaluated 

  Fig. 12.18    Epithelioid mesothelioma showing prominent “adenoma-
toid” features       

  Fig. 12.19    Adenomatoid mesothelioma in fi ltrating into  fi broconnective 
tissue       

  Fig. 12.20    Higher magni fi cation of an adenomatoid mesothelioma 
showing areas mimicking signet ring cell-like features       

  Fig. 12.21    Deciduoid mesothelioma composed of sheets of neoplastic 
cells       
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56 cases of extrapleural pneumonectomy to correlate the 
original subtype of mesothelioma on biopsy specimen versus 
the resected specimen. The authors found that in many cases, 
mesotheliomas need further reclassi fi cation after more 
 complete histologoical evaluation is possible. 

   Histochemical Features 
 Traditionally and before the widespread use of immunohis-
tochemistry, histochemical stains played an important role 
in the diagnosis of mesothelioma. Currently, these stains can 
still help solve the problem easily in the more banal cases. 
The use of PAS with and without diastase digestion and 
mucicarmine on one hand or, hyaluronic acid with and with-
out diastase digestion on the other has been used in the past 
with some success. Although either histochemical technique 
is very good, one should primarily evaluate the technique 
that one is more familiar with, and only one of these tech-
niques should suf fi ce in order to evaluate a particular lesion.  
It is important to state that although a positive  fi nding of 
intracellular mucin is a strong indicator of adenocarcinoma, 
this  fi nding has also been reported in up to 5 % of the cases 
of mesothelioma. It is also important to note that some 
mesotheliomas will show abundant extracellular mucin; 
however, they lack intracellular mucin. However, in current 
practice, the use of histochemical techniques many times is 
bypassed for the use of immunohistochemical stains often 
due to the fact that only a small biopsy is submitted for 
evaluation.  

   Immunohistochemical Features 
 The use of immunohistochemical studies in the evaluation of 
mesotheliomas has been the subject of numerous well-
designed studies, which have brought considerable knowl-
edge to the diagnosis of this tumor. Recent attempts to de fi ne 
the application and limitation of these studies have been 
reviewed in order to provide important practical information 

  Fig. 12.22    Deciduoid mesothelioma showing a fairly homogeneous 
neoplastic cellular proliferation. Note the absence of necrosis or promi-
nent nuclear atypia       

  Fig. 12.23    Higher magni fi cation of a deciduoid mesothelioma show-
ing relatively large cells with round to oval nuclei and ample eosino-
philic cytoplasm. Mitotic activity is not present       

  Fig. 12.24    Epithelioid mesothelioma showing areas of osteoid 
differentiation       
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in the evaluation of mesotheliomas  [  33–  35  ] . Numerous stud-
ies attempting to positively identify mesothelioma markers 
have been published, some of them with relative usefulness, 
while others have merely attempted to identify adenocarci-
nomatous epitopes in order to properly rule out the presence 
of mesothelioma. Consequently, in the past, the diagnosis of 
mesothelioma has been considered one of exclusion. 
Although there is essentially a wide spectrum of immunohis-
tochemical markers that have been stated to be helpful in the 
diagnosis of these tumors, only a few are used in practice. A 
practical approach to the use of immunohistochemical stains 
in the diagnosis of mesothelioma is presented in Table  12.1 .  

 For practical purposes we can separate these markers 
into positive and negative markers for mesothelioma. The 
positive markers for mesothelioma would include keratin 
5/6 (Fig.  12.25 ), calretinin (Fig.  12.26 ), Wilms’ tumor 
 susceptibility gene (WT1), HBME-1, thrombomodulin, and 
mesothelin.   

 Keratin 5/6 labels epithelioid mesotheliomas in approxi-
mately 90 % of cases. It is considered a valuable marker for 
mesothelioma  [  36–  39  ] ; however, this antibody may also be 
seen positive in carcinomas of extra-thoracic origin  [  36,   40  ]  
and also in cases of squamous cell carcinoma of the lung. 
Therefore, its value depends largely on the setting in which 
this antibody is used. Calretinin is a member of a large fam-
ily of cytoplasmic calcium-binding proteins and labels 
approximately 85 % of cases of mesothelioma of the epithe-
lioid type. Of the three antibodies in the family of calcium-
binding proteins, only calretinin labels mesothelioma and 
nonneoplastic mesothelium  [  41–  43  ] . WT1 is the product of 
the Wilms’ tumor gene, a tumor suppressor located on 11p13 
in mesangial cells of the kidney. WT1 shows strong positive 
reaction in mesotheliomas; however, WT1 may also show 
positive reaction in tumor cells of other neoplasms including 
ovarian and peritoneal serous carcinomas, malignant mela-
noma, and renal cell carcinoma. Therefore, care must be 
used in the interpretation of this antibody  [  44–  50  ] . HBME-1 

was generated from a human cell line derived from a patient 
with malignant mesothelioma. This antibody decorates the 
membrane of mesothelial cells as opposed to cytoplasmic 
staining in adenocarcinomas  [  51  ] . However, because of this 
caveat, HMBE-1 may not be a highly reliable marker of 
mesothelioma since a good percentage of adenocarcinomas 

   Table 12.1    Practical immunohistochemical approach to the diagnosis 
of mesothelioma versus adenocarcinoma   

 Stain  Mesothelioma  Adenocarcinoma 

 TTF-1  Negative  Positive 
 MOC-31  Negative a   Positive 
 Pan-Keratin  Positive  Positive 
 Keratin 5/6  Positive  Negative 
 Calretinin  Positive  Negative b  
 CD15  Negative  Positive 
 B72.3  Negative  Positive 
 D2-40  Positive  Negative 

   a MOC-31 may show some focal positive staining in some cases of 
mesothelioma 
  b Calretinin is usually negative in lung adenocarcinomas but has been 
shown positive in other carcinomas of non-pulmonary origin  

  Fig. 12.25    Immunohistochemical stains for keratin 5/6 showing 
 positive staining in tumor cells       

  Fig. 12.26    Immunohistochemical stain for calretinin showing  positive 
nuclear and cytoplasmic staining in tumor cells       
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and serous tumors of the ovary may also show positive stain-
ing  [  51,   52  ] . Thrombomodulin (CD141) is a glycoprotein 
expressed in endothelial cells and in a variety of other cell 
types, including mesothelial cells. Several reports have been 
presented in the literature with different claims ranging from 
60 to 100 % staining in malignant mesotheliomas. 
Thrombomodulin may also show positive staining in about 
75 % of adenocarcinomas, therefore limiting its usefulness 
 [  53–  55  ] . Mesothelin is a surface protein that is expressed in 
the membrane of neoplastic cells in mesotheliomas and in 
nonneoplastic mesothelial cells. Mesothelin may also show 
positive staining in serous carcinomas of the ovary, pancre-
atic adenocarcinomas, cholangiocarcinoma, colonic adeno-
carcinoma, and pulmonary adenocarcinoma  [  56–  59  ] . More 
recently D2-40, which is a marker of lymphatics, has also 
shown to be helpful in the diagnosis of mesothelioma as it 
stains mesothelial cells. 

    On the contrary, there are a wide variety of markers that 
have been used in the diagnosis of mesothelioma but mainly 
in the context of ruling out adenocarcinoma. The most com-
mon markers used in this scenario include carcinoembryonic 
antigen (CEA), MOC-31, thyroid transcription factor-1 
(TTF-1), CD15, and B72.3; other markers include Ber-EP4 
and BG-8. Clearly the goal is to have a positive marker that 
may exclude the possibility of mesothelioma. 

 CEA is a highly reliable marker to distinguish adenocar-
cinoma from mesothelioma since the vast majority of meso-
theliomas are negative for this antibody.    Although up to 5% 
of mesotheliomas have been claimed to be positive for this 
marker, some studies have suggested that this staining is due 
to the use of an unabsorbed heteroantiserum to CEA label-
ling unrelated epitopes. In this setting, the use of monoclonal 
antibodies to speci fi c CEA epitopes is more reliable  [  60–  67  ] . 
MOC-31 has been reported in several studies as an important 
marker in the separation between mesothelioma and adeno-
carcinoma, as this marker is purportedly seen positive in 
adenocarcinoma  [  68–  70  ] . However, in our experience, some 
cases of mesothelioma may show focal and spotty positive 
staining for MOC-31. TTF-1 is expressed in normal lung and 
thyroid epithelial cells. TTF-1 shows high speci fi city for 
lung adenocarcinoma, and so far it has been reported to be 
negative in mesotheliomas. The use of TTF-1 may prove 
useful in cases in which the tumor in question is an adenocar-
cinoma of lung origin  [  71–  73  ] . However, it is also important 
to keep in mind that not all pulmonary adenocarcinomas are 
positive for this marker. CD15 has a high level of speci fi city 
for adenocarcinoma; however, some mesotheliomas, namely, 
peritoneal mesotheliomas may also show positive staining in 
tumor cells  [  74,   75  ] . B72.3 is a generic epithelial determi-
nant (tumor-associated glycoprotein-72), which is a high 
molecular weight cell membrane glycoprotein. Although a 
good marker for adenocarcinoma, some cases of mesothe-
liomas may also show focal positive staining  [  66,   76  ] . As 

previously stated, the number of antibodies used in the diag-
nosis of mesothelioma goes beyond the scope of this chapter; 
some of these markers have been presented in the literature 
as very speci fi c for the distinction between adenocarcinoma 
and mesothelioma. However, as they are tested against other 
tumors, these antibodies have shown unreliability for such a 
distinction. One of those antibodies is Ber-EP4, which was 
originally presented as speci fi c for adenocarcinoma; how-
ever, it has shown to cross-react with mesotheliomas in more 
than 20 % of the cases  [  75  ] . BG-8 is another antibody that 
may react strongly in cases of adenocarcinoma; however, 
some cases of mesotheliomas may also show positive stain-
ing  [  77  ] .  

   Electron Microscopy 
 Ultrastructural analysis in cases of mesothelioma is very 
important due to the speci fi c features that these tumors show. 
The use of ultrastructural studies in many cases is limited by 
the lack of material when it is needed the most. In the major-
ity of cases, the initial biopsy, which is the one in which one 
needs to establish the diagnosis, is the only material avail-
able for diagnosis, thus, limiting its use. On the other hand, 
the use of electron microscopic features is helpful in the bet-
ter differentiated tumors, while in those cases in which the 
tumor is poorly differentiated, the ultrastructural  fi ndings are 
rarely helpful. It is not uncommon to see that in most cases 
in which immunohistochemistry has failed to provide a clear 
interpretation of the tumor electron microscopy will also be 
questionable. Nevertheless, it can be very helpful and one 
should make every effort to obtain a sample for such studies. 
The  fi nding of long, slender microvilli is a classical feature 
for mesothelioma. More recently, Ordonez  [  78  ]  described 
nine cases of pleural mesotheliomas in which the author 
demonstrated the presence of crystalloid structures, which in 
turn can also be used as another identi fi able feature of 
mesothelioma.  

   Differential Diagnosis 
 The most important conditions to rule out in the differential 
diagnosis of mesothelioma are either pulmonary adenocar-
cinoma that has extended into the pleura, a metastatic epi-
thelial tumor of other origin, or more importantly atypical 
mesothelial hyperplasia. If one has concluded that the cel-
lular proliferation in question is malignant, then the use of 
immunohistochemical studies, namely, the use of carcino-
matous epitopes, as previously mentioned in the section on 
immunohistochemistry, will be the next step and needed to 
rule out either metastatic adenocarcinoma from the lung or 
elsewhere. The interpretation can be more dif fi cult in cases 
of mesothelial hyperplasia. In this setting, there is no 
immunohistochemical stain, which can separate a neoplas-
tic cellular proliferation from a hyperplastic one. Therefore, 
it is imperative not only to correlate the histology with the 
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clinical and radiological features but also to properly inter-
pret the results of the immunohistochemical studies. As a 
matter of fact, even electron microscopic studies would fail 
to separate such cellular proliferations. Such diagnosis 
becomes a morphologic one and requires careful attention 
to speci fi c histopathological features such as invasion into 
adipose tissue or skeletal muscle, which are features asso-
ciated with malignant mesothelioma.   

   Sarcomatoid Mesothelioma 
 Although a well-recognized growth pattern, sarcomatoid 
mesothelioma is less common than its counterpart the epi-
thelioid type and accounts for approximately 10–15 % of 
tumors in its pure form. The tumor characteristically has a 
growth pattern of spindle cells with elongated nuclei and 
inconspicuous nucleoli in a manner resembling a sarcoma of 
soft tissues. Carter and Otis  [  79  ]  in a study of spindle cell 
tumors of the pleura concluded that there are three types of 
these tumors that may range from low grade (possibly 
benign) to high grade tumors and separated them into 
 fi broma (keratin-negative tumor), sarcomatoid mesothe-
lioma (keratin-positive tumor), and sarcoma (malignant 
spindle cell tumor—keratin negative). Due to a possible 
overlap in histopathological features, the use of immunohis-
tochemical stains were proposed to play an important role in 
this context. 

 Sarcomatoid mesotheliomas of the pleura can be further 
subdivided into three distinct categories based on their 
growth pattern:

    • Spindle cell   type  (  fi brosarcoma - like or   MFH - like ) 
(Figs.  12.27 ,  12.28 ,  12.29 ,  12.30 ,  12.31 ,  12.32 , and 
 12.33 ): The diagnosis of either one of these variants is 
rather straightforward. In the  fi brosarcoma-like pattern, 
the tumor is composed of a spindle cellular proliferation 
that may show the so-called herringbone pattern with 
intersecting fascicles of spindle cells showing indistin-
guishable cell membranes, moderate amounts of light 
eosinophilic cytoplasm, elongated nuclei, and inconspicu-
ous nucleoli. Nuclear atypia is present and mitotic activity 
is easily encountered. In the MFH-like pattern, the tumor 
displays features of a high grade sarcoma with a fascicu-
lar growth pattern composed of spindle and/or oval cells 
with elongated or round nuclei and conspicuous nucleoli. 
In addition, the tumor may also show the presence of 
multinucleated malignant giant cells intermixed with the 
spindle cell proliferation. Nuclear atypia is prominent and 
mitotic activity is easily encountered.         
   • Desmoplastic mesothelioma  (Figs.  12.34 ,  12.35 ,  12.36 , 
 12.37 ,  12.38 , and  12.39 ): The diagnosis of desmoplastic 
mesothelioma may pose a serious challenge in diagnosis 
mainly when only a limited biopsy material is available 

for interpretation. Initially described by Kannerstein 
and Churg  [  80  ]  in 1980, this variant has been further 
analyzed in  different reports. Cantin et al.  [  81  ]  reported 
27 cases in which the authors concluded that the clinical 
course was often rapid and that the mean survival for 

  Fig. 12.27    Low power view of a sarcomatoid mesothelioma. Note the 
prominent spindle cell features       

  Fig. 12.28    Closer view of the malignant spindle cell proliferation 
arranged in a subtle storiform pattern       
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cases in which there was pure sarcomatoid tumor was 
about 6.18 months. In their experience, desmoplastic 
mesothelioma also shows more tendency toward meta-
static disease with 60 % compared to 40 % of the non-
desmoplastic variant. Also Mangano et al.  [  82  ]  reported 

a series of 31 cases in which the emphasis was to sepa-
rate desmoplastic mesotheliomas from  fi brous pleurisy. 
The authors reported the presence of p53 in these two 
conditions and concluded that it can be positive in both 
conditions and although more commonly seen in 

  Fig. 12.29    Areas of necrosis are sometimes encountered, even though 
they may not be apparent in biopsy specimens       

  Fig. 12.30    Malignant spindle cell invading into adipose tissue       

  Fig. 12.31    Numerous mitotic  fi gures are present in this sarcomatoid 
mesothelioma       

  Fig. 12.32    Malignant spindle cells dissecting into  fi brocollagenous 
tissue       
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 desmoplastic mesothelioma, the difference in staining 
was not  statistically signi fi cant. Histologically, these 
tumors may show extensive areas of collagenization 
with a very discrete spindle cell proliferation, which 
may be missed in a cursory review of the histological 
sections. The most salient histopathological features 
 [  82,   83  ]  that have been associated with the diagnosis of 
desmoplastic mesothelioma include:      

   Invasion of chest wall or lung   –
  Foci of bland necrosis   –
  Frank sarcomatoid foci   –
  Distant metastasis     –

 It is obvious that the aforementioned criteria apply to 
resected specimens, pleural peeling, or a very generous 
pleural biopsy. Otherwise, in a small sample, such diagno-
sis may prove to be very dif fi cult if not impossible. To that 

  Fig. 12.33    Closer view of the spindle cells with more  fi broblastic-like 
appearance       

  Fig. 12.34    Low power view of a desmoplastic mesothelioma. Note the 
lack of prominent cellularity       

  Fig. 12.35    Desmoplastic mesothelioma with extensive collagenization       

  Fig. 12.36    Higher magni fi cation of desmoplastic mesothelioma show-
ing spindle cells dissecting  fi brocollagen       
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extent, Colby  [  83  ]  has warned about the care that must be 
exercised when making such a diagnosis and has stated 
that since there is not a proven therapy for desmoplastic 
mesothelioma, underdiagnosis is preferable to overdiag-
nosis. This latter statement cannot be emphasized enough 
given the current tendency of performing extrapleural 
pneumonectomies for the treatment of mesothelioma.  
   • Lymphohistiocytoid  variant (Figs.  12.40 ,  12.41 , and 
 12.42 ): This type of mesothelioma is included in the sub-

category of sarcomatoid mesotheliomas  [  84  ] , although in 
some cases the tumor may not be formed by spindle cells 
but rather by oval cells. This subtype of mesothelioma is 
unusual and it is characterized by the presence of a promi-
nent lymphoid component admixed with a cellular prolif-
eration composed of epithelial cells with a “histiocytoid 
appearance”.       

  Fig. 12.37    Desmoplastic mesothelioma with focal areas of in fl amma-
tory cells       

  Fig. 12.38    Desmoplastic mesothelioma in fi ltrating adipose tissue       

  Fig. 12.39    Desmoplastic mesothelioma in fi ltrating lung parenchyma       

  Fig. 12.40    Low power view of a lymphohistiocytic mesothelioma 
showing a mixture of spindle cells and lymphocytes       
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   Histochemical Studies 
 The use of histochemical studies such as PAS with and with-
out diastase, mucicarmine, and/or hyaluronic acid with and 
without diastase digestion has no role in the diagnosis of 
these tumors.  

   Immunohistochemical Studies 
 In the setting of a spindle cell mesothelioma, whether the 
tumor is desmoplastic or not, the role of immunohistochem-
istry is relatively limited. Most of the antibodies used in con-
ventional epithelioid mesotheliomas have no practical use in 
sarcomatoid mesotheliomas. The use of broad-spectrum 
 keratin is by far the most important while all other 
 carcinomatous epitopes are known not to react with sarcoma-
toid tumors. The use of calretinin and keratin 5/6 is also lim-
ited since its positivity may vary and negative results do not 
rule out a diagnosis of mesothelioma. Because of the lack of 
more speci fi city from immunohistochemical markers, the 
issue of  fi brous pleurisy and desmoplastic mesothelioma 
cannot be solved by immunohistochemistry since both lesions 
may cross-react with keratin antibodies. In short, the use of 
immunohistochemistry is primarily limited to rule out other 
spindle cell tumors of different cell lineage including muscle 
or  fi brous differentiation or other mesenchymal tumors.  

   Differential Diagnosis 
 The most important differential diagnosis includes another 
spindle cell neoplasm of mesenchymal origin. In this set-
ting, the use of proper immunohistochemical studies and/or 
electron microscopy will lead to a more appropriate inter-

pretation. In cases of sarcomatoid carcinoma involving the 
pleura in a diffuse manner, tradiographic demonstration of 
an intrapulmonary tumor mass will favor carcinoma of the 
lung. However, such distinction may prove to be dif fi cult on 
histopathological grounds. The most relevant and dif fi cult 
differential diagnosis includes  fi brinous pleuritis or  fi brous 
pleurisy of a reactive or in fl ammatory nature. In these cases, 
the diagnosis is based on morphologic grounds since immu-
nohistochemistry cannot solve the problem. To this extent, 
the use of morphological landmarks such as in fi ltration of 
the tumor into adipose tissue or skeletal muscle will become 
an important feature to properly designate the lesion as 
neoplastic or reactive.   

   Biphasic Mesotheliomas 
 These tumors are composed of a mixture of epithelial and 
sarcomatoid areas (Figs.  12.43 ,  12.44 , and  12.45 ). As a rule 
unequivocal sarcomatoid and epithelioid areas have to be 
identi fi ed in order to classify these tumors as biphasic. The 
designation of these cases as biphasic mesotheliomas may 
change from the initial biopsy to the  fi nal resected specimen. 
In a more recent study on the issue of biopsy and resection, a 
considerable number of cases in which the biphasic nature of 
the specimen was not easily determined in the original biopsy 
material  [  32  ]  were identi fi ed. One important differential 
diagnosis for biphasic mesotheliomas includes primary syn-
ovial sarcomas of the pleura. However, in the latter setting 
the tumor is a pleural-based mass without diffuse pleural 
involvement. Close clinical and radiological correlation is 
highly advised in that setting.      

  Fig. 12.41    Higher magni fi cation showing an atypical cellular prolif-
eration admixed with lymphocytes       

  Fig. 12.42    Lymphohistiocytoid mesothelioma showing atypical 
mitotic  fi gures       
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   Treatment and Prognosis 
 The use of extrapleural pneumonectomy as a treatment 
modality for mesothelioma has become more popular in 
recent years. Rice  [  85  ]  recently reviewed this subject and 
stated that despite improvements in the operative mortality, 

surgery alone is associated with high rates of local failure. 
The use of  neoadjuvant treatment modalities, which 
includes radiation, and chemotherapy, appears to be an 
accepted protocol for these patients. Nevertheless, in the 
majority of cases, the prognosis is still poor, with survival 
rates of no more than 12 and 18 months after initial diagno-
sis. Due to the widespread acceptance of these modalities 
in the treatment of mesothelioma, it is imperative to develop 
close correlations among the clinical, radiological, histo-
logical, and immunohistochemical features of these 
patients.  

   Practical Approach 
 A conceptual and more practical approach has been sug-
gested for these tumors. Such an approach may be of aid 
mainly when there are doubts about the diagnosis. Important 
issues to consider are the following:

   Detailed clinical history  • 
  Detailed radiological information  • 
  Adequate biopsy material (preferably containing adipose • 
tissue or skeletal muscle in order to evaluate invasion)  
  Immunohistochemical studies  • 
  Electron microscopy    • 

   Clinical Setting 
    If the tumor is epithelioid, then the use of a battery of • 
immunohistochemical studies is in order, and these may 
include keratin 5/6, calretinin, CEA, CD15, B72.3, MOC-
31, and TTF-1 and WT1.  

  Fig. 12.43    Biphasic mesothelioma showing a mixture of glands and 
spindle cells       

  Fig. 12.44    Biphasic mesothelioma showing a predominantly sarco-
matoid component       

  Fig. 12.45    Biphasic mesothelioma showing a predominantly epithe-
lial component       
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  If the tumor is sarcomatoid, then the immunohis-• 
tochemical studies can be limited to broad-spectrum 
keratin. Keratin 5/6 and calretinin can be added; how-
ever, it is well known that those antibodies may be 
 negative in sarcomatoid mesotheliomas. Other immu-
nohistochemical studies to rule out other mesenchymal 
neoplasms may be included depending on the degree of 
suspicion.  
  In cases in which the differential diagnosis is between • 
mesothelioma and mesothelial hyperplasia, the diagnosis 
is essentially based on histopathological grounds by 
determining invasion, and the use of immunohistochemi-
cal studies is not reliable.  
  In cases in which the differential diagnosis is between sar-• 
comatoid mesothelioma and  fi brous pleurisy, the use of 
immunohistochemical stains is not reliable, and the diag-
nosis is based on histopathological grounds by demon-
strating invasion.       

   Pseudomesotheliomatous Adenocarcinoma 

 The existence of peripheral pulmonary adenocarcinomas 
growing along the pleural surface is rather uncommon. 
   However, when it occurs it may pose considerable problems 
in separating this tumor from pleural mesothelioma; there-
fore, there is a need for the extensive use of immunohis-
tochemical stains. In 1976, Harwood et al.  [  86  ]  described 
six cases of pulmonary carcinomas of the lung, which were 
characterized by diffuse pleural thickening in a manner 
similar to that described in malignant mesothelioma. The 
author stated that due to the gross and microscopic charac-
teristics of the tumor, this particular variant of lung carci-
noma should be recognized as speci fi c variant and one that 
the authors named pseudomesotheliomatous carcinoma. 
Over the last 25 years, several series of cases have been 
described paying special attention not only to the similari-
ties of this tumor in comparison to malignant mesothelioma 
but also to provide the necessary tools to separate both con-
ditions due to the treatment implications of both these 
tumors  [  87–  93  ] . 

   Clinical Features 
 There are no speci fi c clinical features to differentiate 
pseudomesotheliomatous adenocarcinoma of the pleura and 
malignant mesothelioma. The majority of patients are men 
over 50 years of age, with a history of tobacco use. Some of 
these tumors have been reported in patients exposed to asbes-
tos, iron, and stone dust. The most common symptoms 
include weight loss, dyspnea, cough, chest pain, and pleural 
effusion. By imaging, the pleura may appear thickened while 
at thoracotomy extensive thickening of the pleura or the pres-
ence of multiple pleural nodules studding the pleural surface 
may be seen.  

   Macroscopic Features 
 The gross features associated with pseudomesotheliomatous 
adenocarcinoma may mimic those seen in pleural mesothe-
liomas, namely, the presence of extensive pleural thickening that 
may encase the entire lung and extend into the pulmonary septa. 
In some cases, a small peripheral intrapulmonary nodule may be 
seen, but this feature may not be easily identi fi ed. The tumor 
may also extend to involve the diaphragm or pericardium.  

   Histological Features 
 Pseudomesotheliomatous adenocarcinoma closely mimics the 
epithelioid variant of malignant mesothelioma. It shows areas 
of glandular, tubular, and/or papillary features embedded in a 
collagenous stroma (Figs.  12.46a–c  and  12.47a, b ). The neo-
plastic cellular proliferation is often haphazardly embedded in 
a background of collagenous stroma. This stroma may, in some 
cases, show a desmoplastic reaction, mimicking a biphasic 
mesothelioma. In some cases, this desmoplastic-like reaction 
may also contain prominent in fl ammatory changes.    

   Histochemical and Immunohistochemical Features 
 The use of histochemical stains like PAS with and without 
diastase digestion as well as mucicarmine may be helpful, as 
the presence of intracellular mucin will lead to a diagnosis of 
adenocarcinoma. However, such  fi ndings may not be present 
in all cases; therefore, the use of immunohistochemical stains 
may be necessary. In this setting, the use of carcinomatous 
epitopes in the evaluation of mesotheliomas may be of help. 
These carcinomatous epitopes include CEA, B72.3, MOC-31, 
and TTF-1. Although there is a wider variety of antibodies 
that can be used, those previously mentioned are part of the 
practical evaluation of mesothelioma versus adenocarcinoma.  

