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This Book Series is designed to provide a comprehensive, practical and state-of-the-art review 
and update of the major issues and challenges specific to each subspecialty field of surgical 
pathology in a question and answer (Q&A) format. Making an accurate diagnosis especially 
from a limited sample can be quite challenging, yet crucial to patient care. This Book Series, 
using the most current and evidence-based resources 1) focuses on frequently asked questions 
in surgical pathology in day-to-day practice; 2) provides quick, accurate, terse, and useful 
answers to many practical questions encountered in daily practice; 3) emphasizes the 
importance of a triple test (clinical, radiologic, and histologic correlation); 4) delineates how to 
appropriately utilize immunohistochemistry, in situ hybridization and molecular tests; and 5) 
minimizes any potential diagnostic pitfalls in surgical pathology. These books also include 
highly practical presentations of typical case scenarios seen in an anatomic pathology laboratory. 
These are in the form of case presentations with step-by-step expert analysis. Sample cases 
include common but challenging situations, such as evaluation of well-differentiated malignant 
tumors vs. benign/reactive lesions; distinction of two benign entities; sub-classification of a 
malignant tumor; identification of newly described tumor and non-tumor entities; workup of 
a tumor of unknown origin; and implementation of best practice in immunohistochemistry 
and molecular testing in a difficult case. The Q&A format is well accepted, especially by junior 
pathologists, for several reasons: 1) this is the most practical and effective way to deliver 
information to a new generation of pathologists accustomed to using the Internet as a resource 
and, therefore, comfortable and familiar with a Q&A learning environment; 2) it’s impossible 
to memorialize and digest massive amounts of new information about new entities, new and 
revised classifications, molecular pathology, diagnostic IHC, and the therapeutic implications 
of each entity by reading large textbooks; 3) sub-specialization is a very popular practice model 
highly demanded by many clinicians; and 4) time is very precious for a practicing pathologist 
because of increasing workloads in recent years following U.S. health care reforms. This Book 
Series meets all of the above expectations. These books are written by established and recognized 
experts in their specialty fields and provide a unique and valuable resource in the field of 
surgical pathology, both for those currently in training and for those already in clinical practice 
at various skill levels. It does not seek to duplicate or completely replace other large standard 
textbooks; rather, it is a new, comprehensive yet concise and practical resource on these timely 
and critical topics.



Haodong Xu • Robert W. Ricciotti 
Jose G. Mantilla
Editors

Practical Lung Pathology

Frequently Asked Questions



Editors
Haodong Xu
Department of Laboratory Medicine and 
Pathology
University of Washington Medical Center
Seattle, WA, USA

Jose G. Mantilla
Department of Laboratory Medicine  
and Pathology
University of Washington Medical Center
Seattle, WA, USA

Robert W. Ricciotti
Department of Laboratory Medicine  
and Pathology
University of Washington Medical Center
Seattle, WA, USA

ISSN 2629-3692     ISSN 2629-3706 (electronic)
Practical Anatomic Pathology
ISBN 978-3-031-14401-1    ISBN 978-3-031-14402-8 (eBook)
https://doi.org/10.1007/978-3-031-14402-8

© Springer Nature Switzerland AG 2022
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction 
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty, 
express or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made.

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

https://doi.org/10.1007/978-3-031-14402-8


v

This text consists of neoplastic and nonneoplastic lung pathology. The aim is to discuss fre-
quently encountered issues and diagnostic problems using a Q&A format and case presenta-
tions. Emphasis is placed on differentiating one from another based on histopathological 
features, ancillary tests including immunohistochemical and molecular analyses, and clinical 
and radiologic correlation. In particular, clinical-radiologic-pathologic correlation is empha-
sized in the diagnosis of interstitial lung disease (ILD).

This text addresses the issues and diagnostic criteria in segregating a reactive process from 
adenocarcinoma, poorly differentiated adenocarcinoma from poorly differentiated squamous 
cell carcinoma, small cell carcinoma from other types of neuroendocrine tumors, large cell 
carcinoma from large cell neuroendocrine carcinoma, spindle cell/sarcomatoid carcinoma 
from sarcomatoid mesothelioma, and carcinoma from epithelioid mesothelioma in small 
biopsy specimens. It also discusses key features useful for differentiating usual interstitial 
pneumonia (UIP) pattern from non-UIP patterns of ILD such as hypersensitivity pneumonitis, 
nonspecific interstitial pneumonia, and organizing pneumonia patterns in wedge biopsy speci-
mens as well as highlights the differential diagnosis in granulomatous inflammation.

As a whole, this text answers many of the difficult questions relevant to daily practice of 
lung pathology. Each chapter is well written and addresses a specific diagnostic question sig-
nificantly related to patients’ treatment options.

Audience: Practicing pathologists and pathology trainees including residents, fellows, and 
medical students, as well as trainees in other medical specialties.

Aim and Scope
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The practice of pulmonary pathology usually encompasses a wide variety of findings beyond 
the histologic features. Behind every case there is a milieu of clinical signs and symptoms, 
radiographic characteristics, and measurable functional alterations, which lend accuracy to our 
diagnostic interpretation. In addition, the continuous expansion of our understanding of human 
genetics has offered us a variety of novel tools to aid in the diagnosis and treatment of both 
neoplastic and nonneoplastic diseases.

In this textbook we discuss common and rare diagnostic dilemmas that we experience in the 
practice of neoplastic and nonneoplastic lung pathology. We use a Q&A format with a compre-
hensive focus that includes clinical, radiologic, and histopathologic findings, as well as ancil-
lary studies such as immunohistochemistry and molecular analysis, aiming to bring answers 
relevant to each patient’s treatment. The topics we cover are varied and include neoplasms, 
interstitial lung disease, infection and vascular processes, among others.

As a whole, the objective of this text is to answer many of the difficult questions relevant to 
the daily practice of lung pathology. We hope that it will be useful for practicing pathologists 
and trainees, as well as physicians practicing in other specialties that diagnose and treat pul-
monary diseases.

Seattle, WA Haodong Xu  
Seattle, WA  Robert W. Ricciotti  
Seattle, WA  Jose G. Mantilla  

Preface
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1Bronchial Squamous Cell Papilloma 
Versus Squamous Cell Carcinoma

Ari Kassardjian and Gregory A. Fishbein

 Case Presentation

A 61-year-old man was referred to our institution for investi-
gation of recent cough and hemoptysis. The patient was pre-
viously healthy, with a history of smoking (15 pack-years) 
and no significant occupational exposures. A computed 
tomography (CT) scan revealed a single lobulated and exo-
phytic endobronchial nodule with no definitive infiltrative 
features. Bronchoscopy performed on admission revealed a 
single nodule, partially obstructing the left main stem bron-
chus, located at 2.5 cm from the carina (Fig. 1.1). An exci-
sional endobronchial biopsy was submitted for pathologic 
evaluation.

Grossly, the nodule was tan-white, friable, and polypoid. 
Histologic sections revealed a lesion composed of papillae 
containing fibrovascular cores lined by stratified squamous 
epithelium with orderly maturation and focal viral cytopathic 
changes (Fig. 1.2a). No features of invasive squamous cell 
carcinoma were seen. RNA in situ hybridization for both 
low-risk and high-risk human papilloma virus (HPV) was 
positive for low-risk HPV (Fig. 1.2b).

A. Kassardjian · G. A. Fishbein (*) 
Department of Pathology and Laboratory Medicine, David Geffen 
School of Medicine at UCLA, Los Angeles, CA, USA
e-mail: gfishbein@mednet.ucla.edu

Fig. 1.1 Bronchoscopy showing a single, white-tan, glistening, polyp-
oid nodule within the left main stem bronchus

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_1
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a b

Fig. 1.2 Histologic examination shows a lesion composed of papillae having fibrovascular cores lined by squamous epithelium with orderly matu-
ration and focal viral cytopathic effect (a). The tumor cells were found to harbor low-risk HPV RNA by in situ hybridization (b)

 Pathologic Diagnosis: Bronchial Squamous 
Cell Papilloma—Negative for Severe 
Dysplasia and Malignancy

 Key Points

 What Is the Differential Diagnosis for Bronchial 
Squamous Cell Papilloma?
In general, bronchial papillomas are classified according to 
the number of lesions, location, and histologic type. Solitary 
papillomas of the bronchus are divided into three types: 
squamous cell papilloma (the most common), glandular pap-
illoma, and mixed squamous cell and glandular papillomas. 
Squamous cell papilloma may be further subclassified as 
exophytic or inverted. The main differential diagnosis of 
bronchial squamous papilloma includes papillary squamous 
cell carcinoma and endobronchial inflammatory polyps. 
Multiple papillomas within the trachea or bronchus may rep-
resent either recurrent respiratory papillomatosis or endo-
bronchial inflammatory polyps. It is important to note that 
endobronchial inflammatory polyps, despite having focal 
squamous metaplasia, lack true papillary architecture and 
fibrovascular cores.

 How Do I Differentiate Bronchial Squamous Cell 
Papilloma from Papillary Squamous Cell 
Carcinoma?
In the setting of endobronchial papillary lesions with squa-
mous differentiation in patients with clinical symptoms 

(hemoptysis, dyspnea, and fever), important diagnostic con-
siderations include bronchial squamous papilloma or papil-
lary squamous cell carcinoma.

Bronchial squamous papillomas feature arborizing fibro-
vascular cores with stratified squamous epithelium. The 
squamous epithelium typically has orderly maturation with 
surface keratinization. Parakeratosis, acanthosis, and intraep-
ithelial neutrophils can be commonly seen (Fig. 1.3). HPV 
viral cytopathic effects including large, hyperchromatic, 
wrinkled nuclei and perinuclear halos are seen in a majority 
of cases which correlate with the presence of HPV RNA that 
can be detected by in situ hybridization. Squamous papillo-
mas can show epithelial dysplasia. The dysplasia is graded 
according to the current World Health Organization (WHO) 
guidelines as mild, moderate, and severe (Fig. 1.4) [1].

As opposed to benign bronchial squamous cell papilloma, 
papillary squamous cell carcinoma of the lung shows malig-
nant cytologic features, even when stromal invasion and des-
moplastic reaction are not evident. Recognizing even focal 
invasion within a papillary squamous lesion warrants a diag-
nosis of squamous cell carcinoma; however, it may be diffi-
cult to determine invasion in small biopsy specimens. A 
diagnosis of squamous cell carcinoma should be made in the 
setting of a clinically appreciable exophytic mass with lack 
of squamous maturation, marked atypia, pleomorphism, and 
increased mitotic figures, even without definitive stromal 
invasion. Immunohistochemistry does not play a role in dif-
ferentiating bronchial squamous papilloma versus papillary 
squamous cell carcinoma.

A. Kassardjian and G. A. Fishbein
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a b

Fig. 1.3 Squamous papilloma with parakeratosis, acanthosis, and viral cytopathic effect (a) and intraepithelial neutrophils (b)

Fig. 1.4 Squamous papilloma with arborizing fibrovascular cores, loss 
of maturation, cellular crowding, and increased nuclear-to-cytoplasmic 
ratio consistent with severe dysplasia

 Are Bronchial Squamous Papilloma 
and Squamous Cell Carcinoma Associated 
with Viral Infection?
There is a strong association between HPV and bronchial 
squamous papilloma [2–4]. HPV appears to play a patho-
genic role in both solitary papillomas and respiratory papil-
lomatosis. The possibilities for acquiring the virus are as a 
latent birth infection with delayed presentation or as an 
acquired infection from infected secretions. Both high-risk 
(e.g., types 16, 18, 31, 33, and 35) and low-risk HPV (e.g., 
types 6 and 11) have been associated with malignant trans-
formation [4, 5]. In situ hybridization can be used to confirm 
the presence of HPV RNA in bronchial squamous papillo-
mas. HPV does not appear to play a significant role in the 
development of primary lung squamous cell carcinomas [6].

 Are There Radiographic Differences Between 
Bronchial Squamous Cell Papilloma and Papillary 
Squamous Cell Carcinoma?
A solitary squamous papilloma can be an incidental finding 
on imaging. These lesions usually present as an endobron-
chial mass in the segmental bronchi with a lobulated appear-
ance on CT scan. The presence of a lobulated contour on 
imaging aids in distinguishing benign papillomas from infil-
trating carcinomas [7]. These features correlate well with the 
gross findings of solitary bronchial papillomas, which have 
an exophytic and papillary/lobulated surface with no ulcer-
ation or bleeding.

Bronchial papillomas show a significantly lower fluoro-
deoxyglucose (FDG) uptake compared to squamous cell car-
cinomas. Careful study of FDG uptake by positron emission 
tomography (PET)/CT at the site of bronchial obstruction 
can be helpful in distinguishing benign from malignant 
endobronchial lesions. PET scan is also helpful in evaluating 
for lymph node metastasis, the presence of which would sup-
port malignancy [8].

Chest X-rays often show no significant findings in patients 
with solitary bronchial papillomas; however, if the lesion is 
large and expansile, they can form a hilar mass which causes 
airway obstruction, consolidation, and lobar collapse and 
can mimic squamous cell carcinoma [9].

 What Are the Clinical and Epidemiologic 
Differences Between Bronchial Squamous 
Papillomas and Primary Lung Squamous Cell 
Carcinomas?
Similar to squamous cell carcinoma, bronchial squamous 
papillomas are much more common in males than in 
females. Patients usually present in their fifth to sixth decade 
of life. Although the majority of patients with squamous 
papillomas are tobacco smokers, a direct etiological role of 

1 Bronchial Squamous Cell Papilloma Versus Squamous Cell Carcinoma
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smoking has not been firmly established. Unlike conven-
tional primary squamous cell carcinomas of the lung, soli-
tary bronchial squamous papillomas and recurrent 
respiratory papillomatosis are caused by HPV infection. 
Most patients present with nonspecific, obstructive, symp-
toms that include coughing, wheezing, and dyspnea. 
Hemoptysis and fever are also often symptoms which bring 
the patient to medical attention [2].

References

1. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, 
Beasley MB, et  al. WHO classification of tumours of the lung, 
pleura, thymus and heart. J Thorac Oncol. 2015;10(9):1243–60. 
https://doi.org/10.1097/JTO.0000000000000630.

2. Tryfon S, Dramba V, Zoglopitis F, Iakovidis D, Sakkas L, 
Kontakiotis T, et al. Solitary papillomas of the lower airways: epi-
demiological, clinical, and therapeutic data during a 22-year period 
and review of the literature. J Thorac Oncol. 2012 Apr;7(4):643–8. 
https://doi.org/10.1097/JTO.0b013e3182468d06.

3. Syrjänen K, Syrjan ̈en S.  Solitary bronchial squamous cell papil-
loma  - another human papillomavirus (HPV)-associated benign 
tumor: systematic review and meta-analysis. Contemp Oncol (Pozn). 
2013;17(5):427–34. https://doi.org/10.5114/wo.2013.38565.

4. Popper HH, Wirnsberger G, Jüttner-Smolle FM, Pongratz MG, 
Sommersgutter M.  The predictive value of human papilloma 
virus (HPV) typing in the prognosis of bronchial squamous cell 
papillomas. Histopathology. 1992;21(4):323–30. https://doi.
org/10.1111/j.1365- 2559.1992.tb00402.x.

5. Popper HH, El-Shabrawi Y, Wöckel W, Höfler G, Kenner L, 
Jüttner-Smolle FM, et  al. Prognostic importance of human pap-
illoma virus typing in squamous cell papilloma of the bron-
chus: comparison of in situ hybridization and the polymerase 
chain reaction. Hum Pathol. 1994;25(11):1191–7. https://doi.
org/10.1016/0046- 8177(94)90036- 1.

6. Bishop JA, Ogawa T, Chang X, Illei PB, Gabrielson E, Pai SI, et al. 
HPV analysis in distinguishing second primary tumors from lung 
metastases in patients with head and neck squamous cell carcinoma. 
Am J Surg Pathol. 2012;36(1):142–8. https://doi.org/10.1097/
PAS.0b013e3182395c7b.

7. Kang H, Kim TS, Han J, Kim H.  Fibroepithelial polyp of the 
bronchus: CT and histopathologic findings. Korean J Radiol. 
2012;13(3):355–7. https://doi.org/10.3348/kjr.2012.13.3.355.

8. Cho A, Hur J, Kang WJ, Cho HJ, Lee JH, Yun M, et al. Usefulness 
of FDG PET/CT in determining benign from malignant endobron-
chial obstruction. Eur Radiol. 2011;21(5):1077–87. https://doi.
org/10.1007/s00330- 010- 2006- 1.

9. Inoue Y, Oka M, Ishii H, Kimino K, Kishikawa M, Ito M, et al. A 
solitary bronchial papilloma with malignant changes. Intern Med. 
2001;40(1):56–60. https://doi.org/10.2169/internalmedicine.40.56.

A. Kassardjian and G. A. Fishbein

https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1097/JTO.0b013e3182468d06
https://doi.org/10.5114/wo.2013.38565
https://doi.org/10.1111/j.1365-2559.1992.tb00402.x
https://doi.org/10.1111/j.1365-2559.1992.tb00402.x
https://doi.org/10.1016/0046-8177(94)90036-1
https://doi.org/10.1016/0046-8177(94)90036-1
https://doi.org/10.1097/PAS.0b013e3182395c7b
https://doi.org/10.1097/PAS.0b013e3182395c7b
https://doi.org/10.3348/kjr.2012.13.3.355
https://doi.org/10.1007/s00330-010-2006-1
https://doi.org/10.1007/s00330-010-2006-1
https://doi.org/10.2169/internalmedicine.40.56


7

2Pulmonary Hamartoma Versus 
Chondroid Neoplasms

Sofia Liou and Gregory A. Fishbein

 Case Presentation

A 67-year-old man with a 54 pack-year smoking history 
presents for evaluation of a 1 cm lung nodule found on rou-
tine lung cancer screening. He has no respiratory symptoms 
aside from an intermittent cough that is sometimes produc-
tive. Chest computed tomography (CT) also shows emphy-
sema. The lesion resides in the parenchyma of the right 
middle lobe and is a smoothly marginated solid nodule.

A CT-guided biopsy of the nodule shows predominantly 
cartilage and myxoid connective tissue with benign- 
appearing epithelial elements. No overt features of malig-
nancy are identified. Conservative management is favored, 
and the patient is scheduled for repeat CT in 1 year.

 Pathologic Diagnosis: Pulmonary 
Hamartoma

 What Is the Definition of a Pulmonary 
Hamartoma? What Are Its Clinical 
and Prognostic Features?

Pulmonary hamartomas, which represent the majority of 
benign pulmonary neoplasms, are composed of a disorga-
nized mixture of benign mesenchymal and epithelial compo-
nents that arise from embryological rests [1]. Formally, they 

consist of at least two mesenchymal elements—cartilage, fat, 
smooth muscle, or connective tissue—with entrapped clefts 
of respiratory epithelium. These lesions are most often found 
in adults between 40 and 60 years of age, affecting men more 
commonly than women with a 3:1 ratio [2, 3]. The geo-
graphic distribution is such that peripheral lesions are much 
more common than central endobronchial lesions (less than 
10%) [3].

The prognosis of pulmonary hamartomas is excellent. 
Most lesions are clinically observed and do not need to be 
excised given their benign and slow-growing nature. 
However, they can enlarge over time, and those in an endo-
bronchial location (Fig. 2.1) can cause obstructive symptoms 
such as cough, dyspnea, and hemoptysis as well as result in 
pneumonia [4]. Complete surgical excision via enucleation 
or segmental resection is curative; the lesions tend to “shell 
out” easily upon surgical manipulation. Recurrence and 
malignant transformation are rare [5].

 What Are the Radiographic Features 
of Pulmonary Hamartomas?

Pulmonary hamartomas are usually discovered incidentally 
on imaging as “coin” lesions and can be often diagnosed 
radiographically. They comprise 6% of all solitary pulmo-
nary nodules [6, 7]. In cases where radiographic evaluation is 
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Fig. 2.2 Computed tomography (CT) image showing a 1.7 cm lobulated, smoothly marginated fatty nodule with punctate calcification in the 
anterior left upper lung lobe, consistent with a pulmonary hamartoma

a b

Fig. 2.1 Bronchoscopic visualization of an obstructing left upper lobe endobronchial hamartoma. Biopsy of the lesion revealed benign hyaline 
cartilage and mature adipose tissue

indeterminate, fine-needle aspiration or core biopsy can 
assist and obviate the need for surgical intervention. 
Consistent with their benign nature, pulmonary hamartomas 
are slow-growing, well-circumscribed, and solitary on radio-
logic imaging. The lesions appear as heterogeneous nodules 

with smooth-to-lobulated borders and a signature composi-
tion of nodular “popcorn” calcifications and adipose tissue 
[8] (Fig. 2.2). While the presence of calcifications is helpful 
for radiologic diagnosis, in practice they are present in only 
10–30% of cases [3, 9].

S. Liou and G. A. Fishbein
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 What Are the Pathologic Features 
of Pulmonary Hamartomas?

Macroscopically, pulmonary hamartomas are firm, solitary, 
round-to-lobulated lesions that usually measure less than 4 cm 
in diameter (Fig. 2.3). Cut surfaces are tan-white to gray with 
glistening chondroid and mucoid areas. Cartilaginous areas of 
the tumor may be difficult to cut and require decalcification.

Histologically, lung hamartomas are composed of varying 
proportions of mature hyaline cartilage, adipose tissue, and 
smooth muscle, as well as entrapped clefts of respiratory epi-
thelium which may be ciliated or non-ciliated (Fig.  2.4). 
Descriptors such as lipomatous, fibroleiomyomatous, or 
chondromatous are used to further characterize the lesion. Of 
note, most pulmonary hamartomas have a predominantly 
chondroid or chondromyxoid component, which can make 
the differentiation between hamartomas and pure chondro-
mas challenging (Table 2.1). Rarely, the bone as well as bone 
marrow may be present in pulmonary hamartoma.

Immunohistochemistry is not necessary for diagnosis, as 
morphologic diagnoses can be made on routine staining 
alone. However, mesenchymal markers and immunohisto-
chemical stains for sex steroid hormone receptors have 
shown positive reactivity in pulmonary hamartomas [10].

Molecular and cytogenetic studies on pulmonary hamar-
tomas suggest a neoplastic origin. Translocation t(3;12)
(q27–28;q14–15) is present at high frequencies in pulmo-
nary hamartomas, which results in fusion of the HMGA2 and 

LPP genes. The HMGA2–LPP fusion gene usually consists 
of exons 1–3 of HMGA2 and exons 9–11 of LPP and is 
expressed in all tumors with this translocation [11–14].

 What Is the Differential Diagnosis 
for Pulmonary Hamartomas?

The differential includes granulation tissue, intrapulmonary 
metastases, synchronous primary carcinomas, leiomyosar-
coma, benign metastasizing leiomyoma, lymphangioleio-
myomatosis, mesenchymal cystic hamartoma, and chondroid 
neoplasms.

 How Does One Differentiate a Predominately 
Chondroid Pulmonary Hamartoma 
from a Chondroid Neoplasm?

Chondroid neoplasms contain only one type of tissue and 
lack epithelial inclusions, whereas pulmonary hamartomas 
consist of multiple types of connective tissue and invagina-
tions of respiratory epithelium [3]. If core-needle biopsy 
consists of only cartilaginous material, limitations in sam-
pling are possible, and both entities remain in the differen-
tial. Of note, chondroid neoplasms contain areas of 
endochondral ossification more frequently than hamartomas. 
If mature adipose tissue is seen interspersed in a predomi-
nantly cartilaginous lesion, the findings favor a pulmonary 
hamartoma over a purely chondroid entity.

 Are Either Chondromas or Pulmonary 
Hamartomas Associated with Other 
Conditions?

Pulmonary chondromas may be part of the Carney triad, a 
rare nonfamilial syndrome that is characterized by the coex-
istence of three types of neoplasms: pulmonary cartilaginous 
tumors, gastric stromal tumors, and extra-adrenal paragan-
gliomas. 75% of patients with Carney triad have one or more 
pulmonary chondroma. Morphologically, pulmonary hamar-
tomas have some overlapping features with pulmonary chon-
dromas of the Carney triad; both are circumscribed, lobulated, 
and have cartilaginous components. However, chondromas 
in the Carney triad tend to be multiple and have a fibrous 
pseudocapsule, unlike hamartomas which are typically soli-
tary and unencapsulated [15, 16]. In addition, syndromic 
chondromas lack entrapped respiratory epithelium and more 
often have areas of osseous metaplasia.

Fig. 2.3 Gross image of an incidentally found pulmonary hamartoma 
(1.0 cm) from a pneumonectomy specimen. The lesion has lobulated 
borders and a firm cartilaginous component which required decalcifica-
tion prior to histologic sectioning. Image contributed by Fereidoun 
Abtin, MD from UCLA Department of Radiology

2 Pulmonary Hamartoma Versus Chondroid Neoplasms
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Fig. 2.4 (a) Pulmonary hamartoma with a predominantly chondroid 
appearance. (b) Clefts of entrapped respiratory epithelium are seen 
adjacent to mature hyaline cartilage. (c) and (d) are two foci of an inci-

dentally found hamartoma showing mature hyaline cartilage with 
entrapped respiratory epithelium

Table 2.1 Predominant tissue type in a Dutch series of 154 pulmonary 
hamartomas [3]

Predominant 
tissue type

Parenchymal 
hamartomas (n = 142) 
(%)

Endobronchial 
hamartomas (n = 12) 
(%)

Chondroid 80 50
Fibroblastic 12 8
Fatty 5 34
Osseous 3 8

 Are There Demographic Differences Between 
Patients with Pulmonary Chondroma 
and Patients with Hamartoma?

The vast majority (80%) of patients affected by the Carney 
triad are young women with a mean age of 20 years [15, 16]. 
Thus, most chondromas are found in young females. 
Chondromas may occur sporadically as well, though rare, 

and these occur mostly in men with a mean age of 53 years 
[15]. Pulmonary hamartomas afflict older adults with inci-
dence peaking in the sixth decade.

 How Does One Differentiate Pulmonary 
Hamartoma from Chondrosarcoma?

Primary pulmonary chondrosarcoma is exceedingly rare 
[17–19]; however, the lungs are a common site for metastatic 
skeletal chondrosarcoma. Knowledge of a prior history of 
skeletal chondrosarcoma is key. If no such established his-
tory exists for a patient with chondrosarcoma affecting the 
lung(s), then clinical and radiologic investigation is war-
ranted to search for another primary site.

The distinction between low-grade chondrosarcoma 
(grade 1 of 3) and hamartoma may be difficult in limited 
biopsy samples given the deceptively bland cytologic fea-
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tures of the former. Identification of an invasive pattern of 
growth is necessary to make this diagnosis, and extensive 
sampling may therefore be needed [20, 21]. Intermediate- 
and high-grade (grades 2 and 3) chondrosarcomas typically 
demonstrate increased cellularity and cytologic atypia and, 
in the case of the latter, overt nuclear pleomorphism and con-
spicuous mitotic activity [20].
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3Reactive Type II Pneumocyte 
Hyperplasia Versus Adenocarcinoma

Jiqing Ye

 Case Presentation

A 41-year-old man with history of heavy smoking presented 
at the emergency department with chest pain and hemopty-
sis. A computed tomography (CT) scan demonstrated a 
5.3 × 4.8 × 4.0 cm left hilar mass and possible left adrenal 
metastasis. Also identified was an associated opacity in the 
left upper lobe and lingula which could represent post- 
obstructive atelectasis, pneumonia, hemorrhage, or tumor. 
The CT scan also demonstrated narrowing of the left pulmo-
nary artery. Clinically, the tumor was unresectable. A trans-
bronchial biopsy was attempted and yielded only benign 
bronchial mucosa. A decision was made to obtain a diagnos-
tic specimen by wedge biopsy. By gross examination, the 
wedge biopsy specimen contained an ill-defined gray and 
firm, 3.2 × 1.2 × 0.9 cm mass. A touch preparation at the 
time of frozen section showed predominantly pigmented 
macrophages and scattered clusters of epithelial cells with 
mild atypia (Fig. 3.1a, b). At low-power magnification, the 
frozen sections showed foci of necrosis and atypical epithe-
lial cells (Fig. 3.2a, b). The atypical cells were more striking 
in the areas adjacent to necrosis. The cells are relatively uni-
form in size and the N/C ratio. No desmoplasia was identi-
fied. Adenocarcinoma was favored at the time of frozen 
section. The surgery was stopped assuming that diagnostic 
material was obtained. Permanent sections of the mass 
showed extensive geographic necrosis with reactive fibrosis 
(Fig. 3.3a). There were multiple foci of small arteries with 
almost completely obliterated lumen and organizing throm-
bus (Fig.  3.3b). In the areas away from necrosis, atypical 
reactive type II pneumocyte hyperplasia was noted 
(Fig.  3.4a, b). The alveolar lining cells have a hobnail 
appearance without nuclear overlapping or any secondary 

structures such as multilayers, papillae, micropapillae, or 
solid/large nest formation. The nuclei were enlarged with 
some showing vesicular chromatin and prominent nucleoli, 
and a rim of cytoplasm could be appreciated. No atypical 
mitotic figures were noted. In the areas of necrosis, the 
nuclear atypia is more pronounced (Fig.  3.4c, d), and the 
squamous metaplasia was present and exhibited striking 
reactive atypia (Fig.  3.4d, upper right corner). Yet, the 
nuclear size is relatively uniform. The septa are mildly 
thickened with reactive stromal cells (Fig. 3.4e); however, 
the overall alveolar architectures were maintained, and they 
were better appreciated on a TTF-1 immunostain (Fig. 3.4f). 
Small foci of organizing pneumonia pattern of injury were 
also noted. The differential diagnosis included reactive type 
II pneumocyte hyperplasia and adenocarcinoma in situ 
(AIS). The clinical setting and the exuberant epithelial pro-
liferation with cytological atypia made the interpretation 
difficult. Additional expert consultation was obtained. 
Ultimately, a diagnosis of atypical type II pneumocyte pro-
liferation was rendered, and a reactive process rather than a 
neoplastic process is favored. Shortly after, the patient 
underwent MRI studies, which demonstrated multiple ring-
enhancing lesions in the brain. A core biopsy of a lesion 
showed poorly differentiated adenocarcinoma (Fig. 3.5). In 
addition, the tumor cells from the brain biopsy were CK7 
positive, CK20 negative, TTF-1 negative, and CDX-2 
weakly positive. The proliferating cells in the wedge biopsy 
of the lung were positive for TTF-1. Taken together, the 
most likely scenario was that the primary tumor in the left 
hilum was a TTF-1-negative poorly differentiated adenocar-
cinoma, which was not sampled by the wedge biopsy. 
Unfortunately, the patient died shortly after the diagnosis of 
metastatic lung adenocarcinoma to the brain was made.
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Fig. 3.1 Scrape preparation during frozen section showed pigmented macrophages and scattered clustered of epithelial cells with mild atypia and 
low N/C ratio. (a) 200×; (b) 400×

a b

Fig. 3.2 Frozen sections. (a) Fibrinoid necrosis and eosinophilic appearance at 40× magnification. (b) Type II pneumocyte proliferation with 
atypia at 400×

J. Ye
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Fig. 3.3 Permanent H&E sections. (a) Geographic necrosis at 200×. (b) Small arteries with marked intimal hyperplasia and organizing thrombus 
at 400×

a b c

d e f

Fig. 3.4 (a) and (b) Reactive type II pneumocyte hyperplasia away 
from the necrotic area. (c) and (d) Proliferating type II pneumocytes 
with cytological atypia adjacent to the necrotic areas. Reactive ciliated 
bronchiolar epithelium (c) and squamous metaplasia (d). (e) Alveolar 
architecture was maintained with thickened septa, reactive fibroblasts, 

reactive endothelial cells, and inflammatory infiltrate. (f) TTF-1 immu-
nostain showed type II pneumocyte positivity highlighting maintained 
alveolar architecture. Original magnification, H&E (a–d) 400×; (e) 
200×; IHC (f) 200×

3 Reactive Type II Pneumocyte Hyperplasia Versus Adenocarcinoma
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Fig. 3.5 Metastatic carcinoma in the brain at original magnification, 
400×

 Final Pathologic Diagnosis: Reactive Type II 
Pneumocyte Hyperplasia in the Wedge 
Biopsy

 Differentiation Features of Reactive Type II 
Pneumocyte Hyperplasia and Adenocarcinoma

 Reactive Type II Pneumocyte Hyperplasia
Alveoli of the lung are lined with type I and II pneumocytes. 
Type I pneumocyte is very large, thin, and flat stretched over 
a very large area, while type II pneumocyte is a smaller cell 
(Fig. 3.6a) [1]. In the setting of acute and chronic lung inju-
ries, type II pneumocytes can undergo hyperplastic/meta-
plastic changes including type II pneumocyte hyperplasia, 
bronchiolar metaplasia, intestinal/Goblet cell/mucinous 
metaplasia, squamous metaplasia, and basal cell hyperplasia 
(Fig. 3.6b–d) [2–6]. Reactive type II pneumocyte hyperpla-
sia is a nonspecific reactive process that has been observed in 
many types of lung injuries including pneumothorax, diffuse 
alveolar damage, organizing pneumonia, lipogranuloma/
aspiration pneumonia, necrotizing or non-necrotizing 
 granulomas, and benign lung parenchyma adjacent to a neo-
plastic process, among others [2, 7]. When reactive type II 
pneumocyte hyperplasia exhibits marked cytological atypia, 
one might be misled to the diagnosis of adenocarcinoma 
[6–9].

In most cases, the differentiation between reactive type II 
pneumocyte hyperplasia and non-mucinous well- 
differentiated adenocarcinoma is straightforward. However, 
in some situations exemplified by the above case, the differ-
entiation between the two can be challenging. The distin-
guishing features between reactive type II pneumocyte 
hyperplasia and adenocarcinoma are summarized in 
Table  3.1 [7–9]. The evaluation process can be artificially 
broken down into three aspects: cytomorphology of the pro-
liferation cells, secondary architecture, and identification of 

underlying lung injury and the background stroma and 
inflammatory infiltrates. A correct diagnosis can usually be 
reached based on the integrated evaluation of all aspects.

 Cytomorphology
In reactive type II pneumocyte hyperplasia, similar to a reac-
tive process seen in any other organ system, the nuclei are 
usually not hyperchromatic. The N/C ratio is usually rela-
tively low. The presence of cytoplasm prevents the nuclei 
from overlapping with each other. The nuclei are usually 
vesicular, each with a single prominent nucleolus. They are 
usually relatively uniform in size, lack of nuclear pleomor-
phism, and have regular and smooth nuclear contour. The 
pneumocytes typically maintain their attachment to the alve-
olar base membrane and may have tombstone-like configura-
tion. In a sense, the apical-basal orientation is maintained 
(Fig. 3.7a–d) [8, 9]. In contrast, in adenocarcinoma, the neo-
plastic cells have abnormal nuclear features such as size 
variation, nuclear pleomorphism, high N/C ratio, nuclear 
overlapping, irregular contours, hyperchromasia, abnormally 
prominent nucleoli, and unevenly stained chromatin pattern. 
Atypical mitotic figures can also be seen (Fig. 3.7g, h). When 
a lesion is small, ≤0.5  cm with lepidic architecture, and 
mild-to-moderate cytologic atypia of pneumocytes, it is des-
ignated as atypical adenomatous hyperplasia (AAH) 
(Fig. 3.7e, f). When a lesion is >0.5 cm but ≤3.0 cm with 
lepidic architecture and mild-to-moderate cytologic atypia of 
pneumocytes, it is AIS (Fig. 3.7g and h). AAH and AIS are 
precursors of invasive adenocarcinoma.

 Secondary Architectures
In reactive type II pneumocyte hyperplasia, the alveolar 
structure is maintained. The proliferating type II pneumo-
cytes line the alveolar septa in a single layer without nuclear 
stratification or forming any complex secondary structures. 
In contrast, in adenocarcinoma, the alveolar structure is 
maintained only in lepidic growth pattern. In the acinar 
growth pattern, the acini usually vary in size and shape 
exhibiting an infiltrating pattern (Fig. 3.8c) [7–9]. In more 
obviously malignant cases, there may be other secondary 
structures such as papillae and micropapillary formation or 
solid/large, nested growth patterns. Of note, epithelioid 
 histiocytes or detached pneumocytes in a desquamated fash-
ion in alveolar spaces in a reactive process should not be 
mistaken for solid growth pattern.