   Treatment and Prognosis 
 Patients with pseudomesotheliomatous adenocarcinomas of 
the pleura are not candidates for extrapleural pneumonec-
tomy. Therefore, it is important to establish the correct diag-
nosis and separate pseudomesotheliomatous adenocarcinoma 
from mesotheliomas. Pseudomesotheliomatous adenocarci-
nomas are adenocarcinomas in advanced stage (IIIb). Most 
likely these patients will be treated with chemotherapy. The 
prognosis is rather poor as the reported survival in larger 
series is less than 18 months.   

   Mucoepidermoid Carcinoma 

 The existence of salivary gland-type tumors in the lung is well 
known. In the great majority of cases, these tumors occur in a 
bronchial location. When it comes to the presence of similar 
tumors on the pleural surface, although rare, their occurrence 
has been documented. So far, two cases of mucoepidermoid car-
cinoma presenting as pleural tumors have been described  [  94  ] . 
These two cases presented in adult individuals with no previous 
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history of a head and neck neoplasm. Both patients had symp-
toms of chest pain and shortness of breath. Radiologically, the 
two tumors were described as pleural-based tumors. 

   Histopathological Features 
 The histopathological features of these tumors described are 
similar to those described for lesions arising in the salivary 
glands. The tumor exhibits an epithelial cellular proliferation 
composed of medium-size cells with eosinophilic cytoplasm, 
round nuclei, and in some cases prominent nucleoli. The cel-
lular proliferation has epidermoid features; however, keratini-

zation is not present. In addition, the presence of 
mucus-secreting cells admixed with intermediate cells and 
epidermoid cells is the hallmark of these tumors (Figs.  12.48  
and  12.49a–c ). Areas of  fi brinous pleuritis may also be seen in 
these cases. In addition, the tumors may show sclerotic areas 
composed of a spindle  fi broblastic cellular proliferation with 
islands of cells in which the tumor shows the classical ele-
ments of intermediate or epidermoid cells admixed with 
mucus-secreting cells (mucocytes). This so-called sclerosing 
mucoepidermoid carcinoma has also been described in the 
pleura (Fig.  12.50a–c ).     

a b

c

  Fig. 12.46    ( a ) Low power view of a pseudomesotheliomatous adenocarcinoma, note the pleural thickening. ( b ) Well-formed glands are embed-
ded in a collagenous stroma. ( c ) Glands are dissecting collagenous stroma with a minimal in fl ammatory reaction       
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   Immunohistochemical Features 
 The diagnosis of mucoepidermoid carcinoma does not 
require immunohistochemical analysis. However, the tumor 
may show positive staining for keratin 5/6, p63, CEA, kera-
tin, and epithelial membrane antigen. However, it is impor-
tant to note that this immunophenotype may be seen in either 

primary or metastatic mucoepidermoid tumors of the 
pleura.  

   Treatment and Prognosis 
 The treatment of choice is complete surgical resection of the 
tumor. Due to the rarity of this tumor in the pleura, it is 
dif fi cult to determine its true biological behavior. However, 
the cases described corresponded to the low grade category 
of these tumors; thus, it is possible that complete surgical 
resection may be the only treatment needed and that the 
behavior is that of an indolent neoplasm.   

   Pleural Thymomas 

 Thymomas are epithelial tumors more commonly seen in 
the anterior mediastinum. However, as stated elsewhere 
in this text, this tumor may occur ectopically in different 
sites including the head and neck, trachea, thyroid, and 
lung, and in usual circumstances the tumor may present 
as a diffuse process involving the pleural surface in a 
manner similar to that seen in mesothelioma  [  95–  99  ] . 
However, it is important to understand that anterior medi-
astinal thymomas commonly invade the pleura. Therefore, 
it is imperative to exclude such possibility before render-
ing a diagnosis of primary ectopic pleural thymoma. 
Thymomas growing along the pleural surface in a manner 
mimicking mesothelioma have been reported sporadically 
 [  100,   101  ] . However, in the recent past, more attention 

a b

  Fig. 12.47    ( a ) Cords of neoplastic and irregular glands are embedded in a reactive stroma. ( b ) Pseudomesotheliomatous adenocarcinoma mim-
icking biphasic mesothelioma. Note the atypia in the glandular component       

  Fig. 12.48    Pleural mucoepidermoid carcinoma showing a  gland-like 
proliferation admixed with areas of  fi brinous pleuritis       
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has been given to this unusual presentation of  thymoma 
 [  102–  109  ] . 

   Clinical Features 
 Pleural thymomas appear to affect adult individuals with a 
mean age of 54 years and without predilection for any par-
ticular gender.    The patients may present with symptoms of 
cough, chest pain, fever, shortness of breath, or, more 
unusual, myasthenia gravis or be completely asymptomatic. 
Radiographically, the tumors appear either as a pleural-based 

mass or as diffuse pleural thickening in a manner similar to 
that seen in malignant mesothelioma.  

   Macroscopic Features 
 The gross appearance of pleural thymomas will depend on 
the anatomic distribution of the tumor. Tumors that present 
as pleural-based lesions, are often attached to the pleura in a 
broad based fashion. The tumors are well circumscribed, 
solid, and light tan in color. The cut surface of the tumor may 
show a slight nodular or lobulated surface. Areas of 

a
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  Fig. 12.49    ( a ) Pleural mucoepidermoid carcinoma composed of a gland-like proliferation embedded in a  fi brocollagenous stroma. ( b ) Prominent 
clear cell appearance. ( c ) Clear cells admixed with mucus-producing cells (mucocytes)       
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 hemorrhage and/or necrosis are not common. When the 
tumor involves the pleura in a diffuse manner, it spreads 
along the pleural surface causing pleural thickening.  

   Histopathological Features 
 The histological features of pleural thymomas are essentially 
the same as those seen in anterior mediastinal tumors, 
namely, an admixture of  epithelial cells and lymphocytes 

(Fig.  12.51a, b ), in various proportions (Fig.  12.52 ). The 
tumor may also show prominent lobulation. The tumor lob-
ules are separated by  fi brous bands and perivascular spaces 
are also present. In the spindle cell growth pattern, the tumors 
are composed of a spindle cellular proliferation with a 
hemangiopericytoma-like growth pattern. However, in none 
of the different thymoma types, nuclear atypia or mitotic 
activity is identi fi ed.    

a
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  Fig. 12.50    ( a ) Sclerosing mucoepidermoid carcinoma of the pleura; note the islands of epidermoid cells embedded in spindle cell stromal tissue. 
( b ) The islands of epidermoid cells show focal areas of mucus-producing cells. ( c ) Higher magni fi cation of the mucus-producing cells       
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   Immunohistochemical Features 
 The immunophenotype of thymomas—whether in the ante-
rior mediastinum, lung, pleura, or neck—is similar. The 
tumors will display positive staining in the epithelial compo-
nent with keratin antibodies, most commonly pan keratin, 

low molecular weight keratin (CAM 5.2), and keratin 5/6, 
while the lymphocytic component shows positive staining 
for lymphoid markers including B- and T-cell markers. In 
addition, the tumors may occasionally display positive stain-
ing in the epithelial component with calretinin. Interestingly, 
epithelial membrane antigen in thymomas may show either 
only focal weak staining or be entirely negative in the epithe-
lial cells. More recently, Pax8 has been demonstrated to show 
positive staining in thymomas as well as thymic 
carcinomas.  

   Differential Diagnosis 
 The most important differential diagnosis of pleural thymo-
mas is either mesothelioma or metastatic carcinoma to the 
pleura. In both cases the presence of a biphasic cellular prolif-
eration composed of lymphocytes and epithelial cells may 
lead to the correct interpretation. However, one of the histo-
pathological variants of mesothelioma, the lymphohistiocy-
toid type, may pose a more dif fi cult diagnostic problem. In 
this setting, staining with calretinin and keratin 5/6 can over-
lap with cases of thymoma. Also, from a histopathological 
point of view, most of the cases of lymphohistiocytoid meso-
thelioma display a spindle cell proliferation embedded in a 
lymphoid stroma, which would be unusual for a spindle cell 
thymoma, which characteristically shows very little  lymphoid 
cells. In cases of carcinoma, the absence of marked nuclear 
atypia and/or mitotic activity and negative  fi ndings of a pul-
monary mass may lead to a more correct interpretation. 

a b

  Fig. 12.51    ( a ) Pleural thymoma with the characteristic cellular composition. ( b ) Higher magni fi cation showing the admixture of epithelial cells 
and lymphocytes       

  Fig. 12.52    Pleural thymoma with spindle cell features       
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Lymphomas involving the pleura may also enter in the differ-
ential diagnosis; however, the use of keratin antibodies will be 
of help in this setting. Important to mention is the fact that in 
cases in which  fl ow cytometry is performed, it is likely that 
the results will point to an immature T-cell proliferation, 
which should not be misinterpreted as a T-cell neoplasm, since 
immature T-cells are a normal component of thymomas.  

   Treatment and Prognosis 
 The treatment of pleural thymomas is essentially surgical 
resection of the tumor. However, the extent of the surgical 
procedure will be determined by the extent of disease. In 
cases in which the tumor is a pleural-based mass, the tumor 
is more amenable to a more conservative surgical approach. 
However, in cases in which there is diffuse pleural involve-
ment, the procedure may require a more radical procedure 
such as pneumonectomy. The prognosis of these patients 
will also not only depend on the extent of disease and but 
also the resectability of the tumor.   

   Adenomatoid Tumor 

 Adenomatoid tumors can be interpreted as benign mesothelial 
lesions, which often occur in the male and female genital tract. 
In the thoracic cavity, the tumor may arise in the mediastinal 
compartment or in the pleural surface  [  110–  112  ] . However, 
these tumors are of unusual occurrence in the thoracic cavity. 

   Clinical Features 
 The few cases described so far of this particular entity have 
been in adult individuals who have been followed for differ-
ent conditions. In the two cases described by Kaplan et al. 
 [  112  ] , one patient had an adenocarcinoma of the lung, while 
the other patient had histoplasmosis. The pleural tumors 
were found incidentally during surgery, and the two cases 
were described as pleural nodules varying in size from 0.5 to 
2.5 cm in greatest diameter.  

   Histopathological Features 
 Like adenomatoid tumors elsewhere, the lesions are charac-
terized by the presence of cords or sheets of medium-size 
cells with vacuolated cytoplasm and nuclei that are dis-
placed to the periphery of the cell almost mimicking a sig-
net ring cell appearance. In other areas, the tumor may show 
sheets of medium-size cells with light eosinophilic cyto-
plasm and round nuclei, and in some cells nucleoli may be 
seen. The cellular proliferation is essentially embedded in a 
 fi brous stroma, and the cords of cells may be separated by 
thin  fi brocollagenous tissue (Fig.  12.53a–d ). The tumor 
does not show nuclear pleomorphism or increased mitotic 
activity. Areas of hemorrhage and/or necrosis are not com-
monly observed.   

   Immunohistochemical Features 
 Adenomatoid tumors and mesotheliomas may share a simi-
lar immunohistochemical pro fi le. Adenomatoid tumors may 
show positive staining for keratin, calretinin and CK5/6. The 
tumor is negative for CEA, CD15, B72.3, and MOC-31.  

   Differential Diagnosis 
 Adenomatoid tumors should not pose a big diagnostic prob-
lem. However, it is important to recognize that malignant 
mesotheliomas may show adenomatoid-like areas; therefore, 
it is important to properly assess the extent of disease. 
Malignant mesothelioma usually presents with diffuse pleural 
involvement contrary to the documented cases of adenoma-
toid tumors, which present as pleural-based nodules. 
Adenocarcinoma also needs to be included in the differential 
diagnosis; however, in this setting, the use of immunohis-
tochemical stains such as CEA, CD15, B72.3, and/or MOC-
31 will lead to the correct interpretation. One last differential 
diagnosis includes epithelioid hemangioendothelioma; in this 
setting, the use of markers such as CD34, CD31, and factor 
VIII may lead to the correct diagnosis as adenomatoid tumors 
are negative for vascular markers. Also ultrastructurally, the 
presence of Weibel-Palade bodies is a feature of vascular 
tumors but not adenomatoid tumor.  

   Treatment and Prognosis 
 The treatment of choice for these tumors is complete surgical 
resection. Since the tumor is considered a benign lesion, 
complete surgical resection is curative. Metastatic disease or 
recurrence have not been documented.   

   Pleuropulmonary Endometriosis 

 Although pleuropulmonary endometriosis is not a neoplastic 
condition, its presence in this location can easily mimic a 
tumoral process and will therefore be discussed here. 
Endometrial tissue ectopically occuring in the thoracic cav-
ity, although rare, has been reported in the literature. The 
pleural surface is most commonly affected. Even though in a 
good number of cases, this  fi nding of ectopic endometrial 
tissue may be an incidental  fi nding, in some cases, the endo-
metrial tissue may appear as a pleural-based tumor. However, 
it is important to know that some cases endometriosis may 
also primarily involve the lung parenchyma  [  113–  117  ] . 

   Clinical Features 
 Endometriosis predominantly affects women in reproductive 
age; however, cases of pleuropulmonary endometriosis have 
been seen in older women. In the cases described by Flieder 
et al.  [  113  ] , the age range was between 27 and 74 years. 
Therefore, one cannot completely rule out the possibility of 
endometriosis in older women. The most common symptoms 
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for those women with pleuropulmonary endometriosis include 
shortness of breath, cough, pleuritic chest pain, and/or hemop-
tysis. Interestingly, the  fi nding of pleuropulmonary endo-
metriosis may be the only site affected without involvement 
of pelvic endometriosis. Also, some of these women have no 
previous history of pregnancy or gynecologic surgery, but in 
some patients, the use of hormonal therapy could be elicited. 
Radiologically, the patients may present with pneumothorax, 

pulmonary in fi ltrates, or the presence of distinct pleural nod-
ules. Lesions within the pulmonary parenchyma most likely 
will demonstrate intraparenchymal tumor nodules.  

   Macroscopic Features 
 The gross features of pulmonary endometriosis may vary from 
strips of hemorrhagic tissue to well-formed small tumors that 
may range in size from under 1 cm to 3 cm in greatest  diameter. 
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  Fig. 12.53    ( a ) Low power view of an adenomatoid tumor showing a 
small acinar-like type of cellular proliferation. ( b ) Adenomatoid tumor 
showing gland-like structures. ( c ) Cords of cells dissecting into 

 fi brocollagenous tissue. ( d ) Higher magni fi cation showing cells with a 
signet ring cell-like appearance, note the absence of nuclear atypia or 
mitotic activity       
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However, cases in which the clinical presentation has been 
that of large pulmonary mass have also been described  [  117  ] . 
In general, the lesions may appear cystic, hemorrhagic and 
well circumscribed but not encapsulated.  

   Histopathological Features 
 The histology of pleuropulmonary endometriosis is that of 
a proliferative type of endometrium composed of glands 
lined by columnar, cuboidal, or pseudostrati fi ed epithelium 
with oval nuclei, inconspicuous nucleoli, and scant eosino-
philic or clear cytoplasm. Periglandular myxoid changes 
may be seen in some areas while mitotic activity is invari-
ably present. The stromal tissue is characterized by areas of 
 fi brocollagenous tissue with in fl ammatory cells, namely, 
plasma cells, lymphocytes, eosinophils, and hemosiderin-
laden macrophages (Fig.  12.54a–c ). The pleural nodules 
may display a broad based attachment to the visceral pleura 
without involvement of the underlying lung parenchyma. 
Stromal proliferation of vessels may or may not be seen in 
these cases.   

   Immunohistochemical Features 
 The use of immunohistochemical stains may help in the 
diagnosis of endometriosis mainly in cases in which the tis-
sue available for evaluation is a small biopsy. The glandular 
and/or stromal component may show positive staining for 
estrogen and progesterone receptors, broad-spectrum kera-
tin, CK7, and WT1. In some cases, the glands may also show 
positive staining for CEA and for    HER2/neu. However, other 
carcinomatous epitopes like CD15, B72.3, and neuroendo-
crine markers appear to be negative.  

   Differential Diagnosis 
 The differential diagnosis depends largely on the material 
available for evaluation and also on the location of the lesion. 
In limited biopsy material, the diagnosis may pose consider-
able challenge as endometriosis may be confused with a neo-
plastic glandular proliferation. In this setting, the use of 
immunohistochemical markers may be of help; however, it is 
important to take into consideration that some markers may 
actually show overlap between carcinoma and endometrio-
sis. When the lesions are in the pleura, the differential diag-
nosis will also include biphasic mesothelioma, especially in 
cases in which there is a marked stromal reaction. However, 
the  fi nding of a small pleural based nodule would be most 
unusual for a case of mesothelioma. In addition, immunohis-
tochemical stains may be of help. Although most cases of 
endometriosis occur in adult females, one last possible con-
dition to be considered in the differential diagnosis is pleuro-
pulmonary blastoma (PPB). Some cases of endometriosis 
may present with prominent cystic changes and stromal 
growth, which can be confused with PPB. However, the 
presence of glands more akin to the proliferative phase of 

endometrium and the presence of in fl ammatory cells, namely, 
plasma cell in the stroma, are important features in cases of 
endometriosis. Needless to say, the occurrence of PPB in an 
adult female patient would be very unusual. In addition, pos-
itive staining for estrogen and progesterone receptors as well 
as WT1 would be most unusual for PPB.    

   Neuroendocrine Tumors 

 Although the vast majority of neuroendocrine tumors occur 
predominantly in an intrapulmonary location, in certain 
unusual circumstances, carcinoid tumorlets may present as 
single or multiple pleural nodules (Fig.  12.55a–c ). It is 
important to properly evaluate such lesions, namely, primar-
ily to assess whether there is an intrapulmonary mass with 
metastasis to the pleura. Otherwise, the diagnostic criteria 
for carcinoid tumorlets are similar to those for an intrapul-
monary location, basically tumor lesions up to no more than 
0.5 cm in greatest diameter. However, if radiologically 
identi fi ed, the clinical differential diagnosis may be more 
challenging and include primary tumors of the pleura or met-
astatic disease to the pleura. Nevertheless, the size of the 
lesions in addition to their immunohistochemical pro fi le will 
lead to a more accurate diagnostic interpretation.   

   Non-epithelial Tumors of the Pleura 

 Non-epithelial tumors of the pleura are uncommon but their 
presence is well recognized. It encompasses tumors of differ-
ent etiologies and wide spectrum of differentiation. Their 
diagnosis may require not only familiarity with the histologi-
cal features of the particular tumors but also some degree of 
suspicion since most of these tumors are rarely seen as pri-
mary pleural neoplasms. Therefore, it is important to be aware 
of their existence and to consider them in the differential 
diagnosis of tumors of the pleura. Because this group of 
tumors is more commonly seen in extrathoracic sites, it is 
highly important to properly exclude the possibility of meta-
static disease. This group of tumors includes vascular, muscle, 
 fi brous, neural, and neuroectodermal tumors among others.  

   Fibroblastic Tumors 

 This group of tumors may represent the most common among 
the non-epithelial tumors of the pleura. Not surprisingly, 
solitary  fi brous tumor is the most commonly encountered. 
Basically, the three most important tumors include:

   Solitary  fi brous tumor (SFT)  • 
  Calcifying  fi brous pseudotumor (CFPT)  • 
  Desmoid tumor    • 
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   Solitary Fibrous Tumor (SFT) 

 SFT is a tumor most commonly encountered on the serosal 
surfaces; however, it has been described in diverse ana-
tomic areas including the lung, head and neck, soft tissue, 
and viscera  [  118–  121  ] . Throughout the history of this neo-
plasm, many different names have been coined to designate 
this tumor including localized  fi brous mesothelioma, sub-
mesothelial  fi broma, and  fi brous mesothelioma. Klemperer 

and Ravin  [  8  ]  should be credited for recognizing this tumor 
as a different clinicopathological entity in the pleura. The 
authors separated SFT from the conventional diffuse pleu-
ral tumors and stated that their behavior was also different 
from tumors involving the pleura in a diffuse manner. 
Although there has been some debate regarding the histo-
genesis of these tumors, ultrastructural studies have not 
supported the notion of a mesothelial origin and have 
 suggested a  fi broblastic origin. Currently the tumor is well 
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  Fig. 12.54    ( a ) Low power view of pleural endometriosis showing the 
classic presentation of glands embedded in a cellular stroma. ( b ) Closer 
view showing dilated glands of different sizes. ( c ) Pleural endometrio-

sis in which the stroma is more prominent with only small residual 
gland-like structures       
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 recognized as a distinct clinicopathological entity; how-
ever, there are only a few large series documenting the dif-
ferent clinical, histopathological, immunohistochemical, 
and behavioral features of this neoplasm  [  122–  129  ] . 

   Clinical Features 
 The tumor does not have any predilection for any particular 
gender, and it has been described in a wide range of ages, 

from pediatric patients under 10 years of age to older 
patients of more than 80 years. The tumor appears to be 
most common in the sixth decade of life. Clinically, the 
patients may present with symptoms of cough, chest pain, 
pleural effusion, shortness of breath, hemoptysis, and gen-
eral malaise. One important clinical  fi nding in patients with 
SFT is hypoglycemia that may be present in about 10 % of 
the cases. About 25 % of patients present with no symptoms 
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  Fig. 12.55    ( a ) Low power view of a “carcinoid tumorlet” on the pleural surface. ( b ) The carcinoid tumorlet does not invade into adipose tissue. 
( c ) Higher magni fi cation showing a cellular proliferation similar to that seen in conventional carcinoid tumors       
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at all, and their tumors are discovered during a routine 
radiographic examination. By diagnostic imaging, SFT is a 
pleural-based tumor that may arise from the visceral or less 
often from the parietal pleura.  

   Macroscopic Features 
 The majority of tumors are described as sharply circum-
scribed and/or encapsulated, polypoid tumors attached to 
the pleura by a short pedicle. The size of these tumors may 
vary from 1 to more than 25 cm in greatest diameter. The cut 
surface of the tumor is tan white, whorled, and rubbery with 
 fi brotic areas. Necrosis, hemorrhage, and cystic changes 
may be present in some cases. Those macroscopic features 
are important to document, as they have been associated 
with malignant tumors. Some tumors are not attached to the 
pleura by a pedicle but rather involve the pleura in a broad 
based, while other tumors are described to have an inward 
growth with compression and displacement of the lung.  

   Histopathological Features 
 The microscopic features of SFT are rather wide and in a 
good proportion of cases, more than one pattern may be 
observed in these tumors. Essentially, this tumor has been 
separated into two main growth patterns: the solid spindle 
type and the diffuse sclerosing type. Of those two patterns, 
the solid spindle type is the most versatile, as the tumors 
may show a wide range of microscopic features that are 
commonly observed in other mesenchymal neoplasms. 
These features include short storiform (so-called patternless 
pattern) (Fig.  12.56a, b ), angio fi broma-like (Fig.  12.57 ), 
hemangiopericytoma-like (Fig.  12.58a–c ),  fi brosarcoma-
like (herringbone) (Fig.  12.59 ), monophasic synovial 
 sarcoma-like (Fig.  12.60a, b ), and neural-like patterns 
(Fig.  12.61 )  [  129  ] . On the other hand tumors can show 
extensive collagenization, which often has a rope-like 
appearance (Fig.  12.62a–c ). Based on these histopathologi-
cal growth patterns, the  fi nding of a tumor showing hypo- 
and hypercellular areas, presence of ectatic blood vessels, 
spindle cells, which can mimic any known spindle cell sar-
coma, and areas of extensive collagenization can lead to the 
correct interpretation of SFT. These different histopatho-
logical patterns become more apparent in complete surgical 
resections rather than in small limited biopsies. In some 
cases, the tumor may in fi ltrate into peripheral lung paren-
chyma or mediastinal structures.        

 In a study by England et al.  [  125  ] , the authors divided 
SFT into histologically benign and malignant tumors 
based on the presence of mitotic activity (more than four 
mitotic  fi gures per ten high-power  fi elds), high cellularity, 
pleomorphism, hemorrhage, and necrosis. Of the 223 
cases presented in this study, 141 were classi fi ed as benign, 
while 82 were classi fi ed as malignant. Other parameters 

such as size of the tumor and clinical  fi ndings may not 
completely correlate with clinical behavior. However, it is 
logical to assume that the larger the tumor, the more likely 
it will in fi ltrate adjacent structures, thus, being less ame-
nable for complete surgical resection.  

   Immunohistochemical Features 
 The most consistent positive immunohistochemical stains in 
SFT include vimentin, CD34, and Bcl-2. Other stains that 
may reveal weak or scattered positive cells include smooth 
muscle actin and desmin. Immunohistochemical stains for 
keratin, EMA, S100 protein, factor VIII, and CD31 are gen-
erally negative. In some cases in which the tumor in fi ltrates 
the periphery of the lung, entrapped lung parenchyma will 
show positive staining for keratin antibodies.  

   Differential Diagnosis 
 The histopathological features of SFT may mimic several 
mesenchymal neoplasms including synovial sarcoma, 
angio fi broma, or neural tumors. However, the presence of 
more than one growth pattern in the same tumor, the use of 
immunohistochemical markers, especially CD34 and Bcl-2, 
and negative staining for S100 protein, epithelial, and/or vas-
cular markers should lead to the correct interpretation. 
However, it is important to point out that some of the mark-
ers used to support a diagnosis of SFT may also show posi-
tivity in other tumors of mesenchymal origin. Thus, the 
interpretation of the immunophenotype should always be in 
conjunction with the morphology of the tumor. In limited 
biopsies, the diagnosis may not be readily recognizable due 
to sampling limitations. Therefore, extensive evaluation is 
recommended in these tumors in order to properly appreciate 
the different growth patterns.  

   Treatment and Prognosis 
 The treatment of choice for SFT is complete surgical resec-
tion. The clinical behavior of these tumors may be deter-
mined in great part not only by the histological features of 
the tumor but also by its resectability. Tumors that are 
attached to the pleura by a pedicle, despite possible worri-
some histology, may not follow an aggressive behavior. In 
45 % of the cases designated as malignant by England et al. 
 [  125  ] , these patients were apparently cured by complete sur-
gical resection. This group of patients was described as hav-
ing pedunculated, well-circumscribed tumors. On the other 
hand, the other 55% of patients followed a fatal course with 
recurrences and metastasis. The authors concluded that 
resectability is the single most important indicator of clinical 
behavior. Briselli et al.  [  124  ]  also arrived at a similar conclu-
sion and stated that nuclear pleomorphism and high mitotic 
rate do not necessarily indicate poor prognosis if the tumor is 
circumscribed.   
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  Fig. 12.56    ( a ) Solitary  fi brous tumors 
composed of a spindle cell proliferation 
(so-called patternless pattern). ( b ) Higher 
magni fi cation showing hypo- and hypercellular 
areas       
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   Desmoid Tumor 

 Fibromatosis or desmoid tumors are neoplasms of ubiqui-
tous distribution that are commonly seen in an intra-abdom-
inal location or that involve the musculature of the shoulder, 
chest wall, or back  [  130,   131  ] . Those tumors in the chest wall 

are usually in an extrathoracic location and the patients pres-
ent with a palpable mass. Also desmoid tumors of the chest 
wall with pleural involvement have been reported  [  132  ] . 
However, desmoid tumors occurring primarily as pleural 
tumors are rather rare and have been recorded in the litera-
ture only sparsely  [  133,   134  ] . 

   Clinical Features 
 The tumor appears to affect individuals ranging in age from 
16 to 66 years of age without gender predilection. Clinically, 
patients may present with symptoms of chest pain, shortness 
of breath, and cough. In some cases, a history of trauma has 
been obtained. By diagnostic imaging, the tumors appear as 
pleural based neoplasms that may involve either the visceral 
or the parietal pleura.  

   Macroscopic Features 
 The tumors have been described as well demarcated, not 
pedunculated, and with a glistening surface. The tumors vary 
in size from 5 to more than 15 cm in greatest dimension. At 
cut surface, the tumor shows a  fi rm, white-grayish, and 
bosselated appearance; areas of necrosis and hemorrhage are 
not common (Fig.  12.63a–c ).   

   Histopathological Features 
 The histological features of desmoid tumors of the pleura are 
essentially the same as those described for desmoid tumors 
in other locations. The tumor characteristically shows inter-
secting fascicles of spindle cells with tapered, wavy to   Fig. 12.57    Solitary  fi brous tumor with angio fi broma-like appearance       

  Fig. 12.58    ( a ) Solitary  fi brous tumor with a hemangiopericytic growth 
pattern showing ectatic blood vessels and adjacent spindle cell prolif-
eration. ( b ) More dense spindle cell proliferation around ectatic blood 

vessels. ( c ) Monotonous spindle cell proliferation and prominent 
vasculature       
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 elongated nuclei without nuclear atypia. The cells appear to 
be present in a background of a collagenous or  fi nely  fi brillary 
matrix. Numerous blood vessels with either thin or thick 
walls are invariably present. The tumors appear to have 
in fi ltrative borders; however, the tumor usually does not 
show prominent nuclear atypia, mitotic activity, hemorrhage 
and/or necrosis.  

   Immunohistochemical Features 
 The immunohistochemical pro fi le for tumors arising on the 
pleural surface are the same than for any other site. Those 
tumors present in the pleura are positive for vimentin and 
actin; they may show focal positive staining for desmin. 
In addition, these tumors are positive for beta-catenin and 
cytoplasmic staining for cyclin D1. However, in general, 
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Fig. 12.58 (continued)

  Fig. 12.59    Solitary  fi brous tumor with  fi brosarcoma-like growth 
pattern       
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  Fig. 12.60    ( a ) Solitary  fi brous tumor with a monophasic synovial 
sarcoma-like growth pattern. ( b ) Higher magni fi cation of the epithelial-
like cellular proliferation       
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desmoid tumors are negative for epithelial markers, CD34, 
and S100 protein.  

   Differential Diagnosis 
 Solitary  fi brous tumor is the most dif fi cult and important 
differential diagnosis to consider in the evaluation of des-
moid tumors. In this setting the use of immunohistochemi-
cal studies may prove bene fi cial, as desmoid tumors are 
generally negative for CD34 and Bcl-2, while SFT are 
positive with these markers. Although SFT may show pos-
itive staining for actin, it is usually focal in contrast to des-
moid tumors, which usually show a stronger positive 
reaction. Equally important would be the use of beta-
catenin as this is commonly seen positive in desmoid tumor 
and negative in SFT.  

   Treatment and Prognosis 
 The treatment of choice is surgical treatment with negative 
margins. Therefore, complete surgical resection is the most 
important parameter in the evaluation of clinical behavior. 
Those patients with tumors that are not amenable to com-
plete resection are at risk to develop recurrence of the 
tumor.   

   Calcifying Fibrous Pseudotumor (CFPT) 

 Fetsch et al.  [  135  ]  should be credited for the initial descrip-
tion of calcifying  fi brous pseudotumors. The authors 

described CFPT as a tumor of the soft tissues with distinct 
morphologic features characterized by abundant hyalinized 
collagen with psammomatous or dystrophic calci fi cations 
and a lymphoplasmacytic in fi ltrate. The authors stated that 
this tumoral condition is most likely  fi broin fl ammatory or 
reactive in nature. Some authors  [  136  ]  have suggested that 
this neoplasm is a late sclerosing stage of in fl ammatory 
myo fi broblastic tumor in at least some cases, while oth-
ers have not found convincing evidence to support an 
association between calcifying  fi brous pseudotumor and 
in fl ammatory myo fi broblastic tumor and have suggested 
that this tumor should be designated as calcifying  fi brous 
tumor  [  137  ] . 

 CFPT originating in the thoracic cavity are extremely rare 
and have been described in the chest wall and the lung  [  138–
  140  ] . Pinkard et al.  [  141  ]  are credited for the description of 
these tumors in the pleura. The authors described three cases 
with similar characteristics as those described in the soft tis-
sues. Single case reports have followed that initial descrip-
tion  [  142–  148  ] . 

   Clinical Features 
 The tumors appear not to have any particular gender predi-
lection, and have been described in a wide range of ages 
from 23 to 55 years. Clinically, symptoms of chest pain, 
shortness of breath, and cough, have been described while 
some patients are entirely asymptomatic. Use of diagnostic 
imaging shows well-marginated, pleural tumors, which on 
CT demonstrate common calci fi cations  [  149  ] .  

   Macroscopic Features 
 The tumors can be solitary or multiple lesions on the pleural 
surface. They are well circumscribed,  fi rm, tan, and lobu-
lated, which on cut surface may show a gritty consistency. 
The tumors vary in size from 1 to more than 10 cm in great-
est diameter.  

   Histopathological Features 
 The tumors in the pleura are solitary to those described in 
soft tissues. The hallmark of these tumors is extensive 
hyalinization with a discrete spindle cell proliferation, 
numerous calci fi cations of different sizes and a subtle lym-
phoplasmacytic in fi ltrate (Fig.  12.64a–c ). The tumor does 
not show necrosis and/or hemorrhage nor does it show areas 
of cellular atypia or mitotic activity.   

   Immunohistochemical Features 
 Since only few cases of pleural CFPT have been reported, 
there is limited information about immunohistochemical 
studies. However, calcifying  fi brous pseudotumors have been 
found to react with CD34 and are negative for epithelial 
markers.  

  Fig. 12.61    Solitary  fi brous tumor with a neural-like growth pattern       
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  Fig. 12.62    ( a ) Solitary  fi brous tumor with prominent  fi broblastic component. ( b ) Classic rope-like collagen. ( c ) Higher magni fi cation of a bland 
spindle cell proliferation admixed with collagen       
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  Fig. 12.63    ( a ) Spindle cell proliferation in a background of  fi brillary-like matrix. ( b ) Spindle cell proliferation with numerous dilated blood ves-
sels. ( c ) Interlacing fascicles of spindle cells. Note the absence of necrosis or increased mitotic activity       
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   Differential Diagnosis 
 Solitary  fi brous tumor is the most important differential 
diagnosis, and its separation from CFPT may be dif fi cult, if 
not impossible, on biopsy material. In resected material, the 
presence of psammomatous of dystrophic calci fi cations in a 
tumor with abundant collagen and lymphoplasmacytic 
in fi ltrate should lead to the correct diagnosis. Contrary to 
solitary  fi brous tumor, which may show different patterns of 
growth in the same tumor, CFPT is rather uniform and does 

not show the variability that solitary  fi brous tumor shows. 
Both of these tumors may show CD34 positive staining 
 [  150  ] . The immunohistochemical reaction for Bcl-2 in CFPT 
is unknown so far.  

   Treatment and Prognosis 
 Complete surgical resection is the treatment of choice. 
However   , in those cases in which there are multiple pleural 
tumors, complications of complete surgical resection may 
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  Fig. 12.64    ( a ) Low power view of a calcifying  fi brous pseudotumor of the pleura; note the numerous calci fi cations present. ( b ) The calci fi cations 
are embedded in a collagenous matrix. ( c ) The collagenous matrix shows the presence of a plasmacytic in fl ammatory component       
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be high. When the tumor occurs in soft tissues, local recur-
rences have been described in a few cases. Thus, one might 
expect similar behavior for pleural CFPT.   

   Amyloid Tumor 

 Even though amyloid does not represent a neoplastic condi-
tion, it is important to highlight that in unusual conditions 
amyloid may involve the pleura in a manner that may mimic 
mesothelioma  [  151  ] . However, the most important aspect is 
the fact that a pleural biopsy may a collection of amorphous 
material that may be confused with the dense collagen pres-
ent in calcifying  fi brous pseudotumor of the pleura or soli-
tary  fi brous tumor. Therefore, it is important to keep amyloid 
tumor in the differential diagnosis of pleural lesions.   

   Smooth Muscle and Biphasic 
Mesenchymal Tumors 

 Primary pleural neoplasms showing smooth muscle differ-
entiation are exceedingly rare. Similarly, biphasic neoplas-
tic processes arising in the pleural surface other than 
biphasic mesotheliomas are very rare. However, the exis-
tence of primary leiomyosarcomas and primary synovial 
sarcomas of the pleura has been well recognized in the 
literature. 

   Smooth Muscle Tumors 

 These tumors are among the most unusual primary pleural 
neoplasms. In a series of  fi ve cases   [  152  ] , the patients were 
three women and two men ranging in age from 21 to 69 
years. Clinically, the patients presented with symptoms of 
chest pain and empyema, while one patient was asymptom-
atic. In four of these patients, the tumor presented as a soli-
tary pleural based mass, while in one patient the tumor 
appears to encase the lung in a manner similar to malignant 
mesothelioma. The tumors varied in size from 10 to 18 cm in 
greatest diameter. All patients underwent surgical resection; 
however, in two patients the surgical removal of the tumor 
was incomplete. Unfortunately, the follow-up provided (2–12 
months) was not long enough to provide more meaningful 
behavior of these tumors. Therefore, the clinical behavior of 
these tumors is uncertain  [  152  ] . 

   Histopathological Features 
 The tumors described span from smooth muscle tumors of 
uncertain malignant potential to leiomyosarcomas of low, 
intermediate, and high grade histology (Fig.  12.65a–f ). The 
tumors of low grade histology were characterized by inter-

lacing fascicles of elongated cells intersecting at right angles. 
The cytology of the cellular proliferation was that of spindle 
cells with cigar-shaped nuclei and moderate amounts of 
eosinophilic cytoplasm. No areas of hemorrhage and/or 
necrosis were present and nuclear atypia was mild with only 
rare mitotic  fi gures found. In the tumors of intermediate and 
high grade histology, the basic arrangement of the neoplastic 
cellular proliferation was similar to that seen in low grade 
tumors; however, the areas of necrosis and hemorrhage were 
present. In addition, nuclear atypia and mitotic  fi gures were 
easily identi fi ed and were numerous.   

   Immunohistochemical Features 
 Smooth muscle actin and desmin are of help as these tumors 
generally exhibit positive staining in tumor cells for these 
antibodies. However, it is of interest to note that in some 
cases of smooth muscle tumors of the pleura, keratin may 
also be positive. Therefore, it is important to perform a wider 
panel of antibodies in cases in which the suspicion is high for 
a smooth muscle neoplasm.  

   Differential Diagnosis 
 The most important differential diagnosis includes either 
malignant mesothelioma or a metastatic smooth muscle 
tumor. In the former, the use of immunohistochemical 
stains—namely, keratin, CK5/6 and calretinin—may lead to 
the correct interpretation. However, some cases of pleural 
smooth muscle tumors may react positively for keratin anti-
bodies. Nevertheless, it would be unusual for a mesothelioma 
to show a strong positive reaction for smooth muscle actin 
and/or desmin. In the latter, a good clinical history and radio-
logical evaluation play the most important role.   

   Biphasic Synovial Sarcoma 

 Because this tumor is more common in the soft tissues, it is 
highly important to properly exclude the possibility of meta-
static disease. Nevertheless, synovial sarcoma may rarely 
present as primary pleural based tumor. Gaertner et al.  [  153  ]  
reported  fi ve cases: three females and two males between the 
ages of 9 and 50 years. Clinically, the patients presented with 
symptoms of dysphagia, chest pain, fever, and/or pneu-
mothorax. In four patients the  fi ndings were those of a pleu-
ral mass; however, in one of the patients described, the 
radiological  fi ndings also showde pleural thickening. The 
tumors varied in size from 5 to more than 20 cm in greatest 
diameter. All the patients were treated with surgery and at 
least three additional patients received chemoradiation. 
According to this report, four patients followed a fatal out-
come with death within a period of 12–30 months. Only one 
patient in this series was alive with disease 8 years after the 
initial diagnosis. 
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   Histopathological Features 
 The histological features of these tumors are the same as 
those described for biphasic synovial sarcomas of the soft 
tissues. The tumors typically show a spindle cell prolifera-
tion of tightly arranged fascicles of neoplastic cells with 
fusiform nuclei and inconspicuous nucleoli; mitotic  fi gures 
are easily identi fi able. This spindle cell proliferation may 

assume a  fi brosarcomatous or hemangiopericytic growth 
 pattern. Admixed with this spindle cell proliferation, is a 
glandular epithelial component composed of  acinar struc-
tures lined by either low cuboidal or tall columnar epithe-
lium, which may show intraluminal secretion and papillary 
arrangement. Mitotic activity in the glandular component 
is not readily identi fi able. In addition, the tumor may 

  Fig. 12.65    ( a ) Low grade leiomyosarcoma showing the classical spin-
dle cell proliferation of interlacing fascicles of cells. ( b ) Low grade 
leiomyosarcoma showing epithelioid features. ( c ) High power view of 
a low grade leiomyosarcoma showing mild nuclear atypia and low 

mitotic activity. ( d ) Low power view of a high grade leiomyosarcoma 
showing areas of necrosis. ( e ) High grade leiomyosarcoma with promi-
nent cellular atypia. ( f ) High power view of a high grade leiomyosar-
coma showing mitotic activity         
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show an in fl ammatory in fi ltrate composed of mast cells, 
 lymphocytes and/or plasma cells, metaplastic bone forma-
tion, or calci fi cations (Fig.  12.66a–d ).   

   Histochemical and Immunohistochemical Features 
 The use of periodic acid-Schiff (PAS) with and without dia-
stase and mucicarmine may help show positive staining for 
mucin, mainly in the glandular component of the tumor. 
Immunohistochemical studies may show the presence of 
positive staining for the epithelial markers keratin and EMA 
as well as CEA in the glandular component. On the other 
hand, keratin and EMA may show focal staining in the spin-
dle cell component. S100 protein and Bcl-2 may also show a 
positive reaction in the spindle cell component of the tumor.  

   Differential Diagnosis 
 Because of the biphasic nature of these tumors, the most 
important differential diagnosis includes biphasic malignant 
mesothelioma. Although rare, a few cases of malignant meso-
thelioma have been described presenting as a pleural mass. 
However, the use of immunohistochemical stains, mainly CEA 
positivity in the glandular component of the tumor, would be 
highly unusual for mesothelioma. In addition, a positive reac-
tion of the tumor cells for epithelial markers, namely, keratin 
and EMA is, rather focal in synovial sarcomas contrary to the 
more global strong positive reaction in cases of mesothelioma. 
The other important differential diagnosis includes metastatic 
synovial sarcoma of soft tissue origin. In this setting a com-
plete clinical history and radiological evaluation would be the 
best parameters to arrive at a more de fi nitive diagnosis.    

   Neural and Neuroectodermal Neoplasms 

 Although neural and neuroectodermal neoplasms are mainly 
represented by the so-called small round cell tumors of the 
thoracopulmonary region, in essence primitive neuroecto-
dermal tumor (PNET), in some unusual circumstances, the 
authors have also seen primary meningiomas arising from 
the pleural surface. Important to highlight is the fact that 
small round cell tumors may also be present as metastatic 
disease; therefore, it is important to properly exclude that 
possibility. Similarly, metastatic meningiomas to the pleura 
are by far more common and as such have been presented in 
the literature. 

   Primitive Neuroectodermal Tumor 

 Extraosseous small round cell tumors bearing features simi-
lar to those described in the bone under the name of Ewing’s 
sarcoma and occurring in the thoracopulmonary region, are 
rare. Over the years, these tumors have been known by a 
variety of names including extraskeletal Ewing’s sarcoma, 
malignant small cell tumor of the thoracopulmonary region, 
Askin’s tumor, paravertebral round cell tumor, and PNET. 
Currently, most of those tumors have been grouped into a 
single family of PNET  [  154–  163  ] . 

 Angerval and Enzinger  [  154  ]  described 39 cases, some of 
them occurring in the thoracic area. They were character-
ized by small round cells with scant cytoplasm, moderate 
amounts of nuclear chromatin inconspicuous nucleoli, 
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 mitoses, rosettes, hemorrhage, and necrosis. In addition, 
intracellular glycogen was identi fi ed. Traditionally, the lat-
ter had been considered to be a characteristic feature 
observed in extraskeletal Ewing’s sarcoma but not in the 
other neoplasms of this group including neuroblastoma and 
Askin’s tumor. However, it is well known that some neuro-
blastomas may also contain glycogen in their cytoplasm 
 [  164  ] . Thus, the  fi nding of glycogen alone does not indicate 
a particular neoplasm. Askin et al.  [  155  ]  is credited for the 

description of these tumors in the thoracopulmonary region. 
The authors described 20 cases designated under the name 
of malignant small cell tumors of the thoracopulmonary 
region. Interestingly, none of the cases described contained 
glycogen in the cytoplasm of the cells, but histologically the 
tumors showed high similarity to the cases previously 
described by Angerval and Enzinger as extraskeletal Ewing’s 
sarcoma. However, the absence of glycogen was one of the 
parameters used to separate these two previously mentioned 
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  Fig. 12.66    ( a ) Low power view of pleural biphasic synovial sarcoma 
showing the classical epithelioid (glandular) and spindle cell compo-
nent. ( b ) Synovial sarcoma with a prominent spindle cell component. 

( c ) Synovial sarcoma with a prominent glandular component. ( d ) High 
power view of a pleural synovial sarcoma showing the neoplastic cells 
admixed with collagenous material       
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entities. Electron microscopic studies have also been contro-
versial stating that the features of extraskeletal Ewing’s 
 sarcoma are distinctive enough to allow separation from 
other small cell tumors  [  165  ] , while others stated that the 
ultrastructure of these tumors is broad and shows some 
 overlapping features  [  166  ] . 

   Clinical Features 
 Younger patients appear to be more commonly affected by 
these tumors, presenting with symptoms of chest pain, short-
ness of breath, and/or pneumothorax. By imaging, the tumor 
is often restricted to one hemithorax involving pleura and/or 
chest wall. However, it is important to note that PNETs have 
also been described as tumors arising within the lung paren-
chyma as primary lung neoplasm  [  167–  170  ] .  

   Macroscopic Features 
 These tumors may vary in size from 2 to more than 10 cm in 
greatest dimension. They are tan white,  fi rm, and have a 
homogeneous cut surface. Areas of hemorrhage and/or 
necrosis may be present. Calci fi cations have also been 
reported. Even though PNET may have a pleural origin, the 
tumor may also invade the lung and/or the ribs. In some cases 
the tumor may be at the hilum of the lung, paraspinal region, 
or chest wall.  

   Histopathological Features 
 The low magni fi cation of these tumors shows a neoplastic 
cellular proliferation, which can be separated in lobules by 
thin  fi broconnective tissue, while in other areas the cellular 
proliferation is distributed in sheets of neoplastic cells, cords, 
or nests. Cystic areas  fi lled with blood and pools of blood 
may also be seen. At higher magni fi cation, the neoplastic 
cellular population is rather homogenous composed of round 
cells with indistinct cell borders, scant cytoplasm, round to 
elongated nuclei, and inconspicuous small nucleoli. In some 
areas, the tumor cells have a tendency to be distributed 
around vessels. Mitotic activity can be brisk, and necrosis 
and hemorrhage are invariably present. In better differenti-
ated tumors, the presence of rosettes helps in the diagnosis; 
however, rosettes are not always present in these tumors 
(Fig.  12.67a–d ). In some cases, necrosis and/or hemorrhage 
can be so prominent that the tumor cells are dif fi cult to visu-
alize. In other tumors, the so-called Azzopardi phenomenon 
may be seen.   

   Histochemical and Immunohistochemical Features 
 Periodic acid-Schiff (PAS) may aid in the diagnosis; how-
ever, not only may this histochemical stain be negative but 
also positive staining may also be seen in other types of neo-
plasms in this particular anatomic location. 

 On the other hand, the use of immunohistochemistry has 
shaped to some extent our views regarding these tumors. 

Initially, the use of neuron-speci fi c enolase (NSE) was con-
sidered speci fi c for the neural derivation of these tumors; 
however, that notion has changed after NSE has been 
observed to show positive staining in several other tumors, 
which were not necessarily of neural origin  [  171,   172  ] . An 
additional marker that has been used with partial results in 
the evaluation of these tumors is S100 protein; however, the 
results obtained have been controversial  [  157,   173  ] . More 
recently, the use of CD99 (HBA-71 or the MIC2 gene prod-
uct) has been viewed as an important immunohistochemical 
tool for the diagnosis of these tumors; however, CD99 may 
also show positive staining in other tumors of epithelial and 
mesenchymal origin. One other immunohistochemical mark-
ers that can be of help in the proper clinical setting is synap-
tophysin, which is more widely used as a neuroendocrine 
marker. This latter immunohistochemical marker appears to 
be consistent in the staining of these tumors  [  174  ] . Other 
markers that have been used with some success in small 
round cell tumors include WT1, which has been stated to 
reliably differentiate desmoplastic small round cell tumor 
from Ewing’s sarcoma/PNET  [  175  ] . In addition, NB84 also 
appears to show positive staining in some cases of PNET. 
However, this antibody is more commonly seen positive in 
neuroblastomas  [  176  ] .  

   Molecular Biology Features 
 Molecular techniques have established a closer relationship 
between Ewing’s sarcoma and PNET. The current view of 
these tumors is that they are closely related. Chromosome 
translocations t(11; 22)(q24; q12) and t(21; 22)(q22; 1q12) 
and their oncoproteins are frequently found in cases of 
Ewing’s sarcoma/PNET  [  177–  179  ] .  

   Differential Diagnosis 
 Since there are other types of sarcoma and/or neural tumors 
that can occur more commonly within this location and 
because of the rarity of PNET in this location the diagnosis 
may not be as straightforward as in other anatomic areas. 
By far the most important differential diagnostic consid-
erations include rhabdomyosarcoma, neuroblastoma, lym-
phoma/leukemia, and more unusually metastatic small cell 
carcinoma or metastatic sarcoma from an osseous primary. 
The two latter conditions can be dealt with by careful clini-
cal history and radiological evaluation. However, with the 
former ones, careful histological and immunohistochemi-
cal analysis is required. In cases of rhabdomyosarcoma, the 
presence of rhabdomyoblasts in better differentiated tumors 
may be diagnostic. In cases in which the histology is not so 
characteristic, the use of a panel of immunohistochemical 
studies including muscle markers (desmin, calponin, myo-
globin) can help with this problem. Neuroblastomas can be 
more dif fi cult to rule out since these tumor vary in their 
 immunohistochemical pro fi le. NSE and S100 protein may 
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show positive staining in both tumors; however, the pres-
ence of synaptophysin and CD99 positivity coupled with 
tumor histology will bias toward a PNET. In cases of lym-
phoma or leukemia, the histological features and the pres-
ence of positive staining in tumor cells with LCA and B- or 
T-cell markers should lead to a correct interpretation.  

   Treatment and Prognosis 
 The treatment of choice for PNET is chemotherapy; how-
ever, the prognosis is relatively poor for these patients. In 

a study of 30 cases by Contesso et al.  [  180  ] , the overall 
survival was 38 % at 2 years and 14 % at 6 years.    

   Pleural Meningioma 

 As stated earlier, the majority of reports on the occurrence 
of meningiomas involving the pleural surface have centered 
on metastatic meningiomas from a CNS primary. It is impor-
tant to note that these tumors can occur within the lung 
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  Fig. 12.67    ( a ) Low power view of a small round cell tumor so-called Askin’s tumor. ( b ) PNET showing subtle nested growth pattern. ( c ) PNET 
with extensive necrosis. ( d ) Higher magni fi cation showing an attempt to rosette formation       
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parenchyma, but to our knowledge no report of pleural 
involvement by primary pulmonary meningiomas has been 
reported. 

 We recently analyzed a case of primary meningioma 
arising from the pleural surface and involving extensive areas 
of the pleura   . 1  The tumor showed unusual histological fea-
tures including rosettes, palisading of the nuclei, papillary 

features, nuclear atypia, and mitotic activity (Fig.  12.68a–f ). 
Based on those  fi ndings the tumor was regarded as an ana-
plastic (malignant) meningioma. However, it is important 
to highlight that before rendering a diagnosis of primary 
pleural meningioma, a complete evaluation is performed to 
rule the possibility of a present or past meningioma of CNS 
origin.  

   1   Own observations. Unreported data.  

  Fig. 12.68    ( a ) Low power view of a primary pleural meningioma. 
Note the tumor in fi ltrating into adipose tissue. ( b ) Higher magni fi cation 
showing more conventional cellular characteristics. ( c ) Areas of clear 

cells. ( d ) Areas in which the cells appear to be embedded in a 
neuro fi brillary matrix. ( e ) Ependymal-like rosettes. ( f ) Presence of 
mitotic activity         
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   Vascular Tumors 

 Primary vascular tumors arising on the pleural surface are very 
rare. More interesting is the fact that most of the reports of 
tumors of vascular origin have dealt essentially with malignant 
tumors or at least tumors of low grade malignancy. Therefore, 
the two most often encountered tumors in this location are epi-
thelioid hemangioendothelioma and angiosarcoma. It is 
important to point out that in some authors’ views, these two 
tumors may represent the same entity when they are present in 
the pleura, and often the designation of a low grade angiosar-
coma is applied even for tumors that others would have called 
epithelioid hemangioendothelioma. Nevertheless, both tumors 
are unusual and metastatic disease to the pleura needs to be 
excluded before a diagnosis of primary vascular neoplasm can 
be rendered since the histological features for both are 
identical.  