 The Underlying Lung Injury, Background Stroma, 
and Inflammatory Cell Infiltrates
The background stroma and pattern of injury usually offer 
clues whether it is a reactive process or neoplastic process. 
In reactive type II hyperplasia, the underlying etiology 
should be present. The underlying patterns of lung injury 
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Fig. 3.6 (a) Normal lung alveoli are lined by flat type I pneumocytes and cuboidal type II pneumocytes. (b) Reactive type II pneumocyte hyper-
plasia associated with organizing pneumonia. (c) Bronchiolar metaplasia. (d) Squamous metaplasia. Original magnification 400×

Table 3.1 Diagnostic features used to separate reactive type II pneumocyte hyperplasia from others

Reactive type II pneumocyte 
hyperplasia Invasive adenocarcinoma

Atypical 
adenomatous 
hyperplasia

Adenocarcinoma in 
situ

Size Any size Any size ≤ 0.5 cm > 0.5 cm but 
≤3.0 cm

CT Mass lesion Mass lesion Undetectable/
ground glass

Ground-glass mass 
lesion

Cytomorphology Uniformly enlarged nuclei; non- 
hyperchromatic, single prominent 
nucleoli; regular nuclear membrane; 
nonoverlapping nuclei; low N/C ratio; 
and maintained apical-basal polarity

Variably enlarged nuclei, 
hyperchromasia, overlapping 
nuclei, irregular nuclear membrane, 
and loss of apical-basal polarity

Nuclear 
enlargement; 
features in between 
reactive and 
neoplastic

Similar to invasive 
adenocarcinoma

Architecture Lepidic pattern; no nuclear 
stratification, no papillary, 
micropapillary, or solid pattern

Nuclear stratification; lepidic 
pattern; acinar pattern with variable 
sized, angulated, infiltrating acini; 
additional papillary, micropapillary, 
and solid patterns

Lepidic pattern Lepidic pattern

Underlying acute 
injury and 
background stroma

Bluish cellular septa stroma; additional 
findings of underlying acute lung 
injuries such as organizing pneumonia, 
necrotizing granulomas, infarction, 
acute inflammatory exudate, and 
macrophages in alveoli

Fibroelastotic stroma or 
desmoplastic stroma; may have 
superimposed acute lung injuries 
such as necrosis, granulomas, 
organizing pneumonia, or acute 
inflammatory infiltrate

May have mildly 
thickened fibrotic 
septa

May have mildly 
thickened fibrotic 
septa

Axillary studies
p53
EGFR mutations

Usually negative
Negative

May be positive
May be positive

May be positive
May be positive

May be positive
May be positive
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a b c d
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Fig. 3.7 (a) and (b) Type II pneumocyte hyperplasia in pneumothorax, 
respectively. Type II pneumocyte hyperplasia in lipogranuloma (c) and 
in diffuse alveolar damage (d). (e) and (f) atypical adenomatous hyper-

plasia, respectively. (g) and (h) Adenocarcinoma with lepidic growth 
pattern. Original magnification, (a, e, and g) 100×; (b, c, d, and h) 400×

a b c

d e f

Fig. 3.8 (a) Fibroelastotic stroma seen in a benign scar with (b) 
entrapped acini lined by reactive type II pneumocytes and bronchiolar 
epithelium. (c) Fibroelastotic scar in the center of an acinar adenocarci-
noma. Tumor acini/glands are seen. (d) Lepidic growth pattern is seen 

at the periphery. (e) Acinar adenocarcinoma with desmoplastic stroma. 
(f) Acute inflammatory infiltrate and other types can be seen in adeno-
carcinoma. (a and f) 100×; (b, c, d, e, and h) 400×

include, but are not limited to, pneumothorax, necrotizing 
granulomas, lipogranuloma, organizing pneumonia, infarc-
tion, diffuse alveolar damage, and acute bronchiolitis/pneu-
monia [2, 6, 7].

In adenocarcinoma without superimposed necrosis or 
infection, two variations of the stroma may be seen: fibro-
elastotic scar-like stroma and desmoplastic stroma. The 
fibroelastotic scar-like stroma can be seen in a benign scar 
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(Fig. 3.8a, b) or the center of an adenocarcinoma (Fig. 3.8c). 
Usually, adenocarcinoma with lepidic growth pattern can be 
appreciated at the periphery of the fibroelastotic scar 
(Fig.  3.8d). The identification of an invasive component 
within the fibroelastotic stroma is diagnostic of invasive ade-
nocarcinoma. In adenocarcinomas with acinar pattern, the 
tumor acini usually exhibit variation of size and shape. They 
appear to be infiltrative. Entrapped benign bronchioles 
should not be mistaken for invasive component. The second 
variety of stroma is desmoplastic type stroma (Fig. 3.8e). It 
consists of dense myofibroblastic proliferation with a myxo- 
edematous appearance. Usually, there are infiltrative angu-
lated malignant acini of varying sizes haphazardly arranged 
in the stroma.

It is also worthy of pointing out that acute lung injury can 
be seen in the setting of adenocarcinoma as a result of 
obstruction, vascular occlusion, or superimposed infection. 
In this setting, acute lung injury is not usually the dominant 
finding (Fig. 3.8f). It should be kept in mind that in some 
situations as exemplified by our case, diagnostic material 
may not be present in a core biopsy or even a wedge biopsy.

 Ancillary Studies
In most cases, a final diagnosis is still based on histopatho-
logic findings. P53 immunostain has been proposed to dif-
ferentiate reactive atypia from adenocarcinoma. In one study, 
using 10% positive cells as a cutoff value, 94% reactive 
atypia are negative for p53, whereas 86% of adenocarcino-
mas are positive for p53 [10]. In some difficult cases, p53 
may lend some support towards the favored diagnosis based 
on histopathologic evaluation. Immunostain using EGFR 
mutation-specific antibody has also been proposed to aid the 
differential diagnosis [11] (Table 3.1).
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4Atypical Adenomatous Hyperplasia 
Versus Peribronchiolar Metaplasia

Christopher M. Chandler and Haodong Xu

 Case Presentation

A 71-year-old woman with a 27 pack-year smoking history, 
history of COPD, and chronic productive cough was found 
to have a slowly enlarging, spiculated 22 × 19 mm right mid-
dle lobe opacity on screening CT scan. She had additional 
subtle ground-glass opacity (GGO) nodules in her right 
lower lobe and right upper lobe (Fig. 4.1). A PET-CT scan 
was negative for any evidence of metastatic disease. She 
underwent right thoracotomy with right middle lobectomy 
and wedge resections of the right lower lobe.

Gross pathologic evaluation of the middle lobectomy 
specimen revealed a tan-white, well-circumscribed mass 
measuring 2.0 × 1.8 × 0.7 cm abutting the pleura. No gross 
lesions were identified in the lower lobe specimens. 
Microscopic examination of the mass revealed a prolifera-
tion of highly atypical, cuboidal cells forming well-defined 
glands (<5 mm) within a fibrous stroma and background of 
similar cells lining the existing alveolar spaces (lepidic 
growth) consistent with a minimally invasive adenocarci-
noma. Additionally, the right lower lobe harbored multifo-
cal proliferations of large, atypical cells lining the thickened 
alveolar septa (10 mm and 7 mm) with associated multifo-
cal proliferations of less atypical cuboidal cells with 
hobnail- like growth along thin alveolar septa (less than 
5 mm).

After diagnosis, the patient’s course was uncomplicated, 
and she is scheduled for continued surveillance via 
imaging.
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Fig. 4.1 Axial cuts from high-resolution CT scan showing a subtle 
ground-glass opacity nodule (GGO) in the right lower lobe (arrowhead, 
top panel) and spiculated 22 x 19 mm right middle lobe opacity (bottom 
panel)
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 Pathologic Diagnosis: Minimally Invasive 
Adenocarcinoma, Acinar Pattern 
with Associated Lepidic Component 
in the Right Middle Lobe, Multifocal 
Adenocarcinoma In Situ, and Atypical 
Adenomatous Hyperplasia (AAH) 
in the Right Lower Lobe

 What Are the Radiographic Features 
of Atypical Adenomatous Hyperplasia, 
and How Do They Differ from Peribronchiolar 
Metaplasia?

As illustrated in the above case, AAH is often undetectable 
by imaging and incidentally discovered in microscopic sec-
tions associated with surgical resection of a larger tumor. 
However, the lepidic growth pattern of AAH can create a 
hazy GGO nodule lacking a solid component on high- 
resolution helical CT imaging [1]. The imaging appearance 
is similar to adenocarcinoma in situ (AIS) consistent with the 
proposed stepwise progression of AAH to AIS and then inva-
sive adenocarcinoma (the Noguchi Classification) [2]. PBM 
does not have a distinct appearance on imaging but often 
occurs within the context of fibrotic or inflammatory lung 
diseases, the imaging characteristics of which are 
heterogeneous.

 What Are the Gross Pathologic Features 
of Atypical Adenomatous Hyperplasia 
and Peribronchiolar Metaplasia, and in What 
Gross Context Are They Found?

AAH is often not appreciable on gross exam but can appear 
as a small, less than 5  mm lacy, white to yellow nodular 
lesion with ill-defined borders often located in the periphery 
of the lung near the pleura [3–5]. The gross context of AAH 
is important. The incidence of AAH in the lungs that harbor 
carcinoma (particularly adenocarcinoma) has been reported 
to be 5–20% [5, 6], a finding often cited as evidence of pos-
sible “field cancerization,” the theory that accrued somatic 
mutations create a cancer-primed cell population that can 
progress to a malignant lesion upon further insult [7]. PBM 
does not typically present as a grossly identifiable lesion, and 
the gross context is distinct from that of AAH. As a reactive 
lesion, PBM is often associated with fibrotic lung paren-
chyma and is often seen when examining histologic sections 
of the lung from patients with a history of smoking or other 
fibrosing chronic lung diseases including bronchiectasis, 
chronic hypersensitivity pneumonitis, and constrictive bron-
chiolitis [8].

 What Are the Microscopic Features of Atypical 
Adenomatous Hyperplasia and Peribronchiolar 
Metaplasia? Is Immunohistochemistry or 
Molecular Testing Useful to Distinguish these 
Entities from One Another?

Microscopically, AAH presents a proliferation of atypical 
alveolar type II pneumocytes lining the existing alveolar 
spaces (lepidic growth pattern). The atypical cells often 
have a hobnail appearance with gaps between adjacent cells 
along the basement membrane (Fig.  4.2, panels A–C). 
These gaps are a useful histologic feature in distinguishing 
AAH from AIS, since the latter tends to be more cellular 
with a continuous proliferation of cells along the existing 
alveolar structures and thickened alveolar septa (Fig.  4.2, 
panel D). The atypia seen in AAH represents an early phase 
of neoplasia that may progress along a continuum to inva-
sive adenocarcinoma. The cells have increased nuclear-to-
cytoplasmic ratios, hyperchromatic nuclei, and variably 
prominent nucleoli [3]. The degree of atypia tends to 
increase with lesion size. These lesions notably lack signifi-
cant tufting, papillary structures, or high cellularity [4]. 
Grading of atypia is not recommended in AAH [9]. In keep-
ing with a neoplastic process, there is an abrupt transition 
from normal pneumocytes to atypical cells which are often 
at least double the size of neighboring normal cells [10]. 
The underlying alveolar septa may be slightly thickened but 
lack significant fibrosis.

PBM may resemble AAH from low-power magnifica-
tion—a proliferation of columnar to cuboidal cells along 
existing alveolar spaces. At higher magnification, however, 
the cells lining the alveolar walls lack significant atypia and 
show features of normal respiratory epithelium (Fig.  4.3). 
Indeed, the process was previously termed “Lambertosis” 
after the canals of Lambert which connect bronchioles to 
neighboring alveoli (Fig. 4.3). Helpfully, the cells are often 
ciliated with terminal bars, which is not a typical feature of 
AAH (Fig. 4.4, inset). In contrast to AAH, the surrounding 
alveolar support network associated with PBM is often 
fibrotic, distorted, and thickened with focal smooth muscle 
hyperplasia and chronic inflammatory infiltrates [11]. As it is 
a result of prior small airway injury/scarring, PBM is usually 
bronchiolocentric.

PBM itself may have a morphology indistinct from that of 
bronchiolar adenoma (BA), distal-type, which was recently 
suggested as a benign lung neoplasm arising from the respi-
ratory epithelium of bronchioles [12]. However, PBM is 
often seen in a background of interstitial lung disease or 
inflammatory processes. If presented with a small, solitary, 
well-circumscribed, bland-appearing ciliated lesion in a 
background of relatively unremarkable lung, BA, distal-type 
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a b

c d

Fig. 4.2 (a–d) Atypical adenomatous hyperplasia (AAH). Focal pro-
liferation of atypical type II pneumocytes along the existing alveolar 
structures. Note that the alveolar septa are not thickened and there are 
gaps between cells along the basement membrane. (a, b) mild atypia 

(100× and 200×, respectively, hematoxylin and eosin), (c) severe atypia 
(200×, hematoxylin and eosin). (d) Adenocarcinoma in situ (AIS). The 
atypical cells are larger, crowded, and focally overlapping and form a 
continuous proliferation along slightly thickened alveolar septa

and, if a prominent papillary component is present with 
abundant intra-alveolar mucin, BA, proximal-type, previ-
ously named as ciliated muconodular papillary tumor 
(CMPT), should be considered.

Immunohistochemistry is not typically used to distin-
guish between AAH and PBM. However, research into the 
progression of lung adenocarcinoma has established that 
AAH is immunoreactive for TTF-1, cytokeratins (including 
CAM5.2 and AE1/AE3), and CEA as well as other markers 
of Clara cell and/or type II pneumocyte differentiation such 

as surfactant apoprotein [2, 10, 13, 14]. PBM has been 
reported to maintain the staining pattern of normal airways 
by p63 immunohistochemistry, principally cells with nuclear 
reactivity along the basal layers of the epithelium. AAH and 
adenocarcinoma can also be positive for p63 but at a much 
lower frequency (three of five cases of AAH and 12% of 
adenocarcinoma in one study) [15]. Supportive of its prema-
lignant status, AAH has been found to often harbor  mutations 
in K-ras, EGFR, and p53, the most frequently mutated genes 
in lung cancer [16–20].

4 Atypical Adenomatous Hyperplasia Versus Peribronchiolar Metaplasia
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Fig. 4.3 Peribronchiolar 
metaplasia (PBM). The 
epithelial lining of alveoli 
surrounding a terminal 
bronchiole (arrowheads) is 
replaced with ciliated, 
respiratory-type epithelium 
(inset) as a reactive response 
to airway inflammation. Note 
the background 
bronchiolocentric fibrosis and 
chronic inflammatory cell 
infiltrates (100× and 400×, 
inset, hematoxylin and eosin)

Fig. 4.4 Peribronchiolar 
metaplasia (PBM) was 
previously referred to as 
“Lambertosis” after the canals 
of Lambert (also called the 
channels of Lambert) which 
connect terminal bronchioles 
to adjacent alveoli. The usual, 
thin squamous and cuboidal 
epithelium of the alveolar 
wall is replaced by 
metaplastic columnar to 
cuboidal, ciliated respiratory- 
type epithelium (pink)

References

1. Lee HY, Lee KS.  Ground-glass opacity nodules: histopathology, 
imaging evaluation, and clinical implications. J Thorac Imaging. 
2011;26(2):106–18.

2. Noguchi M. Stepwise progression of pulmonary adenocarcinoma-
-clinical and molecular implications. Cancer Metastasis Rev. 
2010;29(1):15–21.

3. Mori M, Rao SK, Popper HH, Cagle PT, Fraire AE. Atypical adeno-
matous hyperplasia of the lung: a probable forerunner in the develop-
ment of adenocarcinoma of the lung. Mod Pathol. 2001;14(2):72–84.

4. Miller RR. Bronchioloalveolar cell adenomas. Am J Surg Pathol. 
1990;14(10):904–12.

5. Chapman AD, Kerr KM.  The association between atypical ade-
nomatous hyperplasia and primary lung cancer. Br J Cancer. 
2000;83(5):632–6.

6. Nakanishi K. Alveolar epithelial hyperplasia and adenocarcinoma 
of the lung. Arch Pathol Lab Med. 1990;114(4):363–8.

7. Curtius K, Wright NA, Graham TA. An evolutionary perspective on 
field cancerization. Nat Rev Cancer. 2018;18(1):19–32.

8. Allen TC.  Pathology of small airways disease. Arch Pathol Lab 
Med. 2010;134(5):702–18.

C. M. Chandler and H. Xu



25

9. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger 
KR, Yatabe Y, et al. International association for the study of lung 
cancer/american thoracic society/european respiratory society 
international multidisciplinary classification of lung adenocarci-
noma. J Thorac Oncol. 2011;6(2):244–85.

10. Rao SK, Fraire AE. Alveolar cell hyperplasia in association with 
adenocarcinoma of lung. Mod Pathol. 1995;8(2):165–9.

11. Couture C, Colby TV.  Histopathology of bronchiolar disorders. 
Semin Respir Crit Care Med. 2003;24(5):489–98.

12. Chang JC, Montecalvo J, Borsu L, Lu S, Larsen BT, Wallace WD, 
et  al. Bronchiolar adenoma: expansion of the concept of ciliated 
muconodular papillary tumors with proposal for revised  terminology 
based on morphologic, immunophenotypic, and genomic analysis 
of 25 cases. Am J Surg Pathol. 2018;42(8):1010–26.

13. Klebe S, Henderson DW. Facts and fiction: premalignant lesions of 
lung tissues. Pathology. 2013;45(3):305–15.

14. Mori M, Tezuka F, Chiba R, Funae Y, Watanabe M, Nukiwa T, 
et al. Atypical adenomatous hyperplasia and adenocarcinoma of the 
human lung: their heterology in form and analogy in immunohisto-
chemical characteristics. Cancer. 1996;77(4):665–74.

15. Sheikh HA, Fuhrer K, Cieply K, Yousem S. p63 expression in 
assessment of bronchioloalveolar proliferations of the lung. Mod 
Pathol. 2004;17(9):1134–40.

16. Westra WH, Baas IO, Hruban RH, Askin FB, Wilson K, Offerhaus 
GJ, et al. K-ras oncogene activation in atypical alveolar hyperpla-
sias of the human lung. Cancer Res. 1996;56(9):2224–8.

17. Kerr KM, Carey FA, King G, Lamb D. Atypical alveolar hyper-
plasia: relationship with pulmonary adenocarcinoma, p53, and 
c-erbB-2 expression. J Pathol. 1994;174(4):249–56.

18. Kitamura H, Kameda Y, Nakamura N, Inayama Y, Nakatani Y, 
Shibagaki T, et  al. Atypical adenomatous hyperplasia and bron-
choalveolar lung carcinoma. Analysis by morphometry and the 
expressions of p53 and carcinoembryonic antigen. Am J Surg 
Pathol. 1996;20(5):553–62.

19. Sartori G, Cavazza A, Bertolini F, Longo L, Marchioni A, Costantini 
M, et  al. A subset of lung adenocarcinomas and atypical adeno-
matous hyperplasia-associated foci are genotypically related: an 
EGFR, HER2, and K-ras mutational analysis. Am J Clin Pathol. 
2008;129(2):202–10.

20. Sakamoto H, Shimizu J, Horio Y, Ueda R, Takahashi T, Mitsudomi 
T, et al. Disproportionate representation of KRAS gene mutation in 
atypical adenomatous hyperplasia, but even distribution of EGFR 
gene mutation from preinvasive to invasive adenocarcinomas. J 
Pathol. 2007;212(3):287–94.

4 Atypical Adenomatous Hyperplasia Versus Peribronchiolar Metaplasia



27

5Adenocarcinoma In Situ Versus Atypical 
Adenomatous Hyperplasia

Marie Perrone and Robert W. Ricciotti

 Case 1

 Clinical Presentation

The patient is a 56-year-old female who presented with a 
persistent cough for approximately 3  weeks. She was ini-
tially treated with a course of antibiotics without improve-
ment. In addition, she noted a 4–5 lb. weight loss over the 
past 1–2 months. She denies shortness of breath, hemoptysis, 
fever, chills, or night sweats.

 Imaging Studies
A chest X-ray demonstrated a subtle reticular airspace opac-
ity, concerning for possible infiltrate or scarring. A follow-up 
computed tomography (CT) scan showed a spiculated mass 
within the upper lobe of the right lung composed of a ground-
glass opacity measuring approximately 2.9 × 2.5 × 1.6 cm. A 
positron emission tomography (PET)-CT scan demonstrated 
mild metabolic activity in the right upper lobe mass (stan-
dardized uptake value, SUV 1.9) with no evidence of intra-
thoracic or extrathoracic metastasis. The patient underwent 
biopsy and subsequent wedge resection of the lesion.

 Pathologic Findings

 Gross Examination
Gross examination revealed a lobectomy specimen with a 
solitary 2.8 × 2.5 × 1.8 cm well-circumscribed, firm, pink- 
tan parenchymal mass. The mass partially surrounded a 
bronchus, but no extension into the bronchus was grossly 
identified. There was no gross evidence of pleural invasion. 
The remaining lung parenchyma showed mild patchy anthra-
cotic pigment deposition but was otherwise unremarkable.

 Histologic Examination
Histologic examination of the lesion revealed a neoplasm 
showing a purely lepidic/in situ growth pattern (see Fig. 5.1) 
in which architecturally normal, but slightly thickened, alve-
olar septa were lined by atypical neoplastic pneumocytic 
cells. There was no parenchymal, pleural, or lymphovascular 
invasion and no STAS (spread through air spaces). There was 
no papillary or micropapillary growth pattern. Lymph nodes 
collected at the time of the lobectomy contained no meta-
static disease.

 Final Diagnosis: Adenocarcinoma in Situ (AIS)

Adenocarcinoma in situ (AIS) of the lung is a neoplasm of 
the glandular cells of the lung without evidence of invasive 
disease. AIS was a diagnostic term introduced to the World 
Health Organization’s classification of lung tumors in 2015 
(Austin JHM, et  al.) [1], replacing bronchoalveolar carci-
noma (BAC). To diagnose AIS, the neoplasm must be no 
greater than 3.0 cm, and it must have a purely lepidic growth 
pattern (no papillary or micropapillary architecture) in which 
the neoplastic cells grow along alveolar structures which 
have retained their architecture. STAS should be absent. 
Additionally, there must be no evidence of invasive disease, 
including stromal invasion, lymphovascular invasion, or 
pleural invasion, and there must be no necrosis. Lesions 
greater than 3.0 cm in size, even in the absence of definite 
histologic evidence of invasion, or with non-lepidic growth 
patterns are considered adenocarcinoma and should have the 
predominant growth pattern(s) specified. For example, a 
tumor with purely in situ (lepidic) growth that exceeds 3.0 
cm should be classified as lepidic-predominant 
adenocarcinoma.

AIS is most often non-mucinous, but may rarely be muci-
nous [1]. The non-mucinous type shows Clara cell or type II 
pneumocyte differentiation, whereas the mucinous type typi-
cally shows differentiation toward distal bronchiolar glandu-
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Fig. 5.1 (a) Alveolar septa are slightly thickened with maintained 
architecture and are lined by plump, atypical, neoplastic pneumocytic 
cells (lepidic pattern). No invasion or papillary/micropapillary architec-

ture is seen. (b) Higher-power (400×) magnification demonstrating 
striking cytologic atypia of the neoplastic cells

lar cells. Non-mucinous AIS will usually express TTF-1, 
whereas mucinous AIS often will not [2]. There are no 
known immunohistochemical stains or molecular markers 
that will distinguish AIS from invasive disease.

These lesions have genetics similar to that of adenocarci-
noma of the lung [2], lending support to the neoplastic con-
tinuum hypothesis. In smokers, adenocarcinoma in situ has 
complex genetics. In nonsmokers, these lesions are more 
likely to have alterations in one of a small subset of genetic 
drivers, including EGFR, KRAS, ALK, ROS1, and Her2.

The prognosis for patients that undergo resection for AIS 
is excellent with studies showing a 100% disease-free 5-year 
survival [3–5].

 Case 2

 Clinical Presentation

The patient is a 66-year-old female who initially presented 
with symptoms of an upper respiratory tract infection, 
including shortness of breath and an intermittent cough. She 
denied hemoptysis, changes in appetite, unintentional weight 
loss, fever, chills, and night sweats. As part of her evaluation, 
she underwent a CT of the chest.

 Imaging
A CT of the chest revealed a 1.1 × 0.9 cm solid spiculated 
mass in the left upper lobe with numerous additional subsolid 
ground-glass nodules throughout both lungs (<0.5 cm each). A 

follow-up PET-CT revealed an FDG-avid spiculated nodule 
with surrounding ground-glass opacity in the left upper lobe 
with max SUV of 3.7 measuring 1.1 × 1.1 cm. Similar scat-
tered subsolid/ground-glass nodules that are too small to char-
acterize by PET.  These findings were concerning for 
malignancy. The patient underwent left upper lobectomy.

 Pathology

 Gross Examination
Upon gross examination of the lobectomy specimen, the 
pleural surface was focally puckered and sectioning revealed 
an underlying well-defined, tan-white, 1.5  ×  1.1  ×  0.8  cm 
mass. The remainder of the lung parenchyma was unremark-
able with no other discrete masses or lesions.

 Histology
Histologic examination of the 1.5  cm spiculated mass 
showed destruction of normal alveolar architecture with 
replacement by fibrous/desmoplastic stroma containing 
highly atypical neoplastic epithelial cells forming irregular 
and poorly formed glandular structures (Fig.  5.2a). 
Examination of the remaining lung parenchyma revealed 
multiple foci of alveolar structures lined by plump cuboidal 
to columnar cells with hyperchromatic, mildly atypical 
nuclei with small nucleoli. These foci ranged in size from 0.2 
to 0.4 cm and were distinct and sharply demarcated from the 
surrounding normal lung parenchyma with no evidence of an 
invasive component (see Fig. 5.2b–d).
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Fig. 5.2 (a) Representative area from the 1.5 cm lung mass showing 
fibrous stroma containing irregular glandular structures comprised of 
neoplastic epithelial cells. (b–d) Separate parenchymal lesions ranging 
in size from 0.2 to 0.4 cm. (b) Low-magnification (20×) view showing 
a well-circumscribed, roughly circular area that appears more baso-
philic than the background alveolar parenchyma. (c) Medium-power 

(100×) magnification reveals alveolar structures lined by atypical cells 
and slightly thickened septa (upper half of image) in comparison with 
the normal parenchyma (lower half of image). (d) High-magnification 
(400×) view shows plump, atypical cells lining slightly thickened alve-
olar septa with lymphocytic infiltrate. In comparison with case #1 
above, the cytologic atypia is less severe

 Final Diagnosis: Invasive Adenocarcinoma, 
Acinar Pattern Predominant, with Synchronous 
Foci of Atypical Adenomatous Hyperplasia 
(AAH)

Atypical adenomatous hyperplasia (AAH) is considered a 
preinvasive neoplastic lesion by the World Health 
Organization classification of lung tumors [1, 6]. AAH is fre-
quently diagnosed concurrently with a synchronous malig-
nancy [7–10] and, in that context, given its lepidic growth 
pattern, should NOT be considered intra-lobar metastasis for 
pathologic tumor staging purposes. AAH is often asymptom-
atic and diagnosed incidentally in specimens resected for 
lung cancer [8, 11]. The genetics of AAH are similar to that 
of adenocarcinoma [12], and thus, it is thought to be a pre-
cursor lesion to adenocarcinoma [2, 9].

On imaging, AAH can appear as a round ground-glass opac-
ity with smooth, distinct borders [11, 13]. However, this 
appearance is not unique to AAH, and imaging cannot distin-
guish between AAH and carcinoma [11, 13]. Chest X-rays usu-
ally cannot detect AAH [11]. Additionally, AAH can be difficult 
to identify macroscopically in lung resection specimens.

By histology, AAH is a distinct population of atypical 
cells growing along the existing alveolar walls in an often 
discontinuous monolayer, frequently with a “hobnail” 
appearance. The cells are cuboidal to columnar, with enlarged 
nuclei relative to the surrounding normal cells, nuclear 
hyperchromasia, and may have prominent nucleoli. The tran-
sition between the atypical cells and the surrounding normal 
pneumocytes should be abrupt. The alveolar walls upon 
which these cells are growing may be somewhat thickened 
and fibrotic. The cytologic atypia is generally less striking 
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than that of adenocarcinoma or AIS. There should not be any 
tufting or papillary architecture [9, 11].

 Key Points for Differentiating AIS from AAH

 What Is the Definition of AIS?

AIS must show a purely lepidic growth pattern and must be 
less than or equal to 3.0 cm in size. Tumors with a purely 
lepidic pattern that are larger than 3.0 cm are classified as 
adenocarcinoma, lepidic pattern.

 What Is the Definition of AAH?

AAH is a preinvasive lesion that is small in size (≤0.5 cm) 
and composed of atypical type II pneumocytes or Clara cells 
lining the alveolar septa. It is well demarcated from the sur-
rounding lung parenchyma, and the cells typically have a 
mild degree of atypia.

 What Is the Relationship Between AAH 
and AIS?

AIS and AAH have similar genetic profiles. The genetics 
have given support to a possible multistep carcinogenesis 
hypothesis (AAH ➔ AIS ➔ carcinoma).

 How Can Radiologic Features Help Distinguish 
AAH and AIS?

AAH is often multifocal. It usually cannot be seen on chest 
X-ray, but can be seen on a CT as persistent, well-defined, 
oval or round, nodular GGOs without solid components. 
AAH is often diagnosed incidentally on a resection speci-
men for a concurrent malignancy. AIS is usually seen as a 
pure ground-glass nodule >0.5  cm and <3  cm. However, 
partly solid nodules require pathologic examination to be 
categorized as AIS. In those cases, the solid areas seen on CT 
have been correlated with alveolar collapse, fibrosis, or 
mucinous components.

 What Is the Difference in Prognosis Between 
AAH and AIS?

The prognosis for AAH and AIS is the same with complete 
surgical resection. Both lesions in and of themselves have a 

100% progression-free 5-year survival; however, any sepa-
rate concurrent malignancy, as is often seen with AAH, will 
follow it’s own characteristic clinical course.
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6Invasive Adenocarcinoma Versus 
Adenocarcinoma In Situ

Sofia Liou and Gregory A. Fishbein

 Case Presentation

A 75-year-old male with no history of smoking presents for 
evaluation of a left upper lobe pulmonary nodule that was 
identified on screening. The patient recalls one episode of 
chest tightness on exertion 1 month ago; he denies any other 
respiratory symptoms. Chest computed tomography (CT) 
shows a 2.7  cm subpleural nodule with mixed solid and 

ground-glass components. The patient undergoes left upper 
lobe segmentectomy and lymph node dissection, which 
reveals a 2.3  cm adenocarcinoma with primarily acinar 
growth pattern and a small component of lepidic growth 
(Fig.  6.1). The bronchovascular and parenchymal margins 
are negative, and the tumor is seen invading up to but not 
through the visceral pleura. All lymph nodes are negative for 
malignancy.
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Fig. 6.1 Histologic sections of tumor showing (a) lepidic growth pattern and (b) acinar growth pattern
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 Pathologic Diagnosis: Invasive Lung 
Adenocarcinoma, Acinar Predominant

 What Are the Clinical and Prognostic features 
of Lung Adenocarcinoma?

Lung cancer is the most common cause of cancer death world-
wide, of which lung adenocarcinomas are the predominant 
histologic subtype [1]. Of all non-small-cell lung carcinomas, 
which make up 85% of lung cancers, lung adenocarcinomas 
comprise at least half [2]. The World Health Organization 
defines lung adenocarcinoma as a malignant epithelial neo-
plasm with glandular differentiation, mucin production, or 
expression of pneumocyte markers [3]. Although lung adeno-
carcinomas are the most prevalent subtype of lung cancer seen 
in never-smokers, tobacco use is associated with a twofold 
risk. Demographically, this tumor is most frequently found in 
adults in their sixth to seventh decade.

Clinically, patients can present with a wide variety of pul-
monary symptoms (i.e., cough, hemoptysis, chest pain, 
shortness of breath) or no symptoms at all, depending on the 
extent of disease. Obstructive symptoms, secondary to mass 
effect or local invasion, may occur.

Surgical excision can be curative and may be followed by 
adjuvant therapy, which includes radiation, chemotherapy, 
and/or targeted therapy based on immunohistochemical or 
molecular findings. For example, a high tumor expression of 
PD-L1 can qualify patients for pembrolizumab, while ALK- 
driven tumors can be targeted with tyrosine kinase inhibitors. 
The prognosis depends on the stage at time of diagnosis, his-
tologic pattern, presence of targetable mutations, and under-
lying comorbidities.

 What Are the Radiologic Features of Lung 
Adenocarcinoma?

Imaging studies are paramount in the detection and diagno-
sis of lung cancer. Chest radiography and computed tomog-
raphy studies are most frequently used. Lung adenocarcinomas 
initially manifest as small, solitary, spherical nodules with 
borders that range from smooth and lobulated to irregular 
and spiculated (Fig. 6.2). Tumors may have both solid and 
nonsolid (so called “ground-glass”) components, with the 
solid component corresponding to invasive adenocarcinoma 
and the nonsolid component corresponding to lepidic growth 
(Fig.  6.3) [4–6]. The size of the solid—usually invasive—
component generally correlates with the prognosis [7]. 
Tumors have a geographical predilection for peripheral over 
hilar regions [8, 9].

 What Are the Pathologic Features of Lung 
Adenocarcinoma?

Macroscopically, lung adenocarcinomas are relatively 
demarcated, nonencapsulated lesions with yellow-tan cut 
surfaces that may show central scarring, necrosis, and/or 
hemorrhage. Visceral pleural involvement is crucial for stag-
ing, so care must be taken during gross examination to iden-
tify areas of pleural invasion, which often show overlying 
pleural fibrosis or puckering. As mentioned earlier, the mac-
roscopic heterogeneity of these tumors is significant, as solid 
areas correspond to invasive adenocarcinoma, while the less 
opaque and poorly defined areas, often at the periphery of the 
tumor, correspond to lepidic growth (Fig. 6.4). Areas with 
lepidic growth may have grossly preserved alveolar spaces. 
Tumors vary widely in size, ranging from subcentimeter 
nodules to greater than 10 cm.

Fig. 6.2 CT imaging shows a 24 × 22 mm mostly ground-glass nodule 
with spiculated margin in the superior segment of the right lower lobe 
extending to and tethering the major fissure

S. Liou and G. A. Fishbein



33

Fig. 6.3 CT imaging shows a mixed solid and ground-glass nodule in 
the left upper lobe measuring 27 × 12 × 31 mm

Fig. 6.4 Pulmonary lesion consisting of mixed solid and ground-glass 
areas, the former corresponding to invasive adenocarcinoma and the 
latter corresponding to lepidic growth

Microscopically, lung adenocarcinomas often have a 
dominant histologic subtype but can show a mixture of dif-
ferent growth patterns, which should be reported and quanti-
fied in 5% increments. The most common histologic patterns 
are lepidic, acinar, papillary, micropapillary, and solid. 
Additionally, adenocarcinoma cells may show non- mucinous 
(most common) or mucinous differentiation. Cribriform pat-
tern was recently recognized, which corresponds to more 
aggressive and poorer prognosis than tumors with acinar 
growth pattern [10]. The histologic subtype carries prognos-
tic value, as lepidic-predominant adenocarcinoma has a 
5-year survival upwards of 90%, whereas micropapillary- 
and solid-predominant adenocarcinomas have a 5-year sur-
vival of 67–70% [9, 11, 12].

 How Are Special Stains 
and Immunohistochemistry Used 
in the Diagnosis of Lung Adenocarcinoma? 
How About Genetic/Molecular Findings?

Pneumocyte markers that are widely used include TTF-1 
(nuclear staining) and napsin A (cytoplasmic staining). 75% 
of invasive adenocarcinomas are positive for TTF-1 [13]. 
Lung adenocarcinomas also typically express cytokeratin 7 
and lack cytokeratin 20 expression. Special stains that can be 
used to assess for pleural invasion include Masson’s tri-
chrome and Verhoeff’s elastic stain. In addition, mucicar-
mine, Kreyburg, or periodic acid-Schiff with diastase stain 
can confirm that the entity in question is mucin-producing.

Ancillary studies, such as molecular and fluorescence in 
situ hybridization (FISH) testing, are a crucial component of 
tumor assessment. Gene alterations in EGFR, ALK, and ROS1 
are particularly significant as there is targeted molecular ther-
apy available [14]. Additional oncogenic driver mutations 
associated with lung adenocarcinoma include KRAS, BRAF, 
ERBB2 (HER2), RET, MET, and NTRK1. In general, EGFR 
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mutations, which are present in 10–15% of lung adenocarci-
nomas, are more common in never-smokers, females, and 
non-mucinous tumors [15, 16]. KRAS mutations, which are 
present in 20–25% of lung adenocarcinomas, are more com-
mon in smokers and invasive mucinous adenocarcinomas [6].

 What Are the Diagnostic Criteria 
for Adenocarcinoma In Situ (AIS), Minimally 
Invasive Adenocarcinoma (MIA), and Invasive 
Adenocarcinoma?

See Table 6.1.

 How Is “Invasion” Defined in Invasive Lung 
Adenocarcinoma?

First and foremost, any histologic pattern other than lep-
idic—for example, acinar, papillary, micropapillary, and/or 
solid—is classified as invasive adenocarcinoma. In addition, 
extension into the lymphatics, blood vessels, visceral pleura, 
or alveoli is confirmation of an invasive tumor. Last but not 
least, the presence of tumor cells infiltrating myofibroblastic 
stroma counts as invasion. However, the interpretation of 
stromal reaction can be subjective, such as distinguishing 
desmoplastic stroma from benign scarring or fibroelastosis 
[17]. Indeed, there is significant interobserver variability in 
identifying the presence of invasion.

 What Is the Prognosis for Adenocarcinoma 
In Situ (AIS) and Minimally Invasive 
Adenocarcinoma (MIA) Versus Invasive 
Adenocarcinoma?

AIS and MIA have a 5-year disease-free survival of 100%, 
according to a study that looked at 514 cases of pathologic 
stage I adenocarcinoma [12]. Invasive adenocarcinoma can 

be broken down into an intermediate prognosis category 
(including lepidic, acinar, and papillary predominant pat-
terns) and a poor prognosis category (including solid and 
micropapillary predominant patterns); the former has a 
5-year disease-free survival between 83 and 90% and the lat-
ter between 67% and 76% [12].

 What Percentage of Resected Lung 
Adenocarcinomas Are Classified 
as Adenocarcinoma In Situ (AIS) and Minimally 
Invasive Adenocarcinoma (MIA) Versus 
Invasive Adenocarcinoma?

In a study that looked at 514 cases of stage I adenocarci-
noma, greater than 90% of cases were classified as invasive 
adenocarcinoma. Only a small fraction (2%) was classified 
as AIS and MIA [12].

 How Does Tumor Size Play a Role 
in the Staging of Lung Adenocarcinoma 
According to the Eighth Edition AJCC Staging 
Manual?

The tumor size that is reported depends on the histologic 
subtype. For non-mucinous adenocarcinomas with a lepidic 
component, the size of the invasive component is paramount 
to staging, as opposed to the entire tumor size (inclusive of 
both invasive and lepidic components). This is because the 
invasive size has been shown to be a greater prognostic indi-
cator of high-stage malignancy than whole tumor size [18, 
19]. In tumors where the invasive component cannot be mea-
sured in a single focus, an estimation of invasive tumor size 
can be calculated by multiplying the estimated percentage of 
tumor that is invasive by the total tumor size. For all other 
histologic subtypes, including invasive mucinous lung ade-
nocarcinomas, the size of the entire tumor is used to assign a 
T stage [20].

Table 6.1 Diagnostic criteria for lung adenocarcinoma

Adenocarcinoma in situ 
(AIS) Minimally invasive adenocarcinoma (MIA) Invasive adenocarcinoma

Tumor size (in greatest dimension) ≤3 cm ≤3 cm >3 cm
Tumor pattern Purely lepidic Predominantly lepidic Any pattern other than 

lepidic
Invasion None ≤5 mm invasion in any dimension in any one 

focus
>5 mm invasion

Pleural, lymphatic, or vascular 
invasion

Never Never Possible

Spread through air spaces Never Never Possible
Mucinous or non-mucinous Usually non-mucinous Usually non-mucinous Either
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 What Does Lepidic Pattern Look like? Where 
Does the Word “Lepidic” Come from?

The term lepidic is defined as noninvasive surface alveolar 
growth of tumor cells, wherein the normal architecture of 
lung parenchyma is undisturbed, and tumor cells proliferate 
along the walls of intact alveolar spaces without infiltrating 
the stroma. First proposed by Canadian pathologist John 
George Adami in 1902, lepidic described tumors derived 
from surface-lining cells, with origins of the word meaning 
“a rind, skin, or membrane” [21].

Adenocarcinomas showing lepidic growth have a charac-
teristic look: macroscopically, these areas are ill-defined and 
less solid and may show preserved alveolar spaces that per-
mit aeration; microscopically, the alveolar walls are expanded 
by tumor cells, but the parenchymal architecture is entirely 
preserved (Fig. 6.5). Importantly, there is no lymphovascular 
or pleural invasion. Lung adenocarcinomas with a lepidic 
pattern have the most favorable prognosis.

 How Are Acinar, Solid, Papillary, 
and Micropapillary Patterns of Lung 
Adenocarcinoma Defined?

Acinar growth pattern is characterized by round-to-oval or 
angulated glands with central lumina typically within des-
moplastic stroma (Fig. 6.6). Solid growth pattern consists of 
sheets or nests of back-to-back tumor cells with little to no 
recognizable gland formation (Fig. 6.7). Papillary growth is 
characterized by tumor with at least 75% true papillae with 
fibrovascular cores, whereas micropapillary pattern is com-
posed of small projections or cellular tufting without fibro-

vascular cores (Figs.  6.8 and 6.9). In the micropapillary 
pattern, cells may appear to “float” in the alveolar spaces 
either singly or in rings. Because papillary and micropapil-
lary patterns have some overlap and it is difficult to fully 
represent a three-dimensional structure on two-dimensional 
imaging, there is room for interpretation which makes objec-
tive classification challenging.

 How Does One Approach a Small Biopsy 
Specimen that Shows Only Non-mucinous 
adenocarcinoma with Lepidic Growth Pattern?

Because the biopsy may not be representative of the entire 
lesion, the tumor should be characterized as “adenocarci-

Fig. 6.5 Lepidic growth pattern, characterized by the growth of tumor 
cells along the surface of alveolar septa with overall preservation of 
lung architecture

Fig. 6.6 Acinar growth pattern is characterized by a proliferation of 
round-to-oval or angulated glands with central lumina

Fig. 6.7 Solid growth pattern, characterized by cords and sheets of 
back-to-back tumor cells

6 Invasive Adenocarcinoma Versus Adenocarcinoma In Situ



36

Fig. 6.8 Papillary growth pattern, showing true papillae containing 
fibrovascular cores

Fig. 6.9 Micropapillary growth pattern, characterized by papillary 
tufting without fibrovascular cores, as well as nests of cells that appear 
to “float” in the alveolar spaces

noma with lepidic pattern” without committing the lesion to 
adenocarcinoma in situ [4]. A definitive diagnosis can only 
be made on resection specimens, as the entire tumor needs to 
be evaluated for an invasive component. Should further sam-
pling reveal any of the following, a diagnosis of lepidic- 
predominant lung adenocarcinoma can be made: (a) tumor 
invading pleura or lymphovasculature, (b) tumor necrosis, or 
(c) spread through air spaces.

 How Does One Approach a Case with Multiple 
Lepidic-Predominant Lesions, for Example, 
a Lobectomy Specimen with Multiple Discrete 
Foci of Lepidic-Prominent Adenocarcinoma, 
Minimally Invasive Adenocarcinoma, 
and Adenocarcinoma In Situ?

The designation applied to such cases is multifocal lung 
adenocarcinoma with lepidic features. The T assignment 
corresponds to the highest T lesion and is followed by the 
suffix “m” (for multiple) or the number of discrete tumors in 
parentheses (i.e., T1b(m) or T1b(3)). A single N and M cat-
egory is used for the lesions collectively. The prognosis is 
favorable as this pattern of disease demonstrates a low fre-
quency of nodal or extra-thoracic metastases. Retrospective 
studies suggest that these represent synchronous primary 
tumors rather than intrapulmonary metastases [22–24].

 What Is the Differential Diagnosis for Lung 
Adenocarcinoma?

The differential is broad and includes atypical adenomatous 
hyperplasia, large cell neuroendocrine carcinoma, poorly 
differentiated squamous cell carcinoma, adenoid cystic car-
cinoma, papillary thyroid carcinoma, mesothelioma, and 
adenocarcinoma from extra-thoracic origin.
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7Solid Pulmonary Adenocarcinoma 
Versus Large-Cell Undifferentiated 
Carcinoma

Jared Cobb and Chen Zhang

 Case Presentation

A 51-year-old female smoker presents with longstanding dry 
cough for several months, which was initially thought to be 
due to bronchitis. Over the next month, the patient continues 
to show worsening of symptoms and develops new-onset 
hemoptysis, 10-pound weight loss, shortness of breath with 
exertion, increasing fatigue, and loss of appetite. Her chest 
computed tomography (CT) is remarkable for a 4.0 cm right 
lower lobe mass along the posterior lateral segment, with 
fluorine 18 fluorodeoxyglucose (FDG) avidity on positron- 
emission tomography (PET)/CT.  These findings raise the 
concern for malignancy, without evidence of mediastinal or 
distant metastases. Subsequently, a CT-guided biopsy reveals 
a poorly differentiated non-small-cell carcinoma (NSCLC) 
without apparent squamous or glandular elements. The 
patient’s past medical history, family history, and social his-

tory are otherwise noncontributory. Shortly thereafter, the 
patient proceeds to right lower lobectomy with mediastinal 
lymph node dissection via video-assisted thoracoscopic sur-
gery (VATS).

Gross examination reveals a subpleural, gray-white, 
and well-circumscribed 4.4  cm mass. Histologic sec-
tions reveal a high-grade infiltrative malignant neoplasm 
composed of nests and sheets of polygonal cells lack-
ing discernable acini, tubules, or papillae (Fig. 7.1a). 
Immunohistochemical analysis reveals the cells of interest 
to stain positively for cytokeratin AE1/AE3 (not shown) 
and TTF-1 (Fig. 7.1b) and negatively for p40 (Fig. 7.1c). 
A mucicarmine stain highlights abundant intracytoplasmic 
mucin (Fig.  7.1d). Programmed death-ligand 1 (PD-L1) 
immunohistochemical stain exhibits a tumor proportion 
score (TPS) of 70%, and the patient is subsequently treated 
with pembrolizumab.

J. Cobb
Department of Pathology and Laboratory Medicine, Indiana 
University School of Medicine, Indianapolis, IN, USA

C. Zhang (*) 
Weill Cornell Medicine, Department of Pathology and Laboratory 
Medicine, New York, NY, USA
e-mail: fjr9007@med.cornell.edu

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_7&domain=pdf
mailto:fjr9007@med.cornell.edu
https://doi.org/10.1007/978-3-031-14402-8_7


40

a b
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Fig. 7.1 Histologic features of solid pulmonary adenocarcinoma 
(SPA). (a) The tumor consists of nests and sheets of polygonal epithe-
lial cells with round-to-oval nuclei and abundant eosinophilic cyto-
plasm. The nuclei are moderately atypical with inconspicuous nucleoli. 
No keratinization, glandular formation, or mucin production is seen. 

H&E, 100×. (b) Tumor cells show strong and diffuse nuclear positivity 
on TTF-1 immunohistochemical stain. (c) Tumor cells are negative for 
squamous marker p40. (d) Mucicarmine stain demonstrates abundant 
intracytoplasmic mucin vacuoles that are difficult to appreciate on H&E 
stain. 200×

 Final Diagnosis: Solid-Type Pulmonary 
Adenocarcinoma

 What Are the Clinical and Prognostic Features 
of Solid-Type Pulmonary Adenocarcinoma 
(SPA), and How Do They Differ from Large-Cell 
Undifferentiated Carcinoma (LCUC)?

SPA and LCUC typically present in a similar fashion with short-
ness of breath, cough, and pneumonia. Primary lung adenocar-
cinomas are more common in smokers and more frequently 
identified incidentally, compared to LCUC [1–3]. Additionally, 
paraneoplastic syndromes, although common in primary lung 

carcinomas, are less frequently observed in adenocarcinoma 
compared to other histologic types [3]. Prognostically, SPA and 
LCUC are not different from other types of NSCLC, with the 
main prognostic indicators being performance status at diagno-
sis and tumor node metastasis (TNM) stage [3]. From the histo-
logic standpoint, poor prognostic indicators for both entities 
include a high histologic grade, extensive tumor necrosis, 
increased mitotic figures, few tumor-infiltrating lymphocytes, 
and vascular invasion. Genetically, for both SPA and LCUC, 
KRAS activation is associated with a poor prognosis as well as 
p53 mutation and overexpression of c-erbB2 [4–6]. As molecu-
lar studies in these tumors advance, studies may continue to 
identify prognostically significant subsets of NSCLCs.
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 Can Radiologic Studies Be Used to Distinguish 
SPA from LCUC?

SPA and primary lung adenocarcinomas in general are fre-
quently found in the peripheral lung and under 4.0 cm in size 
unlike LCUC which more commonly presents centrally with 
associated mediastinal lymphadenopathy and at a size larger 
than 4.0  cm [3]. Additionally, LCUC may present with 
involvement of the large bronchi, visceral pleura, or chest 
wall [7]. However, SPA only presents with pleura and chest 
wall involvement in approximately 15% of cases [3, 8]. By 
CT scan both pure SPA and LCUC are likely to present as a 
densely solid mass [9–12]. However, in mixed adenocarci-
noma with a solid-predominant pattern, additional features 
may be identified such as a ground-glass periphery indicat-
ing a potential mixed bronchoalveolar pattern [13]. At the 
time of gross evaluation, a ground-glass component may be 
difficult to discern in an otherwise solid-appearing mass. 
Thus, comparing the radiologic impression to the tissue sub-
mitted for histologic evaluation can be helpful in difficult 
cases.

 What Are the Pathologic Features of SPA 
and LCUC? How Can Special Stains Be Used 
to Distinguish These Two Entities?

Both SPA and LCUC are poorly differentiated non- squamous 
epithelial neoplasm that lack acini, tubules, and papillae. 
SPA is defined by the presence of cytoplasmic mucin in at 
least five tumor cells in two high-power fields. Diffuse and 
strong positivity on immunohistochemical stains of TTF-1 
and/or napsin A also confirms the diagnosis. Compared with 
SPA, LCUC commonly demonstrates a higher degree of 
cytologic atypia, with large polygonal tumor cells, vesicular 
nuclei, prominent nucleoli, and moderate amounts of eosino-
philic or clear cytoplasm (Fig. 7.2a–d). By definition, LCUC 
is a diagnosis of exclusion after ruling out any component of 
squamous cell carcinoma, adenocarcinoma, or small-cell 
carcinoma by morphology and immunohistochemical and/or 
mucin stains. In contrast to SPA which may be diagnosed on 
small biopsies with positive TTF-1 and/or mucin staining, 

LCUC can only be diagnosed on resection specimens after 
adequate sampling and examination of the entire tumor.

Other diagnostic considerations include poorly differen-
tiated squamous cell carcinoma and mixed-type adenocar-
cinoma [1]. The mixed subtype comprises approximately 
80% of resected pulmonary adenocarcinomas, and careful 
sampling is required to exclude the presence of different 
architectural patterns such as papillary, acinar, and lepidic 
patterns [14]. With a majority solid component, in the pres-
ence of additional architectural patterns, the diagnosis 
becomes solid-predominant pulmonary adenocarcinoma. 
Poorly differentiated squamous cell carcinoma is effec-
tively excluded by the lack of p40 immunohistochemical 
staining.

Ultimately, LCUC is primarily a diagnosis of exclusion. 
Although rare cells in LCUC may contain intracellular 
mucin, most tumors lack significant mucicarmine staining 
and are negative for TTF-1, p40, and neuroendocrine mark-
ers [15, 16]. Additionally, extensive sampling will fail to 
reveal typical patterns of pulmonary adenocarcinoma. If 
these are present, other diagnosis should be considered, 
including the possibility of a collision tumor.

 Are Genetic/Molecular Findings Useful 
in the Diagnosis and Treatment of SPA 
and LCUC?

The molecular findings for SPA and LCUC are largely simi-
lar, including point mutations in oncogenes such as KRAS 
and tumor suppressor genes such as p53 and Rb/p16Ink4 
being the most common [17–19]. KRAS mutations typically 
occur at codon 12 from cancers arising in smokers and may 
be present in up to 30% of SPAs but are less common in 
other types of lung cancer including LCUC [20]. Furthermore, 
KRAS mutations correlate with poor survival and render 
EGFR inhibitors ineffective [4]. Later developments in the 
carcinogenesis pathway include loss of heterozygosity in 
multiple chromosomes including 2q, 9q, 18q, and 22q [21]. 
In addition to EGFR inhibitors, FDA-approved therapies tar-
geting PD-1-, BRAF-, ROS1-, and ALK-positive NSCLCs are 
currently in use.
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Fig. 7.2 Histologic features of large-cell undifferentiated carcinoma 
(LCUC). (a) The tumor consists of sheets of large polygonal pleomor-
phic cells with vesicular nuclei, prominent nucleoli, and moderate 

amount of eosinophilic and clear cytoplasm. No keratinization, glandu-
lar formation, or mucin production is seen. H&E, 200×. (b–d) The 
tumor cells stain negative for TTF-1 (b), p40 (c), and mucicarmine (d)
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8Large-Cell Neuroendocrine Carcinoma 
Versus Solid-Predominant Lung 
Adenocarcinoma

Sophia Shaddy and Eric C. Huang

 Case Presentation

A 65-year-old man with a past medical history of smoking 
presents with persistent dyspnea and cough. His chest com-
puted tomography (CT) scan shows a 3.7 cm right upper lobe 
lung mass. The core-needle biopsy demonstrates solid nests 
and rosette-like malignant cells with finely granular chroma-
tin, moderate amount of eosinophilic cytoplasm, and brisk 
mitotic activity. Immunohistochemical stains are positive for 
TTF-1 and show focal positivity for synaptophysin, chromo-
granin, and CD56. The biopsy is diagnosed as poorly differ-

entiated carcinoma favoring large-cell neuroendocrine 
carcinoma (LCNEC).

The subsequent lobectomy from the right upper lobe con-
tains similar malignant cells with predominantly organoid 
architecture and notable necrosis (Fig. 8.1a). High-power exam-
ination shows a large cell size, fine chromatin, variably promi-
nent nucleoli, scant-to-moderate amount of eosinophilic and 
granular cytoplasm, and numerous mitotic figures (Fig. 8.1b). 
Malignant cells are diffusely positive for TTF-1, synaptophysin, 
and CD56 with focal positivity for chromogranin. Ki-67 label-
ing index is estimated to be greater than 70%.
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Fig. 8.1 (a) Low power showing organoid pattern with necrosis (H&E, 200×). (b) High power showing neuroendocrine nuclear features along 
with prominent nucleoli and numerous mitotic figures (arrows) (H&E, 400×)
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 Diagnosis: Large-Cell Neuroendocrine 
Carcinoma (LCNEC)

 What Are the Key Clinicopathologic Findings 
of LCNEC and Solid Adenocarcinoma 
of the Lung?

LCNEC of the lung is a rare high-grade neuroendocrine 
malignancy that was previously classified as a variant of 
large-cell carcinoma [1–4]. Now classified with typical car-
cinoid (TC), atypical carcinoid (AC), and small-cell lung 
carcinoma (SCLC) as a subtype of neuroendocrine tumor, 
LCNEC accounts for approximately 3% of all lung tumors 
with a predisposition for older male smokers [3, 5–8]. 
Though LCNEC can be morphologically diverse, these 
tumors demonstrate a characteristic neuroendocrine appear-
ance on histologic examination such as organoid, trabecular, 
or rosette-like architectural pattern, granular-to-coarse “salt- 
and- pepper” chromatin, and moderate amount of eosino-
philic cytoplasm. Additionally, increased mitotic rate (>10 
mitoses per 10 high-power fields) and necrosis are present 
[1, 2, 7, 8]. A large cell size (defined as greater than the diam-
eter of three lymphocytes) and prominent nucleoli are dis-
tinct features of LCNEC not seen in other neuroendocrine 
tumors of the lung [1]. Neuroendocrine differentiation is 
confirmed by detection of dense-core granules by electron 
microscopy or more commonly, by immunohistochemical 
expression of synaptophysin, chromogranin, and/or CD56 
[1, 9].

Solid-predominant adenocarcinoma is one of five archi-
tectural subtypes of invasive lung adenocarcinoma according 
to the 2015 WHO classification and is associated with older 
male nonsmokers [5, 10–12]. Malignant cells are arranged in 
sheets, and individual cells show vesicular nuclei, prominent 

nucleoli, and abundant cytoplasm (Fig.  8.2a, b) [13, 14]; 
intracellular mucin must be demonstrated with histochemi-
cal stains in five or more neoplastic cells in at least two high- 
power fields. Solid neoplastic cells lacking mucin but 
expressing pneumocyte markers (TTF-1 and/or napsin A) are 
also included in this category [14]. This subtype, as with 
micropapillary, is associated with a poor prognosis among 
the adenocarcinoma subtypes, and emerging studies identi-
fied a distinct molecular profile [11, 14–16].

 Are There any Features on Radiologic Imaging 
that Would Help Diagnose and Differentiate 
LCNEC and Solid-Predominant 
Adenocarcinoma?

There are no clear radiologic features distinguishing LCNEC 
from solid adenocarcinoma and other non-small-cell carci-
nomas. However, certain radiologic findings may suggest the 
presence of either LCNEC or a solid component of adeno-
carcinoma. Knowledge of these parameters could help pre-
dict prognosis and would be beneficial in therapeutic 
planning, particularly for inoperable patients.

LCNEC is often peripherally located with a well-defined, 
lobular appearance on CT scans [17, 18]. In a large series of 
38 cases by Oshiro et al., LCNEC was also found to lack air 
bronchograms and calcifications, and larger LCNEC showed 
inhomogeneous enhancement secondary to necrosis [17].

Few radiologic findings indicate the possibility of a solid 
component of adenocarcinoma, most notably a lack of 
ground-glass opacity, as compared to other subtypes of ade-
nocarcinoma findings on imaging. Lung tumor CT findings 
of greater than stage I disease, size ≥2.5 cm, solid mass, and 
lack of ground-glass opacity are associated with solid or 

a b

Fig. 8.2 (a) Solid predominant adenocarcinoma mimicking an organoid growth pattern with areas of necrosis (H&E, 200×). (b) Higher power, 
however, shows prominent nucleoli and abundant cytoplasm with lack of characteristic neuroendocrine nuclear features (H&E, 400×)
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micropapillary subtype on histology. Additionally, positron- 
emission tomography (PET) standardized uptake value 
(SUV) maximum of ≥7 indicates a higher likelihood of 
either solid or micropapillary subtype [10].

 What Immunohistochemical Stains Are Helpful 
for Diagnosing and Differentiating These Two 
Entities, Particularly on Small Biopsy/Cytology 
Specimens?

LCNEC and solid-predominant adenocarcinoma share mor-
phologic features, such as enlarged nuclei and prominent 
nucleoli, which can make differentiating these two entities 
difficult on small core biopsy or cytology samples. If clear 
adenocarcinoma morphology is present on routine histologic 
evaluation, the diagnosis can be made by light microscopy 
alone, and the presence of a particular subtype should be 
mentioned when possible. For cases without definite adeno-
carcinoma morphology, the use of one adenocarcinoma 

marker such as TTF-1 and one squamous marker such as p40 
is recommended as the minimal first round panel of stains in 
order to conserve tissue for potential molecular testing 
[19–21].

However, if neuroendocrine features are suggested on his-
tologic evaluation, a larger panel of stains is necessary to 
distinguish LCNEC from solid-predominant adenocarci-
noma. The addition of napsin A and neuroendocrine markers 
such as chromogranin, synaptophysin, and/or CD56 can help 
in this scenario as both entities are positive for TTF-1 
(Fig. 8.3) [19, 21–23]. A staining pattern of TTF-1 and nap-
sin A dual positivity supports the diagnosis of adenocarci-
noma, while napsin A negativity and positivity of at least one 
neuroendocrine marker support the diagnosis of LCNEC 
(Table 8.1). In addition, histochemical stains such as muci-
carmine are very helpful in diagnosis of solid adenocarci-
noma if the neoplastic cells are negative for TTF-1 or napsin 
A; intracellular mucin must be demonstrated with histo-
chemical stains in five or more solid adenocarcinoma cells in 
at least two high-power fields [14].

a

b c

Fig. 8.3 LCNEC with TTF-1 (a), synaptophysin (b), and chromogranin (c) positivity (400×)
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Table 8.1 Summary of helpful stains to differentiate LCNEC from 
primary lung adenocarcinoma

LCNEC Adenocarcinoma (lung primary)
TTF-1 + +
Napsin A −a +
Neuroendocrine marker + −/+
(Synaptophysin, chromogranin, CD56)

aNapsin A can be focal and weak or moderate staining in LCNEC [18]

Biopsy and cytology specimens are the mainstay of diag-
nosing lung cancer since most patients present in advanced, 
unrespectable stages. Given the increasing prevalence of tar-
geted molecular therapy, pathologists must make prudent 
decisions during the diagnostic work-up in order to provide 
a specific classification while also preserving tissue for ancil-
lary molecular testing [19, 21]. For these reasons, it is essen-
tial that morphologic findings dictate the appropriate panel 
of immunohistochemical stains [5, 12, 19].

 Are There any Diagnostic Pitfalls 
with Immunohistochemistry to Be Aware of?

In general, the combination of positive TTF-1 and positive 
napsin A supports a diagnosis of adenocarcinoma when dif-
ferentiating LCNEC from solid-predominant adenocarci-
noma. However, a rare subset of LCNEC can express napsin 
A [22]. In comparison with adenocarcinoma, LCNEC has 
weaker and more focal napsin A staining which can alert 
pathologists to a potential pitfall. Weak napsin A staining 
with positive neuroendocrine markers in a tumor with neuro-
endocrine morphology would best be classified as LCNEC 
over adenocarcinoma [22].

It should also be noted that the routine use of neuroendo-
crine markers in the evaluation of poorly differentiated non- 
small- cell lung carcinoma (NSCLC) without definitive 
neuroendocrine morphology is not recommended due to lack 
of clinical relevance in these types of tumors with positive 
staining [24, 25].

 What Are Genetic Differences, and Is There any 
Impact on Therapy?

Current targetable mutations are infrequently found in 
LCNEC [26]. However, few case reports of LCNEC with 
EGFR/ALK mutations have been described, suggesting rou-
tine screening for druggable mutations in LCNEC would be 
of benefit [27].

Although targetable mutations for therapy are lacking in 
LCNEC, genomic profiling of LCNEC demonstrates distinct 
genomic subsets that are also associated with differences in 
therapeutic outcomes. The most frequently described sub-

types consist of SCLC- and NSCLC-like mutations due to 
overlapping molecular alterations with each respective 
group. LCNEC in the SCLC-like group show molecular 
alterations in RB1 and TP53, which are frequently associ-
ated with SCLC. Mutations typically associated with adeno-
carcinoma seen in the NSCLC-like subtype include STK11, 
KRAS, and KEAP1-NFE2L2. Interestingly, STK11 and KRAS 
mutations were found to be mutually exclusive with RB1 and 
TP53 co-alterations [26, 28–30].

There is no consensus on whether SCLC or NSCLC treat-
ments should be applied to metastatic cases, and both 
platinum- etoposide, a SCLC therapy, and NSCLC regimens 
are acceptable [30, 31]. However, recent studies show the 
NSCLC-like molecular subtype responds better to NSCLC 
treatments (gemcitabine/taxane) than to the SCLC platinum- 
etoposide regimen. Additionally, LCNEC with KRAS muta-
tions (NSCLC-like molecular subtype) do not respond as 
well to platinum-etoposide regimens as SCLC [6, 22, 27, 
30].

Molecular alterations in KRAS, ALK, ROS1, and RET 
have been associated with the solid-predominant subtype of 
adenocarcinoma [14, 15, 32, 33]. Most in keeping with pre-
vious studies that show a solid component has a negative 
association with EGFR mutations, the presence and amount 
of a solid morphology have been linked to increased fre-
quency of KRAS mutations and decreased frequency of 
EGFR mutations [12, 15, 33]. Though solid-predominant 
lung adenocarcinoma is unlikely to benefit from EGFR tar-
geted therapy, ALK inhibitors, such as crizotinib, may play 
an important therapeutic role in this subtype. Solid- 
predominant morphology is an independent predictor of the 
presence of ALK rearrangements in a multivariate analysis 
by Nishino et al. [34]. Additionally, Pan et al. found solid- 
predominant subtype to be enriched in ALK mutations, along 
with ROS1 and RET [32]. The association and identification 
of a solid morphologic component with particular molecular 
alterations may help guide molecular testing when available 
material is from limited biopsy/cytology specimens.

Biopsy and cytology specimens are the primary diagnos-
tic material in the majority of lung carcinoma cases. It is 
important to gain as much useful clinicopathologic informa-
tion to aid in the diagnosis of LCNEC and solid-predominant 
adenocarcinoma especially if the small biopsy or cytology 
sample is all the material that is available for potential 
molecular testing.
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9Poorly Differentiated Squamous Cell 
Carcinoma Versus Solid Pattern 
Adenocarcinoma

Anshu Bandhlish and Haodong Xu

 Case Presentation

A 67-year-old man was a former smoker with a 30 pack-year 
history of smoking and end-stage liver disease due to hepati-
tis C with cirrhosis and hepatocellular carcinoma. He denied 
any respiratory symptoms. When evaluated for a liver trans-
plant, chest computerized tomography (CT) demonstrated a 
1.5 cm peripheral nodule with cavitation involving the right 
lower lobe and associated with mild atelectasis in the lung 
bases and small right pleural effusion (Fig. 9.1). He had a 
CT-guided biopsy which demonstrated a poorly differentiated 
carcinoma with abundant eosinophilic cytoplasm. No obvi-
ous keratinization, intercellular bridges, or intra- cytoplasmic 
mucin was identified to suggest squamous cell carcinoma 
or adenocarcinoma (Fig.  9.2a). Immunohistochemical 
stains demonstrate that the neoplastic cells are diffusely and 
strongly positive for p40 (Fig. 9.2b) while being negative for 
TTF-1 (Fig. 9.2c).
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Fig. 9.1 Chest CT showed a 1.5 cm peripheral nodule with cavitation 
in the right lower lobe with mild atelectasis in the lung bases
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Fig. 9.2 Poorly differentiated squamous cell carcinoma. Histological 
section shows nests of a large cohesive malignant cell proliferation with 
abundant eosinophilic cytoplasm (a, 400×). Immunohistochemical 

stains show the neoplastic cells are diffusely and strongly positive for 
p40 (b, 100×), and they are negative for TTF-1; TTF-1 highlights the 
reactive type II pneumocytes (c, 100×)

 Pathologic Diagnosis: Poorly Differentiated 
Squamous Cell Carcinoma

 What Are the Histopathologic Features of Lung 
Adenocarcinoma and Squamous Cell 
Carcinoma?

Squamous cell carcinoma is characterized by neoplastic cells 
with abundant eosinophilic cytoplasm, sharp cell borders, 
intercellular bridges, and keratinization, whereas adenocar-

cinoma is characterized by the presence of malignant glands 
and/or the presence of intracytoplasmic mucin [1].

Classification of invasive lung adenocarcinoma is based 
on semiquantitative assessment of histologic patterns (in 5% 
increments) with the goal of choosing a single, predominant 
pattern as per the International Association for the study of 
Lung Cancer, American Thoracic Society, and European 
Respiratory Society, and it is classified as lepidic, acinar, 
papillary, micropapillary, and solid predominant adenocarci-
noma [2–5]. Non-keratinizing squamous cell carcinomas can 
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be difficult to distinguish from poorly differentiated solid 
adenocarcinomas which are composed of solid sheets of 
polygonal tumor cells without glandular differentiation and/
or intracytoplasmic mucin.

 What Are the Immunohistochemical Stains 
Often Utilized to Differentiate Poorly 
Differentiated Lung Squamous Cell Carcinoma 
from Solid Adenocarcinoma?

The inherent challenge in accurately classifying poorly dif-
ferentiated lung carcinomas has paved way for a wide use of 
immunohistochemistry to evaluate non-small-cell lung car-
cinomas (NSCLC) that are difficult to classify on routine 
hematoxylin and eosin (H&E) stains. In most biopsies, a lim-
ited panel of p40 and TTF-1 immunostains is sufficient for 
accurate classification, and additional squamous markers 
such as p63 and CK5/6 and glandular markers such as nap-
sin- A and CK7 can be utilized in cases with an unusual mor-
phology [6]. A panel comprising of TTF-1 and p40 
immunohistochemical stains, accompanied sometimes by a 
mucicarmine stain. Awareness of sensitivity and specificity 
of the various immunohistochemical stains is important dur-
ing routine diagnostic evaluation. p40 has been shown to 
have greater specificity than p63 for squamous cell carci-
noma, although the sensitivity of both stains is equal [7–9]. 
Our case showed diffuse strong positivity for p40 (Fig. 9.2b) 
rather than scattered and weak staining sometimes seen in 
the solid adenocarcinomas and TTF-1 (8G7G3/1) negativity 
(Fig. 9.2c). Immunohistochemical markers to routinely iden-
tify squamous lineage are CK5/6, p40, and p63. The P63 
gene is a member of the p53/p63/p73 family of transcription 
factors and plays a critical role in the development and 
homeostasis of squamous epithelium [8, 10]. Studies using 
antibodies against p63 have demonstrated positive results in 
a small percentage of lung adenocarcinomas [6, 8]. Unlike 
one of the p63 isoforms, ΔNp63, detected by antibody p40, 
is highly specific for squamous and basal cells and is overex-
pressed in squamous cell carcinoma in multiple organs 
[8–11].

TTF-1 antibody, used for the diagnosis of lung adenocar-
cinoma, is homeodomain-containing transcription factor that 
is predominantly found in normal type II alveolar pneumo-
cytes [7]. TTF-1 antibodies for tissue diagnosis have been 
developed in three major clones: SPT24, SP141, and 
8G7G3/1. In a study evaluating the utility of these three dif-
ferent antibody clones using tissue microarrays from 665 
cases of resected lung cancer and 428 pulmonary metastases, 
positive immunoreactivity was seen in 89%, 93%, and 93% 
of lung ADC and 0%, 6%, and 8% of SCC, using the TTF-1 
clones 8G7G3/1, SPT24, and SP141, respectively. These 
findings indicate that clone 8G7G3/1 is more specific but 

less sensitive compared to SPT24 and SP14 [12]. For clones 
SPT24 or SP141, a cutoff of 10% positive tumor cells is 
reported more useful than 1% to help overcome the problem 
of low specificity [12]. Another study using tissue microar-
rays of 480 resection specimens of poorly differentiated 
squamous cell carcinoma showed that all cases of both kera-
tinizing and non-keratinizing squamous cell carcinomas 
were diffusely positive for p40 (99% and 98%, respectively) 
and negative for TTF-1 (8G7G3/1). Clone SPT24 exhibited 
focal and weak reactivity in 6% of pulmonary SCC.  This 
study also confirmed the higher specificity for TTF-1 
8G7G3/1 clone than SPT24 clone for differentiating lung 
ADC from SCC. Basaloid squamous cell carcinoma showed 
diffuse expression of p40 in 80% of cases [13].

These immunohistochemical stains should be interpreted 
with caution given the presence of occasional pitfalls, such 
as positivity for p63 and TTF-1 (SPT24 clone) in a small 
percentage of lung adenocarcinomas and squamous cell car-
cinomas, respectively [13]. p63 positivity in scattered cells is 
not entirely specific and does not help us further classify 
these tumors [7]. Benign TTF-1 and napsin A-positive 
entrapped and reactive pneumocytes and associated napsin 
A-positive macrophages should not be misinterpreted as car-
cinoma cells [1].