   Pleural Angiosarcoma 

 Angiosarcomas are commonly seen as primary tumors of the 
soft tissue but they are exceedingly rare as primary pleural 
tumors. Clinically and radiologically they may mimic pleu-
ral mesothelioma. Therefore, a histopathological assessment 
including immunohistochemical studies and possibly elec-
tron microscopic analysis is needed in order to arrive at this 
particular diagnosis. 

 In 1997, Falconieri et al.  [  181  ]  reported two autopsy cases 
of what the authors described as diffuse pleuropulmonary 
angiosarcoma simulating mesothelioma. The tumors grew 
along the serosal surface and were characterized by thick 
rinds of tissue encasing the lung. Thus, the authors concluded 
that, although rare, angiosarcomas might involve the pleura 
in a manner similar to that described for mesotheliomas. 
Clinically, patients with pleural angiosarcoma may present 
with hemothorax, chest pain, cough, hemoptysis, and short-
ness of breath  [  182–  187  ] . Tuberculous pyothorax has been 
found in association with pleural angiosarcomas in cases 
described in the Japanese literature  [  188,   189  ] . Frate et al. 
 [  190  ]  reported a case with CT and PET features of circum-
ferential right-sided pleural thickening. In addition, a PET 
scan performed for staging purposes showed the presence of 
multiple lobulated areas of increased uptake similar to those 
seen on CT scan. 

 Zhang et al.  [  191  ]  reported a series of  fi ve cases of epithe-
lioid angiosarcomas of the pleura and stated that these tumors 
appear to affect adult individuals ranging from 22 and 79 
years of age with a male-to-female ratio of 9:1. The authors 
found that in Western cases, no history of tuberculous 
pyothorax was present contrary to the Japanese cases 
described. A history of asbestos exposure has been present in 
some cases. The authors also raised some questions about 
cases that had been classi fi ed as pleural epithelioid heman-
gioendothelioma and noted that some if not all of those cases 
may represent cases of epithelioid angiosarcoma. 
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   Histopathological Features 
 Pleural angiosarcomas are similar to those described in the 
soft tissues. The tumors may be formed by sheets, strands, 
or cords of epithelioid cells embedded in a collagenous or 
hyalinized stroma. The neoplastic cellular proliferation is 
composed of round to oval cells with moderate amounts of 
light eosinophilic cytoplasm, round nuclei, and small 
nucleoli. The cells appear to be plump given the appear-
ance of a histiocytic or epithelioid cellular proliferation. 
Necrosis and/or areas of hemorrhage may be present. 

Mitotic  fi gures are easily encountered and nuclear atypia is 
commonly seen. The neoplastic cellular proliferation may 
also be seen in fi ltrating adjacent adipose tissue 
(Fig.  12.69a–c ).   

   Immunohistochemical Features 
 Vascular markers including CD31, CD34, and factor VIII are 
usually positive in tumors cells. However, cytokeratin and 
CEA may also show focal or weak positive staining  [  191  ] . 
Therefore, the use of a complete panel including  vascular 
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  Fig. 12.69    ( a ) Pleural angiosarcoma in fi ltrating adipose tissue. ( b ) Spindle cell proliferation with marked cellular atypia. ( c ) Areas of necrosis 
and mitotic activity are present       
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and epithelial markers is indicated in tumors in which there 
is a suspicion of pleural angiosarcoma.  

   Treatment and Prognosis 
 The prognosis of patients with pleural angiosarcomas is poor. 
Surgical resection and chemotherapy have been attempted as 
treatment options for these patients. Metastatic disease to 
distant organs including the brain has been documented in 
some cases.   

   Pleural Epithelioid Hemangioendothelioma (EH) 

 Epithelioid hemangioendothelioma (EH) in the thoracic 
cavity is more commonly seen in the lung in which the tumor 
characteristically presents as multiple bilateral pulmonary 
nodules. In unusual circumstances, EH may affect the pleura 
in a manner closely resembling that of mesothelioma. 
Clinically, EH appears to affect men and women over 45 
years of age who may present with varied symptomatology 
including chest pain, weight loss, cough, fever, and/or pleu-
ral effusion. These symptoms are nonspeci fi c and may be 
seen in a diversity of tumors of lung or pleural origin. 
Imaging features that have been reported in cases of EH 
include unilateral pleural  fl uid and nodular pleural thicken-
ing similar to that seen in cases of mesothelioma  [  192  ] . 
Some patients may present with pleural effusion, even 
though the tumor may not necessarily be located in the 
pleura but rather in adjacent structures such as diaphragm 
 [  193  ] . History of asbestos exposure has been documented in 
some patients with pleural EH  [  194  ] . However, no ferrugi-
nous bodies have been identi fi ed in any of the cases described. 
Therefore, the association of asbestos and EH of the pleura 
remains unclear. It is important to highlight that EH may 
present with unusual features such as a bilateral pleural 
tumor with extension into the peritoneum  [  195  ]  or as pri-
mary pleural tumor with metastasis to the skin  [  196  ] . In 
1996, Lin et al.  [  197  ]  reported 14 cases of what the authors 
called malignant vascular tumors of the serous membranes 
mimicking mesothelioma; of these 14 cases, eight cases 
were in the pleura. The mean age of these patients was 52 
years and all patients were males except for two female 
patients with peritoneal tumors. The patients with pleural 
tumors had diffuse pleural thickening and pleural effusion; 
in one of these patients a 1.5-cm solitary subpleural tumor 
was also identi fi ed, while one patient had a previous history 
of bone EH now presenting with pleural involvement in a 
manner mimicking mesothelioma. It is worth mentioning 
that at least two patients had a history of asbestos exposure, 
which could not be proven by histological means. 

   Histological Features 
 The tumor is composed of strands, cords, or solid areas of 
epithelioid cells composed of round to oval or spindle cells 

with a myxoid or hyalinized stromal component. The cells 
may show a nucleus displaced toward the cell periphery 
strongly resembling signet ring cells; mitotic activity is not 
high and nuclear pleomorphism is mild. In some cases, areas 
forming intracellular lumina containing red cells may be 
seen. A case of pleural EH with prominent rhabdoid features 
has been described  [  198  ] . The cellular proliferation appears 
to be embedded in a collagenous background, and in some 
cases the tumor may extend into adjacent adipose tissue in 
manner similar to that seen in cases of epithelioid mesothe-
liomas (Fig.  12.70a–c ).   

   Immunohistochemical Features 
 The use of vascular markers such as CD34, CD31, and factor 
VIII is important and will aid in determining the vascular 
nature of the tumor. However, it is important to recognize 
that in some cases of EH, the tumor cells may also express 
focal or weak positive staining for epithelial markers such as 
keratin. Therefore, it is crucial that if one is suspecting the 
possibility of EH, vascular markers as those previously men-
tioned should be part of a panel of immunohistochemical 
studies. In addition, EH appears to show a strong positive 
reaction for vimentin.  

   Differential Diagnosis 
 Mesotheliomas or adenocarcinomas involving the pleural 
surface are by far more common and are tumors that need to 
be carefully excluded. In this setting, the use of immunohis-
tochemical studies including vascular and epithelial markers 
should lead to the correct interpretation. As one would 
expect, the diagnosis may be more challenging in small biop-
sies in which the characteristic histopathological features of 
EH may not be apparent.    In this setting immunohistochemi-
cal markers to include epithelial and vascular markers may 
prove useful. One other condition that may present a diag-
nostic challenge is adenomatoid tumor. However, adenoma-
toid tumor may show positive staining for markers like 
calretinin and keratin and negative staining for vascular 
markers like CD31, CD34, and factor VIII.  

   Treatment and Prognosis 
 The treatment of choice for these tumors is surgical resec-
tion. However, the issue may be more complicated in cases 
in which there is extensive involvement of the pleura with 
encasement of the lung, which may require an extrapleural 
pneumonectomy or medical treatment with chemotherapy. 
Such decisions are based on medical and radiological 
grounds. The prognosis of these tumors will be de fi ned by 
the extension of the tumor. In cases in which there is a pleu-
ral based nodule or mass that is amenable to complete surgi-
cal resection, the prognosis may be better than in cases with 
extensive involvement of the pleura. In the cases reported by 
Lin et al.  [  197  ] , the majority of the patients had a fatal 
outcome.        
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            Introduction 

 Technically speaking any shadow or abnormality in the lung 
parenchyma can be considered a tumor-like lesion. However, 
in this chapter, we will concentrate only on all those lesions 
that, although unusual, represent true pathological processes. 
Nevertheless, it is impossible and to some extent impractical 
to be too inclusive; therefore, we will limit ourselves to dis-
cuss those lesions that not only represent a challenge in diag-
nosis but also may be encountered in daily practice. It is 
important to note that these lesions by themselves do not 
have any relationship among them and truly represent mis-
cellaneous conditions. In order to facilitate their study, we 
have arbitrarily divided them into histiocytic and non-histio-
cytic lesions.  

   Histiocytic Lesions 

 The family of histiocytic proliferations that may present as 
pulmonary tumor or tumor-like lesions is rather extensive 
and encompasses processes of different etiologies including 
infectious, metabolic, environmental ones, and those of 
unknown histogenesis among others. Herein, we will present 
lesions that may present either as a pulmonary mass or pul-
monary nodules. However, even with this subgrouping, it is 
impossible to cover the wide spectrum of pathological condi-
tions that may be present in that form. For instance, it is well 
known that systemic conditions such as storage diseases like 
Fabry’s disease  [  1  ] , infantile GM1-gangliosidosis  [  2  ] , 
Gaucher’s disease  [  3,   4  ] , and Niemann-Pick disease  [  5,   6  ]  
may involve the lung. It is very likely, however, that in those 
conditions a previous diagnosis has already been established 
and the lung is involved secondarily. Other systemic condi-
tions such as Whipple disease may in some cases involve the 
lung and also show a histiocytic proliferation within the lung 
parenchyma  [  7,   8  ] . Even though those previously  mentioned 

conditions may be part of the spectrum of histiocytic lesions, 
they will not be covered in this chapter as they represent sys-
temic diseases with only secondary pulmonary involvement. 
The selected group of lesions, which may share similar his-
topathological and immunohistochemical (see Table  13.1 ) 
features, included in this chapter are: 

   Rosai-Dorfman disease  • 
  Erdheim-Chester disease  • 
  Langerhans cell histiocytosis  • 
  Juvenile xanthogranuloma  • 
  Crystal-storing histiocytosis  • 
  Malacoplakia  • 
  Pulmonary xanthoma  • 
  Unclassi fi ed xanthomatous lesions    • 

   Rosai-Dorfman Disease 

 Rosai-Dorfman disease, also known as sinus histiocytosis 
with massive lymphadenopathy (SHML), is a process of 
ubiquitous distribution. This histiocytosis has been described 
virtually everywhere in the body  [  9–  15  ] . Although the etiol-
ogy of this condition is still unknown, different theories to 
explain its occurrence have been presented, including an 
immunologic response or an infectious origin. Paulli et al. 
 [  14  ]  evaluated two cases in which the authors used the 
human androgen receptor assay (HUMARA), with the result 
that the histiocytic proliferation was polyclonal. Initially, 
this condition was described more commonly in lymph 
nodes with a common occurrence in young adults. However, 
it has been stated that Rosai-Dorfman disease may involve 
extranodal site in about 20 % of the cases. However, the 
respiratory system, namely, the lung and pleura, is among 
the most unusual sites of occurrence. In some of the cases 
described involving lung parenchyma, the lung and lymph 
nodes have been involved simultaneously making the origi-
nal site of occurrence dif fi cult to assess. Therefore, the 
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presence of Rosai-Dorfman disease occurring solely and 
primarily in the lung parenchyma and/or pleura is exceed-
ingly rare. When this condition affects the lung parenchyma, 
the patient may present with an intrapulmonary mass, which 
may be indistinguishable clinically or radiologically from 
other neoplastic processes. Therefore, the best approach to 
arrive at a more speci fi c diagnosis is tissue diagnosis. 
However, in a small biopsy, a de fi nitive diagnosis may be 
challenging. On complete surgical resection of the tumor 
mass, the diagnosis may become more apparent. 

   Histopathological Features 
 The histological features of Rosai-Dorfman disease in the 
lung are similar to those described for other anatomic sites. 
The main histologic hallmark of the process is a proliferation 
of large histiocytes, which may have one or more nuclei and 
ample pale cytoplasm (Figs.  13.1 ,  13.2 ,  13.3 ,  13.4 ,  13.5 , 
 13.6 , and  13.7 ). Some of these lymphocytes may show the 
presence of lymphophagocytosis or emperipolesis; however, 
such  fi ndings may not be readily apparent in some cases. The 

histiocytic proliferation is usually present in a background of 
a prominent in fl ammatory response composed predomi-
nantly of plasma cells and lymphocytes. In general, the two 
most important cellular components of Rosai-Dorfman dis-
ease are the presence of large histiocytes and plasma cells. 
The pulmonary parenchyma is clearly replaced by the pro-
cess, and the adjacent uninvolved lung parenchyma may 
show features of interstitial lung disease.        

 Immunohistochemical studies may aid in the diagnosis of 
this lesion as the histiocytes show positive staining for S100 
protein, CD68, CD15, CD163, and  a -1-antichymotrypsin, 
while the histiocytes are negative for CD1a and factor 
XIIIa.  

   Treatment and Prognosis 
 In the lung, complete surgical resection of the lesion is the 
conventional approach. However, there is no speci fi c treat-
ment for this condition, and the prognosis may be related to 
the extent of the process at the time of diagnosis. In cases 
with limited disease to the lung, surgical resection of the 
mass may be accomplished followed by observation; while 
in cases with more systemic involvement, surgical resection 
followed by medical therapy could be attempted. However, 
the use of chemotherapy has not provided meaningful 
bene fi ts. Foucar et al.  [  9  ]  followed 238 patients and found 
that 21 patients had died; four of them secondary to the his-
tiocytic process, 13 with the process, and four without the 
process. On the other hand, 49 patients were alive without 
disease after 1 year, while 36 had persistent disease. Whether 
lung involvement plays a role in the survival rate of these 
patients is dif fi cult to determine due to the rare occurrence of 
this process in the lung.   

   Erdheim-Chester Disease (ECD) 

 This type of histiocytosis is rare, and only a few series of 
cases have been presented in the literature  [  16–  21  ] . William 
Chester and Jacob Erdheim described this condition in 1930 
as a form of lipoid granulomatosis different from other lipi-
dosis  [  16  ] . The authors described two autopsy cases in which 
the process was present in bone and viscera. Jaffe  [  17  ]  in 
1973 reported an additional case and created the term 
Erdheim-Chester disease. 

  Fig. 13.1    Low power view of Rosai-Dorfman disease involving the 
lung. Note the presence of bronchial cartilage and the marked 
in fl ammatory reaction       

 Lesion  S100 protein  CD68  CD1a  Factor XIIIa  Keratin 

 Rosai-Dorfman  pos  pos  neg  neg  neg 
 Erdheim-Chester  neg/pos  pos  neg  pos  neg 
 PLCH  pos  pos  pos  neg  neg 
 PJXG  pos  pos  neg  pos  neg 
 Xanthoma  neg  neg/pos  neg  neg  neg 

    pos  positive,  neg  negative, PLCH pulmonary Langerhans cell histiocytosis, PJXG pulmo-
nary juvenile xanthogranuloma  

 Table 13.1    Commonly used 
immunohistochemical stains in the diagnosis 
of histiocytic lesions  
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   Clinical Features 
 Clinically, patients with Erdheim-Chester disease may vary 
considerably depending of the organs involved. Even though 
the emphasis here will be on the involvement of this condi-
tion in the respiratory tract, it is important to recognize that 
although patients with this condition may present with pul-
monary symptoms, that does not necessarily mean that the 

lung is the only site involved, and a search for other involved 
organs is highly recommended. Therefore, it is important 
to keep in mind that Erdheim-Chester disease is usually a 
systemic process that may involve different anatomic sites 
at the same time. One of the most common presentations 
is that of skeletal abnormalities including expansile lesions 

a b

  Fig. 13.2    ( a ) Rosai-Dorfman disease involving lung parenchyma and dissecting normal bronchial glands. ( b ) Closer view at the prominent histio-
cytic proliferation admixed with in fl ammatory cells, mainly plasma cells       

  Fig. 13.3    The histiocytic process in Rosai-Dorfman disease occluding 
a pulmonary vessel       

  Fig. 13.4    Rosai-Dorfman disease destroying normal lung parenchyma. 
Note the prominent histiocytic process admixed with in fl ammatory 
cells       
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of the ribs, symmetrical patchy sclerosis and thickening of 
metaphyses of long tubular bones, and/or patchy sclerosis 
of the calcaneus. Other extraskeletal symptoms may include 
dyspnea, pulmonary in fi ltrates and pleural effusion, pul-
monary  fi brosis, congenital megacalyces, hydronephrosis, 
hydroureter, chronic lipogranulomatous pyelonephritis, ret-
roperitoneal xanthogranulomas, ophthalmic abnormalities, 

and hyperlipidemia. The best way to diagnose lung involve-
ment is by performing an open lung biopsy in patients with 
pulmonary symptoms.  

   Histopathological Features 
 The histopathological features of this process in the lung 
are rather characteristic (Figs.  13.8 ,  13.9 ,  13.10 ,  13.11 , 
 13.12 ,  13.13 , and  13.14 ). The low power view is that of 
a pathologic process involving the pleura and pulmonary 
septa. In some cases, the involvement is more extensive 
with pleural, septal, and parenchymal involvement. The 
histiocytic proliferation is composed of small to medium 
sized histiocytes with foamy or  fi nely granular cytoplasm. 
The nuclei do not show the grooving typically seen in cases 
of pulmonary Langerhans cell histiocytosis (PLCH). In 
addition, Granulomatous changes are not characteristic of 
this process. The histiocytic in fi ltrate usually involves the 
pleura and pulmonary septa, while the lung parenchyma 
appears to have changes more in keeping with interstitial 
lung disease and/or emphysematous changes. The his-
tiocytic proliferation may be accompanied by a discrete 
in fl ammatory in fi ltrate composed of lymphocytes and 
plasma cells. The presence of eosinophils is not marked, 
and when present, eosinophils are not present in  increased 
numbers.        

 Immunohistochemical studies of the histiocytic prolifera-
tion show positive staining for CD68 and factor XIIIa, while 
CD1a is negative. On the other hand, S100 protein may show 
variable staining, and reported cases of both negative and 
positive staining have been documented.  

  Fig. 13.5    The histiocytic process is commonly admixed with plasma 
cells. Note the large size of the histiocytes       

  Fig. 13.6    In some areas, the in fl ammatory cells is less conspicuous; 
however, the histiocytic process is obvious       

  Fig. 13.7    Large areas of lung parenchyma may be destroyed and 
replaced by collagenous material; however, histiocytes may still be 
present       
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   Treatment and Prognosis 
 There is no speci fi c treatment for this condition, and different 
treatment approaches have been attempted including corticos-
teroids, interferon- a -2a, surgical debulking, and/or chemother-
apy; however, the prognosis for patients with Erdheim-Chester 
disease and pulmonary involvement is rather poor as those 
patients often follow a fatal course with respiratory failure.   

   Pulmonary Langerhans Cell Histiocytosis (PLCH) 

 PLCH has also been known by other names including pri-
mary pulmonary histiocytosis X, eosinophilic granuloma of 
the lung, and Langerhans cell granulomatosis. This type of 
histiocytosis may involve the lung in two different patterns: 
either as a solitary lung process or secondarily as part of a 

a b

  Fig. 13.8    ( a ) Erdheim-Chester disease involving the lung; note the predominant involvement of the pleura, which shows marked thickening. ( b ) 
Higher magni fi cation showing a histiocytic proliferation in a markedly thickened pleura       

  Fig. 13.9    Erdheim-Chester disease involving predominantly the pleura 
and the pulmonary septa. These features are commonly seen in Erdheim-
Chester disease       

  Fig. 13.10    Lung parenchyma showing cystic and emphysematous 
changes in Erdheim-Chester disease involving lung       
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systemic process. This section will cover the single organ 
involvement, namely, that occurring in the lung. 

 Although numerous reviews and case series have been 
reported  [  22–  40  ] , the incidence of PLCH is dif fi cult to deter-
mine, and there is no hard data on its prevalence. In a study 
of 502 patients who had a lung biopsy, 17 patients (3.4 %) 

were diagnosed with PLCH  [  41  ] . However, others have esti-
mated that about 25 % of the cases are initially identi fi ed 
during routine chest radiographs, which may disclose pul-
monary abnormalities. Although the exact pathogenesis of 
PLCH is unknown, Soler et al.  [  22  ]  suggested an immune 
-related reaction. Nevertheless, it is important to highlight 

  Fig. 13.11    In some cases of Erdheim-Chester disease, it is possible to 
observe small subpleural nodules involving lung parenchyma       

  Fig. 13.12    Although Erdheim-Chester disease can involve large por-
tions of lung parenchyma, in some cases, small nodules may also be 
present scattered in the lung parenchyma       

  Fig. 13.13    Closer view at Erdheim-Chester disease showing a histio-
cytic proliferation with minimal in fl ammatory changes       

  Fig. 13.14    Higher power view showing the presence of a proliferation 
of medium-sized histiocytes without the presence of other in fl ammatory 
cells       
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that clonality has been determined in cases of Langerhans 
cell histiocytosis  [  32–  35  ] . Willman et al.  [  35  ]  studied ten 
cases of Langerhans cell histiocytosis—none of them in the 
lung—using a HUMARA assay and identi fi ed clonality in 
nine of ten cases studied. Yu et al.  [  33  ]  in a different study 
also documented clonality. Yousem et al.  [  32  ]  also using 
HUMARA studied 24 nodules of 13 patients, with result that 
29 % of cases showed clonality and 71 % of cases were non-
clonal. The authors concluded that PLCH is primarily a reac-
tive process. 

   Clinical Features 
 PLCH occurs more often in adult patients in their third of 
fourth decade of life. However, PLCH has also been described 
in children  [  38  ] . This histiocytosis is more common in the 
white than in the black population. Regarding gender, differ-
ent studies have determined equal incidence in both genders, 
higher incidence in men, and higher incidence in women. 
However, one consistent association is with cigarette smok-
ing, which can be seen in about 80 % of patients. Patients 
with PLCH may present with respiratory symptoms including 
cough, chest pain, dyspnea, hemoptysis, and/or pneumotho-
rax. Approximately 20 % of the patients may be completely 
asymptomatic, and the process is  fi rst evident during a routine 
chest radiograph. Radiologically, the characteristic feature is 
that of a reticulonodular bilateral pulmonary in fi ltrate. 
However, it has also been stated that in some cases the radio-
graphic  fi ndings may be nonspeci fi c. Although the diagnosis 
is more often made on an open lung biopsy, in some studies, 
a few cases have been diagnosed on transbronchial biopsy. 

 PLCH has also been associated with neoplastic conditions 
including non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, 
and carcinoma  [  27–  29  ] . Therefore, close clinical, radiologi-
cal, and histopathological correlation is required in order to 
properly address such associations.  

   Macroscopic Features 
 In open lung biopsies or wedge resections, PLCH shows 
multiple parenchymal nodules of different sizes, which may 
vary from under 1 cm to more than 3 cm in diameter. These 
nodules are whitish,  fi rm, and well circumscribed but not 
encapsulated. Areas of necrosis and/or hemorrhage are not 
common but may occasionally be seen.  

   Histopathological Features 
 The low power magni fi cation is that of multiple parenchymal 
nodules of different sizes obliterating the normal lung paren-
chyma (Figs.  13.15 ,  13.16 ,  13.17 ,  13.18 ,  13.19 ,  13.20 ,  13.21 , 
 13.22 , and  13.23 ). These nodules have a stellate shape some 
times resulting in the so-called Medusa’s head; however, 
other nodules do not show this feature but rather have more 
rounded contours. Necrosis and/or cavitations may be seen in 
about 20–25 % of the cases. High power magni fi cation shows 

the presence of a proliferation of histiocytes admixed with 
in fl ammatory cells, which in the majority of cases will char-
acteristically contain numerous eosinophils. However, some 
nodules show more  fi brotic changes and only a subtle 
in fl ammatory in fi ltrate containing only scattered eosinophils. 
The presence of eosinophils although helpful in the diagnosis 
is not required. The histiocytes characteristically show 
indented or grooved nuclei. The process may also extend into 
the alveolar walls, blood vessels, and airways. Another 
important feature to mention includes the changes that may 
be observed in the non-involved lung parenchyma. These 
changes may include a desquamative interstitial pneumonitis 
(DIP)-like reaction, which is characterized by an accumula-
tion of pigmented laden macrophages within alveolar spaces 
and mild interstitial  fi brosis.          

 Immunohistochemically, PLCH shows positive staining 
for S100 protein, CD1a (Fig.  13.24a, b ), HLA-DR, langerin, 
and E-cadherin. Ultrastructurally, Langerhans cells contain 
characteristic Birbeck granules cytoplasmic organelles with a 
typical tennis racket-like appearance.   

   Differential Diagnosis 
 Although PLCH is a rather straightforward diagnosis, in 
some cases the characteristic features are not readily appar-
ent and other conditions may be considered in the differen-
tial diagnosis including Erdheim-Chester disease, malignant 
lymphoma, and/or eosinophilic pneumonia  [  39  ] . In any of 
these settings, the use of immunohistochemical studies and 
correlation with radiographic  fi ndings may help in arriving at 
the correct diagnosis.  

  Fig. 13.15    LCH involving lung parenchyma. Note the presence of a 
well demarcated nodule destroying normal lung parenchyma       
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   Treatment and Prognosis 
 Different treatment approaches may be undertaken in the 
treatment of PLCH including cessation of smoking, steroid 
therapy, steroid therapy, chemotherapy, or lung transplanta-
tion. This latter form of treatment (lung transplantation) is 
reserved for patients with severe compromised lung func-

tion. However, it is important to keep in mind that recur-
rences of PLCH have been documented in the transplanted 
lung. Each one of these treatment modalities will depend 
largely on an individual basis and on the respiratory function 
of the an individual. Smoking cessation appears to be very 
important in the treatment of these patients. Although many 
studies have suggested a good prognosis, some patients have 

  Fig. 13.16    Pulmonary scarring and widening of the interstitium may 
also be present when LCH involves the lung parenchyma       

  Fig. 13.17    LCH involving lung parenchyma. Note the presence of a 
pulmonary nodule, which discretely expands to involve other pulmo-
nary areas, the so-called Medusa’s head       

  Fig. 13.18    Cystic areas, which can be extensive, may be present in 
cases of LCH involving the lung       

  Fig. 13.19    Pulmonary LCH showing the presence of multinucleated 
giant cells       
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gone on to develop respiratory insuf fi ciency and died as a 
consequence of PLCH. Vassallo et al.  [  37  ]  reviewed 102 
adults with PLCH who were followed up for a period of 0–23 
years (median: 4 years). In this study the authors found 33 

deaths, 15 of those deaths were attributed to respiratory fail-
ure with an overall median survival of 12.5 years. The authors 
also found six patients with malignant lymphoproliferative 
disorders and  fi ve patients with lung carcinoma. The authors 
concluded that the survival of adults with PLCH is shorter 
than that of the general population.   