Mucin stains, such as mucicarmine, periodic acid-Schiff 
with diastase (PASD), and Alcian Blue-periodic acid-Schiff 
(ABPAS), can be utilized in poorly differentiated carcinomas 
although the sensitivity is low [7, 14]. Careful interpretation 
of mucin stains should be performed so as not to interpret 
apoptotic or necrotic tumor cells, macrophages, trapped 
benign epithelium, glycogen, or stromal mucin as cytoplas-
mic mucin [14]. Squamous cell carcinomas and large-cell 
carcinomas of the lung may show rare cells with intra- 
cytoplasmic mucin and are not indicative of solid pattern 
adenocarcinoma. Intracellular mucin should be present in at 
least five tumor cells in two high-power fields, for classifica-
tion as solid adenocarcinoma with mucin [15].

 What Are the Differences in the Prognosis 
and Molecular Findings between Lung 
Squamous Cell Carcinoma 
and Adenocarcinoma?

The emergence of targeted therapies for NSCLC has 
increased the demands for accurate histologic classification 
of NSCLC. The widespread use of next-generation sequenc-
ing (NGS) has facilitated access to vast amount of data 
regarding the molecular profiles of lung cancer. Among the 
various patterns of invasive adenocarcinoma, solid subtype 
correlates with poor prognosis. Disease-free survival at 
5 years is 70% for solid adenocarcinoma, compared to 100% 
for low-grade and 83–90% for intermediate-grade tumors 
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[16]. Accurate diagnosis of the poor prognostic group of 
lung adenocarcinoma, including solid adenocarcinoma, is 
important, as these patients may be candidates for adjuvant 
therapy. The importance of immunohistochemistry in the 
accurate diagnosis of lung carcinoma must be emphasized, 
given that targeted therapy varies, since molecular altera-
tions are different between adenocarcinoma and squamous 
cell carcinoma. EGFR mutations are the most common tar-
geted driver mutation in lung adenocarcinoma (more com-
monly seen in micropapillary and lepidic pattern); these are 
more often identified in female and East Asian patients with 
a non−/light smoking history [1, 17]. ALK rearrangements 
are seen in approximately 4–5% of adenocarcinomas, more 
typically with acinar pattern, non-/light smoking history, and 
onset of disease at younger age. Various clinical trials have 
demonstrated the efficacy of tyrosine kinase inhibitors (TKI) 
or ALK inhibitors in patients with ALK gene rearranged 
NSCLC. ROS1 and RET rearrangements are described in 
approximately 1% of cases. RET fusions are usually seen in 
poorly differentiated adenocarcinoma [17].

Squamous cell carcinoma, on the other hand, has signifi-
cant mutations in genes such as TP53, CDKN2A, PTEN, 
PIC3CA, KEAP1, MLL2, HLA-A, NFE2L2, NOTCH1, RB1, 
and PDYN, with up to 90% harboring TP53 mutations [17]. 
Two recent genetic alterations with potential for targeted 
therapy have been identified in a small percentage of pulmo-
nary squamous cell carcinomas: these include mutations in 
DDR2 (discoidin domain receptor tyrosine kinase 2) and 
FGFR1 (fibroblast growth factor 1) amplification [18].
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10Invasive Mucinous Adenocarcinoma 
Versus Ciliated Muconodular Papillary 
Tumor

Yu Yang and Chen Zhang

 Case Presentation

A 45-year-old female patient presents with a productive 
cough which has persisted for 7 months. She has no history 
of cigarette smoking or other significant past medical his-
tory. A chest computed tomography (CT) scan demonstrates 
airspace consolidation within the left upper lobe with air 
bronchograms, suggesting of pneumonia. A bronchoalveolar 
lavage (BAL) specimen is obtained, and the BAL specimen 
is sent for culture and cytologic examination. The culture is 
negative. The cytological examination reveals abundant 
mucin but no atypical cells. She undergoes antibiotic treat-
ment for a month without improvement of her symptoms. A 
CT scan is repeated and shows a rapid increase in the size of 
the parenchymal opacity in the left upper lobe (Fig. 10.1). A 
decision is made to do a video-assisted thoracoscopic sur-
gery (VATS) wedge biopsy.

Grossly, the lung wedge biopsy specimen shows an intact, 
smooth pleural surface. The cut surface is diffusely consoli-
dated with a gelatinous appearance.

The hematoxylin and eosin (H&E)-stained sections 
prepared from the wedge biopsy show a mucinous epithe-
lial neoplasm growing along the pre-existing, unaltered 
alveolar septa. The underlying alveolar structure is pre-
served, but the alveolar spaces are filled with mucin and 
abundant alveolar macrophages (Fig. 10.2a). The neoplas-
tic cells are tall and columnar with abundant intracyto-
plasmic mucin and basally located nuclei showing mild 

cytologic atypia (Fig. 10.2b). The majority of the tumor 
cells grow in a lepidic pattern; in some areas, the tumor 
cells form papillary or micropapillary structures, with-
out a desmoplastic reaction or destruction of the alveolar 
structure (Fig. 10.2c).

By immunohistochemistry, the tumor cells are positive 
for CK7 and negative for CK20, CDX2, napsin A, and 
TTF-1.

KRAS gene mutation is detected by direct sequencing of 
codons 12 and 13 in exon 2 and codon 61 in exon 3. EGFR 
gene mutation is not detected by real-time polymerase chain 
reaction or direct sequencing of exons 18, 19, 20, and 21. 
Fluorescence in situ hybridization (FISH) studies show no 
evidence of ALK or ROS-1 gene rearrangements.
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Fig. 10.1 Imaging features of invasive mucinous adenocarcinoma 
(IMA) of the lung. Chest CT image shows airspace consolidation 
within the left upper lobe with air bronchograms
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Fig. 10.2 Histologic features of IMA. (a) A low-magnification photo-
micrograph showing a mucinous epithelial neoplasm growing along the 
unaltered alveolar septa (lepidic growth pattern). The alveolar spaces 
are filled with mucin and macrophages. H&E, 20×. (b) A higher- 
magnification view of the neoplastic epithelium consisting of columnar 

cells with abundant apical intracellular mucin and basally located oval 
nuclei. There is minimal cytological atypia. H&E, 100×. (c) Another 
low-magnification microscopic field of the same tumor showing a mix-
ture of lepidic, papillary, and micropapillary growth patterns. H&E, 
20×

 Final Diagnosis: Invasive Mucinous 
Adenocarcinoma (IMA) of the Lung

 What Are the Clinical and Prognostic Features 
of IMA, and how Do they Differ from Ciliated 
Muconodular Papillary Tumor (CMPT)?

In 2015, the World Health Organization (WHO) announced 
a new classification of lung tumors in which mucinous bron-
chioloalveolar adenocarcinomas were reclassified as IMA, a 
variant of pulmonary adenocarcinoma [1]. The incidence of 
IMA among patients with a primary resected lung adenocar-
cinoma is about 1.5% [2]. The clinical presentation of this 
neoplasm varies considerably. Although some patients pres-
ent incidentally with a solitary mass on imaging, most pres-

ent with cough and other respiratory symptoms mimicking 
pneumonia. A significant proportion of patients present with 
mucinous bronchorrhea. Compared to other primary lung 
adenocarcinomas, IMAs show greater tendency to be multi-
centric, multilobar, or bilateral. The multifocality in IMA is 
thought to be the result of tumor spread through airspaces 
rather than metastasis via lymphatics and blood vessels 
within the lungs. After matching by clinical stage, the lung- 
cancer- specific mortality of IMA is not significantly differ-
ent from those of other histologic types of lung 
adenocarcinoma. However, due to the greater tendency for 
multifocality of IMA, patients with IMA tend to present at 
higher clinical stages, hence with poorer prognosis [1–3].

CMPT of the lung is a newly recognized and extremely 
rare entity within the spectrum of mucinous tumors of the 
peripheral lung. Prior to the first report of this tumor in 2002, 
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examples of this neoplasm were most likely diagnosed as a 
well-differentiated ciliated papillary adenocarcinoma, low- 
grade adenocarcinoma, glandular papilloma, or glandular 
metaplasia with mucinous features [4]. CMPTs are 
 peripherally located small tumors that do not cause signifi-
cant symptoms. Most of the cases reported to date are inci-
dentally detected by CT-based screening for lung cancer. 
CPMT is considered benign. To date, no reported cases of 
CMPT have developed recurrence or metastases during fol-
low-up ranging from 2 to120 months after resection [5–7].

 How Can Radiologic Studies Be Used 
to Distinguish IMA from CMPT?

On chest CT scan, IMA is usually described as ground-glass 
opacities with or without consolidation, occupying the 
majority or the entire lobe of the lung. Multifocal, multilo-
bar, and bilateral distributions are common. The radiological 
findings often mimic multifocal pneumonia.

On the other hand, CMPT is radiologically recognized as 
solitary, small, peripheral, solid, or partially solid nodules 
measuring 1 cm in average diameter with irregular contours. 
These lesions are commonly misinterpreted as early-stage 
adenocarcinoma on chest CT scan.

 What Are the Pathologic Features of IMA 
and CPMT? How Can Immunohistochemistry 
Be Used to Distinguish these Two Entities?

Histologically, IMA consists of tall columnar non-ciliated 
epithelial cells with abundant intracytoplasmic mucin and 
basally located nuclei with minimal cytologic atypia 
(Fig. 10.2a–c). These cells line the alveolar septa in a lepidic 
manner but may show a mixture of acinar, papillary, and/or 
micropapillary growth patterns. The alveolar spaces are 
often filled with mucin and abundant alveolar macrophages. 
The immunophenotype of IMA resembles mucinous adeno-
carcinoma of the upper gastrointestinal and pancreaticobili-
ary tract, with frequent expression of CK7 and variable 
expressivity of CK20 and CDX2, often without napsin A and 
TTF-1 expression.

CMPT is characterized by a glandular, papillary, or tubu-
lopapillary growth pattern associated with chronic lympho-
plasmacytic infiltrates and columnar ciliated cells and 
mucous cells with continuous basal cell layers with abundant 
extracellular mucin filling alveoli (Fig.  10.3a and b). No 
nuclear atypia, mitotic activity, and necrosis are present. 
Immunohistochemical staining with p63 highlights a con-
tinuous layer of basal cells at the periphery of the glandular 
and papillary structures (Fig. 10.3c). TTF-1 stains the basal 
cells, mucous cells, and ciliated cells (Fig. 10.3d).

The extreme rarity and lack of awareness of the morpho-
logic appearance of CMPT may result in a misdiagnosis of 
IMA, especially on fine-needle aspirates, small biopsies, or 
frozen sections. Features shared between CMPT and IMA 
are the presence of columnar mucinous cells, abundant extra-
cellular mucus, and a diverse growth pattern. However, the 
presence of a trilineage proliferation with basal, mucinous, 
and ciliated cells together with the lack of mitosis and/or 
atypia helps distinguish CMPT from IMA.  The predomi-
nantly lepidic growth pattern of IMA, presence of other 
growth patterns, nuclear atypia, and lack of basal and ciliated 
cells also differ from CMPT. Immunohistochemically, IMA 
is often negative for TTF-1 and napsin A (Table 10.1).

 Are Genetic/Molecular Findings Different 
Between IMA and CMPT?

Genetically, IMA is known to frequently harbor KRAS muta-
tion and lack EGFR mutation [2, 3]. Frequent BRAF, AKT1, 
or EGFR mutations have been found in CMPT.  Cases of 
CMPT with KRAS mutation and ALK rearrangement have 
also been reported [8, 9].

 How to Differentiate IMA from Colloid 
Adenocarcinoma or Mucinous 
Adenocarcinoma Metastatic to the Lung?

The histologic features of colloid adenocarcinoma include 
excess extracellular mucin containing rare tumor epithelial 
cells. Some colloid adenocarcinomas were formerly referred 
to as “mucinous cystadenocarcinoma.” Features common to 
both IMA and colloid adenocarcinoma are the presence of 
goblet cells and columnar mucinous epithelium. However, 
colloid adenocarcinoma typically contains abundant extra-
cellular mucin in which clusters of mucin-producing epithe-
lium float and pools of mucin efface the native alveolar 
architecture. In contrast, alveolar architecture is preserved in 
IMAs.

Metastatic mucinous adenocarcinoma from pancreatic 
and gastrointestinal tract or of ovarian origin may be similar 
in appearance to IMA and must be excluded clinically and 
radiologically. Immunohistochemistry may play a role in 
determining the site of tissue origin of metastatic mucinous 
adenocarcinoma. The vast majority of cases of colorectal ori-
gin are diffusely CK20+, MUC-2+, homogenous CDX-2+, 
and nuclear beta-catenin+. In addition, rectal/anal origin 
tumors may also be positive for CK7. Tumors of appendiceal 
origin are heterogeneously CDX-2+, positive for CK7, and 
negative for nuclear expression of beta-catenin. Mucinous 
adenocarcinoma of the pancreas, biliary tree, and stomach is 
usually positive for CK7, focally positive for CK20, and het-
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Fig. 10.3 Histological features of ciliated muconodular papillary 
tumor (CMPT) of the lung. Courtesy of Dr. Wenjuan Yu, Department of 
Pathology, Affiliated Hospital of Qingdao University, China. (a) The 
tumor exhibits tubulopapillary growth pattern associated with chronic 

lymphoplasmacytic infiltrates. H&E, 100×. (b) The tumor is composed 
of ciliated cells, mucous cells, and basal cells. H&E, 200×. (c) p63 is 
positive in the continuous layer of basal cells (100×). (d) TTF-1 high-
lights the basal cells, mucous cells, and ciliated cells (100×)
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Table 10.1 Difference between invasive mucinous adenocarcinoma 
(IMA) and ciliated muconodular papillary tumor (CMPT)

IMA CMPT
Clinical 
presentation

Cough, mucous sputum Asymptomatic

Incidence Rare Extremely rare
Radiology Large areas of ground- 

glass opacity with or 
without consolidation; 
commonly multifocal

Solitary peripheral 
small lung nodule with 
an average diameter of 
1 cm

Histology
Growth 
pattern

Predominantly lepidic, 
mixed with papillary, 
micropapillary patterns

Glandular, papillary, 
tubulopapillary

Stromal 
invasion

+/− –

Basal cells No Yes
Ciliated cells No Yes
Mucinous 
cells

Yes Yes

Extracellular 
mucus

Present Present

Atypia and 
mitoses

+/− –

Phenotype CK7+, CK20 + (50%), TTF-1- TTF-1+; p63+ in basal 
cells

Molecular KRAS mutation BRAF, EGFR 
mutations

Prognosis Malignant Benign

erogeneously positive for CDX-2. Mucinous adenocarcino-
mas of ovarian origin are positive for CK7, MUC-1, and 
PAX8 but are rarely positive for CK20, CDX2, and beta- 
catenin. Mucinous adenocarcinoma which originates in the 
breast is positive for CK7, ER, and WT-1 [10, 11].

 How to Diagnose a Tumor with Mixed 
Morphologic Features of IMA and Invasive 
Nonmucinous Adenocarcinoma?

A mixture of mucinous and nonmucinous adenocarcinoma 
occurs occasionally. If the percentage of the IMA component 
is <10%, the diagnosis is based on the predominantly non-
mucinous adenocarcinoma component. In such cases the 
percentage of IMA should be mentioned in a comment. If the 
percentage of invasive mucinous adenocarcinoma compo-
nent is >90%, the diagnosis is IMA. If there is at least 10% 
of each component, the tumor should be classified as “mixed 
invasive mucinous/nonmucinous adenocarcinoma.” The per-
centage and subtype of invasive nonmucinous adenocarci-

noma should be mentioned in a comment. In addition, an 
invasive adenocarcinoma may produce mucin which can be 
identified by light microscopy or mucin stains, but the char-
acteristic goblet cell or columnar cell morphology is lacking. 
Tumors of this type should be diagnosed as invasive adeno-
carcinoma with mucinous features [12, 13].
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11Mucoepidermoid Carcinoma Versus 
Adenosquamous Carcinoma

Jennifer J. Chia and Gregory A. Fishbein

 Case Presentation

A 24-year-old female non-smoker presented with a 3-week 
history of fever, cough, and thick purulent sputum. A chest 
X-ray showed a right lower lobe consolidated mass. Sputum 
cultures grew Streptococcus pneumoniae. A diagnosis of com-
munity-acquired pneumonia was made. Antibiotics were pre-
scribed, and the patient’s symptoms resolved by the follow- up 
visit. Six months later, she presented with similar symptoms, 
this time including bouts of hemoptysis. High- resolution com-
puted tomography (CT) demonstrated lobar consolidation in 
the right lower lobe and a 3.3 cm polypoid mass in the right 
mainstem bronchus. Bronchoscopy was performed confirm-
ing an obstructing right-mainstem endobronchial mass mea-
suring approximately 3  cm. An endobronchial biopsy was 
performed and was nondiagnostic, showing almost exclu-
sively acellular mucinous debris. Bronchioalveolar lavage 
demonstrated abundant mucin with rare, atypical cells, suspi-
cious for adenocarcinoma. It was felt that excision would be 
both therapeutic and diagnostic; a right lower lobectomy with 
mediastinoscopic lymph node sampling was performed.

Pathologic examination of the right lower lobe showed 
grossly consolidated lung parenchyma with mucopurulent 
airway plugging. There was a 3-cm polypoid mass with 
smooth and glistening outer surface affixed to the lumen of 
the mainstem bronchus (Fig. 11.1).

Histologic sections showed an infiltrative mass within the 
bronchial submucosa with both solid and cystic components 
(Fig. 11.2).

Focally, vaguely squamoid nests were present, but frank 
keratinization was absent. Tumor cells were round to ovoid 

with eosinophilic to clear cytoplasm. Prominent mucocytes 
were scattered within tumor islands and lining the cystic 
components (Fig. 11.3).

Mitoses were inconspicuous, and necrosis was not identi-
fied. Immunohistochemistry for TTF-1 and napsin-A was 
negative in the tumor cells. Fluorescent in situ hybridization 
(FISH) studies were positive for rearrangement of the 
MAML2 (11q21) gene. The background lung parenchyma 
showed post-obstructive pneumonia. Mediastinal lymph 
nodes were negative for metastases.
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Fig. 11.1 Gross photograph demonstrating a polypoid exophytic 
endobronchial mass (scale bar = 1 cm)

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_11&domain=pdf
mailto:gfishbein@mednet.ucla.edu
https://doi.org/10.1007/978-3-031-14402-8_11


62

ba

Fig. 11.2 Low- and mid-power photomicrographs of the endobronchial mass (H&E). Sections show an exophytic submucosal proliferation of 
tumor cells with infiltrative borders (a, 20×). The tumor has abundant mucin-filled cysts and an intervening solid component (b, 100×)
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Fig. 11.3 High-magnification photomicrographs demonstrating mul-
tiple cell types (H&E). Cells are round to ovoid with eosinophilic to 
clear cytoplasm. Solid areas have a vaguely squamoid appearance (a, 

200×). Mucin-secreting cells (mucocytes) with prominent intracyto-
plasmic mucin droplets can be seen at a high power (b, 600×)

 Final Diagnosis: Mucoepidermoid 
Carcinoma, Low Grade

 What Is Mucoepidermoid Carcinoma?

Mucoepidermoid carcinoma is a malignant salivary gland- 
type neoplasm most often occurring in the major salivary 
glands of the head and neck. Like any salivary gland-type 
tumor, they may rarely arise from the bronchial and bron-
chiolar submucosal seromucinous glands. Mucoepidermoid 
carcinomas characteristically are composed of three cell 
types: squamoid cells, mucin-secreting cells (a.k.a. muco-
cytes), and intermediate-type cells. While a subset of tumor 

cells is squamoid in appearance and immunophenotype, true 
keratinization is absent.

 How Common Is Bronchopulmonary 
Mucoepidermoid Carcinoma?

Although mucoepidermoid carcinomas are the most com-
mon salivary-type malignancy in the lung, primary lung 
mucoepidermoid carcinomas are rare, accounting for less 
than 0.5% of lung cancers [1]. The incidence peaks in the 
fourth decade of life, but about half of cases occur in patients 
less than 30 years old [2]. Moreover, in children and adoles-
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cents, mucoepidermoid carcinoma is the third most common 
type of primary lung cancer [3].

 How Do Patients with Bronchopulmonary 
Mucoepidermoid Carcinoma Present?

Bronchopulmonary mucoepidermoid carcinoma generally 
manifests as an endobronchial mass. Therefore, it is not sur-
prising that patients with bronchopulmonary mucoepider-
moid carcinoma tend to present with obstructive symptoms. 
These symptoms may include wheezing, cough, and 
 hemoptysis. Younger patients may initially be misdiagnosed 
with asthma. Older patients may receive a diagnosis of 
chronic obstructive pulmonary disease (COPD). As in the 
case above, some patients may develop post-obstructive 
pneumonia and present with lobar consolidation secondary 
to infection.

 When Should I Consider Mucoepidermoid 
Carcinoma in the Differential Diagnosis?

Mucoepidermoid carcinoma should always be considered in 
the differential diagnosis of an endobronchial mass. The 
radiographic appearance may be similar to a carcinoid tumor, 
which is more common in both the pediatric and adult popu-
lations. Mucinous adenocarcinoma is exceedingly rare in 
young people and non-smokers. Therefore, a mucinous 
endobronchial neoplasm in either of these groups is likely to 
be a mucoepidermoid carcinoma.

 What Ancillary Studies Are Helpful to Establish 
a Diagnosis of Mucoepidermoid Carcinoma?

The diagnosis of mucoepidermoid carcinoma can be estab-
lished on H&E sections by identifying the characteristic 
three cell types: squamoid cells, intermediate cells, and 
mucin-secreting cells. When tumors are solid and/or the 
squamoid and intermediate cells predominate, a mucicar-
mine stain can be very helpful to identify inconspicuous 
mucocytes. Immunohistochemistry is of limited utility. 
Squamoid cells expectedly stain with markers of squamous 
differentiation, such as CK5/6, p63, and p40. Similarly, 
mucocytes stain with markers of glandular differentiation, 
such as CEA and MUC5AC. CK7 tends to be positive in all 
cell types. Neuroendocrine and pneumocytic (e.g., TTF-1, 
napsin-A) markers are generally negative. It is now recog-
nized that 80–100% of bronchopulmonary mucoepidermoid 
carcinomas harbor the fusion gene CRTC1(MECT1)-MAML2 
[4–6], an alteration considered specific to mucoepidermoid 
carcinoma. These include both high- and low-grade tumors. 

FISH using break-apart probes for the MAML2 (11q21) gene 
is an important diagnostic tool. In the appropriate morpho-
logic context, rearrangement of MAML2 is diagnostic of 
mucoepidermoid carcinoma.

 How Are Bronchopulmonary Mucoepidermoid 
Carcinomas Graded?

There are numerous systems for grading mucoepidermoid 
carcinoma. In general, they are three-tier systems, stratifying 
lesions into low (grade I), intermediate (grade II), and high 
(grade III) based on the degree of cystic component, cyto-
logic atypia, necrosis, mitotic activity, vascular invasion, and 
perineural invasion [7, 8]. In the lung, however, mucoepider-
moid carcinoma is usually subclassified as either low- or 
high-grade [2]. Low-grade tumors have more mucin- 
secreting cells and prominent cystic component with sur-
rounding squamoid and intermediate cells. Low-grade 
tumors lack necrosis and perineural or lymphatic invasion. 
Cytologic atypia is minimal, and mitoses are generally <4/10 
high-power fields. High-grade tumors are more solid. The 
squamoid and intermediate cells predominate; mucocytes 
may be difficult to identify. High-grade mucoepidermoid 
carcinomas demonstrate significant cytologic atypia, necro-
sis, and increased mitotic activity and may be accompanied 
by lymphovascular or perineural invasion.

 How Do I Distinguish High-Grade 
Mucoepidermoid Carcinoma 
from Adenosquamous Carcinoma?

High-grade mucoepidermoid carcinoma can be difficult if 
not impossible to differentiate from adenosquamous carci-
noma. Adenosquamous carcinoma is a non-small-cell lung 
cancer, usually poorly differentiated, with components of 
both squamous cell carcinoma and adenocarcinoma, each 
constituting greater than 10% of the entire tumor [9]. There 
is considerable morphologic and immunophenotypic overlap 
between these uncommon entities. Often the diagnosis of 
high-grade mucoepidermoid carcinoma is considered con-
troversial and should be rendered only after careful evalua-
tion. Features that argue against high-grade mucoepidermoid 
carcinoma include keratinization, mucosal squamous dys-
plasia and/or squamous cell carcinoma in situ, and TTF-1 
and/or napsin-A positivity. High-grade mucoepidermoid car-
cinoma should be considered in cases with exophytic endo-
bronchial growth and/or a transition from areas of 
conventional low-grade mucoepidermoid carcinoma. FISH 
analysis (or other molecular techniques) demonstrating rear-
rangement of the MAML2 gene is diagnostic of mucoepider-
moid carcinoma. Table 11.1 summarizes the above features.
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Table 11.1 Features favoring a diagnosis of high-grade pulmonary 
mucoepidermoid carcinoma versus pulmonary adenosquamous 
carcinoma

High-grade mucoepidermoid 
carcinoma Adenosquamous carcinoma
Exophytic endobronchial growth Keratinization
Transition from low-grade MEC Surface epithelial dysplasia/

CIS
MAML2 gene rearrangement TTF-1 and/or napsin-A 

positivity

MEC mucoepidermoid carcinoma, CIS carcinoma in situ

 Do I Need to See Three Cell Populations 
to Suggest a Diagnosis of Mucoepidermoid 
Carcinoma?

Although the three cell types – squamous, intermediate, and 
mucin-secreting  – are the definitional features of 
 mucoepidermoid carcinoma, all three cell types may not be 
readily identified in practice. Particularly in small biopsies of 
low- grade tumors in which glandular elements predominate, 
definitive squamoid cells may either be unsampled or incon-
spicuous. Clinical context is paramount. The finding of a 
mucinous endobronchial lesion in a young person or non- 
smoker should raise suspicion for mucoepidermoid carci-
noma, whether or not a squamoid component can be 
identified. In such cases, FISH for MAML2 rearrangement 
should be performed. If positive, a diagnosis of bronchopul-
monary mucoepidermoid carcinoma can be confidently 
rendered.
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12Large-Cell (Undifferentiated) Carcinoma 
(LCC) Versus Large-Cell Neuroendocrine 
Carcinoma (LCNEC)

Aimi T. Rothrock, Mufaddal Najmuddin, and Faqian Li

 Case Presentation 1

A 71-year-old female with a long history of cigarette smok-
ing presented initially with a right preauricular mass. A 
workup including a computed tomography (CT) of the neck 
revealed a 2  cm mass in the lower right parotid gland as 
well as an incidental finding of a 2  cm irregularly shaped 
cavitary mass in the left upper lung. A FNA of the preau-
ricular mass was consistent with Warthin’s tumor. PET scan 
showed a hypermetabolic nodule at the posterior aspect of 
the right upper lobe of the lung measuring 2.1 × 1.9 cm with 
a standardized uptake value (SUV) max 12.3, as well as a 
stable cavitary lesion at the left upper lobe (1.4 × 1.4 cm, 

SUV max 1.6). A right upper lobectomy revealed a solid 
2.9 cm mass composed of large polygonal cells with abun-
dant cytoplasm and nesting growth pattern (Fig. 12.1a, c, e). 
Nuclear chromatin was vesicular with prominent nucleoli. 
Immunohistochemical (IHC) stains showed that the tumor 
cells were diffusely positive for cytokeratin AE1/AE3, 
synaptophysin, chromogranin, and CD56 (Fig.  12.1b, d, f, 
respectively). There was focal TTF-1 and CK7 positivity, but 
cytokeratin 5/6 and p40 were negative in the tumor cells. The 
Ki-67 index was more than 60%. Based on the overall find-
ings, a diagnosis of LCNEC was made. Resection margins 
were negative, and all lymph nodes were free of carcinoma; 
thus, the patient was staged as T2aN0M0.

A. T. Rothrock
Department of Pathology and Laboratory Medicine, University of 
Texas Health Science Center At San Antonio, San Antonio,  
TX, USA

Department of Pathology and Laboratory Medicine,  
Albany Medical College, Albany, NY, USA

M. Najmuddin · F. Li (*) 
Department of Pathology and Laboratory Medicine, University of 
Texas Health Science Center At San Antonio, San Antonio,  
TX, USA
e-mail: lif2@uthscsa.edu

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_12&domain=pdf
mailto:lif2@uthscsa.edu
https://doi.org/10.1007/978-3-031-14402-8_12


66

ba

dc

fe

Fig. 12.1 Large-cell neuroendocrine carcinoma. (a) Large and small 
tumor nests with peripheral nuclear palisading and central comedo-like 
necrosis. H&E, 100×. (c) Focal areas of cytoplasmic clearing are seen. 
The nuclei of neoplastic cells in both areas have similar vesicular chro-

matin. H&E, 200×. (d) Tumor nests with rosette (arrow). H&E, 400×. 
Tumor positive for neuroendocrine markers CD56 (b), highlighting the 
cell membrane, chromogranin (d), and synaptophysin (f) in the cyto-
plasm. IHC 100×
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 Case Presentation 2

A 76-year-old male with a history of 40–50 pack-year ciga-
rette smoking and follicular lymphoma, currently in remis-
sion, had been followed for multiple pulmonary nodules 
since 2004. In 2016, a CT revealed an irregular solid nodule 
at the anterolateral right upper lobe that measured 
1.4 × 1.0 cm, which was larger than previous imaging stud-
ies. A wedge resection revealed a 1.1 × 0.6 cm yellow-tan 
nodule. Microscopically, there were sheets and clusters of 
large epithelial cells with abundant eosinophilic cytoplasm 
and focal clearing (Fig. 12.2). There was significant nuclear 

pleomorphism with vesicular chromatin, prominent nucle-
oli, and irregular nuclear contours. Mitotic figures were fre-
quent, and multinucleated tumor giant cells comprised less 
than 10% of total tumor cells. IHC studies demonstrated 
that the lesional cells were positive for cytokeratin AE1/
AE3 with variable intensity and negative for CK8/18, EMA, 
CK5/6, CK7, calretinin, desmin, CD45, ERG, melan-A, 
S-100, p40, TTF-1, and NE markers. Therefore, this tumor 
was best classified as LCC after extensive workup to rule 
out other concurrent malignancy and potential metastasis. 
Lymph nodes sampled for staging purposes were negative 
for metastasis.

a b

c d

Fig. 12.2 Large-cell carcinoma. (a) Individual tumor cells contain 
abundant cytoplasm with marked nuclear pleomorphism and occasional 
tumor giant cells, with focal necrosis. H&E, 100×. (b) Focal areas con-

tain rhabdoid cells and neutrophils. H&E, 200×. (c) Tumor cells have 
vesicular chromatin and prominent nucleoli. H&E, 400×. (d) Tumor 
cells are positive for cytokeratin AE1/AE3. IHC 200×
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 What Are the Diagnostic Definitions of LCC 
and LCNEC?

LCC: According to the 2015 WHO classification, “Large cell 
carcinoma is an undifferentiated non-small cell carcinoma 
(NSCC) that lacks the cytological, architectural, and immuno-
histochemical features of small cell carcinoma, adenocarcinoma 
or squamous cell carcinoma” [1]. In this definition, “small cell 
carcinoma” should be replaced with “neuroendocrine tumor or 
carcinoma” to better address additionally excluded entities such 
as well-differentiated carcinoids or LCNEC.

In resection specimens, diagnosis of LCC requires thor-
ough sampling and IHC workup to exclude SCC, ADC, or 
NEC.  When morphological features of SCC or ADC are 
present, IHC markers are not required to assess poorly dif-
ferentiated areas for further classification. However, if NE 
morphology is present, NE markers are needed to exclude 
combined NEC with SCC and/or ADC. Solid pattern ADC 
can be diagnosed if there are five or more intracellular 
mucin droplets in each of two high-power fields, confirmed 
by histochemical stains for mucin. In patients with a history 
of carcinoma with clinical suspicion for metastasis, cell lin-
eage markers can be performed to support the diagnosis. In 
a case without morphological features of SCC, ADC, or 
NEC, immunohistochemical markers to support SCC (p40, 
p63, and cytokeratin5/6) or ADC (TTF1 and napsin-A) are 
required for further classification. If a carcinoma is positive 
for p40, p63, or cytokeratin5/6 but negative for TTF1 and 
napsin-A, it can be diagnosed as nonkeratinizing SCC. On 
the other hand, a carcinoma can be classified as solid ADC 
if it is TTF1 and/or napsin-A positive. It is debatable how 
strong or what percentage of tumors should be positive for 
these markers. Generally, focal staining for p40, p63, and/
or CK5/6  in scattered tumor cells is allowed in ADC 
with  strong TTF1 and/or napsin-A positivity [2]. 
Adenosquamous cell carcinoma can be diagnosed when 
both SCC and ADC markers are distinctly positive in non-
overlapping areas, each accounting for more than 10% of 
tumor cells. Lack of p40 staining strongly argues against 
SCC [3]. When a carcinoma shows weak and scattered 
positivity for both SCC and ADC markers in less than 10% 
of tumor cells, it is best diagnosed with “LCC with unclear 
immunohistochemical features.” “LCC with null immuno-
histochemical features” is negative for both SCC and ADC 
markers. In practices without immunohistochemical and 
mucin stains performed, “LCC with no stains available” is 
a valid diagnosis.

LCC cannot be diagnosed in small biopsy or cytology 
specimens, but similar stepwise assessments by morphology, 
IHC, and mucin stains are still applied, as done for resection 
specimens [1]. NSCC NOS rather than LCC is used when no 
clear SCC, ADC, or NE morphology or IHC pattern is 
present.

LCNEC: According to the 2015 WHO classification, 
“Large cell neuroendocrine carcinoma is a non-small cell 
lung carcinoma (NSCLC) that shows histological features of 
neuroendocrine morphology (including rosettes and periph-
eral palisading) and expresses immunohistochemical mark-
ers of neuroendocrine differentiation” [4]. In resection 
specimens, diagnosis of LCNEC requires careful search for 
areas of NE morphology which can be subtle, as well as IHC 
stains for NE markers: chromogranin A, synaptophysin, and 
CD56. Chromogranin A and synaptophysin are less sensitive 
but more specific than CD56 [4, 5]. LCNEC is usually 
weaker for chromogranin A and synaptophysin than  carcinoid 
tumor [6]. Clear-cut positivity for one of these three NE 
markers is sufficient to diagnose LCNEC when NE morphol-
ogy is present. If there is no NE morphology, NE markers 
should not be assessed, as up to 36% of ADC or SCC can be 
positive for one of the three NE markers [5, 7, 8]. Newly 
described NE markers such as INSM1 [9] and hASH1 [6] are 
more specific but have not been included in the 2015 WHO 
classification. If NSCC shows NE morphology but is nega-
tive for NE, SCC, or ADC markers, it should be classified as 
LCC rather than LCC with NE morphology to avoid confu-
sion. When LCNEC coexists with ADC or SCC, the diagno-
sis should be combined LCNEC and ADC or SCC. However, 
at least 10% of LCNEC is required to diagnose combined 
LCNEC and SCLC, ADC, or SCC.

LCNEC cannot be diagnosed in small biopsies or cytol-
ogy specimens. In a case with both NE morphology and 
positive NE markers, “NSCC possible LCNEC” is a possible 
term to use. If a carcinoma has NE morphology but is nega-
tive for NE markers, a noncommittal diagnosis of “NSCC 
with NE morphology” is appropriate with a comment: “this 
is a NSCC where LCNEC is suspected, but stains failed to 
demonstrate NE differentiation.”

 What Are the Clinical and Prognostic 
Features of LCC, and How Do they Differ 
from LCNEC?

Both LCC and LCNEC are extremely aggressive with a poor 
prognosis. It is debatable whether LCNEC has worse prog-
nosis than LCC or whether LCNEC benefits from SCLC 
treatment protocol, either as first-line therapy or in adjuvant 
settings. Given that these tumors accounts for only 1–3% of 
all lung carcinomas, no prospective or retrospective clinical 
studies with sufficient cases have been documented. In addi-
tion, a number of studies characterizing these tumors were 
conducted before IHC stains were commonly used for sepa-
rating SCC, NEC, and ADC from LCC, as suggested in the 
2015 WHO classification.

A prior review of The Surveillance, Epidemiology, and 
End Results (SEER) database from 2001 to 2007 revealed no 
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statistically significant differences in prognosis between 
LCNEC and other LCC compared to SCLC [10]. In addition, 
it is not clear whether strict diagnostic criteria were uni-
formly applied to classify the tumors in this study.