   Pulmonary Juvenile Xanthogranuloma (PJXG) 

 PJXG belongs to the group of histiocytoses classi fi ed under 
the term non-Langerhans cell histiocytosis. This is an unusual 
condition of rare occurrence in the lung parenchyma, and 
only a few cases have been reported in the literature  [  42–  48  ] . 
Contrary to Langerhans cell histiocytosis in which the cell of 
origin is basically known, in PJXG the putative cell of origin 
is proposed to be the dermal dendrocyte; however, this theory 
would not explain those lesions that occur primarily in deep-
seated tissues or in the viscera. Therefore, some authors have 
speculated on the possibility of a plasmacytoid monocyte as 
the cell of origin  [  44  ] . Nevertheless, such theories remain 
speculative. 

 PJXG is more common in children and young adults. 
However, the lung parenchyma is rarely affected. When the 
lung is involved, the lesion may be bilateral, unilateral, mul-
tiple, or solitary. Rarely will the lesion be solitary or the 
cause of the main presenting symptom; however, this has 
been reported in sporadic cases. Often, the patients have der-
mal involvement and/or involvement of other viscera. 

  Fig. 13.20    Higher magni fi cation of a nodule of pulmonary LCH 
showing a histiocytic proliferation; note the absence of other 
in fl ammatory cells       

a b

  Fig. 13.21    ( a ) Pulmonary LCH in which the histiocytic proliferation is admixed with a marked number of eosinophils. ( b ) Higher magni fi cation 
of histiocytes admixed with eosinophils       
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  Fig. 13.22    Adjacent lung parenchyma in pulmonary LCH shows a 
desquamative interstitial pneumonitis ( DIP )-like reaction       

  Fig. 13.23    Elastic-Van-Gieson stain showing medial hypertrophy and 
intimal  fi brosis in pulmonary LCH       

a

b

  Fig. 13.24    ( a ) Immunohistochemical stain for CD1a showing positive 
staining in histiocytes. ( b ) Immunohistochemical stain for S100 protein 
showing positive staining in histiocytes       
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   Pathological Features 
 Grossly, this lesions often appear as a solitary lung nodule or 
mass of varying size, which may range from under 1 cm to 
more than 3 cm in greatest dimension. The lesions are soft 
and yellowish, well demarcated but not encapsulated. 

 Histologically, the low power view is that of a well cir-
cumscribed but unencapsulated mass destroying normal lung 
parenchyma (Figs.  13.25 ,  13.26 ,  13.27 ,  13.28 ,  13.29 ,  13.30 , 
and  13.31 ). Higher magni fi cation shows a proliferation of 
histiocytes, which may range from small to medium sized 
with or without prominent nuclei. The histiocytic prolifera-
tion may be accompanied by an in fl ammatory in fi ltrate com-
posed of lymphocytes and plasma cells. In some areas, 
nodular collections of lymphocytes may be seen. Also in 
focal areas, admixed with the histiocytic proliferation, scat-
tered multinucleated giant cells may be seen. These giant 
cells are dif fi cult to  fi nd, and in many cases, are absent. 
Nuclear atypia, mitotic activity, necrosis, and/or hemorrhage 
are not common in this process.        

 Immunohistochemical studies of dermal JXG have shown 
positive staining of histiocytes for CD68, factor XIIIa, 
HLA-DR, LCA, CD4, and S100 protein. However, the tumor 
is negative for CD1a, CD3, CD21, CD34, and CD35. In 
addition, ultrastructural studies are negative for the presence 
of Birbeck granules.  

   Treatment and Prognosis 
 The rarity of this lesion in the lung parenchyma precludes 
from unequivocally stating whether there is an impact on the 
survival of these patients. Most likely, it is the extent of the 
disease at the time of diagnosis what determines the outcome 

of these patients. Surgical resection of the pulmonary lesions 
appears to be a logical approach in cases in which such pro-
cedure can be accomplished.   

   Crystal-Storing Histiocytoma or Histiocytosis 

 This is an unusual process that can present with or without an 
association with lymphoproliferative disorders  [  49–  65  ] . The 
most common lymphoproliferative process involved is mul-
tiple myeloma. Crystal-storing histiocytoma has been sug-
gested as a term when this process is unassociated with a 
lymphoproliferative disorder. It is believed that this condi-
tion is reactive in nature in contrast to the form associated 
with a lymphoproliferative disorder. On the other hand, if the 
process is associated with a lymphoproliferative disorder, the 
more generic name of crystal-storing histiocytosis should be 
used. This lesion has been identi fi ed in several organ systems 
including the gastrointestinal, genitourinary, hematopoietic, 
and respiratory systems. Three different storing components 
have been identi fi ed: (1) crystallized immunoglobulins, (2) 
phagocytosed clofazimine in patients receiving treatment for 
leprosy, and (3) Charcot-Leyden crystals. However, regard-
less of the material accumulated, the basic histology is simi-
lar, namely, the presence of a histiocytic proliferation 
containing crystalline material. 

   Pathologic Features 
 In crystal-storing histiocytosis, the lung parenchyma 
appears to keep its basic architecture; however, the alveoli 
are  fi lled with an eosinophilic material that in some areas 

  Fig. 13.25    Low power view of PJXG involving lung parenchyma; the 
lesion has ill-de fi ned borders and shows a histiocytic proliferation       

  Fig. 13.26    Normal lung parenchyma obliterated by a histiocytic pro-
liferation in a background of collagenous stroma       
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can spill into the interstitium mimicking  fi brinous exu-
dates (Figs.  13.32 ,  13.33 ,  13.34 ,  13.35 ,  13.36 ,  13.37 , and 
 13.38 ). At higher magni fi cation, the material  fi lling the 
alveoli is characterized by the presence of large histiocytes 
with ample cytoplasm and small round nuclei. The cyto-
plasm of the histiocytes is  fi lled with  crystalloid material 
representing crystallized immunoglobulins. On the other 

hand, crystal-storing histiocytoma presents as a pulmonary 
mass or nodule replacing the normal lung parenchyma. In 
some cases, the appearance of the histiocytes may suggest 
muscle differentiation mimicking those cells seen in rhab-
domyomas. In other cases, the histiocytes appear to contain 
a rather granular type of material, probably non-crystalline 
immunoglobulin.        

  Fig. 13.27    PJXG showing a prominent histiocytic proliferation with 
minimal presence of other in fl ammatory cells       

  Fig. 13.28    PJXG showing a histiocytic proliferation admixed with 
in fl ammatory cells, predominantly lymphocytes       

  Fig. 13.29    Histiocytic proliferation of PJXG compressing vascular 
structures without causing vasculitis       

  Fig. 13.30    PJXG with a predominantly histiocytic proliferation 
around an airway without obstructing the airway lumen       
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 Immunohistochemical studies may help in determining 
histiocytic differentiation as the cells also show positive 
staining for CD68 and may show a monoclonal arrangement 
of immunoglobulin using kappa or lambda stains. The histio-
cytes are negative for CD1a and Factor XIIIa. Electron 
microscopy evaluation will ultimately determine the type of 

crystalline material present in the cytoplasm of these 
histiocytes.  

   Treatment and Prognosis 
 Surgical resection appears to be the treatment of choice. 
However, recurrences have been documented. The prognosis of 

  Fig. 13.31    PJXG showing a prominent histiocytic proliferation and 
scattered giant cells in the periphery of the lesion       

  Fig. 13.32    Crystal-storing histiocytosis showing a cellular prolifera-
tion with bright eosinophilic cytoplasm. Note the residual airway 
structure       

  Fig. 13.33    Lung parenchyma replaced by a histiocytic proliferation 
mimicking smooth muscle       

  Fig. 13.34    Residual alveolar structures containing numerous histio-
cytes. Note the presence of the histiocytic proliferation around the 
alveolar structures       
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this process will be determined by the presence of any asso-
ciated condition. It is imperative that in cases limited to the 
pulmonary parenchyma and without an obvious lymphop-
roliferative process, a complete clinical evaluation should 
be undertaken in order to evaluate the patient for any occult 
neoplasm.   

   Pulmonary Malacoplakia 

 Even though pulmonary malacoplakia may contain a histio-
cytic proliferation, this condition does not represent a bona 
 fi de histiocytic process. It is rather an infectious process, 
which may elicit a histiocytic response. This lesion is 

  Fig. 13.35    Lymphoid aggregates are commonly seen in crystal-storing 
histiocytosis       

  Fig. 13.36    Interphase between solid areas of crystal-storing histiocy-
tosis and presence of similar histiocytes  fi lling alveolar spaces       

  Fig. 13.37    High power magni fi cation showing histiocytes  fi lled with 
crystalloid granular material       

  Fig. 13.38    Higher magni fi cation showing histiocytes with crystalloid 
material of different shapes       
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discussed among this group of histiocytic lesions in order to 
complement these unusual processes. 

 Malacoplakia is a process of ubiquitous distribution that 
has been described in many organ systems including the 
genitourinary, central nervous, and gastrointestinal systems. 
Although some authors have suggested that the process is 
secondary to an infection with  E .  coli , in the lung, it has been 
commonly associated with the acquired immunode fi ciency 
syndrome (AIDS) or in patients with other immunosuppres-
sive states  [  66–  70  ] . Other infectious agents commonly seen 
in association with pulmonary malacoplakia include 
 Rhodococcus equi  and  Pasteurella . Clinical and radiological 
features of patients with pulmonary malacoplakia are rather 
nonspeci fi c. Tissue histological evaluation is required for 
 fi nal diagnosis. 

   Pathologic Features 
 Malacoplakia in the lung can present as an endobronchial 
nodule or as an intraparenchymal pulmonary mass with 
destruction of the lung parenchyma and necrosis indistin-
guishable from any pulmonary neoplasm. 

 The lung parenchyma may contain one or more pulmo-
nary nodules of different sizes (Figs.  13.39 ,  13.40 ,  13.41 , 
and  13.42 ). These nodules are composed of a histiocytic 
proliferation admixed with plasma cells and scattered 
Michaelis-Gutmann bodies, which is the pathognomonic 
feature of malacoplakia. However, in some instances, mal-
acoplakia in the lung may mimic the low power appearance 
of bronchiolitis obliterans organizing pneumonia (BOOP) 
by showing a spindle cell  fi broblastic proliferation admixed 
with lymphocytes and plasma cells admixed with numerous 
Michaelis-Gutmann bodies. This type of pattern may be 
easily confused with BOOP or in fl ammatory pseudotumor 
of the lung. The use of special histochemical stains for iron 
or a Von-Kossa stain can be helpful in the identi fi cation 
of the Michaelis-Gutmann bodies. Ultrastructural studies 
of Michaelis-Gutmann bodies may show the presence of a 
 fi ngerprint-like pattern in some cases of malacoplakia.      

   Treatment and Prognosis 
 If the lesion is forming a pulmonary nodule, complete surgi-
cal resection is curative. If there is any particular infection 
associated with this process, then treatment for that speci fi c 
infection should be started. Although this process is benign, 
the underlying condition is the one that will determine the 
outcome in these patients.   

   Pulmonary Xanthoma 

 Andrianopooulos et al.  [  71  ]  described the only case of pul-
monary xanthoma reported in the literature today. The patient 
was a 32-year-old asymptomatic man without any pertinent 

clinical history. During a routine chest radiograph, the patient 
was found to have the presence of a solitary pulmonary mass 
of 4 cm in greatest dimension. Immunohistochemically, 
the tumor was reported to be negative for epithelial mem-
brane antigen, keratin, S100 protein, chromogranin, peri-
odic acid-Schiff (PAS) and diastase-resistant PAS (D-PAS), 

  Fig. 13.39    Pulmonary malacoplakia showing a well demarcated tumor 
nodule replacing normal lung parenchyma       

  Fig. 13.40    Histiocytic proliferation admixed with scattered 
in fl ammatory cells replacing lung parenchyma       
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a b

  Fig. 13.41    ( a ) The presence of an in fl ammatory component may not be as marked in some areas. ( b ) Clusters of plasma cell may be present. 
Plasma cells are commonly encountered in pulmonary malacoplakia       

a b

  Fig. 13.42    ( a ) High power magni fi cation of the histiocytic proliferation in which the presence of Michaelis-Gutmann bodies is identi fi ed ( arrow ). ( b ) 
Higher magni fi cation showing the presence of Michaelis-Gutmann bodies (see  arrows )       
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mucicarmine, and oil- red-O. Electron microscopic studies 
were nonspeci fi c, and the DNA histogram showed the pres-
ence of a diploid cell population. Although this is the only 
such case described in the  literature, it is possible that similar 
cases exist but have not been reported in the literature. 

   Histopathological Features 
 Low power view of this lesion shows a well-circumscribed 
but unencapsulated subpleural process that replaces the nor-
mal lung parenchyma and is composed of a homogenous cel-
lular proliferation composed of medium-sized cells with 
ample clear or pale cytoplasm and nuclei displaced toward 
the periphery of the cells (Figs.  13.43 ,  13.44 , and  13.45 ). 
Higher magni fi cation shows that this cellular proliferation 
shows no mitotic activity, nuclear atypia, necrosis, and/or 
hemorrhage. Admixed with the xanthomatous component, 
are scattered in fl ammatory cells, namely, lymphocytes and 
plasma cells.    

 Immunohistochemical studies show the process to be nega-
tive for epithelial, neuroendocrine, and neural markers. 
However, it is possible that CD68 may show positive staining. 

 The treatment of choice for this process is complete surgi-
cal resection that may be accomplished by wedge resection 
or segmentectomy. Surgical resection appears to be curative.   

   Unclassi fi ed Xanthomatous Lesions 

 In general practice, there is a group of lesions characterized 
by the presence of “xanthomatous” cells that does not quite 
 fi t the previously described entities. However, this group of 
lesions may share some immunohistochemical features with 
previously described entities. The authors have encountered 
a few of these proliferations that clinically have been thought 
to represent a neoplastic condition but that histologically are 
characterized by a proliferation of xanthomatous cells. The 
approach to these lesions is to group them under the term 
“xanthoma” or “xanthomatous lesion not otherwise 
speci fi ed.” It is possible that these lesions per se may repre-
sent variants of other already well known histiocytic 
proliferations.   

   Benign Tumors of Non-histiocytic Origin 

 This group of lesions comprises rare entities in thoracic 
pathology; however, because of their unusual occurrence, 
they can easily be confused with malignant neoplasms. It is 
important to highlight that these lesions per se do not share any 
relationship among each other and clearly have a completely 
different origin. Therefore, even though they are grouped 
together in this chapter, this is done primarily to facilitate 
their study and to become familiar with their presentation, 

histological, and immunohistochemical  characteristics. The 
group of unusual benign tumoral conditions that will be dis-
cussed in this chapter include:

   Pulmonary metastatic calci fi cation  • 
  Pulmonary alveolar microlithiasis  • 
  Placental transmogri fi cation  • 

  Fig. 13.43    Primary xanthoma of the lung characterized by sheets of 
xanthoma cells replacing lung parenchyma. Note the rim of pulmonary 
parenchyma still present       

  Fig. 13.44    Pulmonary xanthoma showing prominent dilated vascular 
structures mimicking a vascular tumor       
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  Pulmonary lymphangioleiomyomatosis  • 
  Alveolar proteinosis  • 
  Pulmonary amyloid tumor  • 
  Mucous gland adenoma  • 
  Alveolar adenoma  • 
  Pulmonary diro fi lariasis    • 

   Pulmonary Metastatic Calci fi cation 

 This is an unusual phenomenon that may present a problem 
for the clinician since the clinical presentation may mimic a 
neoplastic process. Metastatic calci fi cation presents in dif-
ferent clinical settings, for instance patients treated for 
malignancies, such as parathyroid carcinoma, lymphoprolif-
erative disorders, transplant patients, or patients with abnor-
mal renal function  [  72–  80  ] . Based on the clinical background, 
metastatic calci fi cation can be seen at any age in any patient. 
Radiologically, conventional chest radiographs may not be 
as accurate as CT scan. In any case, the process is bilateral, 
dense, and asymmetric  [  81,   82  ] . Some authors have sug-
gested the use of dual-energy digital radiography as a more 
sensitive tool than conventional chest radiography for the 
diagnosis of metastatic calci fi cation. The exact mechanism 
for this process is not known. However, it has been stated 
that metastatic calci fi cation may be in fl uenced by serum cal-
cium and phosphate concentrations, alkaline phosphatase 
activity, and local physicochemical conditions such as pH 
 [  83  ] . Contrary to what happens in dystrophic calci fi cation in 
which there is prior tissue injury, metastatic calci fi cation 
does not require such a background  [  80  ] . 

   Histopathological Features 
 Grossly, the lungs appear congested and have a gritty cut surface. 
Contrary to the features seen in alveolar microlithiasis in which 
the calcospherites  fi ll the alveolar spaces metastatic calci fi cation 
follows a more haphazard pattern in which the calci fi ed material 
is deposited in the interstitium, bronchial wall, and airways 

  Fig. 13.46    Dendritic calci fi cation showing deposits of calcium pre-
dominantly in alveolar walls and interstitium       

  Fig. 13.47    Prominent deposits of calcifying material without forming 
a well de fi ned mass       

  Fig. 13.45    High power magni fi cation showing a homogenous cellular 
proliferation with ample cytoplasm and peripheral nuclei. Note the 
absence of nuclear atypia or mitotic activity       
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(Figs.  13.46 ,  13.47 ,  13.48 , and  13.49 ). In many cases, the pattern 
of calci fi cation follows the outlines of the alveoli.      

   Treatment and Prognosis 
 The treatment and prognosis of metastatic calci fi cation will 
be determined by the underlying condition. In some patients, 
the process may lead to respiratory failure and death.   

   Pulmonary Alveolar Microlithiasis 

 This condition represents an unusual process in the lung of 
unknown etiology, and although the composition of the 
microliths seem to point to a chemical imbalance, clinically 
none of the patients were reported as having a metabolic 
abnormality as their primary clinical presentation. The pro-
cess does not seem to have special predilection for any gen-
der and may follow a protracted clinical course. Due to the 
rarity of this condition, most of what is known in the litera-
ture is based on multiple case reports and only a couple of 
short series  [  84,   85  ] . 

   Clinical Features 
 Based on the published literature, there is no sex predilec-
tion and the condition can affect virtually any patient at any 
age. Alveolar microlithiasis has been documented in small 
children and older individuals. A familial pattern has been 
observed in about half of the cases described  [  85  ] . Clinically, 
patients may present with shortness of breath or gradual 
decrease of respiratory function  [  84  ] . Radiographically, 
there is a diffuse bilateral pulmonary in fi ltrate that has been 
described as a “sandstorm pattern”. Even though chemical 
analysis of the microliths shows that they are composed of 
calcium and phosphorus salts  [  84  ] , no metabolic abnormal-
ity related to disturbances of phosphorus or calcium is asso-
ciated with this condition. Macroscopically, the lung may 
show features mimicking pulmonary  fi brosis.  

  Fig. 13.48    Calci fi cation of the wall of the vessels may be observed in 
dendritic calci fi cation       

  Fig. 13.49    Higher magni fi cation showing calci fi cations following to 
some extent the outlines of the alveolar walls       

  Fig. 13.50    Pulmonary alveolar microlithiasis showing the characteris-
tic pattern of calcospherites  fi lling alveolar spaces       
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   Histological Features 
 Typically, alveolar microlithiasis is characterized by the 
presence of numerous spherical bodies  fi lling the alveolar 
spaces (Figs.  13.50 ,  13.51 ,  13.52 , and  13.53 ). Each of these 
calcospherites measures approximately 250–750  m m    in 

diameter. Morphologically, they appear as laminated bodies 
with an onionskin-like appearance. In some cases, focal 
ossi fi cation may be present.      

   Differential Diagnosis 
 The histopathological features of pulmonary alveolar micro-
lithiasis are fairly straightforward; therefore, there are only 
few lesions that may enter the differential diagnosis. 
Pulmonary “blue bodies” may have similar shape and com-
position; however, they are not  fi lling the alveolar spaces, 
and they are few in number. In addition, these blue bodies are 
commonly associated with in fl ammatory lesions, pneumoco-
niosis, or interstitial pneumonitis  [  86  ] . Diffuse pulmonary 
ossi fi cation or heterotopic ossi fi cation may also enter the dif-
ferential diagnosis  [  87,   88  ] . In both of these conditions, the 
process is characterized by lamellar bone formation and the 
distribution is interstitial. In addition, the light microscopy of 
the round-shaped calcospherites is in sharp contrast with the 
irregular bone formation present in pulmonary ossi fi cation. 
In some cases in which multiple corpora amylacea are pres-
ent, the round shape on the corpora amylacea may be con-
fused with the round shape of microliths. However, it would 
be highly unusual to have diffuse corpora amylacea  fi lling 
alveolar spaces.  

   Treatment and Prognosis 
 There is no speci fi c treatment for this condition, and the 
process may follow a protracted clinical course, but even-
tually most patients succumb to respiratory failure. Some 

  Fig. 13.51    Pulmonary alveoli  fi lled with calci fi cations. Most of the 
normal lung architecture has been destroyed       

  Fig. 13.52    Higher magni fi cation of a calcospherite showing the char-
acteristic “onion skin” pattern       

  Fig. 13.53    The presence of ossi fi cation may also be present, which is 
in contrast with the alveolar microliths       
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of these patients may live with this condition for up to 40 
years  [  84  ] .   

   Pulmonary Placental Transmogri fi cation 

 The term  transmogri fi cation  (origin obscure) means “to 
change into a different form or shape, especially one that 
is fantastic or bizarre”. This de fi nition clearly denotes the 
grotesque nature of the process that takes place within 
the lung parenchyma. Since the original description by 
McChesney  [  89  ]  in abstract form, only a few additional 
cases have been presented in the literature, using dif-
ferent names or describing variants of this condition 
 [  90–  92  ] . It is possible that all those previous descrip-
tions of variants of this process represent the same condi-
tion with a spectrum of histopathological features. Mark 
et al.  [  91  ]  described this condition under the designation 
of “placentoid bullous lesion of the lung” in four adult 
patients with “unilateral multicystic lung disease”. Two 
of the patients had a history of repeated childhood pneu-
monias. Almost simultaneously, Fidler et al.  [  90  ]  reported 
three patients aged 24 to 33 years with cystic lesions of 
the lung. The authors’ interpretation of this process was 
variant of giant bullous emphysema. An additional case 
report of this condition  [  92  ]  was interpreted as pulmonary 
lipomatosis in an adult patient with a history of broncho-
pneumonia and a cystic intrapulmonary lesion. Based on 
this, it is evident that these reports correspond to the same 
lesion demonstrating different histopathological patterns. 
Although these lesions are exceedingly rare, the preferred 
terminology is that of “placental transmogri fi cation of the 
lung”. 

   Clinical Features 
 Placental transmogri fi cation appears to affect a wide spec-
trum of adult individuals or young adults commonly with a 
history of a pneumonic process. Tobacco use could be elic-
ited in some of these patients. Radiographic features on all 
the cases described have been that of a unilateral intrapulmo-
nary cystic lesion, which may appear as a bulla or enlarging 
cystic lesion.  

   Macroscopic Features 
 Invariably the gross descriptions of the resected lesions of 
this process are similar, namely, the presence of a degener-
ated intrapulmonary lesions with cystic degeneration, papil-
lary-like areas, or grape-like structures resembling molar 
placental tissue. The normal lung parenchyma appears col-
lapsed with total destruction of the normal macroscopic 
appearance of the lung.  

   Histopathological Features 
 The spectrum of histopathological features encountered in 
placental transmogri fi cation of the lung is varied 
(Figs.  13.54 ,  13.55 ,  13.56 , and  13.57 ). Essentially, the lung 
parenchyma is replaced by a proliferation of papillary-like 

  Fig. 13.54    Placental transmogri fi cation showing a transition between 
normal lung parenchyma and replaced lung parenchyma       

  Fig. 13.55    Placental transmogri fi cation usually involves alveolated 
lung parenchyma. Note the presence of an uninvolved airway       
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structures lined by cuboidal epithelial cells. The cores of 
these papillary structures may contain variable amounts of 
in fl ammatory cells, namely, lymphocytes, and they may 
appear edematous. In other areas, these papillary structures 
show degenerated changes mimicking the chorionic villi of 
the placenta. The papillary structures may contain smooth 
muscle or be replaced by mature adipose tissue or show 
mixture of both. In focal areas, there is preservation of air-
way structures, this being the only normal anatomic struc-
ture that can be identi fi ed.      

   Treatment and Prognosis 
 For  fi nal diagnosis and treatment of these unusual lesions 
complete surgical resection is required, and was performed 
in all cases described. Diagnosis on limited biopsy material 
or cytology may be dif fi cult, and is of limited value. No 
recurrences have been reported in any of the cases described. 
Thus, surgical resection appears to be curative in these 
patients.   

   Pulmonary Lymphangioleiomyomatosis (LAM) 

 Pulmonary lymphangioleiomyomatosis (LAM) is an unusual 
disorder of unknown etiology that predominantly affects pre-
menopausal women. However, in unusual cases, LAM has 
also been described in children, men, and postmenopausal 

women  [  93–  97  ] . This disorder may occur without evidence 
of another disease process or in association with tuberous 
sclerosis complex (TSC). LAM occurs in approximately one 
to two cases per million women; however, LAM may be 
underreported. Even though the pathogenesis of LAM is still 
unknown, it appears that LAM and TSC may share a genetic 
relationship. The TSC2 tumor suppressor gene located on 
chromosome 16p13 has been implicated in the pathogenesis 
of LAM. This genetic abnormality has also been identi fi ed in 
about half the cases of renal angiomyolipomas in patients 
with LAM or tuberous sclerosis. It is also important to high-
light that LAM and tuberous sclerosis are two different dis-
orders; however, the separation of LAM from pulmonary 
involvement of TSC, which may occur in less than 5 % of 
these patients, may pose great dif fi culty not only histologi-
cally but also clinically and radiologically. Furthermore, 
contrary to the female predominance of LAM, TSC affects 
both genders. In the past, some authors have argued that 
tuberous sclerosis has a relative higher frequency among 
relatives while LAM does not and have suggested that based 
on this LAM and tuberous sclerosis may represent two dif-
ferent disorders  [  98,   99  ] . Tuberous sclerosis has an auto-
somal dominant pattern of inheritance and is characterized 
by the presence of neurological and cutaneous manifesta-
tions  [  100  ] . On the other hand, it’s been suggested that pul-
monary lymphangioleiomyomatosis and Bourneville’s 
tuberous sclerosis may represent two forms of the same pro-
cess  [  101  ] . 