In another single institution review of 28 LCC and 26 
LCNEC treated with surgical resection, LCC showed better 
overall and disease-free survival than LCNEC [11]. In 
another study of 366 resected cases of lung NE tumors, 
including 141 LCNEC and 113 SCLC, the overall survival 
curves of LCNEC and SCLC superimpose each other, sug-
gesting a similarly poor prognosis [12].

In a study with 27 patients, SCLC protocol with platinum- 
etoposide seems more effective to treat LCNEC than a com-
bination of NSCLC regimens [13]. LCNEC may also benefit 
from SCLC treatment protocol after surgical resection [14]. 
However, another evaluation of 26 patients has shown a sig-
nificantly worse overall survival of SCLC protocol for 
LCNEC relative to a combination of NSCLC therapies [15]. 
A detailed retrospective analysis has revealed that NSCLC 
drug combinations determine the treatment outcomes [16]. 
Platinum-based NSCLC chemotherapy with gemcitabine, 
docetaxel, paclitaxel, or vinorelbine is more effective for 
LCNEC than the NSCLC regimen with platinum- pemetrexed 
and the SCLC protocol with platinum-etoposide, while the 
platinum-pemetrexed combination has worse overall sur-
vival for LCNEC patients than platinum-etoposide therapy.

 How Has Molecular Genetics Played a Role 
in Defining LCNEC and LCC?

The identification of specific gene mutations in molecular 
signaling pathways has led to the development of novel tar-
geted therapies for lung cancer. Based on genetic profiling, 
LCC does not form a distinct group and instead shows 
genetic alterations similar to ADC; however, targetable 
molecular alterations typical of ADC such as EGFR muta-
tions and translocation of ALK and ROS1 are usually not 
identified in LCC [17, 18]. In cases when LCC shows EGFR, 
ALK, or ROS-1 alteration, it is better classified as solid pat-
tern ADC, even in the absence of TTF-1 or napsin-A immu-
noreactivity. This allows patients to receive appropriate 
targeted therapies. In light of these findings, it can be sug-
gested that LCC be considered as a poorly differentiated 
form of ADC which lacks expression of its usual immuno-
histochemical markers [19]. Expression profiling also fails to 
identify a distinct LCC group, and cases of LCC are often 
clustered along with either SCC or ADC [18].

On the other hand, LCNEC forms three distinct genetic 
groups: (1) SCLC-like with p53 and Rb1 double inactiva-
tion, (2) NSCLC-like with a genetic profile often similar to 
ADC and occasionally SCC, and (3) carcinoid-like with 
mutations in MEN-1 and low total mutation burden [20–22]. 

These three groups of LCNEC are also identified based on 
gene expression changes [18, 22]. In LCNEC, diagnostic 
morphological and immunophenotypic findings do not 
reflect their molecular alterations and gene expression pro-
files [23]. It is not surprising to see that LCNEC is a mixed 
group containing molecular features of SCLC, carcinoids, 
and NSCLC as LCNEC was subclassified from these differ-
ent tumors. Further refinement of morphological and IHC 
criteria for LCNEC based on recent molecular studies will 
make the diagnosis of LCNEC more accurate and reflect its 
genetic basis.

 Summary

When evaluating lung cancer, the first diagnostic step is to 
histologically assess whether SCC, ADC, or NE morphology 
is present. If SCC, ADC, or NEC morphological features are 
not obvious under the microscope, IHC stains for ADC and 
SCC markers are required. Negative staining patterns would 
render the diagnosis of LCC with null IHC features. If incon-
clusive, LCC with unclear IHC features can be reported. 
These two subtypes of LCC are not a molecularly defined 
entity based on recent molecular profiling and can show 
molecular features similar to ADC. In the future, LCC may 
be classified as ADC without ADC marker expression as 
long as SCC is carefully ruled out.

In contrast to LCC, LCNEC requires both NE morphol-
ogy and positivity with NE markers by IHC.  LCNEC has 
three distinct subtypes according to molecular alterations 
and unique expression profiles. The current diagnostic crite-
ria for LCNEC based on both NE morphology and NE 
marker positivity require further refinement to reflect its 
genetic basis and potential therapeutic targets.
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13Large-Cell Neuroendocrine Carcinoma 
Versus Small-Cell Carcinoma 
of the Lung

Rebecca Baldassarri, Stephen Baldassarri, 
and Guoping Cai

 Case Presentation

A 60-year-old woman with a history of chronic obstructive 
pulmonary disease (COPD), hypertension, and anxiety pre-
sented to her primary care physician for routine follow-up 
care. She felt reasonably well and denied symptoms of 
cough, shortness of breath, hemoptysis, or chest discomfort. 
She took a daily long-acting bronchodilator for COPD, 
which controlled her respiratory symptoms adequately. Her 
social history was notable for a prior heavy cigarette smok-
ing (40 pack-years). She quit cigarette smoking 5 years prior 
to her visit.

Since she met the US Preventive Services Task Force 
(USPSTF) criteria for lung cancer screening, a shared 
decision- making discussion was held with her physician, and 
a decision was made to proceed with a low-dose chest com-
puted tomography (CT) scan. Her CT scan showed a well- 
circumscribed 2  cm  ×  2  cm pulmonary nodule located 
peripherally in the right upper lobe. A follow-up positron- 
emission tomography (PET) scan showed that the nodule 
was highly PET avid (SUV = 10). There was neither hilar nor 
mediastinal lymphadenopathy. The patient subsequently 
underwent video-assisted thoracoscopic surgery. 
Intraoperative biopsy with frozen section revealed non- 
small- cell carcinoma. A right upper lobe lobectomy was sub-
sequently performed. Pathologic review of the specimen 
revealed a peripherally located, irregularly shaped, firm 
mass. Histologically, the tumor was compromised of large 
polygonal cells with prominent nucleoli arranged in nests 

and cords. Immunohistochemically, the tumor was positive 
for thyroid transcription factor 1 (TTF-1), synaptophysin, 
and insulinoma-associated protein 1 (INSM1) while negative 
for p40. The combined morphologic and immunohistochem-
ical findings were consistent with large-cell neuroendocrine 
carcinoma (LCNEC).

 Final Pathologic Diagnosis: Large-Cell 
Neuroendocrine Carcinoma

 How Do LCNEC Present Clinically? What Are 
the Imaging Findings?

LCNEC is a rare, highly aggressive neoplasm of the lung. 
Together with SCLC, LCNEC is considered a high-grade 
neuroendocrine carcinoma, with clinicopathologic features 
distinct from low-grade typical carcinoid and intermediate- 
grade atypical carcinoid. Like SCLC, LCNEC dispropor-
tionately affects older male smokers and presents at an 
advanced stage with poor prognosis [1].

The reported incidence of LCNEC in surgically resected 
specimens is approximately 2–3%. This is likely an underes-
timate of the true incidence, given that many patients are 
inoperable at the time of diagnosis and a confident diagnosis 
of LCNEC is difficult on small biopsies and cytologic speci-
mens alone [1, 2]. Given the rarity of LCNEC, standardized 
treatment has not been established. Treatment approaches 
may be slightly different from those used in SCLC. Patients 
with limited stage disease are generally treated with surgery 
and chemotherapy and/or radiation therapy, while those with 
advanced stage disease receive etoposide or platinum-based 
therapies [1]. Overall survival is poor regardless of stage, 
with an overall 5-year survival rate of 35.3% [3].

LCNEC appears as peripherally located, expansile, and 
irregularly shaped mass on high-resolution computed tomog-
raphy (HRCT). Calcification is variable, and bulky lymph-
adenopathy is typically absent. The imaging findings of 
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LCNEC are nonspecific, without reliable features that distin-
guish it from other non-small-cell carcinomas [1, 2, 4]. As 
LCNEC tends to be peripherally located, symptoms com-
monly associated with centrally located lesions (cough, 
hemoptysis, and post-obstructive pneumonia) are less com-
mon. Rather, patients tend to be asymptomatic or exhibit 
nonspecific flu-like symptoms, dyspnea, or night sweats [2].

 What Are the Key Pathologic Features 
of LCNEC?

Gross examination of LCNEC typically reveals a peripher-
ally located, bulky circumscribed mass with a tan-yellow cut 
surface. The gross features of LCNEC are indistinguishable 
from other NSCLC [5]. Histologic features of LCNEC 
include neuroendocrine-type morphology (organoid, trabec-
ular, or rosette pattern) with nuclear palisading, large nuclear 
size (greater than three times that of a mature lymphocyte), 
prominent nucleoli, relatively low nuclear/cytoplasmic 
(N/C) ratios, abundant necrosis, and high mitotic rate (>10 
mitoses per 10 high-power fields) (Fig. 13.1) [1, 6].

Diagnosis of LCNEC is typically made retrospectively on 
resection specimens, as the recognition of salient features 
may be difficult on small pre-surgical specimens. Due to 
overlapping morphologic features, many LCNEC are diag-
nosed preoperatively as poorly differentiated non-small-cell 
carcinoma (NSCLC), atypical carcinoid (AC), SCLC, or 
high-grade neuroendocrine carcinoma, NOS [6].

Immunohistochemical staining of LCNEC is necessary to 
confirm neuroendocrine differentiation. The tumor cells 
exhibit variable reactivity for neuroendocrine markers such 
as chromogranin A, synaptophysin, CD56, and neuron- 
specific enolase (NSE) [1, 6, 7]. Positivity for CD56 or NSE 
should be interpreted carefully, as isolated positivity is not 
specific for neuroendocrine differentiation [6, 7]. Insulinoma- 
associated protein 1 (INSM1) is a new, highly specific 
marker of neuroendocrine differentiation that has been found 
to stain 75% of LCNEC (Fig. 13.2) [8].

 What Are the Molecular Features of LCNEC?

Recent studies have shown that LCNEC segregates into dis-
tinct molecular subsets, including a SCLC-like group (har-
boring TP53/RB1 co-mutations and other SCLC-type 
alterations, such as MYC amplification) and a non-small-cell 
carcinoma (NSCLC)-like group that harbors mutations more 
commonly seen in adenocarcinomas, such as STK11, KRAS, 
and/or KEAP. The morphologic features of these LCNEC 

subsets parallel their molecular similarities, with the SCLC- 
like LCNEC group showing morphologic overlap with SCLC 
and the NSCLC-like LCNEC group displaying NSCLC-like 
morphologic features [7]. George et al. have analyzed LCNEC 
on a genomic and transcriptomic level, finding that LCNEC 
falls into two molecular subtypes: “type I LCNEC” (harbor-
ing bi-allelic TP53 and STK11/KEAP1 alterations) and “type 
II LCNEC” (with bi-allelic TP53 and RB1 inactivation). 
However, despite the genomic similarity to SCLC, type II 
LCNEC differs on a transcriptomic level from SCLC, with 
reduced expression of neuroendocrine markers [9].

Fig. 13.1 Large-cell neuroendocrine carcinoma of the lung. Histologic 
section of the tumor shows neuroendocrine-type morphology, including 
nests and cords of malignant cells with necrosis. H&E 40× 
magnification

Fig. 13.2 LCNEC showing diffuse nuclear positivity for INSM1. IHC 
100× magnification
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 What Are the Key Points in Differentiating 
LCNEC from SCLC?

 What Are the Clinical and Radiographic 
Characteristics that Distinguish LCNEC 
from SCLC?
LCNEC and SCLC affect a similar cohort of patients—older 
men with a heavy smoking history. The imaging characteris-
tics of LCNEC and SCLC are typically dissimilar. LCNEC 
tends to present as a peripheral mass without bulky lymph-
adenopathy, while SCLC typically presents as a centrally 
located lung mass with bulky mediastinal or hilar lymphade-
nopathy. However, a minority of SCLC (5%) can present as 
peripherally located lesions, and LCNEC can occasionally 
present in a central location [4, 10].

 What Are the Architectural Features that Suggest 
LCNEC over SCLC?
There can be substantial overlap between LCNEC and SCLC 
on a morphologic basis, particularly in small biopsy or cytol-
ogy samples. In general, architecture that favors SCLC 
includes a diffuse sheetlike growth, while “classic” neuroen-
docrine architectures are more commonly seen in LCNEC, 
including nesting, organoid, or trabecular growth patterns. 
LCNEC often shows nuclear palisading along the peripheral 
of tumor nests.

 What Are the Cytologic Features that Suggest 
LCNEC over SCLC?
LCNEC and SCLC are usually morphologically distinct. As 
suggested by the names of the entities, tumor nuclear size is 
one distinguishing factor between LCENC and 
SCLC. However, while the nuclei of LCNEC are typically 
described as greater than three times the size of a mature 
lymphocyte, and the nuclei of SCLC are smaller than three 
times the size of a mature lymphocyte, in practice, there is 
significant overlap in nuclear size between LCNEC and 
SCLC, and distinction solely based on cell size is discour-
aged [7, 11]. Rather, a constellation of cytologic features 
points towards LCNEC. LCNEC has a lower N/C ratio than 
SCLC, with polygonal tumor cells and distinct cell borders, 
as opposed to fusiform cells of SCLC (Figs. 13.3 and 13.4) 
[11]. Examination of nuclear features reveals that LCNEC 
has coarse, vesicular chromatin with conspicuous nucleoli, 
while SCLC has absent or inconspicuous nucleoli, with more 
characteristic “salt and pepper” chromatin [7]. In addition, 
basophilic crusting of blood vessels (the Azzopardi phenom-
enon) is less pronounced in LCNEC compared to SCLC [1]. 
Features shared by both LCNEC and SCLC include a high 
mitotic rate and abundant necrosis [1].

In classic cases, the distinction between LCNEC and 
SCLC is straightforward; however, there exist borderline 
cases of high-grade neuroendocrine carcinomas that fall 

between LCNEC and SCLC. These borderline cases exhibit 
overlapping morphologic features, including nuclear size; it 
is these borderline cases that contribute to the low reproduc-
ibility rate in diagnosis of LCNEC [6, 11].

 What Are the Immunohistochemical Differences 
Between LCNEC and SCLC?
LCNEC and SCLC can both show weak punctate “dot-like” 
reactivity for cytokeratins such as AE1/AE3. Both LCNEC 
and SCLC should be negative for high-molecular weight 
keratins such as CK903; if there is diffuse positivity for 

Fig. 13.3 Large-cell neuroendocrine carcinoma of the lung. 
Histological sections show that the tumor cells are polygonal with a 
moderate amount of cytoplasm. Tumor nuclei are greater than three 
times the size of a mature lymphocyte. Nuclei have coarse chromatin 
with conspicuous nucleoli. H&E 200× magnification

Fig. 13.4 Small-cell carcinoma of the lung. Histological section shows 
that the tumor cells have a high nuclear/cytoplasmic ratio with fusiform- 
shaped nuclei and nuclear molding. Tumor cells are less than three 
times the size of a mature lymphocyte. Chromatin is evenly distributed 
without prominent nucleoli. H&E 200× magnification

13 Large-Cell Neuroendocrine Carcinoma Versus Small-Cell Carcinoma of the Lung
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CK903 with a SCLC-like morphology, one should consider 
the diagnosis of basaloid squamous cell carcinoma [11]. 
Most SCLC (90%) are positive for TTF1, while it is expressed 
in only 50% of LCNEC [12]. SCLC and LCNEC show vari-
able positivity with neuroendocrine markers; however, posi-
tivity with at least one neuroendocrine marker is required to 
diagnose LCNEC. Most (70%) LCNEC co-express synapto-
physin and chromogranin. Up to 25% of SCLC can be nega-
tive for synaptophysin and chromogranin; however, these 
cases are often positive for CD56. Still, about 10% of SCLC 
can be negative for all three (synaptophysin, chromogranin, 
and CD56) commonly used neuroendocrine markers [11]. 
INSM1, a new neuroendocrine marker, is highly sensitive for 
SCLC (98%), similar to synaptophysin (100%) and CD56 
(95%). In contrast, the sensitivity of CD56 (92%) and synap-
tophysin (88%) surpassed that of INSM1 (75%) for the diag-
nosis of LCNEC [8].
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14Atypical Carcinoid Tumor Versus 
Large- Cell Neuroendocrine Carcinoma

Esther C. Yoon and Guoping Cai

 Case Presentation

A 66-year-old female never-smoker was referred to the 
Thoracic Oncology Program Clinic for a mass in the right 
lower lobe of the lung. She was recently hospitalized for 
recurrent bronchitis after 2 weeks of progressively worsen-
ing cough and wheezing. She denied nausea, emesis, fever, 
chills, weight loss, or hemoptysis. On physical examination, 
she appeared well developed and well nourished. Her pulmo-
nary examination was unremarkable, and she had no lymph-
adenopathy in the cervical or supraclavicular regions.

She was managed with a course of antibiotics and steroids 
with improvement. During her hospitalization, computed 
tomography (CT) imaging revealed a 4.7  ×  4.7  ×  3.4  cm 
well-circumscribed mass in the base of the right lower lobe 
with increased attenuation of the dependent portion of the 
mass and focal atelectasis (Fig. 14.1). No pleural effusion, 
edema, or pneumothorax was identified. The mass has a 
standardized uptake value (SUV) maximum of 7.3 on 
positron- emission tomography (PET) scan. No hypermeta-
bolic hilar or mediastinal lymphadenopathy was identified. 
The patient underwent lobectomy and mediastinal lymph 
node biopsy staging.

Grossly, a bulging peripheral mass was palpated. The 
overlying pleura was glistening and tan-pink without areas 
of puckering. Sectioning revealed a 4.5  ×  4.5  ×  3.5  cm 
well- circumscribed, spherical mass which abutted the 
pleura. The mass consisted of a firm, almost cartilaginous, 
eccentric area surrounded by a peripheral hemorrhagic 
gelatinous area (Fig. 14.2). The mass was well demarcated 
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Fig. 14.1 CT image of atypical carcinoid. A well-circumscribed mass 
is shown in the right middle lobe near the base

Fig. 14.2 Gross image of atypical carcinoid. The tumor is a well- 
circumscribed mass with an eccentric tan-white slightly lobulated firm 
area surrounded by hemorrhagic gelatinous area
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from the surrounding pink spongy lung parenchyma. 
Lobar, segmental, and mediastinal lymph nodes were 
grossly unremarkable.

Microscopically, the tumor showed organoid growth pat-
tern with prominent vascularity. There was focal necrosis. 
The neoplastic cells were polygonal and had moderate eosin-
ophilic cytoplasm and oval-to-round nuclei with smooth 

nuclear membrane, finely granular chromatin, and incon-
spicuous nucleoli (Fig. 14.3). Focal areas showed cytological 
atypia including nuclear enlargement, nuclear polymor-
phism, and multinucleation. Mitotic figure count was four 
mitoses per 2 mm2. The tumor cells are positive for chromo-
granin, synaptophysin, and CD56 with a Ki-67 proliferation 
index focally up to 5% (Fig. 14.4).

a

c

b

d

Fig. 14.3 Morphologic features of atypical carcinoid. The tumor has 
organoid and trabecular growth patterns with relative uniform cells (a). 
The tumor cells have moderate amount of eosinophilic cytoplasm and 
round-to-oval nuclei with finely granular chromatin and inconspicuous 

nucleoli. Mitotic rate is about four mitoses per 2 mm2 (b). Focal necro-
sis (c) and nuclear atypia (d) are identified. H&E 100× magnification 
(a, c) and 200× magnification (b, d)
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d

Fig. 14.4 Immunohistochemical profile of atypical carcinoid tumor. The tumor cells are positive for chromogranin (a), synaptophysin (b), and 
CD56 (c) with a Ki-67 proliferation index focally up to 5% (d). IHC 100× magnification (a–d)

 Final Pathologic Diagnosis: Atypical 
Carcinoid

 What Is the Definition of Atypical Carcinoid?

Atypical carcinoid tumor (AC) is an intermediate-grade neu-
roendocrine tumor with characteristic neuroendocrine histo-
logic features (organoid, trabecular, insular, palisading, 
ribbon, rosette-like arrangements). The tumor is composed 
of uniform cells with low-to-moderate amount of eosino-
philic, finely granular cytoplasm. Nuclei are round to oval 
with salt-and-pepper chromatin and inconspicuous nucleoli. 
Focal cytological atypia may or may not be present. ACs 
have an increased mitotic rate (2–10 per 2 mm2) and/or pres-
ence of necrosis [1]. Necrosis is usually punctate, although 
larger zones of necrosis may be seen. By definition, carci-
noid tumors are more than 0.5 cm in size.

 What Are the Clinical Features of Atypical 
Carcinoid?

Carcinoid tumors are uncommon, accounting for 0.5–5% 
of all lung cancers [2]. Typical carcinoids (TC) comprise 
about 90% of all pulmonary carcinoid tumors, while the 
remaining 10% are AC [2]. Patients with carcinoid tumors 
are usually in the fourth to sixth decade of life, with a 
younger age for TCs than ACs. Although carcinoid tumors 
are not usually associated with smoking or any known 
environmental factor, more AC patients are current or for-
mer smokers [3]. Up to half of carcinoid tumors are asymp-
tomatic and found incidentally on imaging studies; 
however, symptoms may manifest when large airways 
become irritated or obstructed. These symptoms include 
coughing, wheezing, hemoptysis, atelectasis, and pneumo-
nia [2]. Paraneoplastic syndromes are rare [4]. The major-

14 Atypical Carcinoid Tumor Versus Large-Cell Neuroendocrine Carcinoma
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ity of carcinoid tumors are sporadic, but approximately 5% 
of tumors arise in the setting of MEN1 syndrome [3, 5].

Complete surgical excision is the treatment of choice for 
carcinoid tumors. ACs have a worse prognosis than TCs with 
5-year overall survival of around 60% [2, 6]. Approximately 
57% and 21% of AC patients have lymph node metastases 
and distant metastases [4], and the lymph node metastasis is 
associated with a high likelihood of developing recurrent 
disease [7]. Stage is the most important prognostic factor in 
carcinoid tumors [8].

 What Are the Radiographic Features 
of Atypical Carcinoid?

ACs and TCs share similar imaging features. At the time of 
diagnosis, about 41% of ACs are confined to the lung [9]. 
The carcinoid tumors can occur at the central or peripheral 
lung regions, and when centrally located, the tumors often 
demonstrate evidence of an endobronchial luminal compo-
nent [10]. On imaging, carcinoid tumors are highly vascular, 
well-defined round-to-ovoid lesions with smooth or lobu-
lated margins [10]. Associated calcification, atelectasis, or 
bronchiectasis can also be present.

 What Are the Pathologic Features of Atypical 
Carcinoid?

Macroscopically, ACs are firm, well-demarcated masses with 
tan to yellow cut surfaces. Focal hemorrhage and necrosis 
may be present. When ACs are associated with bronchi, the 
tumors typically protrude into the bronchial lumen, and the 
overlying bronchial epithelium may be intact or ulcerated. 
Occasionally, patients might have multiple tumors or tumor-
lets surrounding a main lesion. Microscopically, carcinoid 
tumors may exhibit a variety of growth patterns; but organ-
oid/nested and trabecular growths are the most common pat-
terns. Other growth patterns include solid, pseudoglandular, 
spindle, rosette, papillary, and follicular [1, 11]. Carcinoid 
tumors often show fibrovascular stroma with a high vascular-
ity. The associated stroma can also be hyalinized, calcified, or 
ossified [11, 12]. Tumor cells are uniform and polygonal with 
scant-to-moderate eosinophilic cytoplasm. Additional cyto-
logic features include round-to-ovoid nuclei, finely stippled 
chromatin imparting a characteristic “salt-and-pepper” pat-
tern, and inconspicuous nucleoli. In some instances, nuclear 
atypia and pleomorphism can be marked, and as such these 
features themselves should not be used to diagnose more 

aggressive tumors such as atypical carcinoid tumor [8]. By 
definition, ACs have an intermediate mitotic activity (2–10 
mitoses per 2mm2) and/or focal necrosis [1]. The immunohis-
tochemical profile of carcinoid tumors is characteristic, 
including strong staining for classic neuroendocrine markers 
such as chromogranin, synaptophysin, and CD56. Carcinoid 
tumors usually stain positive for cytokeratins, but up to 20% 
of tumors can be cytokeratin negative [11].

 Is there a Precursor Lesion to Atypical 
Carcinoid?

There are preexisting neuroendocrine cells in the normal air-
way. Various stimuli such as infection, bronchiectasis, 
 persistent high altitude, and various smoking-associated con-
ditions can induce bronchiolar neuroendocrine cell hyperpla-
sia (NEH). Frequently, NEH is present in the background of 
resected carcinoid tumor lung specimens [13]. Recently, dif-
fuse idiopathic pulmonary neuroendocrine cell hyperplasia 
(DIPNECH) is recognized to be a precursor lesion for carci-
noid tumors [1, 14].

 What Are the Genetic and Molecular 
Alterations Seen in Atypical Carcinoid?

The most frequent gene alterations found in carcinoid tumors 
are MEN1, PSIP1, ARID1A, and EIF1AX [15]. TCs and also 
ACs demonstrate allelic imbalance in the 11q13 region of 
MEN1 gene [16]. MEN1 gene mutations and loss of expres-
sion are almost exclusively seen in carcinoid tumors and 
extremely rare in high-grade neuroendocrine carcinomas 
[17], whereas TP53 and RB1 mutations are extremely rare in 
carcinoid tumors but highly frequent in high-grade neuroen-
docrine carcinomas [15].

 What Is the Differential Diagnosis for Atypical 
Carcinoid?

A definite diagnosis of AC is relied on through pathologic 
examination of a resected tumor. In small biopsy specimens, 
other neuroendocrine tumors (TC, SCLC, and LCNEC) 
should be included in the differential. The wide variety of 
growth patterns can resemble adenocarcinoma, mucoepider-
moid carcinoma, adenoid cystic carcinoma, and metastatic 
tumors such as metastatic neuroendocrine tumor of gastroin-
testinal origin.

E. C. Yoon and G. Cai
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 What Are the Pathologic Features 
to Differentiate Large-Cell Neuroendocrine 
Carcinomas from Atypical Carcinoid?

LCNEC is an undifferentiated, non-small-cell carcinoma 
that shows neuroendocrine morphology and neuroendocrine 
differentiation confirmed by immunohistochemistry with 
positivity of at least one neuroendocrine maker and/or by 
electron microscopy [1]. Grossly, they are lobulated with 
relatively smooth edges and yellow-tan to red on cut section 
with areas of necrosis. Microscopically, LCNECs have 
organoid nesting, trabecular growth, peripheral palisading, 
and rosette-like growth patterns (Fig. 14.5). The tumor cells 

are large and polygonal with ample pink cytoplasm, thus 
having lower nuclear-to-cytoplasmic ratios. The tumor cells 
have irregular nuclear contour and coarse chromatin with 
prominent nucleoli. There are large areas of necrosis and a 
very high mitotic count (typically more than 10 mitoses per 
2  mm2 with an average of 75 mitoses per 2  mm2) [1]. 
LCNECs stain for at least one neuroendocrine marker (chro-
mogranin, synaptophysin, or CD56), and around 50% of 
LCNECs express TTF-1 and have a high Ki-67 proliferation 
index, ranging 50–100% (Fig. 14.6) [11]. Rarely, a tumor a 
mitotic rate of greater than ten mitoses per 2 mm2 can show 
a carcinoid-like morphology, which should be classified as 
LCNEC according to the current WHO guidelines [1]. 
However, the carcinoid tumors with an increased mitotic rate 
have been recently documented [18, 19].

At the genetic and molecular levels, LCNECs are distinct 
from ACs and more closely related to small-cell carcinomas 
of the lung (SCLCs) or other non-small-cell lung carcinomas 
(NSCLCs). Like SCLCs, LCNECs may have P53 and RB 
mutations [1]. Higher occurrences of MYCL, SOX2, and 
FGFR1 amplifications have also been reported, as well as 
PTEN mutation or loss [17, 20, 21]. Abnormal expression or 
loss of heterozygosity (LOH) for 3p, 5q, 11q, 13q, and 5p 
gain is common in both LCNEC and SCLC [22]. Interestingly, 
a distinct second set of LCNECs has no RB1 or TP53 
 alterations, instead harboring mutations of STK11, KRAS, or 
KEAP1 mutations, similar to NSCLCs [20, 21].

 How Does Large-Cell Neuroendocrine 
Carcinoma Differ Clinically from Atypical 
Carcinoid?

LCNECs comprise approximately 2–3% of lung carcinomas, 
and the vast majority of afflicted patients are smokers [23]. 
There is male predominance, and the average age of occur-
rence is between ages 60 and 70 [24, 25]. Patients typically 
present with cough, chest pain, dyspnea, or weight loss; 
however, since LCNECs are often peripheral tumors, patients 
can be asymptomatic with LCNECs found only incidentally 
on imaging study. Radiologically, LCNECs appear as nod-
ules or masses with irregular borders, averaging 3.0–4.0 cm 
in size [26, 27]. At the time of diagnosis, 40% of patients 
have distant metastasis, and 60–80% have lymph node 
metastasis [28]. The prognosis of LCNEC is worse with 
5-year overall survival rate of <50% [25]. The optimal treat-
ment for LCNECs has not been established, but for early- 
stage disease, surgery is preferred with patients typically 
receiving multimodality therapies including adjuvant che-
motherapy [29].

a

b

Fig. 14.5 Morphologic features of large-cell neuroendocrine carci-
noma. The tumor cells are arranged in organoid nesting growth pattern, 
and there are large areas of necrosis (a). The tumor cells are large and 
polygonal with eosinophilic cytoplasm (b). The nuclei have irregular 
nuclear contour and coarse chromatin with prominent nucleoli. A high 
mitotic rate is noted. H&E 40× magnification (a) and 200× magnifica-
tion (b)
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15Small-Cell Carcinoma Versus Atypical 
Carcinoid Tumor

Esther C. Yoon, Xuchen Zhang, and Guoping Cai

 Case Presentation

A 57-year-old male with a history of smoking (45 pack-years 
until the last 5 months) presented to an outpatient clinic with 
a chief complaint of persistent cough for two and half 
months. In the preceding days, he reported a small amount of 
hemoptysis. He worked in an industrial environment and 
reported exposure to various chemicals, heavy metals, and 
asbestos throughout his adult life. Computed tomography 
(CT) revealed a 2.5 cm mass in the left suprahilar region with 
suspicion for an endobronchial involvement (Fig.  15.1). 
There was no evidence of pleural effusion. The patient even-
tually underwent a left upper lobectomy.

Gross examination of lobectomy specimen showed that 
the pleura is glistening and tan-pink with minimal anthraco-
sis and no areas of puckering. On sectioning, a 2.5 cm tan- 

white to white-gray well-circumscribed mass was identified. 
The mass was medially abutting but not grossly invading the 
bronchi and vasculature. The remaining parenchyma was 
pink-red, spongy, and unremarkable. There were multiple 
palpable peribronchial lymph nodes.

Microscopically, the tumor cells are arranged haphazardly 
in sheets without a discernible architectural pattern and vaguely 
separated by thin fibrous septa (Fig. 15.2). The neoplastic cells 
are small with scant cytoplasm and a high nuclear-to-cytoplas-
mic ratio. The tumor nuclei have “salt- and- pepper” chromatin 
with no distinct nucleoli. Nuclear molding and extensive necro-
sis are seen. Immunohistochemically, the tumor cells are posi-
tive for insulinoma-associated protein 1 (INSM1) (Fig. 15.3a), 
chromogranin, synaptophysin (Fig.  15.3b), and CD56 
(Fig. 15.3c) while negative for TTF1 and napsin A. The tumor 
has a Ki-67 index up to 70% (Fig. 15.3d).
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Fig. 15.1 CT scan image of small-cell carcinoma. A well-circumscribed mass is shown in the left suprahilar region with suspicion for endobron-
chial involvement

Fig. 15.2 Morphologic features of small-cell carcinoma. 
The tumor is composed of sheets of small cells with scant 
cytoplasm, high nuclear- to- cytoplasmic ratio, and speckled 
chromatin. Mitosis is frequently seen. H&E: 40× 
magnification with insert 400× magnification
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Fig. 15.3 Immunohistochemical profile of small-cell carcinoma. The tumor cells are positive for INSM1 (a), synaptophysin (b), and CD56 (c) 
with a Ki-67 index close to 70% (d). IHC: a–d, 100× magnification

 Pathologic Diagnosis: Small-Cell Carcinoma 
of the Lung (SCLC)

 What Is the Definition of SCLC of the Lung?

Small-cell carcinoma of the lung (SCLC) is an aggressive, 
high-grade malignant epithelial tumor with characteristic 
histomorphologic features, including scant cytoplasm, finely 
granular nuclear chromatin, and absent/inconspicuous nucle-
oli. Nuclear molding is prominent, and tumors invariably 
have extensive necrosis with high mitotic counts.

 What Are the Clinical and Prognostic Features 
of SCLC?

SCLC is the most common type of pulmonary neuroendo-
crine tumor [1], comprising about 15% of all lung cancers [2, 
3]. SCLC usually occurs in patients of 63–70 years of age [4, 

5] and has a strong association with smoking. Most patients 
are diagnosed at advanced stage with only 14% of SCLCs 
being confined to the lung at the time of diagnosis [5]. SCLC 
is a high-grade malignancy with 5- and 10-year survival rates 
of only 2–5% and 1–2%, respectively [2, 5, 6]. The median 
survival is 16–22 months for limited disease and 8–13 months 
for advanced-stage disease [7, 8]. The recommended treat-
ment for SCLC is chemotherapy, chemoradiation, or chemo-
therapy followed by radiation [9].

 What Are the Typical Symptoms of Patients 
with SCLC?

Patients can present with symptoms related to central and 
mediastinal tumor mass effect, including chest pain, hemop-
tysis, and hoarseness. Those with advanced disease may also 
have constitutional symptoms such as malaise, anorexia, and 
weight loss. Up to 3–5% of SCLC patients can present with 
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paraneoplastic syndromes, such as syndrome of inappropri-
ate antidiuretic hormone secretion, Lambert-Eaton myas-
thenic syndrome, sensory neuropathy, limbic encephalitis, 
and cancer-associated retinopathy [10–12].

 What Are the Radiographic Features of SCLC?

Most of SCLCs are located centrally and typically manifest 
as a mediastinal or hilar mass with associated lymphadenop-
athy, which may displace or narrow the tracheobronchial tree 
and/or major vessels [13, 14]. Other findings include atelec-
tasis, noncontiguous parenchymal mass, and pleural effu-
sion. Only 5–10% of SCLCs manifest as peripheral nodule 
without associated lymphadenopathy [15, 16].

 What Are the Pathologic Features of SCLC?

Grossly, SCLCs are bulky tumors with tan-white cut surface 
and extensive necrosis. The tumor cells are typically small 
(<3 times the diameter of mature lymphocytes) with scant 
cytoplasm (high nuclear-to-cytoplasmic ratio), round-to- 
fusiform-shaped nuclei, speckled “salt-and-pepper” pattern 
chromatin, and absent or inconspicuous nucleoli [17]. 
Nuclear molding is frequent, and cellular fragility can cause 
“crush artifact” where nuclear chromatin streaks, particu-
larly in small biopsies. The tumor cells can sometimes be 
large with more cytoplasm and show scattered pleomorphic 
giant tumor cells; however, these should not represent more 
than 10% of neoplastic cells [18]. SCLCs have large areas of 
geographic necrosis and a high mitotic rate (average 60–80 
mitoses per 2 mm2) [17]. The tumor cells are often arranged 
in sheets without the typical architectural patterns seen in 
other neuroendocrine tumors; however, various classic 
growth patterns such as nested/organoid, peripheral palisad-
ing, trabecular, and rosettes have been described [17, 18].

Immunohistochemistry may not be necessary, since the 
characteristic morphologic features can be sufficient for 
diagnosis on good-quality H&E sections. However, SCLCs 
express at least one of the several neuroendocrine markers 
(chromogranin, synaptophysin, and N-CAM (CD56)) [18]. 
A recently described neuroendocrine marker, INSM1, has 
been shown to have a high sensitivity and specificity for 
diagnosis of lung neuroendocrine neoplasms [19, 20]. Since 
it is a nuclear stain, INSM1 may be particularly helpful in 
tumors with severe crush artifact. Up to 90% of SCLCs are 
also positive for TTF-1 [21, 22]. Cytokeratin stains are weak 
with a perinuclear dot-like staining pattern [23]. The 
 proliferation index by Ki-67 (MIB-1) is high, usually rang-

ing from 80 to 100% of tumor nuclei [24]. High Ki-67 index 
can efficiently separate low and intermediate neuroendo-
crine carcinomas from high-grade neuroendocrine carcino-
mas, even in the presence of well-differentiated morphology 
[25].

 What Are the Genetic and Molecular 
Alterations Seen in SCLC?

More than 90% of SCLCs have mutations or deletions in 
TP53 and RB1 [26–28]. Other genetic alterations are inacti-
vating mutations of genes in the NOTCH family [28] and 
multiple deletions in chromosomes 3p, 4q, 5q, 10q, 13q, and 
17p, as well as gains in 3q and 5p [26]. Amplification of 
MYC [29] and methylation of caspase-8 [30], key anti- 
apoptotic genes, are reportedly characteristic of SCLCs. 
Mutations in EGFR and translocation in the ALK are not 
typical features of SCLCs [31].

 What Is the Differential Diagnosis of SCLC?

The differential diagnosis includes other neuroendocrine 
tumors, particularly atypical carcinoid tumor (ACs), lym-
phoma, and other “small round blue cell tumors” (SRBCT).

 How Does One Differentiate SCLC 
from Atypical Carcinoid (AC)?

Atypical carcinoids (ACs) are intermediate-grade neuroen-
docrine tumors characterized by classic “neuroendocrine” 
growth patterns. Grossly, ACs are firm, highly vascularized, 
and well-demarcated masses with tan cut surfaces and occa-
sional hemorrhage [17, 31]. The tumor cells are classically 
uniform and polygonal, with scant-to-moderate eosinophilic 
cytoplasm, round-to-oval nuclei with salt-and-pepper chro-
matin, and inconspicuous nucleoli (Fig.  15.4). Necrosis is 
usually focal, and mitotic rate ranges from 2 to 10 per 2 mm2 
[17]. A variety of growth patterns can occur in ACs, but 
organoid and trabecular growth patterns are most frequently 
seen [17]. In ACs, the tumor cells have fair amount of cyto-
plasm, necrosis is focal, and Ki-67 index is less than 20%.

Similar to SCLC, ACs also express neuroendocrine mark-
ers (chromogranin, synaptophysin, CD56) (Fig.  15.5) and 
INSM1 [20]. TTF-1 expression is variable, and cytokeratin 
stains are usually positive; however, up to 20% of the tumor 
cells can lack keratin expression [24]. The Ki-67 prolifera-
tion index is low to moderate (5–20%) [32]. 50–70% of ACs 
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Fig. 15.4 Morphologic features of atypical carcinoid (AC). AC of the 
lung is composed of uniform tumor cells with a moderate amount of 
eosinophilic cytoplasm, oval-to-round nuclei, and increased mitotic fig-
ures. H&E: 100× magnification with insert 400× magnification

a

b

c

Fig. 15.5 Immunohistochemical profile of atypical carcinoid tumor. 
The tumor cells are positive for chromogranin (a) and synaptophysin 
(b). Ki-67 proliferation index is ~5% (c). IHC: a–c, 100× 
magnification

have MEN1 mutations and loss of 11q [17]. Other molecular 
alterations described include mutations in PSIP1, ARID1A, 
and EIF1AX. In contrast to SCLC, TP53 and RB1 gene muta-
tions are rare in AC [27].

 How Does AC Differ Clinically from SCLC?

ACs are much rarer and comprise less than 1% of all lung 
cancer cases. The patients are usually in their fifth to sixth 
decade of life [4]. Approximately 70–75% of ACs are cen-
trally located and involve the major bronchi, and up to 90% 
of patients with a central tumor present with obstructive 
symptoms such as cough, dyspnea, hemoptysis, and post- 
obstructive pneumonia [33]. Peripherally located tumors 
tend to be asymptomatic and discovered incidentally. 
Paraneoplastic syndromes are rare but can include carcinoid 
syndrome, Cushing syndrome, and ectopic secretion of 
growth hormone-releasing hormone.

At the time of diagnosis, 40–50% of ACs have metasta-
sized to the lymph nodes, and approximately 20% of ACs 
have distant metastasis [17]. The 5-year and 10-year overall 
survival ranges from 56 to 79% and 35 to 56%, respectively 
[34, 35]. Currently, surgical resection with nodal staging is 
recommended when feasible.
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16Typical Versus Atypical Carcinoid 
and Diffuse Idiopathic Neuroendocrine 
Cell Hyperplasia Versus Carcinoid 
Tumorlets

Ryan J. Morse and Haodong Xu

 Case Presentation

A 63-year-old woman presented to the emergency room with 
a few months of weight loss and progressive hoarseness, 
with new-onset dyspnea and cough. Over the past few days, 
she had noted chills, rigors, and fever. A chest computed 
tomography (CT) showed a 2.8 cm mass adjacent to the left 
upper lobe mainstem bronchus, with impingement of the air-
way and atelectasis distally (Fig. 16.1).

Bronchoscopy performed at an outside hospital showed a 
speckled pink-white endobronchial mass which almost com-
pletely occluded the bronchial lumen. A biopsy demon-
strated oval-shaped to spindled cells with occasional large, 
pleomorphic nuclei (Fig.  16.2). Immunohistochemistry 
showed that the neoplastic cells were negative for TTF-1 and 
p40. A diagnosis of non-small-cell carcinoma was rendered. 
The patient was referred to our institution for resection; on 
review of the biopsy slides, carcinoid tumor was suspected. 
Additional immunohistochemical stains were then per-
formed which showed that the neoplastic cells were diffusely 
positive for Cam5.2, synaptophysin, and chromogranin with 
Ki-67 reactivity in 1% of the tumor cells (Fig. 16.3). These 
findings support the diagnosis of carcinoid tumor.

After the revised diagnosis, the patient underwent a lobec-
tomy of the left upper lobe. Gross examination identified a 
circumscribed, tan-pink mass with focal hemorrhage arising 
from the mainstem bronchus wall with protrusion into the 
bronchial lumen. There was consolidation distal to the mass, 
consistent with recurrent post-obstructive pneumonia 

(Fig.  16.4). Histologic examination was again notable for 
organoid nests of oval-shaped to spindled cells with occa-
sional pleomorphic nuclei (Fig. 16.5). No mitotic figures or 
necrosis was identified.
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Fig. 16.1 Features of carcinoid tumor in the coronal CT. Coronal CT 
shows a mass (arrow) intimately associated with bronchus, post- 
obstructive atelectasis, and pneumonia distal to the mass
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Fig. 16.2 Histologic sections of the endobronchial biopsy demon-
strated the oval-shaped to spindled cells with occasional large, pleo-
morphic nuclei (a, H&E: 100× and b, H&E: 200×)

a b

c d

Fig. 16.3 Immunohistochemical (IHC) stains show that the neoplastic cells are diffusely positive for Cam5.2 (a), chromogranin (b), synaptophy-
sin (c), and Ki67 (d). IHC: 200×

Fig. 16.4 Gross pathologic appearance of a carcinoid tumor. The mass 
protruded into the bronchial lumen with infiltration into the wall. There 
are mucus plugs in the distal bronchus; the areas of the lung paren-
chyma show congestion
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 Final Pathologic Diagnosis: Typical Carcinoid

 Where Are Pulmonary Neuroendocrine Cells 
Found, and What Is Neuroendocrine 
Hyperplasia?

Neuroendocrine cell rests are a normal component of the 
lung, present as scattered, in apparent neuroepithelial cells 
(called Kulchitsky cells) within the bronchial and bronchio-
lar epithelium [1]. Neuroendocrine cell hyperplasia (NECH) 
is defined as increased numbers of these neuroendocrine 
cells forming aggregates/clusters which remain confined to 
the basement membrane (Fig. 16.6). NECH can be seen as a 
reactive process associated with a number of inflammatory 
and neoplastic conditions and is commonly highlighted by 
immunohistochemical stains for synaptophysin and chromo-
granin performed for other reasons [2, 3].

 What Is Pulmonary Carcinoid Tumor, and What 
Are its Clinical Features?

Carcinoid tumors are uncommon primary neuroendocrine 
neoplasms arising from the neuroendocrine cell rests or from 
pluripotent epithelial stem cells located in the bronchial and 
bronchiolar epithelium. Pulmonary carcinoid tumors are 
thus intimately associated with the airways [2, 4, 5].

a

b

Fig. 16.5 Histologic sections of the tumor demonstrated the sheet of 
oval-shaped to spindled cells with occasional large, pleomorphic nuclei 
(a, H&E: 200× and b, H&E: 400×)

a b

Fig. 16.6 Neuroendocrine cells are usually unapparent, and the histologic findings of neuroendocrine cell hyperplasia (NECH) can be subtle (a, 
H&E: 200×), but can be highlighted with synaptophysin (b, IHC: 200×) above the basement membrane
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Similar to carcinoids of other sites, bronchopulmonary carci-
noids predominantly affect middle-aged adults and are classi-
fied as TC and AC. Overall, these tumors occur earlier than most 
other primary pulmonary malignancies. TC generally occurs in 
the 40s to 50s, with AC occurring slightly later in the 50s to 60s. 
TC affects males and females approximately equally, with a 
slight female predominance for AC in some series [2, 6].

As a mass-forming bronchopulmonary lesion, the most 
common presenting symptoms are persistent cough and 
hemoptysis, although up to a quarter of cases are detected 
incidentally. Post-obstructive pneumonia is not an uncom-
mon complication [6, 7]. As they are of neuroendocrine 
 origin, ACTH production and the carcinoid syndrome can 
occur; however, these phenomena are rare and more often 
seen in carcinoids of other primary sites [2].

 What Are the Characteristic Histopathologic 
and Immunohistochemical Features?

Pulmonary carcinoid tumors are characterized by polygonal 
to spindled epithelioid cells with a moderate amount of finely 
granular eosinophilic cytoplasm. “Organoid” nests or tra-
beculae are the most common architectural patterns, and 
prominent vascularity is typical (Fig.  16.7). They will be 
well circumscribed from the surrounding pulmonary paren-
chyma, although entrapped portions of bronchial wall and 
cartilage may be present [2, 4, 7].

The nuclei of most carcinoid tumors are bland, with 
smooth nuclear contours and granular, speckled, or “salt- 
and- pepper” chromatin [2]. As demonstrated above, unusual 
cases will demonstrate severe pleomorphism, with bizarre 
hyperchromatic nuclei. While potentially alarming, and pos-
sibly contributing to misdiagnosis, this morphology does not 
portend aggressive behavior and is not used in the consider-
ation of atypical carcinoids [8].

Immunohistochemically, the majority of carcinoid tumors 
will strongly express neuroendocrine markers such as CD56 
(76%), synaptophysin (90%), and chromogranin (92%). Up 
to 80% will stain positive with cytokeratins. Staining for 
TTF-1 is more variable, with positivity in only 20–50% of 
cases [2, 3, 6].

 What Is an Atypical Carcinoid, and What 
Features Distinguish them from Typical 
Carcinoid?

AC is an intermediate-grade neuroendocrine neoplasm with 
more aggressive clinical behavior and the primary diagnostic 
consideration when evaluating bronchopulmonary carci-
noids. While not diagnostic, nuclear pleomorphism, patchy 

loss of staining with neuroendocrine markers, and a Ki-67 
proliferation index >2% are suggestive of AC, warranting 
close evaluation [2, 9, 10].

There are two histologic features which define AC. The 
first is necrosis, with a single focus being sufficient for the 
diagnosis of AC. The other is an increased mitotic rate of two 
to ten mitoses per 2 mm2 (Fig. 16.8) [2, 4]. Both of these 
features may be focal, and, as such, the exclusion of AC 
requires thorough evaluation of resection specimens.

 Are there any Features Which Have Prognostic 
Significance?

The main prognostic feature is the presence of atypical fea-
tures, with AC having a 5-year survival rate of approximately 
60%, as compared to >90% for TC [2, 5]. The presence of an 
elevated Ki-67 proliferation index has been shown to be an 
independent factor predicting worse overall survival [10], as 
has the presence of lymph node metastases [11].

a

b

Fig. 16.7 Histologic features of typical carcinoids. Classically com-
posed of epithelioid to spindled cells with moderate amounts of eosino-
philic cytoplasm in organoid nests (a, H&E: 200×). The nuclei are 
generally banal; however, large, heterochromatic, and pleomorphic 
nuclei similar to the degenerative “ancient change” seen in other neuro-
endocrine neoplasms can be present (b, H&E: 200×)
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Fig. 16.8 Atypical carcinoid with focal necrosis (a, H&E: 400×) and/
or increased mitotic activity with >2 mitoses/2 mm2 (b, H&E: 400×, 
arrows)

 How Do I Differentiate Pulmonary Carcinoid 
from Other Primary Pulmonary Malignancies?

While carcinoids are typically apparent on resection speci-
mens, crush artifact, poor sampling, and presence of neo-
plastic cells with bizarre nuclei in biopsy specimens can 
obscure the characteristic cytologic and architectural fea-
tures. In these instances, immunohistochemical stains for 
p40 or p63, as well as neuroendocrine markers, can be help-
ful in the differentiation of carcinoid tumors from poorly dif-
ferentiated squamous cell carcinoma. Poorly differentiated 
adenocarcinoma will express TTF-1 with less common 
expression neuroendocrine markers [4].

Tumors with morphologic features of carcinoid tumor 
and > 10 mitoses per 2 mm2 warrant classification as large- 
cell neuroendocrine carcinoma, given their greater likeli-
hood to have aggressive behavior [4].

 How Is Primary Pulmonary Carcinoid 
Differentiated from Metastasis?

Primary pulmonary carcinoid is usually unifocal. The pres-
ence of multifocal lesions, or a history of carcinoid tumors 
elsewhere, should prompt investigation for possible metastatic 

disease. Immunoreactivity for TTF-1 may help suggest pri-
mary pulmonary carcinoid. If negative, additional stains more 
specific to a presumed originating site are warranted. As an 
example, gastrointestinal carcinoid tumors metastatic to the 
lung will be TTF-1 negative but retain CDX2 expression [6].

 What Is DIPNECH, and how Is it Differentiated 
from NECH?

Diffuse idiopathic pulmonary neuroendocrine cell hyperpla-
sia (DIPNECH) is a rare entity in which multiple foci of neu-
roendocrine cell proliferation are seen in the bilateral lungs 
in the absence of an underlying pulmonary process. The 
majority of patients diagnosed with DIPNECH are non- 
smokers in the sixth to seventh decade of life, with a 4:1 
female predominance [3, 6, 7, 12–14]. The prevalence has 
increased in recent years, possibly due to increased recogni-
tion as a disease entity, and as such the exact incidence is 
uncertain [3, 12]. If symptomatic, the most common present-
ing symptoms are persistent cough and dyspnea/wheezing. 
Many cases are detected incidentally on imaging, which is 
characterized by numerous reticulonodular bronchial/bron-
chiolar nodules bilaterally (Fig. 16.9a). Bronchial wall thick-
ening and mosaic air trapping are seen in some cases. 
Pulmonary function tests will show an obstructive or mixed 
obstructive and restrictive pattern. The majority of cases will 
remain relatively stable, with a small subset progressing to 
end-stage lung disease requiring transplantation due to bron-
chiolar obstruction and obliteration. The mechanism under-
lying this process is unclear [3, 7, 12, 13].

DIPNECH is a defined entity within the WHO classifica-
tion, although the criteria for it are somewhat vague and non-
specific. More definitive criteria for the histologic diagnosis 
of DIPNECH have been proposed by multiple authors. One 
such example from Marchesky et al. is the presence of five or 
more neuroendocrine cells, either singly or in clusters, 
located within the basement membrane of the bronchiolar 
epithelium of at least three bronchioles in the setting of three 
or more carcinoid tumorlets [15]. However, there is no cur-
rent consensus regarding any of the proposed criteria in the 
literature [3, 12]. Overall, while an important diagnostic con-
sideration whenever NECH is identified, DIPNECH is, in 
some respects, predominantly a clinical diagnosis and 
requires clinical and radiographic correlation.

 What Are Carcinoid Tumorlets, and how Are 
they Distinguished from NECH and DIPNECH?

Carcinoid tumorlets, on the other hand, are localized neuroen-
docrine cell proliferations which are typically seen in associa-
tion with underlying primary lung disease, such as long-standing 
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bronchiectasis or pulmonary fibrosis. They are also not infre-
quently seen adjacent to carcinoid tumors. Affected patients 
tend to be older, in their seventh to eighth decade of life, but 
otherwise share a similar female predominance to DIPNECH 
[6, 7, 16]. Clinically asymptomatic, they are typically inciden-
tal findings on radiographic studies (Fig. 16.9b) or examination 
of pulmonary resection specimens [16, 17].

Generally, these tumorlets are thought to develop in 
response to localized hypoxia or inflammation [17]. Although 
considered to be benign lesions, their recognition and con-
sideration are important as their presence is associated with 
an increased risk of development of carcinoid tumors, both 

typical and atypical. As such, careful gross and microscopic 
examination of pulmonary specimens for their presence is 
warranted [7, 16].

Carcinoid tumorlets are differentiated from NECH by 
infiltration beyond the bronchial or bronchiolar basement 
membrane (Fig. 16.10).

By definition, they are 5 mm or less in size but are other-
wise histologically and immunophenotypically identical to 
typical carcinoid tumors. Rare cases with atypia and lymph 
node metastases have been reported [7]. If necrosis and/or 
increased mitotic activity are present, these should be treated 
and staged as atypical carcinoids.

a b

Fig. 16.9 CT findings in DIPNECH and carcinoid tumorlets. The pres-
ence of multiple nodules arranged linearly along the walls of bronchi 
and bronchioles bilaterally is characteristic of DIPNECH (a). Carcinoid 

tumorlets, on the other hand, are typically more localized, with pres-
ence of interstitial lung disease in the background (b)

R. J. Morse and H. Xu
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Fig. 16.10 Histologic difference between tumorlet and DIPNECH of 
the lung. Histologic section demonstrated tumorlet with nests of oval- 
shaped neuroendocrine cell infiltrates beyond the basement membrane 
of the bronchiole with stromal fibrosis (a), while DIPNECH exhibited 

an oval-shaped neuroendocrine cell proliferation intact basement mem-
brane (c). There are adjacent emphysematous changes. H&E, (a and c): 
200×. Immunohistochemical stain showed the neuroendocrine cells 
were positive for synaptophysin (b and d). IHC, (b and d): 200×
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17Minute Meningothelial-Like Nodules 
Versus Tumorlet

Sophia Shaddy and Eric C. Huang

 Case Presentation

Computed tomography (CT) from a 65-year-old female 
shows a suspicious 2.0 cm right upper lobe lung mass and 
multiple sub-centimeter randomly distributed nodules within 
the same lobe. Biopsy of the mass is interpreted as lung ade-
nocarcinoma, and the decision is made to pursue a right 
upper lobe lobectomy. On gross examination of the lobec-
tomy specimen, the small nodules are tan and well circum-
scribed and range in size from 2 to 4  mm. Microscopic 
examination shows whorled nests of bland ovoid nuclei with 
finely granular chromatin and eosinophilic cytoplasm. 
Immunohistochemical study on the small nodules is negative 
for cytokeratin and neuroendocrine markers. Based on these 
findings, the diagnosis of minute pulmonary meningothelial- 
like nodules (MPMNs) is rendered (Fig. 17.1).
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Fig. 17.1 Tissue section of MPMN showing whorled clusters of bland 
cells with ovoid nuclei and eosinophilic cytoplasm (H&E 200×)
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 Pathologic Diagnosis: Minute Pulmonary 
Meningothelial-Like Nodules (MPMNs)

 What Are MPMNs and its Main Differential 
on Microscopic Evaluation?

MPMNs are benign proliferations of cells with bland, oval- 
to- spindled nuclei, finely granular chromatin, and granular, 
eosinophilic cytoplasm arranged in nests or whorls that 
involve the alveolar septa [1, 2] (Fig.  17.2). MPMNs are 
more commonly found in women in the sixth decade and 
have been associated with underlying chronic lung disease, 
chronic ischemic heart disease, and primary pulmonary 

malignancy elsewhere in the lungs [3–7]. They are usually 
asymptomatic, found incidentally, are less than 5 mm in size, 
and occur as single or multiple nodules randomly distributed 
throughout the lung lobes [4, 8, 9]. Diffuse pulmonary 
meningotheliomatosis is a rare condition with disseminated 
bilateral pulmonary involvement by MPMNs and restrictive 
pulmonary disease-like symptoms [3, 10].

MPMNs can mimic metastatic malignancy on imag-
ing [9]; however, on microscopy MPMNs are readily clas-
sified as benign. The main differential is another benign, 
small lung lesion called pulmonary tumorlet, especially on 
low- power scanning (Fig. 17.3a). Pulmonary tumorlets are 
neuroendocrine cell proliferations and appear as well-cir-
cumscribed nodules on imaging [11–14]. Morphologically, 

a b

Fig. 17.2 (a) Low-power view of MPMN showing a well-circumscribed nodule (H&E 40×). (b) High power shows whorled nests of cells with 
bland nuclei and eosinophilic cytoplasm (H&E 400×)

a b

Fig. 17.3 Tumorlet histology. (a) Low power shows a well- 
circumscribed nodule of nested cells measuring less than 5 mm (H&E 
40×). (b) High-power magnification shows typical neuroendocrine fea-

tures such as finely stippled chromatin and scant cytoplasm. This lesion 
also lacks mitotic figures and necrosis (H&E 400×)

S. Shaddy and E. C. Huang
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tumorlets are identical to typical carcinoid tumors of the 
lung, showing organoid growth pattern, fine nuclear chroma-
tin, scant pink cytoplasm, and a low mitotic rate, but are less 
than 5 mm in size (Fig. 17.3b). The presumed normal coun-
terpart of tumorlets is the Kulchitsky cell, and early electron 
microscopy studies show tumorlets contain neurosecretory 
granules, indicating neuroendocrine cell origin [13, 15]. Like 
MPMNs, tumorlets also occur more frequently in women in 
the sixth decade, are often incidentally found, and are associ-
ated with areas of chronic lung injury [13, 14]).

 Are MPMNs Related to Central Nervous System 
Meningiomas and/or Primary Pulmonary 
Meningiomas?

Originally, MPMNs were thought to arise from chemorecep-
tor cell precursors when described by Korn et  al. in 1960, 
hence the original name “chemodectoma” [16]. However, 
ultrastructural and immunohistochemical findings show these 
lesions more closely resemble meningothelial cells [1]. 
Though MPMNs are linked to meningothelial cell origin, 
there is no significant association with central nervous system 
meningiomas or primary pulmonary meningiomas [1, 3, 6]. 
The exact pathogenesis of MPMNs remains unclear; however, 
most studies conclude it is likely a reactive process [4, 8, 17].

 What Immunohistochemical Findings Can Help 
Differentiate MPMNs from Pulmonary 
Tumorlets?

Tumorlets have a neuroendocrine immunohistochemical 
profile (with expression of synaptophysin and chromogranin) 
(Fig. 17.4a and b) and are positive for cytokeratins 
(Table  17.1). Additionally, tumorlets can be positive for 
TTF-1 [11]. MPMNs are negative for keratin, synaptophy-
sin, and chromogranin (Fig.  17.5c and d) but have been 
shown to express patchy CD56 [4]. MPMNs have a similar 
immunohistochemical profile to central nervous system 
meningiomas and are positive for EMA (Fig. 17.5a), vimen-
tin (Fig. 17.5b), and PR (variably) [9].

 Why Is it Important for Pathologists 
to Be Aware of MPMNs and Pulmonary 
Tumorlets?

Both MPMNs and tumorlets are considered benign lesions. 
However, they can mimic malignancy on imaging studies [6, 
11, 12] and may be sampled for diagnostic or staging pur-
poses. It is important to be aware of these entities to avoid 
misdiagnosis as malignancy or metastatic disease in order to 
ensure appropriate patient care and management.

a b

Fig. 17.4 Tumorlet showing strong positivity for neuroendocrine markers (a) synaptophysin and (b) chromogranin (400×)

Table 17.1 Summary of stains differentiating MPMN from tumorlet 

MPMN Tumorlet
Synaptophysin, chromogranin – +
Keratin – +
TTF1 – +/−

17 Minute Meningothelial-Like Nodules Versus Tumorlet
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Fig. 17.5 MPMN showing positivity for (a) EMA and (b) vimentin and negativity for (c) synaptophysin and (d) chromogranin (200×). (Figure 
courtesy of Haodong Xu, MD, PhD, University of Washington Medical Center, Department of Laboratory Medicine and Pathology, Seattle, WA)
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18Primary Lung Versus Metastatic 
Adenocarcinoma

Rouba Hadi and Haodong Xu

 Case Presentation

A 62-year-old female, never-smoker, with a history of ovar-
ian cancer years ago for which she underwent surgical resec-
tion with four cycles of chemotherapy, presented to the 
thoracic clinic with a persistent non-productive cough. A 
computed tomography (CT) of the chest was performed and 
showed a 6 cm mass in the right lower lobe of the lung pos-
terior to the hilum and extending to the pleura. A biopsy was 
performed and reported as adenocarcinoma of likely lung 
origin, given the immunohistochemical reactivity of the neo-
plastic cells forTTF-1, PAX-8, napsin-A, CK7, and 
ER. Positron-emission tomography-CT (PET-CT) performed 
one month later demonstrated that there were two hypermet-
abolic masses, 6.0 cm in the right lower lobe and 2.4 cm in 
the right hilum, respectively (Fig. 18.1a, b). There was no 
evidence of other organ involvement. The patient was trans-
ferred to a tertiary center for surgical intervention and further 

management. Upon re-review of her lung biopsy, the mate-
rial from the patient’s right salpingo-oophorectomy in March 
2008 was requested for comparison. A similar endometrioid 
morphology in both cases was noted, as shown in Fig. 18.2, 
which was taken from the lung biopsy, leading to additional 
immunohistochemical studies. It was noticed that the ovar-
ian mass also expressed PAX8, TTF-1, and napsin-A. A right 
upper and lower bilobectomy and excision of the hilar mass, 
as well as biopsies of lymph nodes from different mediasti-
nal levels, were performed. Histological sections of the lung 
and hilar masses show morphologic features of endometrioid 
adenocarcinoma (Fig.  18.3a, b). The neoplastic cells are 
strongly positive for TTF-1 (Fig.  18.3c) and PAX8 
(Fig. 18.3d). In light of these overall findings, the patient’s 
current lung mass and hilar lymph node metastasis were con-
sistent with metastatic ovarian endometrioid adenocarci-
noma. After surgery was completed, the patient was referred 
to gynecological oncology for further management.
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Fig. 18.1 Chest CT image shows a mass in the right lower lobe and a mass in the right hilum (a), which are hypermetabolic in PET scan (b)

Fig. 18.2 H&E-stained slide of the patient’s right lung mass biopsy 
shows a malignant gland proliferation with the unique endometrioid- 
like morphology, which is not a common feature of typical primary 
lung adenocarcinoma, acinar pattern. H&E: 200×. The salpingo- 
oophorectomy resection specimen dating back ten years to the current 
presentation had a similar morphology

R. Hadi and H. Xu
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Fig. 18.3 H&E-stained slides of the patient’s lung resection specimen 
show that a gland-forming neoplasm is present making nests and cords, 
with fairly uniform cells that are frequently polarized with more abun-
dant cytoplasm adjacent to the lumens. The overall features are those of 

endometrioid carcinoma. H&E: 100× (a) and 400× (b). 
Immunohistochemical stains show that the neoplastic cells are positive 
for TTF-1 (c) and PAX8 (d). IHC: 200×

 Pathologic Diagnosis: Lung, Right Upper 
and Lower Lobes. Bilobectomy: 
Adenocarcinoma, Consistent with Metastasis 
from Ovarian Endometrioid Carcinoma

 What Is the Clinical Relevance 
of Distinguishing Metastasis from Primary 
Lung Adenocarcinoma, and Will it Change 
Prognosis?

Establishing a diagnosis that favors metastatic adenocarci-
noma involving the lung versus a primary lung adenocar-
cinoma carries a significant impact on future therapeutic 
interventions. Even in a setting of known adenocarcinoma 
of lung origin, it is necessary to report intrapulmonary 
metastasis from multiple synchronous primaries as this will 
change staging and therapeutic interventions [1]. Knowing 
this, the distinction between primary lung adenocarcinoma 
and metastatic adenocarcinoma of extrapulmonary origin 
becomes even more important. A patient with an isolated 

lung lesion, if truly of lung origin, will usually only require 
surgical management, in the form of a lobectomy and pos-
sibly mediastinal lymph node staging. However, in the 
case of extrapulmonary metastasis, treatment will almost 
always involve some form of chemotherapy (usually with 
radiation). Prognosis also becomes significantly different. 
With colorectal adenocarcinomas, which can metastasize 
to the lung in up to 20% of patients, rare cases have been 
reported where patients developed synchronous lung and 
colorectal adenocarcinomas. In these patients, surgical 
resection and chemotherapy regimens are drastically differ-
ent. Synchronous curative resection of the two lesions is the 
primary management step, and adjuvant chemotherapy for 
colorectal cancer should not be given. In cases where the 
synchronous primaries were missed and the patients given 
adjuvant chemotherapy for presumed metastasis, there 
were severely unfavorable outcomes reported [2]. Of note, 
patients with synchronous primaries have been found to 
have a better prognosis than those with metastatic colorectal 
carcinoma alone [2].

18 Primary Lung Versus Metastatic Adenocarcinoma
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 What Imaging Findings Are Helpful 
in Distinguishing Metastasis from Primary 
Lung Adenocarcinoma?

Radiographic imaging plays a big role in the assessment of 
lung lesions. CT imaging of the chest allows radiologists to 
evaluate some characteristics of a lung mass such as its loca-
tion and size, as well as more detailed features such as a 
lepidic-growth pattern versus invasion, mucinous versus 
solid components, and even the presence of lymphovascular 
space invasion [3]. When imaging detects multiple lung nod-
ules in a patient with a history of an extrapulmonary malig-
nancy, it is likely that this represents metastatic disease [4, 
5]. In addition to the presence multiple pulmonary nodules, 
another key feature that would favor metastasis is cavitation/
necrosis [5]. Still, in the setting of an isolated lung lesion, 
determining metastasis from primary lung cancer on imag-
ing remains a challenge. Furthermore, the odds of a patient 
having primary lung cancer when there has been an extrapul-
monary malignancy are not as low as one would expect. A 
study reviewing 800 cases of patients with extrathoracic can-
cer who later presented with a solitary pulmonary lesion 
found that 500 of these patients had primary cancer of the 
lung. Approximately 200 (40%) of these patients had solitary 
metastasis from their extrathoracic primary [4]. Other stud-
ies have reported that for patients with a history of an extra-
pulmonary malignancy, the ones most likely to present with 
a metastatic nodule in the lung are those with a history of 
melanoma, sarcoma, or testicular carcinoma [6]. In these 
cases, the size of the nodule and distance from the pleura 
were found to be statically significant in the prediction of 
malignancy. Nodules greater than 10 mm in size and measur-
ing more than 10 mm away from the pleura were most likely 
to be malignant [6]. All in all, although some features are 
helpful in the radiologic assessment of lung nodules, imag-
ing modalities alone are not enough for definitive diagnosis.

 What Histopathologic Features Are Helpful 
in Distinguishing Metastasis from Primary 
Lung Adenocarcinoma, and how Is 
Immunohistochemistry Contributory?

The histologic subtypes of lung adenocarcinoma are many 
and include lepidic, acinar, papillary, micropapillary, solid, 
invasive mucinous (including mixed invasive mucinous and 
non-mucinous), colloid, fetal, enteric, and minimally inva-
sive adenocarcinoma [7]. Given this wide variation in mor-
phologic patterns, to assess whether an adenocarcinoma in 
the lung is a primary versus a metastasis using histopathol-
ogy alone is extremely challenging. While the presence of 
atypical adenomatous hyperplasia (AAH) and/or adenocar-
cinoma in situ (AIS) can allow one to be confident in diag-

nosing primary lung adenocarcinoma, particularly in the 
presence of peripheral lepidic pattern of growth (given the 
appropriate clinical and radiographic context), the real 
dilemma happens when these preinvasive lesions are incon-
spicuous or absent, and the tumor lacks lepidic component. 
Furthermore, both metastatic pancreatic and breast adeno-
carcinomas have been known to have a lepidic pattern of 
growth, mimicking primary lung adenocarcinoma with a lep-
idic pattern and complicating the diagnosis [8].

Immunohistochemistry has been historically useful when 
favoring primary lung adenocarcinoma over metastasis from 
an extrapulmonary malignancy. Thyroid transcription factor 1 
(TTF-1) and napsin-A are routinely used and known to be 
strongly positive in most primary lung adenocarcinomas, 
staining up to 72% and 80% of cases, respectively [9]. 
Positivity with these markers however is not restricted to lung 
adenocarcinoma, as TTF-1 is also typically expressed in thy-
roid carcinoma (including those metastasizing to the lung) 
and small-cell carcinoma originating from organs such as the 
bladder, prostate, and esophagus [9]. More recent studies 
have even shown rare TTF-1 expression in endometrioid car-
cinoma and ovarian epithelial neoplasms including serous 
and endometrioid adenocarcinomas [10]. Although rarely 
described, napsin-A can be positive in thyroid carcinoma, 
renal cell carcinoma, and ovarian clear cell carcinoma [9].

It is also important to note that while these markers are 
sensitive, certain histologic subtypes, specifically enteric and 
mucinous adenocarcinomas of the lung, may not show 
expression of either TTF-1 or napsin-A. Enteric-type lung 
adenocarcinoma may instead express CDX2, villin, and 
SATB2, known markers of enteric differentiation [9]. One 
study evaluated the immunohistochemical profile of seven 
different primary adenocarcinomas (lung, colorectal, gastric, 
pancreatic, bile duct, breast, and ovarian) and specifically 
looked at the expression of common site-specific markers 
such as CDX-2, CK7, CK20, TTF-1, CEA, SMAD4, and 
GCDFP-15, among others. In the conclusion, it was noted 
that in this specific study, no single markers other than TTF- 
1 and GCDFP-15 were entirely specific for a given site [11]. 
Overall, while immunohistochemistry may help support a 
diagnosis, it has its limitations and is alone insufficient to 
make a definitive diagnosis.
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19Metastatic Urothelial Carcinoma Versus 
Squamous Cell Carcinoma

L. Angelica Lerma, Christopher M. Chandler, 
and Haodong Xu

 Case Presentation

A 70-year-old man is a former smoker (1 pack-year) with a 
history of chemotherapy and radiation for left tonsillar squa-
mous cell carcinoma 10 years ago, as well as for T2N0M0 
high-grade urothelial carcinoma, diagnosed 2  years ago. 
Recent follow-up chest computed tomography (CT) showed 
a right apical spiculated, subpleural, solid pulmonary nodule 
(Fig.  19.1a). A positron-emission tomography (PET) scan 
showed an abnormal fluorodeoxyglucose (FDG) uptake 
(SUV max 3.19) corresponding to the nodule (Fig. 19.1b). 
The imaging findings were interpreted as most consistent 
with a new primary early stage lung cancer. Therefore, the 
patient was brought to the operating room for diagnostic and 
therapeutic wedge resection. Histologic sections of the 
1.4  cm lung nodule showed a high-grade carcinoma with 
nested pattern of growth (Fig. 19.2). No glands, squamous 
differentiation, or neuroendocrine morphology was present. 
The major differential diagnosis includes primary poorly dif-
ferentiated squamous cell carcinoma, metastatic urothelial 
carcinoma, and metastatic tonsillar squamous cell carci-
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Fig. 19.1 Chest CT showing a subpleural spiculated nodule (a) with 
hypermetabolism on PET (b) in the right upper lobe
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noma. Slides from the two prior carcinomas were not avail-
able for comparison. Immunohistochemical stains showed 
that the neoplastic cells are positive for p40, GATA3, and 
uroplakin II (Fig. 19.3), but negative for p16. Based on the 
clinical history, histologic features, and immunohistochemi-
cal staining pattern, the diagnosis of metastatic high-grade 
urothelial carcinoma was rendered.

a

b

Fig. 19.2 Metastatic high-grade urothelial carcinoma. Histologic sec-
tions show a high-grade carcinoma with a nested pattern of growth 
(H&E, (a) 100× and (b) 400×)

a b

c d

Fig. 19.3 Metastatic urothelial carcinoma with a characteristic immunohistochemical staining pattern. The neoplastic cells are positive for p40, 
GATA3, and uroplakin II (a, b, and c IHC 200×), and they are negative for p16 (d IHC, 200×)

L. A. Lerma et al.
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 Final Pathologic Diagnosis: Metastatic 
High-Grade Urothelial Carcinoma

 What Are the Clinical, Radiologic, 
and Prognostic Features of Primary Squamous 
Cell Carcinoma of the Lung?