   Clinical Features 
 The clinical manifestations of patients affected by LAM 
include recurrent pneumothorax, chylous effusion, dyspnea, 
cough, and hemoptysis. Radiologically, the a CT scan shows 
the presence of multiple bilateral nodular and cystic changes 
in the lung parenchyma  [  102  ] . However, cases of unilateral 
pulmonary involvement have been described  [  103  ] . The 
mean age of the onset of symptoms has been estimated at 32 
years of age  [  104  ] . Although, in the past, an open lung biopsy 
was the procedure of choice to establish the diagnosis of 
LAM, currently the use of transbronchial biopsies has yielded 
some satisfactory results  [  105–  109  ] .  

   Pathological Features 
 Grossly, the lungs with LAM are characterized by the pres-
ence of multiple cysts with a honeycomb appearance. The 
cyst walls are of different size and varying thickness. 
Microscopically, the low power view shows numerous cysts, 
which may resemble emphysematous changes; some of these 
cysts may be  fi lled with pools of blood or pigmented mac-
rophages. At higher magni fi cation, it is possible to identify 
the presence of a cellular proliferation composed of spindle 
cells with elongated nuclei, inconspicuous nucleoli and scant 

  Fig. 13.56    Typical features of placental transmogri fi cation showing 
structures mimicking placental tissue       
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cytoplasm. In some areas more oval cells with clear  cytoplasm 
are apparent. This cellular proliferation appears to be par-
tially lining some of the cystic structures, while in other 
areas the process involves the interstitium of the lung paren-
chyma (Figs.  13.58 ,  13.59 ,  13.60 ,  13.61 ,  13.62 ,  13.63 ,  13.64 , 
 13.65 , and  13.66 ). The cellular proliferation does not show 
evidence of nuclear atypia or mitotic activity. In adjacent 
areas,  hyperplasia of type II pneumocytes, which may be 
arranged in a micronodular pattern may be seen. Some 

authors have divided LAM into two separate histological 
groups—predominantly cystic and predominantly muscu-
lar—and have argued that such a separation has prognostic 
importance  [  110  ] .          

 Immunohistochemically, LAM shows positive staining for 
muscle markers including smooth muscle actin and desmin. 
In addition, positive staining has been reported with estrogen 
and progesterone receptors, HMB45  [  111  ] , insulin-like 
growth factor (IGF), and matrix metalloproteinases (MMPs).  

a b

c

  Fig. 13.57    ( a ) Cellular type of placenta-like structures. ( b ) Myxoid type. ( c ) Adipose tissue type       
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  Fig. 13.58    Low power view of lung parenchyma showing marked cys-
tic changes in LAM       

  Fig. 13.59    Areas of congestion and cystic changes in LAM. The con-
gested changes may at times obscure the diagnosis       

  Fig. 13.60    Closer view at an area with vascular congestion adjacent to 
a muscle proliferation       

  Fig. 13.61    In other areas, the presence of muscle is more obvious 
despite the parenchymal congestion       
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  Fig. 13.62    LAM with a more discrete presence of muscle involving 
alveolar walls       

  Fig. 13.63    The presence of muscle is obvious as it closely follows the 
alveolar wall       

  Fig. 13.64    The presence of muscle may be seen only focally while 
other areas of lung parenchyma appear within normal limits       

  Fig. 13.65    Closer view at the muscle proliferation showing the con-
ventional spindle cell pattern       
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   Treatment and Prognosis 
 There is no speci fi c treatment for LAM. However, the cur-
rent methods of treatment these patients include hormonal 
manipulation with antiestrogen therapy or with progesterone 
treatment, oophorectomy, or lung transplantation with vary-
ing degrees of success  [  112–  114  ] . A correlation of histologi-
cal  fi ndings with prognosis has disclosed that those lesions 
with predominant cystic changes have poor prognosis  [  110  ] . 
On the other hand, a scoring of combined features—cystic 
and solid—has estimated that the survival from tissue diag-
nosis to lung transplant or death is about 85 % at 5 years and 
71 % at 10 years  [  115  ] . The cause of death in these patients 
is due to respiratory insuf fi ciency.   

   Pulmonary Alveolar Proteinosis 

 Rosen et al.  [  116  ]  are credited for describing pulmonary alve-
olar proteinosis in 27 patients who suffered from a process 
that deposited PAS-positive proteinaceous material rich in 
lipid in the alveolar spaces. The authors speculated that this 
material was produced by the alveolar lining cells, which 
slough into the lumen, ultimately becoming necrotic and yield 
granules and variable laminated bodies to the alveolar content. 
In addition, the authors acknowledged the resemblance of this 
condition with  Pneumocystis jiroveci  infection of the lung. 
Interestingly, alveolar proteinosis is can also be seen in patients 
with immunosuppressed systems. Bedrossian et al.  [  117  ]  

reported eight cases of alveolar proteinosis associated with 
hematologic malignancies and acknowledged that all the cases 
reported in the literature were either associated with infectious 
processes and/or hematologic malignancies. Radiologically, 
three patterns of involvement have been described for this 

a b

  Fig. 13.66    ( a ) Discrete subpleural muscle proliferation. ( b ) High magni fi cation showing a spindle cell proliferation with clear cell changes       

  Fig. 13.67    Lung parenchyma  fi lled with proteinaceous material typi-
cal of alveolar proteinosis       
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condition: the reticulonodular pattern; small acinar nodules 
mimicking miliary disease and coalescence of various-sized 
acinar nodules leading to focal consolidation  [  118  ] . Clinically, 
the majority of patients will present with symptoms of cough, 
dyspnea, chest pain, and/or fever  [  119  ] . 

   Histopathological Features 
 The hallmark of alveolar proteinosis is the  fi lling of alveoli 
by a proteinaceous acellular material (Figs.  13.67 ,  13.68 , 
 13.69 ,  13.70 , and  13.71 ), which characteristically stains 
positively using the periodic acid-Schiff (PAS) histochemi-
cal stain. The pulmonary architecture is preserved with 
only minimal changes in the interstitium. By electron 
microscopy, annular inclusions, lamellar osmiophilic inclu-
sions, dense granules, and myeloid bodies have been 
identi fi ed.       

   Differential Diagnosis 
 The most important differential diagnosis is  Pneumocystis 
jiroveci  pneumonia. Given the fact that both of these pro-
cesses may affect immunocompromised individuals, the use 
of PAS or silver stains (Grocott’s methenamine silver [GMS]) 
may help in con fi rming the diagnosis as alveolar proteinosis 
will show positive staining for PAS and negative staining 
with silver stains, contrary to  Pneumocystis jiroveci  pneumo-
nia. One other condition that has to be excluded is pulmo-
nary edema; however, the use of a PAS stain will lead to the 
correct interpretation.  

   Treatment and Prognosis 
 Pulmonary lavage has been use with some success in these 
patients. Kariman et al.  [  120  ]  studied 28 patients with alveo-
lar proteinosis and divided them into two groups depending 
on the course of their disease. One group, 24 % of the 

  Fig. 13.68    In some areas of alveolar proteinosis, it is possible to 
observe the presence of histiocytic aggregates       

a b

  Fig. 13.69    ( a ) Acellular proteinaceous material  fi lling alveolar spaces. Note the preservation of the alveolar outlines. ( b ) Higher magni fi cation 
showing a rather granular proteinaceous material       
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patients, had spontaneous remission with no treatment, while 
the other group, 76 % of the patients, underwent pulmonary 
lavage. Interestingly in the latter group 21 % of the patients 
did not respond to treatment.   

   Pulmonary Amyloid Tumor (Amyloidoma) 

 Amyloid deposition within the lung parenchyma is a well-
known pathological process that has been recognized for 
many decades. However, it is important to realize that amy-
loid in the lung may be identi fi ed secondarily due to systemic 
amyloidosis or to other conditions. Several studies analyzing 
the presence of amyloid in the respiratory tract including the 
tracheobronchial area and lung parenchyma have been 
reported  [  121–  123  ] . Celli et al.  [  122  ]  published a study of 22 
autopsy cases of patients with systemic amyloidosis that 
were categorized as 12 patients with primary systemic amy-
loidosis, 3 patients with amyloidosis secondary to myeloma 
or Waldenström’s macroglobulinemia, and 7 patients with 
secondary amyloidosis. Also Cordier et al.  [  123  ]  reported 21 
patients with systemic amyloidosis involving the lower respi-
ratory tract. In these two series of cases, the lung and tra-
cheobronchial tree was involved in different ways including 
diffuse, nodular, interstitial, and plaque-like involvement. 
The authors emphasized that the lung may show amyloid 
deposition in conditions such as myeloma, Waldenström’s 
macroglobulinemia, familial neuropathy, Niemann-Pick dis-
ease, or Gaucher’s disease, as well as senile cardiac forms of 
amyloid. Although secondary involvement of the lungs by 
amyloid is important, herein, we will only address the pres-
ence of amyloid in the respiratory tract without evidence of 
systemic disease, as in some cases, the pulmonary nodules of 
primary pulmonary amyloidosis may raise the clinical pos-
sibility of a pulmonary malignancy. 

 Nodular amyloid depositions in the lung parenchyma, also 
known as amyloidomas, are well known to occur. Possible 
etiologic factors include light chain immunoglobulin deposi-
tion or the presence of abundant plasma cells often seen adja-
cent to amyloid tumors although, these possibilities remain 
speculative. Potassium permanganate oxidation technique 
which can separate type AA amyloid from other forms of 
amyloid has provided results which may support immuno-
globulin derived amyloid deposition by excluding AA type 
amyloid. However, the exact etiology is still unknown. In 
some cases, amyloid tumor has been associated with other 
conditions such as Sjögren’s syndrome  [  124,   125  ]  and 
MALT type pulmonary lymphoma;  [  126  ] ; other cases have 
been characterized by extensive lung involvement  [  127  ]  or a 
solitary nodules  [  128  ] . In 1986, Hui et al.  [  129  ]  presented 48 
cases of amyloidosis restricted to the lower respiratory tract. 
The authors encountered 14 cases involving the tracheobron-
chial tree, 24 cases with solitary or multiple pulmonary nod-
ules, and 6 cases with diffuse interstitial involvement. The 
authors concluded that those patients with tracheobronchial 
involvement are most likely to present with symptoms like 
dyspnea, while those with nodular parenchymal involvement 
are most likely asymptomatic. 

  Fig. 13.70    In some areas, the proteinaceous material is also admixed 
with some histiocytes       

  Fig. 13.71    The proteinaceous material may not only be present in 
alveolar spaces but also in the airways       
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   Macroscopic Findings 
 Pulmonary amyloid may present in different forms. 
Tracheobronchial involvement may happen in a diffuse or 
localized form, while parenchymal involvement may be in 
the form of single or multiple nodules, which may vary in 
size from 1 cm to more than 10 cm in diameter. The tumors 
may be unilateral or bilateral. The tumors have been described 
as soft, well circumscribed, and gray in color, while those in 
the tracheobronchial tree are often plaque-like or polypoid.  

   Histopathological Features 
 The low power view of nodular amyloidosis (amyloidoma) is 
that of a well circumscribed but unencapsulated amorphous 
eosinophilic tumor nodule replacing the normal lung paren-
chyma (Figs.  13.72 ,  13.73 ,  13.74 , and  13.75 ). Higher 
magni fi cation shows that this nodule is composed of acellular 
amorphous material; however, in the periphery of the nodule, 
an in fl ammatory in fi ltrate rich in plasma cells and with numer-
ous multinucleated giant cells can be identi fi ed. In some cases, 
the process is diffuse with some preservation of the normal 
architecture in which the amyloid is deposited in an interstitial 
pattern with widening of the interstitial spaces and involvement 
of the pulmonary vasculature. In this pattern, the in fl ammatory 
in fi ltrate is not as prominent as in the nodular pattern, and 
multinucleated giant cells are less common or absent.      

   Special Studies 
 Even though the morphologic presence of amyloid is rather 
characteristic, the use of a Congo red histochemical stain may 
be of help in small biopsies or in cases in which the presence 
of amyloid is subtle. A congo red stain displays the presence 
of birefringent apple-green material under polarized light 
microscopy. In addition, amyloid may also show   l   (lambda) 
light chains by immunohistochemical stains and serum amy-
loid P. In addition, Immunohistochemical studies in the plasma 
cells associated with amyloid tumors have shown a polyclonal 
cellular proliferation. Rodriguez et al.  [  130  ]  performed spec-
trometric studies in proteinaceous deposits in neural tissue and 
concluded that liquid chromatography-electrospray tandem 
mass spectrometry represents a novel application for charac-
terization of proteinaceous deposits including amyloid.  

   Differential Diagnosis 
 One important non-neoplastic condition that may be con-
fused with amyloid tumor is the so-called hyalinizing 
granuloma of the lung. As its name implies, in hyalinizing 
granuloma of the lung, there are extensive areas of hyalini-
zation with an associated in fl ammatory reaction closely 
mimicking amyloid. Hyalinizing granuloma of the lung is 
a rare condition, probably related to sclerosing mediastini-
tis, retroperitoneal  fi brosis, sclerosing cholangitis, and other 
similar lesions. It usually occurs in adult individuals and may 

present as a pulmonary mass, which may produce symptoms 
of pulmonary obstruction. Histologically this lesion shows a 
well-demarcated lesion with extensive  fi brosis and thick col-
lagen bundles admixed with an in fl ammatory cell in fi ltrate. 
However, a histochemical stain for Congo red is negative 
in those cases. One other possible differential diagnosis 

  Fig. 13.72    Lung parenchyma replaced by amorphous acellular 
material       

  Fig. 13.73    Extensive deposition of amyloid replacing normal lung 
parenchyma and involving vascular structures       
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includes  intrapulmonary solitary  fi brous tumor, namely, 
when the tumors shows extensive areas of collagenization. 
Application of congo red or immunohistochemical studies 
for CD34 and Bcl-2 should lead to the correct diagnosis.  

   Treatment and Prognosis 
 Complete surgical resection appears to be the treatment of 
choice when amyloid presents as a pulmonary mass. In these 

cases, the prognosis appears to be good in comparison to 
patients in whom there is diffuse pulmonary involvement 
making surgical resection impossible. Diffuse pulmonary 
involvement appears to lead to death due to respiratory 
insuf fi ciency.   

   Mucous Gland Adenoma 

 Mucous gland adenomas are unusual benign tumors that 
may pose diagnostic problems  [  131–  139  ] . Unfortunately in 
the past, these tumors have been lumped with other so-called 
adenomas that corresponded to different tumor types. Thus, 
it is dif fi cult to determine their exact incidence. Mucous 
gland adenoma has been suggested to originate from the 
submucosal seromucous glands and ducts of the proximal 
airways and probably represent some form of overdilatation 
of the normal glandular structures. In some publications, 
these tumors have been grouped with salivary gland-type 
tumors of the lung. England and Hochholzer in 1995  [  140  ]  
presented 10 cases of this entity and summarized the differ-
ent previous names for this tumor and found only 41 cases 
of this rare benign tumor. 

   Clinical Features 
 Mucous gland adenoma appears to affect men and women 
without any particular predilection, and the tumor has been 
recorded in adult individuals between the ages of 25 and 67 
years. The patients may be asymptomatic however, because 
of the central location of the tumor, symptoms of bronchial 
obstruction such as cough, dyspnea, chest pain, and/or 
hemoptysis may occur.  

   Macroscopic Features 
 The tumors often present as polypoid, exophytic endobron-
chial tumors obstructing the pulmonary lumen. The size of 
the tumors varies from tumor under 1 cm to more than 5 cm 
in greatest diameter. They have been described as well cir-
cumscribed, soft, and mucoid neoplasms with cystic changes. 
Areas of hemorrhage and necrosis are not common in these 
tumors.  

   Histopathological Features 
 The hallmark feature of mucous gland adenoma is its growht 
limitation by the bronchial cartilaginous plate (Figs.  13.76 , 
 13.77 ,  13.78 ,  13.79 ,  13.80 ,  13.81 ,  13.82 ,  13.83 , and  13.84 ). 
Thus, the tumor is circumscribed and fails to invade into 
adjacent lung parenchyma or beyond the bronchial cartilage. 
The low power magni fi cation shows an  exuberant dilation 
of the normal submucosal seromucinous glands of the lung 
with areas of an in fl ammatory reaction and mucoid mate-
rial  fi lling the dilated glandular structures. The tumors tumor 
may show a prominent papillary growth pattern. Closer view 
of the tumor shows a gamut of histopathological changes 

  Fig. 13.74    Pulmonary amyloid tumor showing bone formation       

  Fig. 13.75    Extensive ossi fi cation with marrow elements may be pres-
ent in some cases of pulmonary amyloid tumor       

 

 



431Benign Tumors of Non-histiocytic Origin

that ranges from the presence of a glandular component with 
a mucinous type of epithelium with little intervening stromal 
tissue to a compact a glandular proliferation of seromucinous 
glands. In other areas, the tumor may show cystically dilated 
glands of different sizes lined by squamous epithelium and 
separated by  fi brocollagenous stroma. In most cases, it is 
possible to identify an admixture of patterns that vary from 

cystic to solid. Areas of cholesterol cleft granulomas, an 
in fl ammatory reaction predominantly composed of plasma 
cells, and areas of squamous metaplasia are commonly seen. 
The most important feature is that the glandular proliferation 
does not involve the adjacent lung parenchyma.          

 Although the diagnosis of mucous gland adenoma is 
essentially a morphologic one, immunohistochemical stud-

  Fig. 13.76    Bronchial glandular proliferation.    Note the bronchial carti-
lage and con fi nement of the tumor       

  Fig. 13.77    Mucous gland adenoma showing a mixture of cystically 
dilated glands containing mucus and smaller glands some of which con-
contain mucous material       

  Fig. 13.78    Small glandular proliferation in a background of  fi brosis       

  Fig. 13.79    Mucous gland adenoma showing dilated glands and more 
solid areas       
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ies have been performed in some of these cases. As expected, 
the tumor shows positive staining for epithelial markers 
including keratins, epithelial membrane antigen (EMA), and 
carcinoembryonic antigen (CEA). Proliferative markers such 
as Ki-67 will label only scattered cells.  

   Differential Diagnosis 
 The most important differential diagnosis includes low grade 
mucoepidermoid carcinoma and adenocarcinoma. In small 
biopsies, an unequivocal diagnosis may prove to be dif fi cult. 
However, the presence of an exuberant dilatation of normal 
endobronchial glands should alert to the possibility of a 
mucous gland adenoma. However, if the biopsy is from an 
area of glandular proliferation, the diagnosis may be very 
dif fi cult to impossible. On the other hand, in a resected spec-
imen, a glandular proliferation limited to the space between 
the surface respiratory epithelium and the bronchial cartilage 
should alert to the possibility of an adenoma rather than a 
mucoepidermoid carcinoma. Contrary to the bland features 
of mucus gland adenoma, adenocarcinomas are character-
ized by an atypical glandular proliferation with nuclear aty-
pia and mitotic activity and growth beyond the bronchial 
cartilage.  

   Treatment and Prognosis 
 The treatment of choice is complete surgical resection, and 
the prognosis is excellent. However, surgical treatment of 
mucous gland adenoma may vary depending on the anatomic 
distribution of the tumor, level of con fi dence of the initial 
biopsy results, and radiological  fi ndings. Therefore, even 
though the tumor is completely benign, the treatment may 
include a more radical procedure such as lobectomy.   

   Alveolar Adenoma 

 Alveolar adenoma is a benign tumor of rare occurrence in the 
lung parenchyma. Although the tumor may have been reported 
earlier under a different designation  [  141  ] , Yousem and 
Hochholzer are the ones who coined the term “alveolar ade-
noma”, reporting six cases of this unusual tumor. The authors’ 
report included four women and two men between the ages of 
45 and 74 years. All patients were asymptomatic or with 
symptoms unrelated to their pulmonary tumors. All the lesions 
were solitary pulmonary nodules, and all the patients under-
went surgical resection of their tumors. 

   Pathological Features 
 Grossly, these tumors are generally solitary coin lesions 
within the lung parenchyma. The size varies from 1 to 3 cm 
in greatest diameter; the tumors may be cystic and 
hemorrhagic. 

 Histologically, at low magni fi cation, the tumors appear to 
be well circumscribed with prominent large cystic spaces 
containing clear acellular  fl uid within the cyst lumina. At the 
periphery of the lesion, the tumor appears to be more cellular 
and glandular with a microcystic pattern. Higher 
magni fi cation shows the presence of a discrete in fl ammatory 
in fi ltrate composed of lymphocytes and plasma cells in the 

  Fig. 13.81    Glands lined by either low cuboidal or squamous epithe-
lium may be seen       

  Fig. 13.80    The glandular proliferation can be lined by different types 
of epithelium—in this case, low cuboidal epithelium       
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septa separating the cystic from the glandular areas 
(Figs.  13.85 ,  13.86 ,  13.87 , and  13.88 ). The cystic spaces are 
lined by medium-sized cuboidal cells with a hobnail appear-
ance resembling pneumocytes, while the peripheral areas 
with a more glandular appearance are composed of type II 
pneumocytes. Mitotic activity is rare or non-existent in these 

lesions, and necrosis is not a feature of alveolar adenomas. A 
PAS histochemical stain shows positive staining in the  fl uid 
contained in the cystic spaces.     

 Immunohistochemical studies have been performed in 
these lesions, demonstrating that, epithelial markers such as 
keratin and EMA are positive as is surfactant protein alpha 

a b

  Fig. 13.82    ( a ) Tightly packed small glandular proliferation. ( b ) Small glands some of them showing focal signet ring cell appearance       

  Fig. 13.83    Cystically dilated glands containing mucus embedded in a 
heavy in fl ammatory reaction, namely, plasma cells       

  Fig. 13.84    Glandular proliferation composed predominantly of glands 
lined by mucinous epithelium       
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 [  142,   143  ] . The tumor is negative for vascular markers 
including CD31, CD34, and Factor VIII.  

   Differential Diagnosis 
 Because of the glandular proliferation the most important 
differential diagnosis includes adenocarcinoma with a bron-
chioloalveolar pattern. Both of these conditions may show 

positive staining for the conventional immunomarkers 
including TTF-1, surfactant protein alpha, and epithelial 
immunomarkers. Thus, there is no real way in making an 
unequivocal diagnosis of alveolar adenoma in a small biopsy. 
As such, the diagnosis can only be accomplished after com-
plete resection of the tumor. Because of the large cystic 
spaces present in these lesions, another differential diagnos-
tic possibility is lymphangioma. However, an epithelial lin-
ing of type II pneumocytes and the negative staining for 
vascular markers will aid at arriving at the correct diagnosis.  

   Treatment and Prognosis 
 Surgical resection is the treatment of choice for alveolar ade-
nomas, and is curative. Although in some of the cases the 
treatment has ranged from wedge resection to lobectomy, it 
is possible that a more conservative approach is warranted in 
these cases. However, the problem may be in assessing the 
true nature of this tumor on a small biopsy. In the cases 
described the available follow up has indicated an indolent 
benign process.   

   Pulmonary Diro fi lariasis 

 This parasitic infectious process is produced by  Diro fi laria 
immitis , a helminth common in dogs with man as an acciden-
tal host. Pulmonary diro fi lariasis usually presents as a coin 
nodule or nodules affecting patients from childhood to adult-
hood. Because of the clinical and radiological presentation, it 
is often thought to represent a neoplastic process, and the 
diagnosis is accomplished by tissue examination. Initially 
described by Dashiell  [  144  ]  and Goodman  [  145  ] , numerous 
reports of this entity have been presented, namely, in the 
form of case reports or short series of cases  [  146–  150  ] . In 
humans, similar to what happens in dogs, the worms may 
also lodge in the heart; however, they may die before reach-
ing maturity, and then pass into the pulmonary arteries. 
However, this infectious process is rather rare, and it may 
account for only a very small percentage of cases that may 
present with a granulomatous reaction in the lung. Ulbright 
and Katzenstein  [  151  ]  studied 86 cases of solitary pulmonary 
granulomas in the lung and determined that in 60 of their 
cases fungal or acid-fast organisms were identi fi ed, in 25 
cases an infectious etiology could not be determined, and in 
only 1 case, fragments of a helminth were identi fi ed. 
Microbiological cultures were found to be less productive 
than direct tissue examination. Thus, it is logical to assume 
that in actual practice, the presence of pulmonary diro fi lariasis 
is an unusual occurrence. The largest series of cases present-
ing with pulmonary diro fi lariasis is the one analyzed by 
Flieder et al.  [  152  ]  who studied 41 lesions from 39 patients 
and summarized the entire spectrum of histopathological 
changes associated with this infection. 

  Fig. 13.86    Alveolar adenomas may be predominantly cystic and pres-
ent as distended alveolar structures       

  Fig. 13.85    Alveolar adenoma with the characteristic cystic and solid 
growth patterns       
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   Clinical Features 
 Pulmonary diro fi lariasis is an infectious process that may 
be seen in patients ranging from 8 to 80 years of age with 
a median age of 58 years. The infection appears to be more 
common in men than women, and it is not necessarily asso-
ciated with immunosuppression. However, in some cases, 
there may be a history of previous malignancies. At least 
half of the patients are asymptomatic, and their pulmonary 
nodule is discovered during a routine chest radiograph. For 

those patients who are symptomatic, cough, dyspnea, chest 
pain, fever, and wheezing are common symptoms, while 
hemoptysis is rare. Eosinophilia may be present in up to 
15 % of these patients. Radiologically, diro fi lariasis pres-
ents more commonly as a solitary pulmonary nodule; how-
ever, in some cases, multiple nodules may be seen. The 
right lung appears to be more commonly affected than the 
left, and although these nodules may be more common in 
the periphery of the lung, central lesions may also occur.  

a b

c

  Fig. 13.87    ( a ) Alveolar adenoma showing a predominantly solid component. ( b ) Higher magni fi cation shows a homogeneous cellular prolifera-
tion without nuclear atypia or mitotic activity. ( c ) Alveolar adenoma with mixed cystic and solid components       
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   Macroscopic Features 
 The pulmonary nodules may range in size from 0.5 to 4 cm 
in diameter. They are well circumscribed, soft, granular, and 
gray. They are more commonly seen in a subpleural location, 
and the cut surface of these lesions shows a necrotic surface 
but no identi fi able worms. The adjacent lung parenchyma is 
usually within normal limits.  

   Histopathological Features 
 The panoramic view of these nodules is that of a well-de fi ned 
but unencapsulated necrotic granuloma destroying normal 
lung parenchyma. At higher magni fi cation, one can observe 
the presence of a thrombosed arteries containing fragments 
of nonviable worm surrounded by an in fl amed  fi brous cap-
sule (Figs.  13.89  and  13.90 ). In some cases, the worm is 
present within necrotic lung parenchyma and not within the 
vascular spaces. The worms are usually immature and do 
not contain ova, measuring approximately 125–250  m m, 
while the cuticle thickness varies from 5 to 25  m m. These 
parasites may be highlighted by using histochemical stains 
for PAS and/or Movat. In Flieder’s account  [  152  ]  of the his-
topathological changes of diro fi laria, the authors encoun-
tered that the granulomatous reaction may have round, 
geographic, or wedge-shaped forms in about one-third of 
the cases, while caseous necrosis was present in 41 % of the 
cases, and Charcot-Leyden crystals were present in 27 % of 
the lesions. In most of the cases, the nodules have a rim of 
dense hyalinized tissue with an in fl ammatory reaction com-
posed of lymphocytes, plasma cells, and histiocytes. 

Langhans type giant cells, neutrophils, and non-necrotizing 
granulomas may also be present. On the other hand, the 
adjacent lung parenchyma may show features of desquama-
tive interstitial pneumonitis (DIP)-like areas, follicular bron-
chiolitis, and/or organizing pneumonia. Focal areas showing 
vasculitis and capillaritis may also be observed in some 
cases. Other features that may be observed in association 
with pulmonary diro fi lariasis include microcalci fi cations, 
cholesterol cleft granulomas, amyloid-like stromal areas, 
and  fi brinous pleuritis. However, the most important issue in 
the diagnosis is the recognition of the worm.    

   Differential Diagnosis 
 The most important feature in the diagnosis of diro fi lariasis 
is the identi fi cation of helminth fragments. This may 
require step sections as the worm may not be present in 
the initial super fi cial sections. On the other hand, in cases 
in which there is limited material for evaluation, the dif-
ferential diagnosis will include any other infectious pro-
cess caused by fungal or acid-fast bacilli, Wegener’s 
granulomatosis, Churg-Strauss syndrome, and possibly 
pulmonary lymphoma. However, depending on the set-
ting, the use of special stains or tissue culture will rule out 
those possibilities. On the other hand, if the material avail-
able for evaluation is from areas adjacent to the granu-
lomatous reaction, other entities such as bronchiolitis 
obliterans, organizing pneumonia, extrinsic allergic alve-
olitis, or DIP may be considered in the differential 
diagnosis.  

a b

  Fig. 13.88    ( a ) Dilated structures containing clear acellular  fl uid. ( b ) In focal areas, alveolar adenomas may show a spindle cell component       
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a b

  Fig. 13.89    ( a ) Necrotizing granuloma replacing normal lung parenchyma. ( b ) Adjacent areas showing vascular structures containing worms 
compatible with diro fi laria immitis       

a b

  Fig. 13.90    ( a ) In some cases, the presence of worms is easily identi fi ed and may be present in areas with acute in fl ammatory changes. ( b ) Higher 
magni fi cation of diro fi laria immitis       
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   Treatment and Prognosis 
 Surgical excision of these nodules is curative for these 
patients. However, it is advisable that in cases in which there 
are multiple nodules, all of those nodules be sampled as in 
some cases diro fi lariasis may be associated with other pro-
cesses including primary carcinomas of the lung.   

   Hyalinizing Granuloma of Lung 

 Hyalinizing granuloma of the lung represents an unusual 
condition of unknown etiology. However, some authors have 
suggested an autoimmune origin for this process. Its pres-
ence in the lung may also be associated with other conditions 
including retroperitoneal  fi brosis and sclerosing mediastini-
tis. Hyalinizing granuloma can occur at any age and does not 
appear to have a speci fi c gender predilection; however, it 
appears to be more common in adult individuals  [  153–  155  ] . 

   Clinical Features 
 Just like any other mass in the lung, patients may present 
with symptoms related to pulmonary obstruction such as 
cough, dyspnea, and fever. However, patients may also be 
asymptomatic, and the lesion may be discovered during a 
routine radiographic study. It has been reported that patients 
with hyalinizing granuloma may show positive serum anti-
nuclear antibodies, rheumatoid factor, or suffer from 
Coombs-positive hemolytic anemia.  

   Histopathological Features 
 Hyalinizing granuloma is usually a solitary intrapulmonary 
nodule that may measure up to 10 cm in greatest dimension. 
However, in some cases more than one nodule may be present. 
Microscopically, the lesions are characterized by the presence 
of a tumor with prominent  fi brocollagenous deposition admixed 
with in fl ammatory cells, mainly lymphocytes and plasma cells. 
Distended vascular structures may also be present as well as 
calci fi cations (Figs.  13.91 ,  13.92 ,  13.93 ,  13.94 , and  13.95 ). 
The use of immunohistochemical studies is not helpful unless 
one is trying to rule out other tumoral conditions.       

   Differential Diagnosis 
 The main differential diagnosis includes intrapulmonary 
solitary  fi brous tumor and pulmonary amyloidosis (pulmo-
nary amyloidoma). However, in the former the use of 
immunohistochemical stains, mainly CD34 and Bcl-2, may 
prove helpful; hyalinizing granuloma will be negative for 
both of those antibodies. In the latter, the use of a his-
tochemical stain for Congo red will be helpful as under 
polarized light the characteristic apple-green refringency 
will be absent in cases of hyalinizing granuloma. One other 
possibility that has to be considered is the question whether 
the lesion is not an extension of sclerosing mediastinitis. 
The presence of a mediastinal mass either by radiographic 

means or direct inspection should lead to the correct 
interpretation.  

   Treatment and Prognosis 
 The treatment of choice is surgical resection of the mass. If 
the tumor is resected completely, the prognosis is favorable.        

  Fig. 13.91    Hyalinizing granuloma showing a dense  fi brocollagenous 
matrix. Note the presence of uninvolved cartilage and respiratory 
epithelium       

  Fig. 13.92    The dense  fi brocollagenous matrix may be admixed with 
dilated vascular structures       
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         Introduction 

 Lung cancer continues to be the most common and deadly 
malignancy in the USA and worldwide  [  1  ] . Current stan-
dard therapies include surgical resection, platinum-based 
doublet chemotherapy, and radiation therapy alone or in combi-
nation  [  2  ] . However, most lung cancers present at an advanced 
stage and are not amenable to curative surgery or radiother-
apy  [  3  ] . The main challenge to improve the poor survival 
rate (5-year survival, 15 %) of this disease is to develop 
strategies to better stratify high-risk population for early 
diagnosis and to select the adequate treatment for different 
lung cancer subsets  [  4  ] . 

 Lung tumors are the result of a multistep and complex 
process in which normal lung cells accumulate genetic and 
epigenetic abnormalities and evolve into cells with malig-
nant biological capabilities, which represent the “hallmark 
of cancer”  [  5  ] . These biological capabilities include sus-
taining proliferative signaling, evading growth suppressors, 
resisting cell death, enabling replicative immortality, induc-
ing angiogenesis, and activating invasion and metastasis  [  5  ] . 
The identi fi cation of an oncogene, or other speci fi c products 
required by the tumor cells for sustained growth (“oncogene 
addiction”), followed by administration of a speci fi c inhibi-
tor to the target, is the basis of personalized cancer treatment  [  6  ] . 
Recent advances in understanding the complex biology 
of lung cancer, particularly “oncogene addictions,” have 

 provided new treatment targets and allowed the identi fi cation 
of subsets of tumors with unique molecular pro fi les that can 
predict response to therapy in this disease  [  3,   7  ] . 

 The successful development of personalized therapy 
depends on the identi fi cation of a speci fi c molecular target 
that drives cancer growth, subsequent validation of a clini-
cally applicable biomarker, and development of a clinically 
sound and rational endpoint, coupled with understanding of 
the molecular mechanisms associated to tumor’s resistance  [  8  ] . 
In this process, the analysis of molecular changes is becom-
ing increasingly important and poses multiple challenges to 
adequately integrate both routine histopathology analysis 
and molecular testing into the clinical pathology diagnosis 
for selection of therapy. 

 In this chapter, we will describe the molecular abnormalities 
associated to the most common histological types of lung 
cancer. We will discuss the current state of molecular studies 
applied in clinical tissue samples for targeted therapy selec-
tion and some areas of active investigation in this  fi eld. 
We will describe the advantages and disadvantages of the 
currently available molecular pathology methodologies and 
the future research directions of lung cancer molecular 
pathology in the new era of targeted therapy and  personalized 
 medicine approaches.  

   Molecular Abnormalities of Lung Cancer 
by Histology Subtypes 

 Traditionally, lung cancer is classi fi ed in two major histologi-
cal types, non-small cell lung carcinoma (NSCLC) and small-
cell lung carcinoma (SCLC)  [  9  ] . Both tumor types have 
different clinical behavior, response to treatment, biology, 
and molecular characteristics. NSCLC grows and spreads 
much slower than SCLC and often is refractory to chemo-
therapy  [  10  ] . Depending on the stage of the disease, surgical-
based approaches result in longer disease-free survival and 
potential cure of ~30 % of resected patients  [  11  ] . Although 
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most NSCLC are associated with smoking, a signi fi cant 
 proportion of them (10–15 %) occur also in never-smoker 
patients, mostly with adenocarcinoma tumor histology. 
Importantly, these tumors harbor targetable genetic abnor-
malities such as mutations of epidermal growth factor recep-
tor gene ( EGFR)  and translocation of the echinoderm 
microtubule-associated protein-like 4 and anaplastic lym-
phoma kinase ( EML4-ALK ) genes  [  12,   13  ] . Recently, speci fi c 
targetable genetic abnormalities have been also described in 
smoking-related squamous cell carcinoma (SCC) of the lung, 
including the  fi broblast growth factor receptor-1 ( FGFR1 ) 
gene ampli fi cation  [  14  ]  and the discoidin domain-containing 
receptor-2 ( DDR2 ) gene mutation  [  15  ] . 

 On the other hand, SCLC has a unique natural history 
with earlier development of widespread metastases, a uni-
form initial response to chemotherapy and radiation, and a 
poor 5-year survival rate of ~5 %, especially due to the 
almost certain recurrence after chemotherapy  [  16  ] . SCLCs 
are invariably associated to tobacco smoking, have a neu-
roendocrine phenotype, and are characterized for frequent 
inactivation of the tumor suppressor genes (TSG)  TP53  and 
 retinoblastoma  ( RB ) and activation of  MYC  oncogene  [  17–  19  ]  .  
However, there are no speci fi c novel molecular targets 
recently described in SCLC. 

   Non-small Cell Lung Carcinoma 

 NSCLCs are histologically classi fi ed in adenocarcinomas, 
SCC, adenosquamous cell carcinoma, large cell carcinoma, 
and sarcomatoid carcinomas  [  9  ] . Both adenocarcinoma (40 %) 
and SCC (30 %) are the most common histological subtypes  [  9  ] . 
We will discuss recent advances on the molecular abnormali-
ties associated to the pathogenesis of both adenocarcinoma 

and SCC histologies, with special emphasis on targetable 
genes, proteins, and pathways (Table  14.1  and Fig.  14.1 ).    

   Adenocarcinoma 

 Lung adenocarcinomas are histologically and biologi-
cally heterogeneous tumors  [  9,   20  ] . Most adenocarcinomas 
(~90 %) have mixed histological growth patterns, and the 
attempts to establish correlations between histological fea-
tures and molecular abnormalities have been unsuccess-
ful  [  9,   21  ] . Recently, the International Association for the 
Study of Lung Cancer (IASLC) proposed a new working 
classi fi cation of lung adenocarcinoma to be used to poten-
tially improve correlations with clinical, radiological, and 
molecular features of this tumor type  [  21  ] . 

 The preneoplastic lesion suggested to precede at least 
subset of adenocarcinomas, particularly those with lepidic or 
bronchioloalveolar (BAC) features, is the atypical adenoma-
tous hyperplasia (AAH)  [  22,   23  ] . The molecular abnormali-
ties described in AAH include deletions or loss of 
heterozygocity (LOH) in regions containing TSGs (chromo-
somes/genes 3p/ FUS-1 , 18 %; 9p/ p16   INK4a  , 13 %, 9q/ TSC1 , 
53 %; 16p/ TSC2 , 6 %; and    17p/ TP53 , 6 %)   ,  KRAS  mutation 
(codon 12, 39 %), upregulation of telomerase activity 
(27–78 %), loss of expression of LKB1 protein, and overex-
pression of cyclin D1 (70 %), p53 (10–58 %), survivin 
(48 %), and HER-2/Neu (7 %) proteins  [  24–  26  ] . The respira-
tory structures and the speci fi c epithelial cell types involved 
in the origin of most lung adenocarcinomas are unknown, 
and candidates include Clara cells, alveolar type II cells, and 
an epithelial cell located at the junction between the terminal 
bronchiole and alveolus, termed bronchioloalveolar stem 
cell  [  25  ] . In addition, lung adenocarcinoma may arise from 

   Table 14.1    Summary of molecular abnormalities associated with the lung adenocarcinoma and squamous cell carcinoma histologies   

 Gene  Molecular change  Adenocarcinoma (%)  Squamous cell carcinoma (%) 

  EGFR   Mutation  10–40  Very rare 
 Ampli fi cation/CNG  15  40 
 IHC overexpression  15–39  ~58 

  KRAS   Mutation  10–30  Very rare 
  BRAF   Mutation  2  3 
  EML4-ALK   Translocation  3–9  Very rare 
  LKB1   Mutation  8–30  0–5 
  HER2   Mutation  2–3  Very rare 

 Ampli fi cation  8  2 
 IHC overexpression  35  1 

  TP53   LOH and mutations  50–70  60–70 
  FGFR1   Ampli fi cation  1–3  8–22 
  PIK3CA   Ampli fi cation/CNG  2–6  33–35 

 Mutation  2  2 

   CNG  copy number gain,  IHC  immunohistochemistry,  LOH  loss of heterozygosity  
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bronchial or bronchiolar epithelia since  EGFR  activating 
mutation has been found in normal bronchial epithelium 
adjacent to  EGFR -mutant adenocarcinomas in 43 % of the 
patients  [  25  ] . 

 Most (70–80 %) lung adenocarcinomas express the thy-
roid transcription factor-1 (TTF-1) protein encoded by the 
gene  TITF-1 , also termed  NKX2-1   [  27,   28  ] . TTF-1 is a 
homeodomain-containing transcription factor expressed at 
the onset of lung morphogenesis in epithelial cells and 
throughout fetal lung development and plays an important 
role in lung morphogenesis including the formation of the 
lung parenchyma and the subsequent differentiation of the 
respiratory epithelial cells  [  29,   30  ] . In the postnatal lung, 
TTF-1 expression is restricted primarily to alveolar type II 
cells and subsets of non-ciliated bronchiolar epithelial cells 
 [  31  ] . The  TITF-1  gene has been suggested to be a lineage-
speci fi c oncogene, and gene ampli fi cation has been detected 
in ~11 % of lung adenocarcinomas, which correlated with 
poor survival rates in surgically resected tumors  [  28,   32,   33  ] . 
However, conversely to the putative oncogene properties, 

high level of TTF-1 protein expression in adenocarcinomas 
has been correlated with smaller tumor size, lower patho-
logic tumor-nodes-metastasis (TNM) stage, and better sur-
vival rates  [  28,   32  ] . 

 At least two different pathways have been identi fi ed in the 
pathogenesis of lung adenocarcinoma, a smoking-associated 
activation of the  KRAS  signaling, and non-smoking-associated 
activation of the  EGFR  signaling  [  12  ]  (Table  14.2 ). Lung adeno-
carcinomas arising in never-smokers are characterized by 
signi fi cantly higher frequencies of  EGFR  (54 %) and  HER2  
(3 %) tyrosine kinase domain activating mutations and  EML4-
ALK  translocations (9 %). In addition, these tumors demonstrated 
certain speci fi c types of  KRAS  (G-to-A transition; GGT12GAT) 
and  TP53  (G-to-A transitions) mutations and higher expression 
of certain microRNAs (miR), including miR-21 and miR-38 
 [  12,   34–  36  ] . Lung adenocarcinomas arising in ever-smokers are 
characterized, among others, by signi fi cantly higher frequencies 
of  KRAS  (up to 30 %; mostly G-to-T or G-to-C transversions), 
 TP53  (70 %; mostly G-to-T transversions and A-to-G transi-
tions), and  LKB1  mutations (14 %)  [  12,   37–  40  ] .   
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  Fig. 14.1    Paradigm changes in the classi fi cation of NSCLC. Targetable 
abnormalities of multiple oncogenes, particularly mutations, transloca-
tions, and gene ampli fi cations, have been recently discovered in both 
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   Squamous Cell Carcinoma 

 SCC of the lung has been histologically and molecularly less 
studied than the adenocarcinoma histology. However, SCC 
preneoplastic lesions have been better characterized  [  22,   41  ] . 
Morphological changes in the normal bronchial epithelium 
that may precede invasive SCC include hyperplasia, 
squamous metaplasia, dysplasia, and carcinoma in situ  [  25, 
  41,   42  ] . It has been shown that these sequential morphologic 
changes correlate with cumulative genetic abnormalities, 
which start at normal bronchial epithelium stage  [  25  ] .    These 
molecular abnormalities are usually extensive and multifo-
cally distributed throughout the bronchial tree of NSCLC 
patients and smokers, who are individuals at high risk of 
developing lung cancer  [  42–  44  ] . The molecular abnormali-
ties associated with the early pathogenesis of SCC include 
allelic losses at multiple regions of chromosome 3p and 9p21 
( p16   INK4a  ), subsequent losses of chromosome regions 8p21–
23, 13q14 ( RB ), and 17p13 ( TP53 ). Additionally, it has been 
shown that  p16   INK4a   methylation increases during the pro-
gression of SCC preneoplastic lesions  [  25,   42  ] . 

 Invasive SCC frequently harbors multiple genetic abnor-
malities, including activation of several oncogenes (e.g., 
 SOX2 ,  FGFR1 ,  PIK3CA ,  EGFR , and  DDR2 ) and inactiva-
tion of TSGs (e.g.,  TP53  and  p16   INK4a  ). Recently, the sex 
determining region Y-box 2 ( SOX2 ) gene has been suggested 
to be a lineage-survival oncogene in lung SCC  [  45  ] . SOX2 is 
a transcription factor coded by a gene located at 3q26.33. 
SOX2 protein is implicated in the maintenance of embryonic 
stem cells and the induction of pluripotent stem cells from 
various different cell types and plays important roles in mul-
tiple developmental processes, including lung branching 
 [  31  ] . This protein is selectively expressed in conducting air-
way epithelial cells, where it regulates basal, ciliated, and 
secretory cell differentiation  [  31  ] . In the lung, SOX2 is 
expressed in normal bronchial epithelium, alveolar bronchi-
olization changes, and preneoplastic squamous lesions  [  46  ] . 

In NSCLC, SOX2 expression is more frequently detected in 
SCC (90 %) when compared with adenocarcinoma (20 %) 
 [  46,   47  ] .     SOX2  gene is ampli fi ed in 20 % SCC tumors in cell 
lung cancers and correlates with the protein overexpression 
 [  45,   46,   48  ] .  

   Molecular Targets 

 In the last decade, signi fi cant progress has been made in the 
characterization of molecular abnormalities in NSCLC 
tumors that are being used as molecular targets and predic-
tive biomarkers for patients’ selection for targeted therapy 
(Fig.  14.1 ). Some of these molecular changes occur prefer-
entially in adenocarcinoma or SCC and others in both 
NSCLC histologies. 

   Epidermal Growth Factor Receptor (EGFR) 
 This protein, member of the receptor tyrosine kinase (RTK) 
family, is a cell-surface receptor protein that responds to sig-
nals conveyed by extracellular growth factors  [  49,   50  ] . 
Following binding of these growth factor ligands, EGFR 
homo- or heterodimerizes with other RTKs and triggers the 
activation of two major pathways: PI3K/AKT/mTOR and 
RAS/RAF/MEK/MAPK  [  49,   50  ] . These signaling pathways 
are important in the tumorigenic process, including prolifer-
ation, apoptosis, angiogenesis, and invasion  [  50–  52  ] . 

 EGFR molecular abnormalities are common events in 
NSCLC and include gene activating mutation, gene copy 
number gain and ampli fi cation, and overexpression of the 
protein and its ligands  [  50  ] . Mutations of  EGFR  occur in 
~24 % of NSCLCs and are limited to the  fi rst four exons of 
the tyrosine kinase (TK) domain (exons 18–21) (Fig.  14.2 ). 
The most frequent mutations are in-frame deletions in exon 
19 (44 % of all mutations) and missense mutations in exon 
21 (41 % of all mutations)  [  35,   53  ] . In addition, in-frame 
duplications/insertions occurring in exon 20 have been 

   Table 14.2    Molecular characteristics in lung adenocarcinoma arising in never-smokers and smokers   

 Gene  Molecular change  Never-smokers  Smokers 

  EGFR   Mutations  25–60 %  5–10 % 
  ERBB2   Mutations  ~3 %  ~1 % 
  EML4-ALK   Translocation  ~6 %  Rare 
  KRAS   Mutations  5–15 %  20–30 % 

 Mutation pattern  G → A transitions  G → T or G → C transversions 
  TP53   Mutations  50 %  70 % 

 Mutation pattern  G → A transitions  G → T transversions** 
  LKB1   Mutations  Rare  Frequent 
 Tumor suppressor genes  Genes methylated  Relatively low  Relatively high; e.g.,  p16  and 

 RASSF1A  
 Allelic loss  Relatively low  Relatively high 
 Allelic loss sites  9p, 12p, 19q  3p, 6q, 9p, 16p, 17p, 19p 
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described in about 5 % of the mutant cases, and rare mis-
sense mutations occur in multiple sites  [  35  ] .  EGFR  muta-
tions occur predominantly in adenocarcinoma (~20–48 % 
versus other NSCLC histologies ~2 %) and are more fre-
quent in never-smokers (54 % versus ever-smokers 16 %) 
and female patients (49 % versus male patients 19 %)  [  35  ] . 
Activating  EGFR  mutations strongly correlate with clinical 
response to tyrosine kinase inhibitors (TKIs) and currently 
are the most important criterion to select patients for EGFR 
TKI therapy in lung cancer  [  8,   35,   53,   54  ] .  

  EGFR  gene copy number gain (CNG), high polysomy 
and gene ampli fi cation, has been detected in 22–54 % of 
NSCLCs by  fl uorescence in situ hybridization (FISH), being 
more frequently detected in SCCs (CNG, 29 %; gene 
ampli fi cation, 11 %) than adenocarcinomas (CNG, 11 %; 
gene ampli fi cation, 4 %)  [  55  ] .  EGFR  CNG is more frequently 
detected in more advanced, stages III/IV, tumors (up to 54 %) 

 [  56–  61  ] . Although some studies showed that CNG may be a 
predictor of EGFR TKI treatment, these data have not be 
con fi rmed, and this marker is currently not used clinically 
 [  62  ] . Overexpression of EGFR protein has been reported in 
~46 % NSCLCs  [  63  ]  and is higher in SCC (~58 %) com-
pared with adenocarcinoma (15–39 %)  [  63  ] . In a subset of 
NSCLCs, the canonical EGFR ligands, particularly epider-
mal growth factor (EGF), transforming growth factor- -
a (alpha) (TGF- a ) and amphiregulin, are overexpressed in 
tumor cells, leading to EGFR activation through an autocrine 
loop  [  64,   65  ] .  

   HER-2/Neu 
 This is a transmembrane receptor and member of the RTK 
family that drives and regulates cell proliferation  [  66  ] . The 
HER-2/Neu receptor does not have a known ligand and is 
putatively activated by homodimerization with other HER-2/
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  Fig. 14.2     EGFR  mutations in lung adenocarcinomas.  Panel   a : location 
and frequency of most frequent activating  EGFR  mutations occurring in 
lung adenocarcinomas affecting exons 18–21, which encode the 
tyrosine kinase ( TK ) domain portion of the protein.  Panel   b : representa-

tive examples of PCR-based Sanger sequencing illustrating L858R 
point mutation at exon 21 and a 15-base pair (bp) deletion at exon 21 in 
lung adenocarcinoma tumors       
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Neu receptors or by heterodimerization, preferentially with 
either EGFR or HER-3  [  66  ] . Activation of HER-2/Neu pro-
duces downstream activation of PI3K/AKT/mTOR and RAS/
RAF/MEK pathways  [  66  ] . In lung cancer, HER-2/Neu 
abnormalities include gene mutation, gene ampli fi cation, 
and overexpression of the protein  [  36,   67–  69  ] .  HER-2  gene 
mutations have been detected in 2–4 % of NSCLCs, and they 
occur mostly in exon 20 of the gene  [  36  ] .  HER-2  mutations 
have been described predominantly in adenocarcinoma his-
tology and patients with East-Asian ethnic background and 
never-smoker history  [  36,   68  ] .  HER-2  ampli fi cation has been 
reported in 4–5 % of NSCLCs and more frequent in adeno-
carcinoma histology (8 %)  [  67,   69  ] . HER-2/Neu protein is 
highly expressed in NSCLCs (16 %), being more frequent in 
adenocarcinoma (35 %) compared with SCC (1 %)  [  67  ] .  

   K-Ras 
 This is a member of the Ras proto-oncogene family (K-Ras, 
H-Ras, and N-Ras) and encodes a 21-kDa plasma membrane-
associated G-protein that regulates key signal transduction 
pathways involved in normal cellular differentiation, prolif-
eration, and survival  [  70  ] . K-ras can be activated in NSCLC 
by gene point mutations (10–30 %) leading to inappropriate 
signaling for cell proliferation  [  24  ] .  KRAS  mutations are 
most common in lung adenocarcinoma than other NSCLC 
histology types and are more frequently found in tumors 
from patients with smoking history (~30 %)  [  37,   38  ] . In lung 
cancer,  KRAS  mutations are found in codons 12, 13, and 61, 
and they (42 % of all mutations) are mainly GGT to TGT 
transversions producing a glycine to cysteine amino acid 
changes  [  71–  73  ] .  KRAS  mutations are usually not detected in 
 EGFR -mutant tumors and have been associated to low 
response rates to EGFR TKI therapies  [  73–  75  ] . Ras is con-
sidered a not targetable molecule; therefore, recent studies 
have evaluated the activation of the Ras downstream path-
way, RAS/RAF/MEK, as a potential target for therapy in 
lung cancer  [  76,   77  ] .  