Lung cancer is the second most common cancer in women 
and men, of which squamous cell carcinoma comprises 30% 
of all cases [1, 2]. Pulmonary squamous cell carcinoma 
(pSCC) causes approximately 400,000 deaths annually 
around the world and is strongly associated with cigarette 
smoking (98% of patients) [3]. The risk of pSCC increases 
10% per year of smoking and decreases at a rate of 11% per 
year upon cessation [4]. Clinical symptoms may include 
shortness of breath and chest pain [2].

The classic radiologic finding of pSCC is a centrally 
located, spiculated mass with or without cavitation involving 
lobar or segmental bronchi [2]. However, central lesions 
account for 43–65% of cases, and therefore pSCC should be 
considered in the differential of peripheral lesions [5, 6]. 
Koenigkam et al. describe lobulated margins as the predomi-
nant feature in the plurality of pSCCs [5]. Wang et  al. 
reported the presence of mediastinal and ipsilateral hilar 
lymphadenopathy in 65% and 50% of central SCCs of the 
lung, in a series of 95 cases [7]. On the other hand, contralat-
eral lung metastasis, contralateral hilar lymphadenopathy, 
and pleural nodules were fairly uncommon occurrences (6%, 
3%, and 5%, respectively) [7].

The most important prognostic marker in pSCC is the 
pathologic stage. 5-year overall survival of all non-small-cell 
carcinomas is >77% for clinical stage IA disease, while it is 
<10% in patients with clinical stage IV disease [8]. 
Performance status at diagnosis is also correlated with over-
all survival [9]. Although only between 9% and 25% of 
tumors display cavitation on CT, it is a negative predictor of 
survival, independent of the TNM stage [5, 7, 10].

Patients with Muir-Torre, von Hippel-Lindau, and dysplas-
tic nevus syndrome have an increased incidence of pSCC [6].

 What Are the Clinical, Radiologic, 
and Prognostic Features of Metastatic 
Urothelial Carcinoma?

At the time of diagnosis, urothelial carcinoma (UC) patients 
are men in their seventh and eighth decade of life who pres-
ent with painless hematuria as a first symptom of localized 
disease; however, 3.1% of patients are younger than 44 years 
of age at the time of diagnosis [11]. Overall, approximately 

20% of cases have metastatic disease at the time of presenta-
tion, most commonly to regional lymph nodes [12, 13]. 
Distant metastases most frequently involve the lymph nodes, 
lung, liver, and bone [11, 14]. Rarely, patients with meta-
static UC present with hemoptysis, dyspnea, and cough as a 
consequence of endobronchial metastases, cavitary metasta-
ses, or pulmonary tumor emboli [15, 16]. Stowell et  al. 
reported a case of metastatic UC presenting as pleuritic chest 
pain as a result of a pneumothorax secondary to a cavitary 
metastasis [14].

Typically, lung involvement is identified by radiologic 
staging. In the lung parenchyma, metastatic UC may present 
as interstitial micronodules, multifocal nodules, or a single 
lesion, which may have cavitation in up to 4% of cases [15, 
17]. Pleural metastases are present in 11% of cases [15].

Cisplatinum-based chemotherapy is the mainstay of treat-
ment for metastatic disease, which is given to approximately 
half of patients [12, 13]. Approximately one quarter of 
patients with metastatic bladder cancer receive radiation 
treatment [13]. Even with current treatment options, the 
overall 5-year survival of patients with metastatic urothelial 
carcinoma is only 9.5% in the United States [13]. Luzzi et al. 
describe a series of 69 patients who underwent lung lobec-
tomy with curative intent. In this study, patients with metas-
tases of less than 3 cm had a 5-year survival of 59% vs. 33% 
for those patients with larger tumors [18].

 What Are the Gross Examination Features 
of Lung SCC?

The tumors are gray-white, friable masses, frequently grow-
ing along the wall of the bronchus or into the lumen. 
Sectioning can range from firm to central necrosis with or 
without cavitation [2, 6].

 What Are the Histologic Features of Lung SCC?

Squamous cell carcinomas resemble architecturally disorga-
nized squamous epithelium. Tumor cells variably lack matu-
ration, although most tumors can have areas of differentiation, 
in which keratinization is a prominent feature. Cytologically, 
an increased nuclear-to-cytoplasmic ratio, hyperchromatic 
nuclei, and atypical mitotic figures are readily apparent. SCC 
stains for p40, p63, CK5/6, EMA, and CEA by immunohis-
tochemistry. Negative immunohistochemical stains include 
TTF-1 and napsin-A. Chu et al. report that 23% of pSCC can 
be positive for CK7. Of these, staining with p40 is more spe-
cific than p63 [19].
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 What Are the Gross Examination Features 
of Metastatic UC?

Of bladder cancers with metastasis, between 37% and 45% 
involve the lungs [20, 21]. The pattern of metastatic disease 
varies but is classically multiple nodules of varying sizes 
involving the bilateral lungs (Fig. 19.4). However, a single 
site of metastasis is not uncommon [6], as seen in our case.

 What Are the Histologic Features 
of Metastatic UC?

Urothelial carcinoma has many different morphologies, 
although 90% of tumors are predominantly transitional cell 
carcinoma with areas of divergent differentiation [13, 15]. 
Classic UC is composed of pleomorphic cells and significant 
nuclear atypia [22]. The architecture can vary greatly, includ-
ing nests, solid growth, and papillary architecture (Fig. 19.4). 
However, a subset of cells with squamous differentiation can 
be seen in up to 60% of UCs [23, 24].

 How Does One Differentiate Between 
Metastatic UC and SCC?

Histologically, the features of metastatic UC and SCC 
often overlap. As mentioned, up to 60% of UCs can have 

squamous differentiation [23–25]. However, identification 
of squamous cell carcinoma in situ reliably indicates pri-
mary lung origin (Fig.  19.5). On fine-needle aspiration, 
cercariform cells (racket-form cells with eccentric nuclei, 
intranuclear inclusions, and small vacuoles in the cyto-
plasmic extensions) are encountered in UC and rarely in 
SCC [26]. Waxy metaplastic cytoplasm, dark pyknotic 
nuclei, and spindle cells on cytological preparations favor 
SCC [27].

Gruver et al. proposed a panel consisting of CK7, CK20, 
GATA3, uroplakin III, CK14, and desmoglein-3. Of these, 
uroplakin III demonstrated no staining in lung SCC; how-
ever, only 25% of UC metastases in the lung were positive 
for this marker [25]. Uroplakins are relatively specific immu-
nohistochemical markers of urothelial differentiation but 
have recently been described as cross-reacting in breast car-
cinomas with apocrine differentiation and ovarian Brenner 
tumors [25, 28–30]. Uroplakin II has a sensitivity of approxi-
mately 53% and 73% in invasive and metastatic UC, respec-
tively [31, 32]. Uroplakin III is less sensitive (25–36% 
metastatic UC) [25, 32].

Although the sensitivity of GATA3  in urothelial carci-
noma is between 67 and 91%, there are some reports of reac-
tivity in up to 23% of lung squamous cell carcinomas [22, 
25, 33]. Of note, CK20 is rarely expressed in lung SCC 
(0–3%) and frequently found in pulmonary metastasis of UC 
(40–62%) [19, 25, 34]. CK7 has a similar profile, ranging 
from 0% to 7% in pSCC and from 88% to 100% in UC 
metastases [19, 25, 30, 35].

 What Is the Prognosis of Metastatic Urothelial 
Cell Carcinoma and Primary Lung Squamous 
Cell Carcinoma?

UC at an advanced stage (including metastatic disease) has 
a median overall survival of 7.3  months with multiagent 
chemotherapy and 10.1 months with the use of checkpoint 
blockade agents [36]. The prognosis for squamous cell car-
cinoma of the lung varies greatly depending on stage; the 
American Cancer Society reports greater than 45% five-
year survival for stage I disease and <1% in stage IV dis-
ease [1].

Fig. 19.4 Micronodules of metastatic urothelial carcinoma. Gross 
photograph of the pleural surface of a lung collected at the time of 
autopsy with innumerable micronodules of metastatic urothelial 
carcinoma

L. A. Lerma et al.
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c

Fig. 19.5 Invasive squamous cell carcinoma of the lung is associated 
with carcinoma in situ. (a) Squamous cell carcinoma in situ in a bron-
chiole characterized by thickened, stratified squamous epithelium with 
disorganized, crowded, and atypical cells. (b) Squamous cell carcinoma 

in situ with pleomorphic squamous cells with increased nuclear-to- 
cytoplasmic ratios and mitotic figure. (c) Nearby invasive squamous 
cell carcinoma. H&E, (a) 100×; (b) 400×; (c) 200×
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20Thymic Carcinoma Versus Lung 
Squamous Cell Carcinoma

Jennifer J. Chia and Gregory A. Fishbein

 Case Presentation

A 55-year-old male non-smoker presented with 15-pound 
weight loss and 3 months of progressive mild chest pressure, 
shortness of breath, and dry cough. He also endorsed inter-
mittent fevers over the last 2 weeks. Physical examination 
showed no cervical or axillary lymphadenopathy. A chest 
X-ray showed a large mediastinal mass. Chest computed 
tomography (CT) demonstrated a mass located in the ante-
rior mediastinum with extension to the right lung (Fig. 20.1). 
An initial biopsy was interpreted as poorly differentiated 
squamous cell carcinoma, which could represent thymic 
squamous cell carcinoma invading the lung or pulmonary 
squamous cell carcinoma invading the anterior mediastinum. 
A thymectomy with pulmonary segmentectomy was 
performed.

The resection specimen contained a red-tan, smooth, firm 
mass measuring 6.3 cm in greatest dimension (Fig. 20.2) and 
directly underlying an attached portion of the lung. Cut sur-
faces showed a white-tan, friable mass with central hemor-
rhage and necrosis (not pictured).

Histologic examination of the mass demonstrated an infil-
trative epithelial neoplasm with subtle squamous features 
including focal dyskeratotic cells, intercellular bridges, and 
focal keratinization (Fig. 20.3). Immunohistochemical stains 
(Fig. 20.4) were strongly positive for p40 and PAX8, sup-
porting thymic origin. CD117 and CD5 were also positive. 
These findings were ultimately classified as thymic 
carcinoma.

J. J. Chia · G. A. Fishbein (*) 
Department of Pathology and Laboratory Medicine, David Geffen 
School of Medicine at UCLA, Los Angeles, CA, USA
e-mail: gfishbein@mednet.ucla.edu

Fig. 20.1 CT without contrast showing a solid anterior mediastinal 
mass with extension to the right lung (arrow)

Fig. 20.2 Gross photograph demonstrating the anterior mediastinal 
resection with mass underlying the adherent portion of the lung. Scale 
bar represents 4 cm
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Fig. 20.3 Histologic evaluation of the thymic mass. (a) At low power, 
the normal thymic architecture is replaced by cohesive sheets and 
islands of tumor cells with predominantly smooth contours infiltrating 
into the surrounding soft tissue. Scale bar represents 2  mm. (b) At 

medium power, the tumor cells are moderately pleomorphic with dense 
eosinophilic cytoplasm and subtle keratinization. There are scattered 
admixed lymphocytes. Scale bar represents 200 μm

a b

Fig. 20.4 Immunohistologic evaluation of the thymic mass. (a) CD117 
(cKit) demonstrates patchy membrane staining. (b) CD5 demonstrates 
diffuse membrane staining. (c) PAX8 demonstrates diffuse nuclear 

staining, consistent with thymic origin. (d) p40 demonstrates diffuse 
nuclear staining, consistent with squamous differentiation. Scale bar 
represents 200 μm
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 Final Diagnosis: Thymic Squamous Cell 
Carcinoma

 Key Points for Differentiating Thymic 
Carcinoma Versus Lung Squamous Cell 
Carcinoma

 How Do the Clinical Presentations of Patients 
with Thymic Carcinoma and Lung Squamous Cell 
Carcinoma Differ?
Patients with thymic carcinoma may be of any age, and there 
is no association with environmental risk factors (Table 20.1). 
In contrast, patients with squamous cell carcinoma of the 
lung tend to be older (>65  years) and are almost always 
smokers. The symptoms of thymic carcinoma are not spe-
cific but are usually related to compression of adjacent medi-
astinal structures by mass effect.

 Are Imaging Features, Including Localization, 
Helpful in Determining the Origin of the Tumor?
Yes. The radiographic localization can be helpful, especially 
when an endobronchial component is identified. The pres-
ence of an endobronchial component strongly supports a pri-
mary lung squamous cell carcinoma (Figs. 20.5 and 20.6).

 Does Histology Alone Distinguish Between 
Thymic and Lung Squamous Cell Carcinoma?
No. Histology alone does not reliably distinguish these two 
entities. Thymic carcinoma can have a variety of histologic 
phenotypes, although 70% exhibits squamous differentiation 
[1]. Invasive squamous cell carcinoma of the lung will often 
have a moderately differentiated appearance, while those 
originating in the thymus tend to be more poorly differenti-

c d

Fig. 20.4 (continued)

Table 20.1 Comparison of clinical features of thymic carcinoma and 
lung squamous cell carcinomas [1, 2]

Clinical 
features Thymic carcinoma Lung SCC
Age at 
presentation

Any, sixth decade 
most common

Predominantly >65 years

Signs and 
symptoms

Asymptomatic or 
mediastinal 
compression: Chest 
pain, cough, shortness 
of breath

Variable: May include 
progressive shortness of 
breath, cough, chest pain/
pressure, hoarseness, 
hemoptysis; occasionally 
asymptomatic

Environmental 
factors

No association with 
tobacco smoke or 
other environmental 
factors

Tobacco smoke

SCC squamous cell carcinoma
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a b

Fig. 20.5 Radiologic findings in lung squamous cell carcinoma. (a) CT with contrast demonstrated an enhancing, endobronchial mass (arrow). 
(b) PET-CT demonstrating FDG-avidity of the endobronchial mass (arrow)

Fig. 20.6 Endobronchial component of lung squamous cell carci-
noma. Scale bars represent 800 μm

a

b

Fig. 20.7 Histologic comparison of lung squamous cell carcinoma and 
thymic carcinoma at medium power. (a) Lung squamous cell carcinoma 
with dyskeratotic cells (arrow), keratin pearls (arrow heads), and necro-
sis. (b) Thymic carcinoma invading the lung with abrupt keratinization 
(arrows). Scale bars represent 200 μm

ated with only focal keratinization and vague intercellular 
bridges (Fig. 20.7).

Extensive necrosis can be seen in both entities. The inva-
sive, pushing borders of thymic carcinoma may be more 
rounded than in lung squamous cell carcinoma. However, 
this is not a reliable feature for diagnosis.

 Can Immunohistochemistry Distinguish Between 
Thymic and Lung SCC?
Yes. In general, there are no immunohistochemical markers 
that can distinguish squamous carcinoma of the lung from 
squamous cell carcinoma originating from a distant site. The 
exception is the thymus. Squamous cell carcinoma from any 
site will usually be immunoreactive to high-molecular- 

weight cytokeratins (e.g., CK5/6), p63, and p40. However, 
the majority of thymic epithelial neoplasms, including thy-
mic squamous cell carcinoma, also express PAX8. In addi-
tion, thymic squamous cell carcinoma tends to express CD5 
and CD117. These markers can help distinguish thymic 
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squamous cell carcinoma from squamous cell carcinoma of 
lung origin (Table 20.2). That said, the importance of radio-
graphic localization cannot be overstated. The mass location, 
extent of invasion, and other radiographic features should 
also be taken into consideration. (Table 20.3) Both thymic 
carcinoma and lung squamous cell carcinoma have a propen-
sity for local invasion; thus, a scenario in which squamous 
cell carcinoma is present in adjacent lung and thymic tissue 
is possible, as in the case presented above. When imaging 
and gross localization is equivocal, immunohistochemistry 
can be helpful to determine the primary site.

 Does Molecular Testing Help to Distinguish 
Thymic Carcinoma and Lung SCC?
The pattern of molecular and cytogenetic alterations has 
been show to differ between thymic carcinoma and lung 
SCC; however, this has not been widely used diagnostically 
as the range of possible mutational changes in each of these 
malignancies is wide and shows some overlap [10]. Frequent 
chromosomal aberrations found in thymic carcinoma include 
loss of 16q, 6, 3p, and 17p and gain of 1q, 17q, and 18 [11]. 
This pattern is different than seen in lung carcinomas, which 
more frequently demonstrate loss of 3q, 11q, and 8q and gain 
of 3p, 5q, 9p, and 13q [11]. Thymic carcinomas may demon-
strate mutations in TP53 (20–40%), KIT (10%), EGFR 
(2.5%), and KRAS (6%); Her2 gene amplification is rela-
tively rare, found in 0–4% of cases [11–13]. TP53 is also 
frequently mutated in lung SCC (>50%). Other common 
gene mutations found in lung SCC involve CDK2A, PTEN, 

PIK3CA, KEAP1, MLL2, HLA-A, NFE2L2, NOTCH1, and 
RB1 [14]. Due to the mutagenic effects of cigarette smoke, 
lung SCC demonstrates a very high tumor mutational burden 
that is enriched in C>A single-nucleotide substitutions com-
pared to other cancer mutational signatures [15]. While the 
detection of a tobacco smoking-associated mutational signa-
ture by genome or exome sequencing may favor lung origin, 
these molecular techniques are not typically used to distin-
guish between thymic carcinoma and lung SSC.

 Squamous Cell Carcinoma Is Present 
in the Thymus. Could this Be a Metastasis 
of Primary Lung Squamous Cell Carcinoma?
Metastasis of primary lung SCC to the thymus has not been 
described, though metastasis of lung adenocarcinoma to the 
thymus has been reported [16]. In this unlikely scenario, 
immunohistochemistry may be helpful.

 Does the Presence of Extra-Thoracic Metastasis 
Favor SCC of Lung Origin?
No. Thymic SCC can also lead to lymph node and distant 
metastases. The sites of metastases are similar: the bone, 
liver, lung, adrenal gland, and brain [2, 17].

 Does Thymic SCC Arise from a Pre-existing 
Thymoma?
Only rarely. Most cases of thymic carcinoma arise without a 
thymoma component [2, 18]. Similarly, myasthenia gravis is 
only associated with thymic carcinoma when a thymoma 
component is present in the tumor [18].
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21Pulmonary Epithelioid 
Hemangioendothelioma Versus 
Carcinoma and Other Epithelioid 
Neoplasms

John M. Gross and Robert W. Ricciotti

 Case Presentation

A healthy 35-year-old nonsmoking female underwent a rou-
tine chest radiograph prior to surgery for an elective chole-
cystectomy. Routine preoperative CBC, BMP, and urinalysis 
were all within normal limits. A physical examination was 
unremarkable, and neither family history nor occupational 
exposures were of any clinical significance. The chest radio-
graph showed a diffuse bilateral micronodular pulmonary 
infiltrate. A high-resolution CT scan showed multiple, bilat-

eral small pulmonary nodules. The nodules were present in 
all lobes and adjacent to bronchioles and medium-sized ves-
sels without associated hilar lymphadenopathy. Surgical 
lung biopsy revealed epithelioid cells with ample eosino-
philic cytoplasm and intracytoplasmic vacuolization in a 
myxohyaline stroma (Figs.  21.1 and 21.2a,b). 
Immunohistochemistry revealed strong nuclear reactivity 
with CAMTA1 (Fig. 21.2c, d) as well as expression of CD34 
and ERG (not shown), whereas TTF1, AE1/AE3, and p40 
were negative.
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a b

Fig. 21.1 (a) Histologic evaluation shows epithelioid cells growing in 
clusters in an alveolar filling pattern. (b) Other areas assume a more 
spindled pattern in a background myxoid stroma. (c) Tumor cells with 

ample eosinophilic cytoplasm growing in cords and  clusters. (d) Many 
cells contain intracytoplasmic vacuoles/lumina with erythrocytes
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a b

c d

Fig. 21.2 (a) Tumor is present along the pleural surface and (b) as 
hyalinized, eosinophilic nodules within the lung parenchyma. (c) 
Immunohistochemistry for CAMTA1 is diffusely positive along the 

pleural surface. (d) Higher power shows the strong nuclear CAMTA1 
expression

dc

Fig. 21.1 (continued)
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 Final Diagnosis: Pulmonary Epithelioid 
Hemangioendothelioma

 What Is the Definition of Epithelioid 
Hemangioendothelioma?

EHE is a malignant vascular neoplasm composed of epithe-
lioid endothelial cells in a distinct myxohyaline stroma [1–
3]. This neoplasm is characterized by a WWTR1-CAMTA1 
gene fusion [4–7] in >90% of cases and, less commonly, 
YAP1-TFE3 fusions [8].

 What Are the Epidemiologic Factors?

EHE affects patients of all ages but is most common after the 
second decade of life with a median age of onset at 38 years. 
It is especially rare in childhood. For unknown reasons, 
60–80% of cases occur in women [1–3].

 What Are the Clinical and Radiologic 
Considerations of Pulmonary Epithelioid 
Hemangioendothelioma?

EHE most often occurs as a soft tissue or bone tumor; however, 
primary visceral sites are not uncommon including the liver, 
lung, and pleura [1–3]. PEHE, including those of pleural origin, 
account for approximately 20% of cases. Most patients (50–
70%) are symptomatic at presentation, with pain being the most 
common complaint followed by cough, dyspnea, hemoptysis, 
pleural effusion, and nonspecific systemic symptoms. 
Radiologic studies most often show multiple bilateral perivas-
cular nodules (less than 2 cm) with either well or poorly defined 
borders. These findings are commonly misinterpreted as repre-
senting metastatic carcinoma or granulomas. A minority of 
patients present with a solitary lung nodule (<5 cm) or nodular/
diffuse pleural involvement mimicking mesothelioma [9–12].

 What Are the Macroscopic Features 
of Epithelioid Hemangioendothelioma?

EHE typically presents with multiple circumscribed nodules 
with a firm, gray-white cut surface. Tumors extending to the 
pleura show diffuse pleural thickening mimicking the gross 
appearance of malignant mesothelioma (Fig. 21.3a–c) [9–12].

 What Are the Histologic 
and Immunophenotypic Features 
of Epithelioid Hemangioendothelioma?

The histologic and immunophenotypic features of PEHE 
are shown in Figs.  21.4, 21.5, 21.6, and 21.7. These 
tumors are often associated with arterioles, venules, or 
lymphatic vessels. At low power, PEHE most often forms 
rounded nodules with increased cellularity at the periph-
ery and a hypocellular, sclerotic center. The tumor is com-
posed of strands and nests of epithelioid cells often with 
intracytoplasmic lumina containing fragmented erythro-
cytes, so-called blister cells. The cells are embedded in a 
sclerotic myxohyaline stroma. At the periphery, PEHE 
often shows “micropolypoid” protrusions with tumor fill-
ing alveolar spaces (Figs.  21.1, 21.2, and 21.3) [9]. 
Significant pleomorphism is rare, and mitotic activity is 
generally low (<5/10 HPF) [1–3]. Rare calcification and 
ossification may occur [1].

EHE expresses an endothelial immunophenotype with 
positive CD31, CD34, FLI1, and ERG; however, the 
intensity of staining may vary. Epithelial-type antigens 
are expressed in 25–50% of tumors including CK7, CK8, 
CK18, AE1/AE3, and EMA [1–3]. Nuclear staining for 
CAMTA1, the surrogate antibody for the WWTR1-
CAMTA1 fusion, is useful to separate EHE from its mim-
ics [13]. Nuclear TFE3 expression is seen in a subset of 
cases with YAP1-TFE3 fusion (Figs. 21.6 and 21.7) [8].

 What Are the Genetics of Epithelioid 
Hemangioendothelioma?

Epithelioid hemangioendothelioma harbors a unique trans-
location t(1;3)(p36;q23–25) resulting in a WWTR1-
CAMTA1 fusion. Three fusion-transcript variants have 
been described: exon 3 or 4 of WWTR1 fused to either 
exon 8 or exon 9 of CAMTA1. The fusion gene encodes a 
putative transcription factor which places CAMTA1 under 
the control of the WWTR1 promoter resulting in overex-
pression of the C-terminus of CAMTA1 culminating in 
dysregulation of downstream events [4–7]. A subset of 
cases, often associated with vasoformation and younger 
age at presentation, harbors YAP1-TFE3 gene fusion. This 
variant fusion results in overexpression of the TFE3 pro-
tein, which can be detected by nuclear immunoreactivity 
with TFE3 antibodies [8].
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a b

c

Fig. 21.3 (a) Gross evaluation from an autopsy specimen of a patient 
with pleural EHE shown here caking the pleural surface (posterior and 
superior view). (b) Cut surface shows multiple small nodules through-

out both lungs. (c) The pleura is diffusely thickened including the fis-
sures as well as multiple intrapulmonary tumor nodules

 What Is the Prognosis of Epithelioid 
Hemangioendothelioma?

The prognosis of soft tissue EHE is generally indolent; how-
ever, 20–30% experience metastases, and approximately 
15% of patients die of their disease [1–3]. The prognosis of 
thoracic EHE is worse with a 5-year survival of 60% [9–11]. 
Negative prognostic indicators include extensive intrapul-
monary and pleural spread, weight loss, anemia, and hemor-
rhagic pleural effusions. Most patients eventually die of 
respiratory failure due to replacement of pulmonary paren-
chyma by tumor. EHE arising from the pleura is invariably 

aggressive; most patients survive less than 1 year and often 
succumb to uncontrolled local spread followed by systemic 
disease [9, 10].

 What Are the Most Common Differential 
Diagnoses of Pulmonary Epithelioid 
Hemangioendothelioma?

The most common differential diagnosis is metastatic or pri-
mary carcinoma [1]. Primary lung carcinoma typically pres-
ents in older patients with a smoking history. Both tumors 
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a b

Fig. 21.4 (a) PEHE is often associated with large blood vessels. (b) Epithelioid tumor cells in a sclerotic, eosinophilic background matrix filling 
the alveoli

may show cytokeratin positivity; however, diffuse expres-
sion for keratins as well as TTF-1 or p40/p63, in concert with 
the lack of expression of endothelial antigens, is helpful to 
exclude PEHE.  In addition, carcinomas do not harbor the 
t(1;3)(p36;q23–25) WWTR1-CAMTA1 or YAP1-TFE3 trans-
locations seen in epithelioid hemangioendothelioma [4–8].

In addition to carcinoma, the differential diagnosis 
includes other epithelioid vascular neoplasms. Epithelioid 
hemangioma typically has a lobular architecture composed 
of well-formed plump epithelioid-to-histiocytoid endothelial 
cells lining the vascular channels with an admixed chronic 
inflammatory infiltrate often rich with eosinophils. In addi-
tion, many cases of epithelioid hemangioma harbor FOS 
gene rearrangements and show FOS/FOSB expression by 

immunohistochemistry [14]. Epithelioid hemangiomas are 
negative for CAMTA1 and TFE3 [8, 13, 14].

Epithelioid angiosarcoma (EAS) is another epithelioid 
vascular neoplasm that deserves consideration [8, 15]. 
Histologically, epithelioid angiosarcoma typically contains 
sheets or nodules of large epithelioid cells with overt nuclear 
pleomorphism lining irregular vascular spaces. Furthermore, 
abundant mitotic activity and tumor necrosis is often present. 
The immunophenotype of EAS may overlap with epithelioid 
hemangioendothelioma; however, EAS is negative for 
CAMTA1 and TFE3 [8, 13, 15].

Epithelioid sarcoma and EHE have an overlapping immu-
nophenotype and occasionally show similar morphologic fea-
tures. Epithelioid sarcoma most commonly presents in the 
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b c

Fig. 21.5 (a) PEHE growing in an alveolar filling pattern with epithelioid or (b) spindled cells within (c) a distinctive myxohyaline stroma

distal extremities of younger patients (classic or distal-type) or 
in the proximal trunk of middle-aged adults (proximal- type) 
[16]. Epithelioid sarcoma often shows a prominent granu-
loma-like pattern with central necrosis (distal-type) or large, 
plump rhabdoid cells with ample cytoplasm (proximal- type). 
Epithelioid sarcoma is rare in the lungs. Epithelioid sarcoma 
often shows expression of keratins as well as CD34 positivity 
in about 50% of cases. Epithelioid sarcoma, however, is nega-
tive for CAMTA1 and also shows loss of nuclear expression of 
INI1 (SMARCB1) by immunohistochemistry [13, 16].

Finally, when PEHE presents with diffuse pleural plaques 
and/or surface nodules, mesothelioma is an important diag-
nostic consideration. Furthermore, the presence of bland epi-
thelioid to spindle cells may cause further diagnostic 
challenges especially in limited sampling. 
Immunohistochemistry is valuable as mesothelioma will 
typically express WT1 (nuclear) and calretinin, whereas it 
will not express endothelial markers [12, 17].
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Fig. 21.6 (a) A subset of EHE will harbor YAP1-TFE3 gene fusions instead of WWTR1-CAMTA1 like this PEHE shown here. (b) 
Immunohistochemistry is positive for ERG. (c) CAMTA1 is negative; however, (d) TFE3 is diffusely positive
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Fig. 21.7 (a) PEHE with YAP1-TFE3 gene rearrangement often shows more prominent vasoformation. (b) TFE3 immunohistochemistry shows  
strong nuclear staining
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22Epithelioid Malignant Mesothelioma 
Versus Adenocarcinoma

Anshu Bandhlish and Haodong Xu

 Case Presentation

The patient is an 80-year-old male with a history of being a 
shipyard worker for 25 years and with a sporadic presence in 
shipyard facilities subsequently. He is a former smoker with 
a history of one pack per day for 6–8  years, who quitted 
25 years ago. He developed rapidly progressive dyspnea on 
excretion, and the workup revealed a large pleural effusion. 
Chest computed tomography (CT) demonstrated a large 
pleural effusion with thickening (Fig.  22.1a). A positron- 
emission tomography (PET)-CT confirmed mild abnormal 
fluorodeoxyglucose (FDG) uptake within the pleura and cir-
cumferential nodules (Fig.  22.1b). No lung nodules were 
identified. He underwent thoracentesis.

Pleural fluid was submitted for cytopathologic evalua-
tion, and immunocytochemical stains were performed on 

the cell block. The atypical epithelioid cells (Fig. 22.2a, 
b) are positive for multiple mesothelial markers (CK5, 
D2-40, and WT-1) (Fig. 22.2c–e) with weak variable posi-
tivity for calretinin (Fig. 22.2f); they are also positive for 
epithelial marker MOC-31 (Fig. 22.2g) with loss of BAP-1 
nuclear staining (Fig.  22.2h). A diagnosis of epithelioid 
malignant mesothelioma was rendered. Subsequently, the 
patient underwent a video-assisted thoracoscopic surgical 
pleural biopsy. Histological sections show a malignant 
epithelioid cell proliferation in solid sheets, nests and sin-
gly, infiltrating into the fibrous tissue. The malignant cells 
have high nuclear- to- cytoplasmic ratios with abundant 
eosinophilic cytoplasm with conspicuous nucleoli. They 
are positive for AE1/AE3, CK5, D2-40, calretinin, WT-1, 
and MOC-31 and negative for m-CEA, TTF-1, and p40 
(Fig. 22.3a–j).
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a b

Fig. 22.1 (a) Chest CT without contrast shows left pleural effusion and thickening. (b) PET-CT demonstrates mild abnormal FDG uptake within 
the pleura

a b

Fig. 22.2 Cytopathology and immunocytochemistry of epithelioid 
malignant mesothelioma. (a, b) Pleural fluid cytology with Pap smear 
and a section from the cell block demonstrate cohesive clusters of atypi-
cal epithelioid cells with a moderate amount of cytoplasm and round- 
to- ovoid nuclei with prominent nucleoli (100×). (c–f) Immunostaining 

results show that atypical epithelioid cells and background scattered 
single cells are positive for CK5 (c), D2–40 (d), WT-1 (e), calretinin 
(variably) (f), and MOC-31 (g) with loss of nuclear staining for BAP-1 
(h). IHC: 200×
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Fig. 22.2 (continued)
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Fig. 22.3 Histology and immunohistochemistry of epithelioid malig-
nant mesothelioma. (a) Malignant epithelioid cells arranged in nests 
and sheets infiltrating in the fibrous tissue without involvement of the 
adjacent lung parenchyma (40×). Immunohistochemical staining results 

show that the malignant epithelioid cells are positive for AE1/AE3 (b), 
CK5 (c), D2-40 (d), calretinin (e), WT-1 (f), and MOC-31 (g), and they 
are negative for m-CEA (h), TTF-1 (i), and p40 (j). IHC: 100×
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c d
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Fig. 22.3 (continued)
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 Pathologic Diagnosis: Epithelioid Malignant 
Mesothelioma

 What Are the Panels of Mesothelial 
and Epithelial Markers to Separate Epithelioid 
Malignant Mesothelioma 
from Adenocarcinoma?

Immunohistochemical studies for the diagnosis of malignant 
mesothelioma and non-mesothelial tumors have evolved. A 
panel of immunohistochemical stains for evaluation of meso-
thelial and epithelial lineage is one of the most important 
steps for an accurate diagnosis.

Per guidelines of the International Mesothelioma 
Interest Group, the distinction between epithelioid meso-
thelioma and adenocarcinoma should include both positive 
and negative markers (at least two mesothelial markers and 
two epithelial markers with a broad-spectrum cytokeratin), 
which can be tailored depending on the differential diag-
nosis [1, 2]. Mesothelial markers (calretinin, cytokeratin 5 
or 5/6, WT-1, and D2-40) and epithelial markers (clau-
din-4, MOC-31, BerEP4, and monoclonal CEA) along 
with TTF-1 and napsin- A for lung adenocarcinoma are 
considered good markers in distinguishing epithelioid 
malignant mesotheliomas from adenocarcinoma [2]. The 
significance of positivity by a single marker should be 
interpreted with caution due to extensive overlap of stain-
ing patterns [1].

Immunohistochemical stains utilized should have greater 
than 80% sensitivity or specificity for the lesion being tested. 
Interpretation of a positive stain depends not only on the pat-
tern of immunostaining (nuclear versus cytoplasmic) but 
also on the percentage of cells staining (greater than 10% for 
cytoplasmic and membranous markers) [1].

 What Are the Pitfalls of the Various Mesothelial 
and Epithelial Markers Utilized to Distinguish 
Epithelioid Malignant Mesothelioma 
from Adenocarcinoma?

Markers of mesothelial lineage such as calretinin with 
approximately 80–100% sensitivity in epithelioid mesothe-
liomas can also be expressed in a subset of carcinoma of 
lung, breast, ovarian, and squamous cell carcinomas among 
others [2–4]. CK5/6 is another mesothelial marker with sen-
sitivity ranging from 51 to 100% and can also be expressed 
in lung adenocarcinoma (less than 5% of cases) and poorly 
differentiated squamous cell carcinoma [5, 6]. Podoplanin 
(D2-40) with its characteristic membranous staining pattern 
identified in 80–100% of epithelioid mesotheliomas is also 
positive in squamous cell carcinoma, seminoma, epithelioid 
angiosarcoma, and serous ovarian carcinoma [2, 5, 7]. 

Entrapped lymphatics with membranous staining for D2-40 
can be mistakenly interpreted as mesothelial cells if accurate 
correlation with the morphology is not made [1]. Lung ade-
nocarcinoma usually lacks true strong membranous staining 
with D2-40.

WT-1 with its strong nuclear staining pattern has a 
reported sensitivity of approximately 70–100% in epitheli-
oid mesotheliomas. Ovarian serous carcinomas, along with a 
small percentage of breast carcinomas, lung squamous cell 
carcinomas, and renal cell carcinomas, can also be positive 
for WT-1, while lung adenocarcinomas can be usually nega-
tive [1, 2].

GATA-3 is often positive in breast carcinoma, but strong 
and diffuse GATA-3 nuclear positivity has been demon-
strated in up to one third to one half of epithelioid mesothe-
liomas [4, 8].