   Echinoderm Microtubule-Associated Protein-Like 4 
and Anaplastic Lymphoma Kinase (EML4-ALK) 
Fusion Protein 
 ALK is a RTK belonging to the insulin receptor superfamily 
 [  78  ] . Over the last decade, a variety of mechanisms leading 
to aberrant  ALK  activation have been identi fi ed in hemato-
logic and solid tumors  [  79–  81  ] . In lung cancer, aberrant  ALK  
expression has been identi fi ed in a subset of NSCLC, and 
this abnormality consists in the formation of a fusion tran-
script with cell transforming activity, which is the product of 
a translocation of  EML4  gene located at chromosome 2p21 
and the  ALK  gene located at 2p23  [  82  ]  (Fig.  14.3 ). The 
encoded protein contains the N-terminal part of  EML4  and 
the intracellular catalytic domain of  ALK   [  82  ] . Replacement 
of the extracellular and transmembrane domain of ALK protein 

with a region of EML4 results in constitutive dimerization of 
the kinase domain and thereby a consequent increase in its 
catalytic activity  [  82  ] .  EML4-ALK  translocation has been 
detected in 1–7 % of NSCLCs, predominantly tumors with 
adenocarcinoma histology (13 %)  [  82–  86  ] , particularly in 
patients with never or light smoking history, and associated 
with young onset of tumor  [  83,   84,   86  ] . Tumors with  EML4-
ALK  translocation usually lack  EGFR  and  KRAS  mutations, 
have low rates for  TP53  mutations, and higher expression of 
the TTF-1 protein  [  83,   84,   86  ] . Histologically,  EML4-ALK -
rearranged adenocarcinomas have been described to have a 
predominantly combined acinar and cribiform patterns or a 
solid pattern with signet ring cells  [  82–  87  ] .  EML4-ALK  
translocations have multiple distinct isoforms (up to 9) with 
demonstrated transforming activity and that can be detected 
by multiplex reverse transcription-PCR methodologies 
 [  88–  90  ] .   

   Liver Kinase B1 (LKB1) 
  LKB1  is a TSG located at chromosome 19p13.3, which 
codi fi es a protein with serine-threonine kinase activity that 
has been implicated in cell polarity, energy metabolism, 
apoptosis, cell cycle arrest, and cell proliferation  [  91,   92  ] . 
Germ-line mutations of  LKB1  cause the autosomal dominant 
Peutz-Jeghers syndrome, which increases the risk of cancer 
development, including lung cancer  [  93  ] . In NSCLC,  LKB1  
is the third most common altered gene, and the molecular 
changes include chromosome deletions and gene somatic 
mutations both resulting in inactivation of the gene  [  93  ] . 
 LKB1  mutations are more frequently found in adenocarci-
noma histology (8–30 %) compared with SCC (0–5 %). 
These mutations have been more frequently detected in 
smoker patients (14 %) compared with never-smokers (3 %) 
and in patients with a Western (17 %) compared with patients 
with East-Asian (5 %) origins  [  39,   40  ] . The most frequent 
 LKB1  mutation is G to T transversion and occurs at multiple 
sites of the gene, without hot spots  [  40  ] .  LKB1  mutations 
overlap with alterations at other genes, including  KRAS, 
p16   INK4a   , TP53, MYC,  and  PIK3CA   [  40,   93,   94  ] .  

   Fibroblast Growth Factor Receptor-1 (FGFR1) 
 This is a transmembrane TK and member of the FGFR TK 
that comprises four kinases, FGFR-1 to 4  [  95,   96  ] . FGFRs 
and their ligands, the  fi broblast growth factors (FGFs), con-
stitute a robust signaling system orchestrating many impor-
tant signaling pathways and biological responses  [  97  ] . 
FGFRs play important roles in human development and cell 
proliferation, differentiation, survival, and migration  [  98  ] . 
FGF/FGFR signaling modulates distinct downstream path-
ways including RAS/MAPK and PI3K/AKT and stimulates 
proliferation and cell migration and acts as pro-survival/anti-
apoptotic signals in many cell types  [  97  ] . In addition, FGF/
FGFR signaling plays a role in angiogenesis by in fl uencing 
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other key signaling molecules such as hepatocyte growth 
factor (HGF) and vascular endothelial growth factor (VEGF) 
 [  96,   97  ] . In solid and hematological malignancies, deregula-
tion of the FGF/FGFR is the result of  FGFR  genes activating 
mutations, chromosomal translocation, aberrant transcrip-
tional regulation, and ampli fi cation  [  96,   97  ] . In lung cancer, 
ampli fi cation of  FGFR1  (chromosome 8p11–12) is a driver 
event in NSCLC, predominantly in SCC histology subtype 
(8–22 %) compared with adenocarcinomas (1–3 %)  [  14  ] . In 
vitro and in vivo studies have shown that  FGFR1 -ampli fi ed 
cell lines are sensitive to pan-FGFR1 inhibitors, while non-
ampli fi ed cell lines are resistant to those agents  [  98  ] . 
Targeting  FGFR1  function may represent a promising thera-
peutic target in SCC of the lung  [  96,   99  ] .  

   Phosphoinositide-3-Kinase Catalytic Alpha 
(PIK3CA) 
 This gene codes for the catalytic subunit p110 of class IA 
phosphatidylinositol 3-kinases (PI3Ks). PI3Ks are lipid 
kinases that regulate several cellular processes such as prolif-
eration, growth, apoptosis, and cytoskeletal rearrangement 
 [  100  ] . Molecular abnormalities of the p110 subunit  PIK3CA  
can lead to the activation of the PI3K pathway  [  101,   102  ] . In 
NSCLC, copy number gain (>3 copies per cell) of  PIK3CA  
is a common abnormality, predominantly in SCCs (33–35 %) 
compared to adenocarcinomas (2–6 %)  [  103,   104  ] . Mutations 
in the helical or kinase domain of  PIK3CA  have been reported 
in very low frequencies (2–6 %) in NSCLC  [  101,   104–  106  ] . 
Recently it has been shown that the acquired  PIK3CA  mutations 
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  Fig. 14.3     EML4-ALK  rearrangement in lung adenocarcinomas.  Panel  
 a : representation of the translocation of  EML4  ( green signal ) and  ALK  
( red signal ) genes in the chromosome 2p23 region and a representative 
example of the  fl uorescence in situ hybridization ( FISH ) “break-apart” 
test showing separation of the two signals ( white arrows ) in a nucleus 
of a lung cancer cell line harboring the  EML4-ALK  rearrangement. 
 Panel   b : representative microphotographies of histology (H&E 

 staining), ALK protein expression by immunohistochemistry ( IHC ), 
and FISH “break-apart” assay in a tissue specimen of lung adenocarci-
nomas with the  EML4-ALK  rearrangement. The histology shows malig-
nant cells with intracellular mucus accumulation; the IHC depicts 
brown staining corresponding to ALK expression in malignant cells, 
and the FISH test shows nucleus of cells with “break-apart” signal ( red 
arrows )       
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lead to resistance to treatment with EGFR TKIs  [  107  ] . In 
addition, the PI3K pathway can be activated by the activation 
of oncogenic RTKs acting upstream or phosphatase and 
tensin homolog ( PTEN ) gene loss  [  108,   109  ] . PI3K and its 
downstream effectors, PTEN, mTOR, and AKT, are poten-
tial therapeutic targets for NSCLC therapy and are evaluated 
in clinical trials for lung cancer  [  109,   110  ] .   

   Small-Cell Lung Carcinoma (SCLC) 

 SCLC is one of the most genetically complex human can-
cers. SCLC has recurrent deletions in chromosomes 3p, 5q, 
13q, and 17p that contain important TSGs such as  TP53, 
RASSF1, FUS1, FHIT, and RARB  and chromosome gains of 
1p, 2p, 3q, 5p, 8q, and 19p that contain oncogenes such as 
 MYC  and  KRAS   [  19,   111  ] . Some TSGs are also highly meth-
ylated in SCLC such as  RASSF1  (90 %)  [  112  ]  and  RARB  
(72 %)  [  113,   114  ]  .  Mutation of these genes such as  TP53  and 
retinoblastoma ( RB ) occurs in most SCLCs (~90 %)  [  19, 
  115,   116  ] . SCLCs have higher frequencies of overexpression 
of the  MYC  oncogene (18–31 %) through ampli fi cation or 
transcriptional deregulation; the  MYC  family functions as 
transcription factors for genes in a variety of cellular pro-
cesses including cell growth, cell proliferation, and apopto-
sis. Upregulation of anti-apoptotic BCL2 is present in 
approximately 75–95 % of SCLC  [  117  ] . 

 For SCLC, the targeted treatment options are limited, and 
new advances on understanding the complex molecular biol-
ogy of this tumor type will help to identify potential thera-
peutic targets and predictive markers of treatment bene fi t 
 [  18,   118  ] . Currently, there are several clinical trials targeting 
pathways activated in SCLC such as the PI3K/AKT/mTOR 
pathway, VEGF/VEGFR, HGF/HGFR, IGF-1R, and the 
hedgehog signaling pathway  [  118  ] .   

   Molecular Studies in Lung Cancer 
Clinical Samples 

   Clinical Applications 

 Current treatments of most lung cancers rely on the precise 
histological and molecular characterization of the tumors. 
The recent advances in NSCLC targeted therapy require the 
identi fi cation of a panel of molecular abnormalities of tumor 
specimens  [  7  ]  (Fig.  14.4 ). It has been shown in advanced 
lung cancer that cisplatin/gemcitabine offered a signi fi cantly 
longer survival compared to cisplatin/pemetrexed in patients 
with SCC  [  119  ] . These  fi ndings prompted restriction of the 
pemetrexed, an antifolate drug, to patients with NSCLC with 
“non-squamous” histology only  [  120  ] . Pemetrexed is a 
potent inhibitor of thymidylate synthase and other 

 folate-dependent enzymes, including dihydrofolate reductase 
and glycinamide ribonucleotide formyltransferase  [  121, 
  122  ] . The mechanisms involved in the varying outcomes of 
patients treated with pemetrexed based on tumor histological 
type are unknown.  

 Two EGFR inhibitors, ge fi tinib and erlotinib, have been 
approved in the USA for second-line or third-line treatment 
of advanced NSCLC  [  54,   123  ] . These compounds reversibly 
inhibit the TK activity of EGFR. Patients with activating 
mutation of the TK domain of  EGFR  are associated with 
sensitivity to EGFR TKIs  [  124  ] . Unfortunately, some patients 
with activating  EGFR  mutations that respond initially to 
erlotinib and ge fi tinib subsequently relapse  [  125–  127  ] . This 
resistance appears to occur through a range of different 
mechanisms, including a second  EGFR  mutation (50 %) in 
exon 20 ( T790M  and  D761Y )  [  128  ] , ampli fi cation of the 
 MET  oncogene (21 %)  [  129,   130  ] , activation of RTK family 
members other than  EGFR  such as high levels of IGF-IR 
expression  [  131  ] ,  PI3KCA  mutations  [  107  ] , and epithelial-
to-mesenchymal transition phenomenon (EMT)  [  132  ] , 
although the underlying biological processes linking these 
events to drug resistance have not all been fully elucidated 
 [  52  ] . Interestingly, lung tumors with  EGFR  activating muta-
tion and adenocarcinoma histology have demonstrated SCLC 
features when tissue has been examined after the tumor 
became resistance to EGFR TKI therapy  [  107  ] . 

 A monoclonal antibody directed against VEGF, bevaci-
zumab, is currently approved in combination with carbopla-
tin and paclitaxel as  fi rst-line treatment of locally advanced, 
recurrent, or metastatic non-squamous NSCLC  [  54  ] . This 
drug is only administered to patients whose tumors have 
non-squamous histology because of the association with 
fatal hemorrhagic events in this tumor type after cavitation 
and is not recommended for patients with hemorrhage or 
recent hemoptysis  [  119  ] . The VEGF signaling is a critical 
mediator in the angiogenesis process, which is a necessary 
step in tumor growth, metastasis, and malignancy  [  133,   134  ] . 
In lung cancer, overexpression of VEGF and higher micro-
vascular density are associated to poor prognosis  [  133,   134  ] . 
Recently VEGFR-2 gene ( KDR ) copy number gain (>4 gene 
copies/cell by quantitative PCR) has been found to be a com-
mon event in both SCCs (35 %) and adenocarcinomas 
(31 %), and it was associated to resistance to platinum-based 
adjuvant therapy  [  135  ]  .  However, there are no data available 
that  KDR  CNG could be associated to response to VEGF/
VEGFR targeted therapies. 

 A phase I clinical trial using crizotinib, an oral inhibitor of 
the ALK and MET TKs, showed that this drug is effective 
against advanced NSCLC carrying activated  EML4-ALK  
translocation assessed by a  fl uorescence in situ hybridization 
(FISH) utilizing an  ALK  “break-apart” probe  [  136  ] . The cut-
off criteria for positive  ALK  “break-apart” FISH test is the 
presence of >15 % tumor cells having split  ALK  5´ and 3´ 
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probe signals or had isolated 3´ signals  [  136  ] . The overall 
 partial and complete tumor response rate observed in patients 
with NSCLC tumors with positive FISH test and treated with 
crizotinib was of 57 %, and the rate of stable disease was 
33 %  [  136  ] . It has been shown that patients with NSCLC 
 EML4-ALK  rearrangement treated with ALK inhibitors devel-
oped resistance  [  137  ] . The genetic alterations associated with 
documented acquired resistance to crizotinib are ampli fi cation 
of the  EML4-ALK  gene followed by secondary mutations 
within the kinase domain of  EML4-ALK  ( L1196M ,  C1156Y,  
and  F1174L )  [  137–  139  ] . However, second-generation ALK 
TKIs or Hsp90 inhibitors may be effective in treating crizo-
tinib-resistant tumors harboring secondary mutations  [  138  ] .  

   Translational Research 

 Most biomarkers discovered and used in clinical applications 
to date consist of a single genetic mutation (“driver-mutation”), 
or gene ampli fi cation or translocation, but in many patients 

or cancer types, these single biomarkers are not suf fi cient to 
select patients for targeted therapies. One reason might be 
the fact that in many cases, multiple changes in tumor cells, 
rather than a single modi fi cation, lead to activation of selec-
tive and often interactive molecular pathways promoting 
tumor growth and survival. In addition, various targeted 
treatment regimens have been shown to result in the activa-
tion of alternative, compensatory molecular pathways that 
continue to promote cancer cell survival. 

 The development of new technologies such as protein and 
gene arrays has allowed researchers to screen the whole 
genome, proteome, transcriptome, and metabolome for new 
biomarkers in tumor tissue, serum, plasma, or other human 
body  fl uid and develop genetic, proteomic, or metabolic 
pro fi les, or “signatures,” to better re fl ect the complex molec-
ular aberrations within a single tumor  [  140–  143  ] . Currently, 
most molecular discovery research in human tumors is per-
formed retrospectively using residual tissue specimens 
obtained from surgical resection procedures for treatment or 
diagnostic intent. However, to succeed in developing more 
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  Fig. 14.4    Suggested algorithm for molecular testing of small diagnostic 
NSCLC biopsies. If the histology diagnosis is adenocarcinomas or 
squamous cell carcinoma, testing of a limited panel of targetable molecular 
abnormalities in standard of care or clinical trial settings is recom-
mended. However, if the diagnosis of NSCLC no otherwise speci fi ed 
(NOS) is made, a limited panel of immunohistochemical ( IHC ) markers 
is available to better de fi ne the histology. However, the utilization of 

multiplexed methodologies (SNaPshot Sequenom) or next-generation of 
sequencing for testing multiple mutations with a small amount of DNA 
make possible that a comprehensive panel of actionable mutations can 
be tested in all samples regardless of the NSCLC subtype. All genetic 
abnormalities are referred to gene mutations, except  EML4-ALK  rear-
rangement and  FGFR1  and  MET  ampli fi cations ( Amp )       
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effective novel molecular targeted therapies and predictive 
molecular markers for personalized treatment of human can-
cer, our growing understanding of cancer biology and these 
powerful research tools must be directly applied to clinically 
relevant human tumor specimens .  Therefore, for the most 
accurate molecular characterization of the disease at every 
stage of its evolution and discovery of new predictive bio-
markers of sensitivity or resistance that can guide treatment 
selections for each patient, it is critical to sample and analyze 
tumors at each time point of clinical decision-making. 

 Given the paucity of effective predictive biomarkers in 
most cancers and the inherent harm in assigning patients to 
ineffective treatment regimens, biomarker discovery and vali-
dation should only be performed through rigorously controlled 
tissue/biomarker-based clinical trials; thus, new paradigms for 
clinical trial development must include mandated tissue and 
blood collection at the critical time points. However, much of 
this tissue is likely to be small specimens obtained from 
advanced metastatic lung tumors as core needle biopsies 
(CNB) and/or  fi ne needle aspiration (FNA), which may limit 
molecular/genomic analysis with currently available method-
ologies and technologies. Therefore, there is a need to adapt 
the new emerging methodologies for molecular pro fi ling to 
CNB and FNA specimens by improving the current technology 
or applying ancillary techniques such as the whole genome 
ampli fi cation for DNA sequencing analyses.   

   Most Relevant Molecular Pathology 
Methodologies 

   Immunohistochemistry (IHC) 

 Immunohistochemistry is a widely used technique to detect 
the presence and levels of expression of a speci fi c protein. In 
lung cancer, the use of IHC is currently used for histopathol-
ogy diagnosis and classi fi cation of tumors, particularly when 
small tissue specimens are examined. The most common IHC 
markers used to subtype NSCLC are cytokeratin 7 and TTF-
1, which are positive in most adenocarcinomas, and p63, p40 
and cytokeratins 5/6, which are positive in most SCCs  [  7  ] . In 
the research settings, the use of IHC markers has enabled the 
study of the correlation between the expression of biologi-
cally relevant proteins and clinicopathological features, 
including outcome and prediction of bene fi t to certain cyto-
toxic and molecularly targeted treatments. One example of 
these markers is the excision repair cross-complementation 
group 1 (ERCC1), a protein involved in repair of DNA plati-
num adducts and stalled DNA replication forks, which has 
been suggested as a potential marker to predict the response 
to platinum-based adjuvant therapy  [  144  ] ; however, these 

 fi ndings have not validated in independent clinical datasets 
and not used in routine clinical practice in lung cancer. 

 The use of IHC to determine protein expression has sev-
eral advantages. First, it is a technique widely used in pathol-
ogy laboratories that can be used in formalin- fi xed and 
paraf fi n-embedded (FFPE) tumor tissues. Second, it allows 
the identi fi cation of the protein expression in speci fi c types of 
cells and distinct subcellular localization. Third, the levels of 
protein expression can be quanti fi ed. However, the utilization 
of IHC has some disadvantage, including the frequent pres-
ence of nonspeci fi c staining due to antibodies cross-reactivity, 
the ample variety of methodologies and antibodies usually 
used and reported, and the diversity of scoring systems applied 
among laboratories. To overcome these problems, it is man-
datory that proper relevant tissues or cells with known protein 
expression are used in the optimization of the IHC methodol-
ogy, and it is highly recommended that trained pathologists 
interpret the IHC staining. The utilization of image analysis 
systems to assess IHC protein expression, although promis-
ing, has not shown to be useful in assessing protein expres-
sion in lung cancer tissue specimens for biomarker analysis.  

   Fluorescence In Situ Hybridization (FISH) 

 This is a cytogenetic technique that uses  fl uorescent-labeled 
probes to hybridize speci fi c sequences of DNA on chromo-
somes  [  63  ] . It is applied to visualize chromosome deletions, 
ampli fi cation, and structural rearrangements. The main advan-
tage of this technique is that it allows the in situ localization of 
the speci fi c sequences and the simultaneous detection of mul-
tiple sites by using hybridization probes labeled with different 
 fl uorophores. The main disadvantage of FISH is the need for 
additional equipment for analysis such as dark- fi eld micros-
copy and multiband  fl uorescent  fi lters. Chromogenic in situ 
hybridization (CISH) is a variant of in situ hybridization tech-
nique that visualizes the speci fi c DNA sequence by a peroxi-
dase reaction and allows the visualization in a light microscope 
 [  145  ] . The main inconvenience of this method is that limits the 
use of different labeled probes to target multiple sites; how-
ever, recent advances in methodologies permit the use of dual 
colors to target two sequencing sites and enable the visualiza-
tion of tissue architecture and cytomorphology  [  146  ] .  

   Nucleic Acid Sequencing Techniques 

 Currently, the most used technique for DNA sequencing is 
direct sequencing previous PCR ampli fi cation of extracted 
DNA  [  147–  150  ] . There are several sequencing methods 
available for mutation analysis applied to DNA extracted 
from tumor tissue specimens, including lung cancer. 
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   Sanger Sequencing 
 Sanger sequencing is a chain terminator-based sequencing 
technique  [  148  ] . Currently, it is one of the preferred sequencing 
methods to detect mutations of clinically relevant genes, such 
as the  EGFR  hot-spot mutations for selection of EGFR TKI 
therapy  [  151  ] . It can detect essentially all base substitutions, 
small insertions, and deletions. However, the main disadvan-
tage is the relatively low sensitivity of mutant alleles, estimated 
to be ~20 % of mutant versus wild-type alleles  [  151–  153  ] .  

   Pyrosequencing 
 The pyrosequencing methodology uses sequencing by 
synthesis method to sequence nucleic acids that relies on 
detection of pyrophosphate release on nucleotide incorpo-
ration  [  150  ] . Pyrosequencing is considered to be more 
sensitive than Sanger sequencing and detects ~5 % of 
mutant versus wild-type alleles  [  153–  155  ] . Pyrosequencing 
detects short reads of DNA sequencing (300–500 base 
pairs), thus very suitable for DNA extracted from FFPE 
tissues, since this DNA is signi fi cantly fragmented. In 
lung cancer, this methodology is often applied to detect 
hot-spot mutations of known oncogenes such as  EGFR  
and  KRAS   [  153–  155  ] .  

   Allele-Speci fi c Quantitative (q)PCR 
 This method combines allele-speci fi c ampli fi cation with 
qPCR to detect hot-spot mutation of known mutant hot spot 
of genes  [  149,   156  ] . This method uses primers designated to 
anneal at sites of sequence variation, a primer whose sequence 
matches a speci fi c variant selectively amplify only that vari-
ant  [  149,   156  ] . The main advantage of this method is that it 
is highly sensitive, with the potential to detect  £ 1 % mutant 
alleles in DNA extracted from a tumor tissue, including DNA 
extracted from FFPE tissues  [  157  ] . Currently, it is widely 
used to detect hot-spot mutations of  EGFR  and  KRAS  hot-
spot mutations  [  157,   158  ] .  

   Quantitative PCR Melting Curve Analysis 
 This method detects differences among melting temperatures 
of a wild-type and a mutant DNA by using  fl uorescent probes 
 [  153  ] . This method is fast and has less risk of contamination; 
however, the main disadvantage is that it does not identify 
the speci fi c mutation present or the percentage of mutated 
DNA  [  149,   153  ] .  

   Matrix-Assisted Laser Desorption Ionization 
Time-of-Flight (MALDI-TOF) Mass Spectrometry 
(Sequenom™) 
 This is a high-throughput PCR-based sequencing assay to 
detect multiple hot-spot mutations simultaneously using 
small amounts of DNA obtained from small biopsy speci-
mens  [  159  ] . It has been applied for mutation pro fi ling of 

human cancer, detection of single nucleotide polymor-
phisms (SNPs) in germ-line DNA, and to  fi nd study disease 
susceptibility  [  149,   160  ] . It has a high level of sensitivity 
(~5 % of the mutant alleles) and allows quanti fi cation of 
the percentage of mutant DNA  [  159  ] . The Sequenom™ 
methodology is also useful to assess gene copy number 
variations such as CNG and ampli fi cation.  

   Primer Extension (SNaPshot) Assay 
(Applied Biosystems, Inc) 
 This is a primer extension-based method that allows simulta-
neous analysis of up to ten different mutations. It offers a 
speci fi c sensitive, low-cost, and rapid method to screening 
for mutations and to analyze methylation. This assay utilizes 
an Applied Biosystems, Inc. SNaPshot Multiplex Kit that 
contains a reaction mix of four differentially  fl uorescently 
labeled ddNTPs, allowing the interrogation of each base at a 
mutation site  [  161,   162  ] .   

   Quantitative Polymerase Chain Reaction 
(qPCR) and Reverse Transcriptase Polymerase 
Chain Reaction (RT-PCR) 

 Also called real-time PCR, qPCR is a method that com-
bines the nucleic acid ampli fi cation with the detec-
tion step, so the amplicons are visualized during the 
ampli fi cation steps by using  fl orescent reporter molecules 
in an instrument that monitors the ampli fi cation in real 
time and generates data for quantitative analysis using 
an appropriate software  [  62  ]  .  It is a speci fi c and highly 
sensitive technique to detect and quantify nucleic acids 
(mainly used to quantify RNA: mRNA or microRNA), 
and it has been widely used to determine gene copy num-
ber gains and ampli fi cation and to detect gene hot-spot 
mutation (allele-speci fi c qPCR) and translocations  [  46,   87, 
  88,   163  ] . Although this is a simple technique, the inter-
pretation and reporting of the results may be subjective 
 [  164  ] . Additionally, the validation and reproducibility 
of the results require strict standardization protocols 
including, among others, adequate sample quality and 
quality controls, careful primer selection, adequate nor-
malization, and regular calibration of the qPCR instrument 
 [  62,   164–  166  ] . The main disadvantage of this technique is 
that contamination with stromal tumor cells limits the use 
of this technique to detect copy number gains and gene 
ampli fi cations. RT-PCR is a variant of the PCR method-
ology in which small amounts of RNA strand are con-
verted into its complementary DNA (cDNA) using the 
reverse transcriptase enzyme. The resulting cDNA is then 
ampli fi ed using speci fi c primers by conventional PCR or 
quantitative PCR (qPCR) equipment  [  167  ] .   
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   Future Directions 

 The rapid development of technologies for large-scale 
sequencing (next-generation sequencing, NGS) has facili-
tated high-throughput molecular analysis holding various 
advantages over traditionally sequencing including the ability 
to fully sequence large numbers of genes in a single test and 
simultaneously detect deletions, insertions, copy number 
alterations, translocations, and exome-wide base substitutions 
(including known hot-spot mutations) in all known cancer-
related genes  [  119,   168  ] . NGS involves successive method-
ological steps, including template preparation, sequencing 
per se and imaging, and data analysis  [  168  ] . One of the poten-
tial dif fi culties in this process is the large computing capaci-
ties needed to manage the billions of small sequence readouts 
generated and to assemble those with large databases to inter-
pret the raw data. Another challenge for the NGS is the 
identi fi cation of meaningful driver mutations and the separa-
tion of “true” mutations among a background of intrinsic 
sequence variations  [  169,   170  ] . Verifying and validating the 
“driver” discovered mutations will require experimental and 
detailed classical molecular pathology studies to bring NGS 
into clinical context. Next-generation sequencing is greatly 
accelerating our understanding of the complexity of microR-
NAs and gene expression (mRNA). This technology has 
allowed the systematic detection of new microRNAs and 
experimental validation of novel or predicted miRNAs  [  171  ] . 
In addition, it provides great advantages over conventional 
methods for the whole RNA transcriptome analysis; it will 
potentially increase the sensitivity, reduce false positives, as 
well as increase the transcript coverage to detect novel tran-
scripts, novel alternative splice isoforms, and direct measure-
ment of transcript abundance  [  172,   173  ] .      
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