P63 and p40, usually positive in lung squamous cell car-
cinoma, can also be expressed in a small percentage of cases 
of epithelioid mesothelioma. However, the staining pattern is 
usually focal (approximately 1–10% of positive cells) [7, 9]. 
The sensitivity and specificity of p40 are higher than that of 
p63 for distinguishing between epithelioid mesothelioma 
and squamous cell carcinoma [10]. TTF-1 and napsin-A 
have a high specificity for lung adenocarcinoma [9].

Claudin-4 is emerging as one of the more reliable epithe-
lial markers currently in use. In an immunohistochemical 
study (on tissue microarrays) of 68 epithelioid mesothelio-
mas, 31 sarcomatoid mesotheliomas, and 147 non-small-cell 
lung carcinomas, claudin-4 stained 0 of 68 (0%), MOC-31 
stained 22 of 68 (32%), and Ber-EP4 stained 24 of 68 (35%) 
epithelioid mesotheliomas, highlighting a high specificity 
(100%) for claudin-4 in the diagnosis of epithelioid malig-
nant mesothelioma. In this study, the sensitivities of claudin-
 4, MOC-31, and Ber-EP4 for non-small-cell lung carcinomas 
were comparable [11].

 What Biomarkers Are Useful in Differentiating 
Malignant Mesothelioma from Reactive 
Mesothelial Cells?

Sensitivity of cytology for the diagnosis of mesothelioma 
ranges from 30% to 75% due to various aspects such as mor-
phologic and immunocytochemical overlap between benign 
reactive and malignant mesothelioma cells and, most impor-
tantly, the lack of ability to assess invasion of the surround-
ing tissue, one of the most important diagnostic findings in 
malignant mesotheliomas [12]. Utilization of immunohisto-
chemistry and molecular markers in cytologic specimens and 
small biopsies has increased the accuracy of diagnosis of 
malignant mesothelioma [1].

Utilization of BAP1 (BRCA-associated protein 1) immu-
nomarker and CDKN2A encoding p16 fluorescence in situ 
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hybridization (FISH) have been reported as reliable markers 
of malignancy in small biopsies and effusion cytology speci-
mens. BAP1 is considered the most commonly acquired 
germline mutation in malignant mesothelioma [13, 14]. The 
sensitivity of BAP1 loss by immunohistochemistry to dif-
ferentiate between malignant mesothelioma and reactive 
mesothelial proliferations is between 61% and 67% with a 
specificity of 100% [15, 16]. BAP1 loss can also be observed 
in a melanoma as well as carcinomas of the breast, lung, and 
kidney; therefore, confirmation of a mesothelial lineage is 
important before interpreting BAP1 immunohistochemistry 
[17, 18].

The homozygous deletion of the 9p21 locus involves a 
cluster of genes such as CDKN2A, CDKN2B, and MTAP 
(methylthioadenosine phosphorylase). Loss of p16 is seen 
commonly due to homozygous deletion of the CDKN2A 
locus (9p21) and is considered diagnostic of malignancy 
once the mesothelial origin has been established [13, 19].

Deletion of CDKN2A has been reported in up to 80% of 
malignant mesotheliomas, including 90–100% of cases with 
sarcomatoid morphology and approximately 70% of those with 
biphasic and epithelioid morphology [1]. In contrast, BAP1 loss 
is more frequently observed with epithelioid morphology, and 
some biphasic mesotheliomas, while being mostly retained in 
sarcomatoid and desmoplastic subtypes [20].

The MTAP gene exists near the CDKN2A locus at 9p21. 
Both genes have been reported to be co-deleted, with a high 
degree of concordance between MTAP loss by IHC and 
CDKN2Ap16 deletion (9p21) by FISH [2].

A combination of MTAP and BAP1 IHC has a reported 
sensitivity of approximately 77.8%, higher than BAP1 IHC 
alone or p16 FISH alone (62.2%), in distinguishing malig-
nant mesothelioma from reactive mesothelial proliferations 
[21].

 Can We Reliably Distinguish Malignant 
Mesothelioma from Metastatic 
Adenocarcinoma on Imaging?

Imaging studies play an important role in the evaluation of 
patients suspected with malignant mesothelioma, especially in 
patients unfit for invasive biopsy procedures. Few of the com-
monly identified findings on CT in malignant mesotheliomas 
include circumferential lung encasement by multiple nodules, 
pleural thickening with irregular pleuro-pulmonary margins, 
and pleural thickening with superimposed nodules [22].

Sensitivity and specificity of these findings are variable, 
as detection can be highly operator-dependent; additionally, 
CT cannot reliably differentiate malignant mesothelioma 
from metastatic neoplasms, although circumferential/rind- 
like pleural thickening and mediastinal pleural involvement 
are more frequently observed in malignant mesothelioma 

[22, 23]. As much as imaging is important in the diagnosis 
and staging of pleural malignancies, it has its own limita-
tions, especially in cases with minimal or absent pleural 
thickening. Various benign pleural diseases such as empy-
ema and tuberculous pleurisy as well as various asbestos- 
related advanced pleural abnormalities can demonstrate 
significant radiologic overlap with malignant mesothelioma 
[24].

PET-CT comprises high-resolution CT scanning with 
injection of radioactive metabolic tracer, e.g., 18-fluoro- 
deoxy-glucose (FDG), reported as standardized uptake val-
ues (SUV). The maximum SUV is higher in malignant 
mesothelioma than in benign disease, and a threshold of 2 is 
quite reliable in differentiating between malignant and 
benign disease [25]. False-positive results can be observed in 
inflammatory disorders such as rheumatoid pleuritis, tuber-
culous pleurisy, and prior pleurodesis [24].

 How Can Electron Microscopy Help 
in the Diagnosis of Malignant Mesothelioma?

Electron microscopic features of malignant mesotheliomas 
are well described. The role of electron microscopy for the 
diagnosis of malignant mesothelioma is limited as immuno-
histochemistry is more accessible, faster, and cheaper [26]. 
With the advent of biomarkers such as BAP1 and MTAP IHC 
and CDKN2A FISH, the role of electron microscopy is even 
more restricted. Electron microscopy is useful in cases where 
the immunohistochemical results are equivocal or additional 
finding to support the diagnosis of a malignant mesotheli-
oma is needed. Electron microscopy is extremely useful in 
diagnosing epithelioid mesotheliomas which have character-
istically long microvilli, not covered by glycocalyx. They are 
not associated with rootlets and frequently demonstrate large 
desmosomes and prominent junctional complexes. A single 
finding is usually not diagnostic of mesothelioma; rather, a 
combination of several features is more useful [26]. A caveat 
to these findings is that sarcomatoid mesothelioma does not 
demonstrate the specific ultrastructural feature as seen in epi-
thelial mesotheliomas [1].
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23Pleomorphic Carcinoma Versus 
Sarcomatoid Malignant Mesothelioma

Marina K Baine, Guoping Cai, and Xuchen Zhang

 Case Presentation

A 78-year-old man, former smoker, presented with a history 
of worsening cough and dyspnea for 8 months. Initial com-
puted tomography (CT) imaging of the chest revealed a large 
(6.5 × 6.1 cm) mass in the left upper lobe of the lung with 
pleural involvement  (Fig. 23.1). Core-needle biopsy of the 
mass showed a neoplasm composed of a dual population of 
malignant spindle and pleomorphic giant cells (Fig. 23.2a, 
b). Both cell populations were positive for pan-cytokeratin 
and TTF-1 immunohistochemical stains (Fig. 23.2c, d) but 
negative for p40. Based on these findings, the diagnosis of 
non-small-cell carcinoma with spindle and giant cells was 
rendered.

A subsequent left upper lobectomy and mediastinal 
lymph node dissection were performed. The resection speci-
men was a left upper lung lobe with an area of puckered 
pleura. Sectioning of the specimen revealed a 
6.5 × 6.1 × 4.3 cm friable, tan-yellow, fleshy mass with foci 
of hemorrhage and necrosis (Fig.  23.3a). Microscopically, 
the tumor showed a mixture of spindle and giant tumor cells 
(Fig. 23.3b, c). A small focus of adenocarcinoma (5%) was 
present (Fig.  23.3d). Similar to the prior biopsy, both the 

spindle and giant tumor cells were positive for pan- 
cytokeratin and TTF-1. Visceral pleural invasion was present 
and confirmed by Elastica-van Gieson (EVG) stain. One of 
the hilar lymph nodes showed tumor metastasis.
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Fig. 23.1 CT image of a large mass in the left upper lobe of the lung 
with pleural involvement
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Fig. 23.2 Histology and immunohistochemistry of pleomorphic carci-
noma. (a and b) Histologic sections of the left upper lobe mass biopsy 
show that the tumor consists of mainly spindle cells admixed with large 
pleomorphic/giant cells (hematoxylin and eosin, H & E; a, 100×; b, 

200×). (c) Both spindle and giant cells are positive for pan-cytokeratin 
(IHC, 200×). (d) Both spindle and giant cells are positive for TTF-1 
(IHC, 200×)
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Fig. 23.3 Gross and histologic examination of the lung mass. (a) 
Gross image shows a 6.5 cm friable, tan-yellow, fleshy mass with foci 
of hemorrhage and necrosis. (b) Histologic sections show that the 
tumor consists of spindle cells admixed with giant cells. Scattered lym-
phoplasmacytic infiltration is present (b, hematoxylin and eosin, H & 

E; 100×). (c) Higher magnification histologic section  high-
lights marked pleomorphism of the giant tumor cells, with cytomegaly 
and large irregular multilobated and hyperchromatic nuclei (H & E, 
200×). (d) Histologic section showing a focus of adenocarcinoma 
admixed with malignant spindle cells (d, H & E, 200×)

 Final Pathologic Diagnosis: Pleomorphic 
(Spindle and Giant Cell) Carcinoma 
with Adenocarcinoma Component (pT3 N1)

 What Is the Definition of Pleomorphic 
Carcinoma of the Lung?

Pleomorphic carcinoma of the lung is a general term used to 
refer to a spectrum of histologically heterogeneous group of 
tumors with loss of morphologic features of epithelial dif-
ferentiation. These may be classified as pure spindle cell car-
cinoma, pure giant cell carcinoma, or pleomorphic carcinoma 
with both spindle and giant cell carcinoma and/or conven-
tional non-small cell lung carcinoma (NSCLC) components, 
in which spindle and/or giant cells constitute at least 10% of 
total resected tumor [1]. Although “sarcomatoid carcinoma” 

is an acceptable alternative term for pleomorphic carcinoma, 
the 2021 WHO classification of Thoracic Tumours [2] more 
clearly defines sarcomatoid carcinoma as a term encompass-
ing a broader range of tumors, which includes pleomorphic 
carcinoma, pulmonary blastoma and carcinosarcoma. 

 What Are the Clinical, Radiographic, 
and Prognostic Features of Pleomorphic 
Carcinoma of the Lung?

Pleomorphic carcinoma of the lung is a rare histologic sub-
type of NSCLC accounting for 0.5–0.8% of all lung cancers. 
Most patients are tobacco smokers with a median age of 
68.5  years (range 33–88  years) and predominantly male 
(~4:1 male-to-female ratio) [1, 3–5]. Presenting symptoms 
are similar to those of other NSCLCs and include chest pain, 
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cough, and hemoptysis. The typical imaging finding at the 
time of presentation is a large peripheral mass (2.0–17.0 cm), 
usually in one of the upper lobes, with areas of cavitation or 
low central attenuation on CT (Fig.  23.1). These tumors 
often invade into the overlying pleura. Otherwise, the 
 imaging study findings are similar to those of other NSCLCs. 
Overall, patients with pleomorphic carcinoma of the lung 
present with more advanced stage and have a high risk for 
relapse and worse survival outcomes than patients with other 
forms of NSCLCs [1, 4, 6].

 What Are the Pathologic Features 
of Pleomorphic Carcinoma of the Lung?

 Gross Examination
Pleomorphic carcinomas of the lung are usually well circum-
scribed, often large (median size 5 cm), and most frequently 
located at the periphery of the upper lobes. They often have 
involvement of the pleura and even the chest wall or medias-
tinum. Tumor necrosis and hemorrhage with or without cavi-
tation are common. The cut surface may be somewhat 
heterogeneous with both firm and soft areas, some of which 
may be grayish gelatinous or “fish-flesh” in appearance 
(Fig. 23.3a).

 Histology
While giant cell and spindle cell carcinomas consist almost 
entirely of tumor giant cells or spindle cells, respectively, the 
term pleomorphic carcinoma is used to refer to tumors with 
mixed morphology. Specifically, pleomorphic carcinoma is a 
poorly differentiated NSCLC, most commonly adenocarci-
noma (Fig.  23.4a), followed by squamous cell carcinoma 

(Fig. 23.4b) or undifferentiated carcinoma containing a spin-
dle cell and/or giant cell component. The spindle/giant cell 
component should comprise at least 10% of the tumor cells. 
In addition, tumors composed of a mixture of malignant 
spindle and giant cells in the absence of recognizable adeno-
carcinoma or squamous cell carcinoma components are also 
classified as pleomorphic carcinomas. The presence of epi-
thelial components, either squamous cell carcinoma or ade-
nocarcinoma, should be reported in the final pathologic 
diagnosis. Although rare, if a component of small-cell carci-
noma is present, the tumor is classified as a combined 
small cell carcinoma, with mention of the specific NSCLC 
components present. Since pleomorphic carcinoma often has 
a larger size, at least 1 section/cm of the tumor mass should 
be submitted for histologic examination. If there is suspicion 
for the presence of a differentiated epithelial component in a 
sarcomatoid tumor, more thorough sampling to identify 
areas of adenocarcinoma or squamous cell carcinoma may 
help in making the diagnosis. In small biopsy specimens, the 
possibility of pleomorphic carcinoma may be suggested if 
spindle cell and/or giant cell components are present, but a 
diagnosis of pleomorphic carcinoma cannot be made due to 
the requirement of at least 10% neoplastic spindle and/or 
giant cells in a resection specimen. Accordingly, a biopsy 
diagnosis of NSCLC (mention if adenocarcinoma or squa-
mous cell carcinoma is present) with spindle cell and/or 
giant cell features has been suggested [2, 7].

As alluded to above, spindle cell carcinoma is defined as 
carcinoma consisting of an almost pure population of malig-
nant spindle cells arranged in a fascicular or storiform pat-
tern (Fig.  23.5a, b) without differentiated carcinomatous 
components or heterologous elements with recognizable car-
tilaginous, osteogenic, myogenic, or vascular differentiation. 

a b

Fig. 23.4 (a) Histology of pleomorphic carcinoma of the lung. (a) 
Histologic sections demonstrate a pleomorphic carcinoma with 
malignant spindle cells admixed with adenocarcinoma (a, H & E, 

200×). (b) Histologic sections show a pleomorphic carcinoma with 
malignant spindle cells admixed with squamous cell carcinoma (b, H 
& E, 200×)
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Fig. 23.5 Histology and immunohistochemistry of spindle cell carci-
noma of the lung. Histology of spindle cell carcinoma shows malignant 
spindle cells in a fascicular pattern with hyperchromatic nuclei and 
prominent nucleoli in a hyalinized stroma (a, H & E, 200×), malignant 
spindle cells in a storiform pattern with hyperchromatic nuclei and 

prominent nucleoli (b, H & E, 200×), and a prominent inflammatory 
stroma (c, H & E, 200×); immunohistochemistry shows malignant spin-
dle cells staining with cytokeratin in the background of inflammatory 
cells (d, IHC, 200×)

Small biopsies with foci of spindle cells are generally insuf-
ficient for the diagnosis. Rare cases may show prominent 
inflammatory stroma (Fig. 23.5c), often leading to confusion 
with other inflammatory lesions, such as necrotizing granu-
lomas or inflammatory myofibroblastic tumors. 
Immunohistochemical stain for cytokeratin is very helpful in 
distinguishing tumor-associated desmoplasia and inflamma-
tory lesions from spindle cell carcinoma (Fig. 23.5d).

Giant cell carcinoma consists almost entirely of pleomor-
phic tumor giant cells (including multinucleated cells) with-
out differentiated carcinomatous components. The giant 
cells are large and discohesive with eosinophilic cytoplasm 
and bizarre shapes, as well as large irregular single or mul-
tiple nuclei with prominent nucleoli and coarse or vesicular 
chromatin (Fig. 23.6a). Positive diffuse cytokeratin expres-
sion by immunohistochemistry can help differentiate giant 

cell carcinoma from most types of sarcoma (Fig.  23.6b). 
Intratumoral neutrophilic infiltration and emperipolesis may 
be seen in some cases.

 Immunohistochemistry
The diagnosis of pleomorphic carcinoma of the lung is 
mainly based on morphology; however, the use of immuno-
histochemistry  (IHC) can help recognize different tumor 
components and to differentiate it from other mimics if 
needed. Of note, positive cytokeratin expression is not 
required in the spindle/giant cell component if non-pleomor-
phic carcinomatous components are unequivocally recog-
nized. Cytokeratins and lineage-specific markers such as 
TTF-1, napsin A, p63, p40, and CK5/6 can be variably 
expressed in pleomorphic components. The tumoral giant 
cells may morphologically resemble syncytiotrophoblast and 
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Fig. 23.6 Histology and immunohistochemistry of giant cell carci-
noma. (a) Histology of giant cell carcinoma shows malignant giant 
cells with eosinophilic cytoplasm and bizarre shapes, as well as large, 

irregular, single, and multiple nuclei (a, H & E, 200×). (b) 
Immunohistochemistry of giant cell carcinoma shows that the malig-
nant giant cells are positive for pan-cytokeratin (b, IHC, 400×)

show immunoreactivity for human chorionic gonadotro-
pin (HCG). However, this finding should not be interpreted 
as primary lung choriocarcinoma [8, 9], as up to 84% lung 
cancers can ectopically produce any of the placental glyco-
proteins [10]. Morphologically, the absence of two distinct 
trophoblast cell forms and the presence of overall greater 
cytologic pleomorphism are features that favor the diagnosis 
of giant cell carcinoma. Although cases of primary lung cho-
riocarcinoma have been reported [9, 11], most cases actually 
represent giant cell carcinomas with ectopic production of 
HCG [7].

 What Are the Genetic and/or Molecular 
Features of Pleomorphic Carcinoma 
of the Lung?

Compared to other NSCLCs, only a few studies have 
explored the genetic and molecular profiles of pleomor-
phic carcinomas of the lung. One recent study demon-
strated genomic alterations of p53 in 74%, KRAS in 34%, 
MET in 13.6%, EGFR in 8.8%, BRAF in 7.2%, HER2 in 
1.6%, and RET in 0.8% of pleomorphic carcinomas of the 
lung [3]. Several studies have demonstrated an overrepre-
sentation of MET exon 14 skipping mutations in pleomor-
phic carcinomas when compared to pulmonary 
adenocarcinoma [12, 13].  Anaplastic lymphoma kinase 
(ALK) rearrangements have also been reported, with one 
case of successful treatment with ALK tyrosine kinase 
inhibitor, crizotinib [6]. In addition, pleomorphic carcino-
mas of the lung show slightly higher tumor mutational bur-
dens compared to other NSCLCs (>20  mutations vs. 14 
mutations/Mb) [3].

 What Are the Differential Diagnoses 
for Pleomorphic Carcinoma of the Lung?

The differential diagnosis includes poorly differentiated 
squamous cell carcinoma or adenocarcinoma, carcinoma 
with reactive desmoplastic stroma, inflammatory myofibro-
blastic tumor, carcinosarcoma, lung primary or metastatic 
sarcoma, metastatic malignant melanoma, and sarcomatoid 
malignant mesothelioma (SMM). IHC  staining with cyto-
keratins, TTF-1/napsin A, and p63/p40 can aid in the distinc-
tion of pleomorphic carcinoma from sarcoma or reactive 
stromal cells. Clinical history and IHC with melanocytic 
markers such as SOX10, Melan A, or HMB45 can help make 
the diagnosis of metastatic malignant melanoma. Of note, 
synovial sarcoma may closely resemble spindle cell carci-
noma, even by electron microscopy and IHC. The marked 
propensity of synovial sarcoma to affect children, adoles-
cents, and young adults, its typical SS18-SSX gene 
fusion/X;18 translocation, which can now be detected by 
fusion-specific IHC, nuclear staining with TLE1, and lack of 
TTF-1 expression are important features for distinguishing it 
from spindle cell carcinoma of the lung.

Carcinosarcoma is a malignant tumor that consists of a 
mixture of NSCLC (typically squamous cell carcinoma or 
adenocarcinoma) and sarcoma, with the latter component 
often containing malignant heterologous elements of skeletal 
muscle, cartilage, or bone origin [2]. Among the heterolo-
gous components, rhabdomyosarcoma is the most common, 
followed by chondrosarcoma and osteosarcoma. Combination 
of these heterologous components is also common. As previ-
ously mentioned, pleomorphic carcinoma differs from carci-
nosarcoma in that it lacks the mesenchymal heterologous 
component. Extensive sampling (at least 1 section/cm) of a 
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resected tumor mass should be submitted for histologic 
examination to rule out the possibility of heterologous com-
ponents in a pleomorphic carcinoma.

Due to its frequent peripheral location and pleural involve-
ment, pulmonary pleomorphic carcinoma can be mistaken 
for a malignant tumor of pleural origin with lung parenchy-
mal involvement, particularly sarcomatoid malignant meso-
thelioma (SMM).

 What Are the Clinicopathologic Features 
of Sarcomatoid Malignant Mesothelioma?

Malignant mesothelioma (MM) can be either localized or dif-
fuse depending on its extent of pleural involvement (gross 
appearance), and it can be categorized into epithelioid, bipha-
sic, or sarcomatoid subtypes; both of these features are impor-
tant for prognosis and treatment decisions. Epithelioid MM is 
the most common histologic subtype, composed mainly of 
tubulopapillary, solid, and trabecular architectural  patterns 
and less frequently micropapillary and adenomatoid (micro-
cystic) patterns [2]. Epitheliod MM can also show a spectrum 
of cytologic features, including deciduoid, small cell, clear 
cell, and  signet ring, which bear  no prognostic implica-
tions,  lymphohistiocytoid, which is considered  prognosti-
cally favorable, and  rhabdoid and pleomorphic, which are 
associated with adverse clinical outcomes. In fact, MMs com-
posed entirely of diffuse/solid sheets of anaplastic or promi-
nent giant cells have been designated as “pleomorphic 
mesotheliomas,” a variant of epithelioid MM that behaves 
more like sarcomatoid and biphasic variant MMs [2, 5].

Sarcomatoid MM (SMM) comprises approximately 10% 
of MMs. Similar to pleomorphic carcinoma of the lung, 
patients diagnosed with SMM are more commonly male 
(83% male versus 17% female). However, SMM is slightly 
more prevalent in older patients (median 74  years, range 
40–90 years) [5]. SMM is defined by the 2021 WHO classi-
fication as a proliferation of spindle cells arranged in fasci-
cles or in a haphazard pattern with a wide range of 
morphologic features from plump to thin long cells. Nuclear 
atypia and mitotic activity can vary from minimal to marked. 
SMM often involves the adipose tissue of the parietal pleura 
and the adjacent lung parenchyma [2]. Desmoplastic meso-
thelioma, a variant of SMM, is characterized by hyalinized 
bundles of collagen arranged in a storiform pattern (“pattern-
less pattern”) and separated by plump hyperchromatic spin-
dle cell nuclei, with this pattern involving ≥  50% of the 
tumor. In addition to spindle-shaped neoplastic cells, SMMs 
can have heterologous osteosarcomatous, chondrosarcoma-
tous, and/or rhabdomyosarcomatous components. Biphasic 
MMs are composed of both  epithelioid and sarcomatoid/des-
moplastic components, with at least 10% of each pattern 
required for diagnosis [2].

 How Does One Differentiate Pleomorphic 
Carcinoma of the Lung from Sarcomatoid 
Malignant Mesothelioma?

The differential diagnosis between epithelioid MM, includ-
ing pleomorphic mesothelioma, and pleomorphic carcinoma 
of the lung can often be resolved with the use of IHC  for 
mesothelial markers (such as calretinin, WT1, and/or D2-40) 
and markers of carcinoma (such as claudin-4,  Ber-EP4, 
MOC31, monoclonal CEA, Leu M1 (CD15),  B72.3). 
However, the distinction of sarcomatoid and desmoplastic 
MMs from pleomorphic carcinomas of the lung may be dif-
ficult, since both types of tumors can be morphologically 
indistinguishable  and are frequently only positive for pan-
cytokeratin. A frequently useful initial IHC panel includes 
one or more cytokeratins such as AE1/AE3, OSCAR, CK18, 
or CAM 5.2, which can be used to exclude the possibility of 
sarcoma. Mesothelial markers (such as WT1 and CK5/6) 
tend to be negative in SMMs, while epithelial markers (such 
as claudin 4, MOC31, BER-EP4, and monoclonal CEA) are 
often not helpful in distinguishing different sarcomatoid 
tumors. Therefore, IHC for these markers may be unfruitful, 
and should be avoided when there is limited tissue. 
Podoplanin (D2-40) (74%, range 47.7–89.9%) and calretinin 
(53.9%, range 41.8–65.6%) are commonly positive in 
SMMs, but the positivity may be extremely focal, and can 
also be seen in 20.1% (14.2–27.7%) and 37.1% (14.1–68.0%) 
of pleomorphic carcinomas of the lung, respectively [5, 14]. 
GATA3, a marker that is frequently positive in breast and 
urothelial carcinomas, has been reported in one study as 
strong and diffuse in sarcomatoid/desmoplastic MMs and 
negative in sarcomatoid carcinomas with only rare cases 
showing weak and patchy staining [15].

Although IHC is broadly used to distinguish SMMs from 
pleomorphic  carcinomas of the lung, there are still no 
clear guidelines on how to interpret cases that show overlap-
ping or equivocal IHC findings. Recently, a systematic meta-
analysis was performed by the International Mesothelioma 
Panel and the MESOPATH National Reference Center, and 
best evidence diagnostic guidelines were proposed [5]. In 
this proposed guidelines, three panels of antibodies are rec-
ommended to use to differentiate SMM and sarcomatoid car-
cinomas: keratins (> 1 antibody), mesothelial markers (WT1, 
D2-40, calretinin), and carcinoma markers (claudin 4, 
Ber-EP4, TTF-1, and others). For example, if both keratin 
and mesothelial markers are positive, but carcinoma markers 
are negative, the recommended diagnosis is SMM; if keratin 
markers are positive, but mesothelial and carcinoma markers 
are negative, the recommended diagnosis is probable SMM, 
and other keratin-expressing tumors such as vascular tumors, 
synovial sarcoma, and others should be excluded; if meso-
thelial markers are positive, but keratin and carcinoma mark-
ers are negative, the recommended diagnosis is possible 
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SMM, and a careful review of the clinical history and imag-
ing studies is suggested to exclude the possibility of tumors 
other than SMM. If both keratin and carcinoma markers are 
positive, but mesothelial markers are negative, the recom-
mended diagnosis is pleomorphic carcinoma of the lung; if 
carcinoma markers are positive, but keratins and mesothelial 
markers are negative, the recommended diagnosis is proba-
ble pleomorphic carcinoma of the lung. If keratins are posi-
tive, but mesothelial and carcinoma markers are negative, the 
recommended diagnosis is possible pleomorphic carcinoma 
of the lung or SMM, but this immunoprofile is unusual, and 
IHC should probably be repeated to exclude laboratory 
errors. If all the three panels of markers are negative, the rec-
ommended diagnosis is undifferentiated sarcomatoid neo-
plasm, and the possibility of sarcoma should be excluded [5].

 Are There Any Molecular Markers that Can 
Help Differentiate Sarcomatoid Malignant 
Mesothelioma from Pleomorphic Carcinoma 
of the Lung?

The most common molecular alterations in MM are acquired 
or germline mutations of BRCA1- associated protein 1 
(BAP1) and homozygous deletion of 9p21 locus within a 
cluster of genes including CDKN2A (p16INK4A), CDKN2B, 
and methylthioadenosine phosphorylase (MTAP). 
Homozygous deletion of p16INK4A detected by fluores-
cence in situ hybridization (FISH) and/or loss of BAP1 
expression detected by IHC are the features that help distin-
guish pleural MMs from reactive mesothelial proliferations. 
BAP1 loss is absent or rarely seen in pleomorphic carcinoma 
of the lung, but is found more commonly in epithelioid MMs 
(40–60%) than in SMMs (<20%) [16–18]. In contrast, homo-
zygous deletion of p16INK4A is more commonly seen in 
SMMs (90–100%) than in epithelioid MMs (up to 70%) 
[14]. MTAP gene, which is also located on the 9p21 locus, is 
frequently co-deleted with p16INK4A in some MMs, allow-
ing MTAP loss by IHC to serve as a surrogate marker of 
p16INK4A deletion. Recently, a combination of MTAP and 
BAP1 loss detected by IHC was shown to detect MM with a 
higher sensitivity than BAP1 IHC alone or 9p21/p16INK4A 
FISH alone [19]. Although these markers are excellent in dif-
ferentiating pleural MMs from reactive mesothelial prolifer-
ations, they, especially p16INK4A FISH and MTAP IHC, are 
not particularly useful in distinguishing MMs from carcino-
mas of the lung, since genetic alteration of 9p21 is one of the 
most frequent events in other tumors, including NSCLC, 
melanoma, and sarcomas [14, 20].
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24Primary Sarcoma (Unclassified) Versus 
Sarcomatoid Mesothelioma/Carcinoma

Amir Qorbani, Gregory A. Fishbein, and Scott D. Nelson

 Case Presentation

A 66-year-old man presented in clinic with 15-pound weight 
loss, night sweats, and right-sided chest wall pain. Initial 
workup revealed normocytic anemia and a right pulmonary 
mass on chest X-ray (Fig.  24.1). Computed tomography 
(CT) scan demonstrated a large heterogeneous mass within 
the right lung base that measured 15  ×  13.6  ×  6.2  cm. 
Positron-emission tomography (PET)/CT scan showed an 
enhancing mass with intense fluorodeoxyglucose (FDG) 
uptake (standardized update value, SUV max 22.3), abutting 
the right hemidiaphragm and extending into the rib inter-
spaces, most prominently at the right seventh/eighth rib 
interspace (Fig. 24.2). He subsequently underwent CT-guided 
biopsy that revealed a poorly differentiated malignant neo-
plasm (Fig. 24.3). The tumor did not show any line of dif-
ferentiation by histology or immunohistochemistry studies 
(negative staining for pan-cytokeratin, calretinin, TTF1, 
S100 protein, SOX10, MART1, desmin, CD34, EMA, 
CAM5.2, and caldesmon). He underwent surgical resection 

of the right chest wall and the right lower and middle lobes. 
Gross examination showed a well-circumscribed mass with 
light tan and firm cut surfaces, measuring 
17.5 cm × 6.5 cm × 1.5 cm and abutting the rib without gross 
evidence of invasion (Fig.  24.4). Microscopic examination 
showed spindle-to-epithelioid neoplastic cells arranged in 
storiform and fascicular patterns, with large, pleomorphic 
nuclei with prominent nucleoli and moderate amounts of 
cytoplasm, as well as brisk mitotic activity and areas of 
necrosis and hemorrhage (Fig. 24.5a–d). The neoplastic cells 
did not show any immunoreactivity to epithelial, mesothe-
lial, or glandular markers, evidenced by negative staining for 
pan-cytokeratin, CAM5.2, keratin 5/6, p63, calretinin, WT1, 
D2-40, TTF1, S100, SOX10, MART1, HMB45, desmin, 
caldesmon, EMA, CD34, STAT6, C-Kit, DOG1, myogenin, 
MyoD1, CD21, CD23, CD35, chromogranin, TLE1, BCL2, 
and CD99 (Fig.  24.6). All surgical margins were free of 
malignancy, and no lymph node metastases were identified. 
The patient was scheduled for adjuvant chemotherapy using 
an alkylating agent and radiation therapy.
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a b

Fig. 24.1 Chest X-ray (a) anteroposterior view; (b) lateral view show-
ing a large right lower lung mass. Reprinted from Qorbani A, Nelson 
SD.  Primary pulmonary undifferentiated pleomorphic sarcoma 

(PPUPS). Autops Case Rep. 2019 Aug 22;9(3):e2019110. doi: 10.4322/
acr.2019.110. PMID: 31528627; PMCID: PMC6709651 [1]

a b

Fig. 24.2 Imaging study of the thorax. CT scan (a, axial plane; c, coro-
nal plane) shows a 15 × 6 cm poorly circumscribed right lower lung 
mass protruding into the eighth and ninth intercostal spaces. (b, axial 
plane; d, coronal plane) PET scan shows a 15 cm right inferior lung 
mass and a 6 cm right superior paramediastinal mass with a high FDG 

uptake. Reprinted from Qorbani A, Nelson SD.  Primary pulmonary 
undifferentiated pleomorphic sarcoma (PPUPS). Auops Case Rep. 
2019 Aug 22;9(3):e2019110. doi: 10.4322/acr.2019.110. PMID: 
31528627; PMCID: PMC6709651 [1]

A. Qorbani et al.



149

c d

Fig. 24.2 (continued)

Fig. 24.3 CT-guided biopsy showed a poorly differentiated malignant 
epithelioid neoplasm (magnification 100×)

Fig. 24.4 Gross examination of the lung mass resection. 
17.5 cm × 6.5 cm × 1.5 cm mass abutting the rib without direct invasion. 
Reprinted from Qorbani A, Nelson SD. Primary pulmonary undifferen-
tiated pleomorphic sarcoma (PPUPS). Autops Case Rep. 2019 Aug 
22;9(3):e2019110. doi: 10.4322/acr.2019.110. PMID: 31528627; 
PMCID: PMC6709651 [1]
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Fig. 24.5 Photomicrographs of the tumor showing in: (a) vaguely 
nodular high-grade spindle-to-epithelioid neoplasm with adjacent rib 
bone (H&E, 30×); (b) neoplastic cells with adjacent normal lung paren-
chyma (H&E, 140×); (c) undifferentiated pleomorphic sarcoma with 
areas of necrosis (H&E, 100×); (d) pleomorphic cells with a high 

mitotic activity, atypical mitoses, chronic inflammatory cell infiltrate, 
and focal necrosis (H&E, 125×). Reprinted from Qorbani A, Nelson 
SD.  Primary pulmonary undifferentiated pleomorphic sarcoma 
(PPUPS). Autops Case Rep. 2019 Aug 22;9(3):e2019110. doi: 10.4322/
acr.2019.110. PMID: 31528627; PMCID: PMC6709651 [1]
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Fig. 24.6 Photomicrographs of the tumor. Immunohistochemistry 
studies show no line of differentiation (magnification 100×). Reprinted 
from Qorbani A, Nelson SD. Primary pulmonary undifferentiated pleo-

morphic sarcoma (PPUPS). Autops Case Rep. 2019 Aug 
22;9(3):e2019110. doi: 10.4322/acr.2019.110. PMID: 31528627; 
PMCID: PMC6709651 [1]
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 Final Pathologic Diagnosis: Primary 
Pulmonary Undifferentiated Pleomorphic 
Sarcoma (PPUPS)

 What Are the Clinical Features of PPUPS, 
and How Do They Differ from Sarcomatoid 
Mesothelioma/Carcinoma?

In general, primary lung sarcomas affect middle-aged to 
elderly patients with a slight male predominance. They 
account for less than 0.5% of all lung neoplasms. Primary pul-
monary undifferentiated pleomorphic sarcoma (PPUPS) (for-
merly primary pulmonary malignant fibrous histiocytoma 
(MFH)) is exceptionally rare, with less than 75 reported cases 
in the English literature. Originally, it was thought that these 
tumors are derived from fibrohistiocytic origin, but gradually 
due to advanced immunohistochemical techniques, and elec-
tron microscopy, it became clear that there was no real scien-
tific evidence for a “fibrohistiocytic” line of differentiation. 
Therefore, in 2012, the World Health Organization (WHO) 
declassified MFH as a diagnostic entity, replacing it with 
“undifferentiated pleomorphic sarcoma” [2]. UPSs usually 
occur in middle-aged to elderly adults (median age of 54 years) 
with no consistent gender predilection. In 1978, Weiss and 
Enzinger first described MFH in 200 cases [3]. One year later, 
Bedrossian et al. reported the first case of primary pulmonary 
MFH in a 51-year-old man [4]. Nascimento AG et al. reported 
four examples of primary pulmonary MFH in the Mayo Clinic 
archives among 10,134 cases of tumors arising in the lung [5]. 
Qorbani et al. reported the only case of PPUPS that has been 
diagnosed at UCLA from 2002 to 2018 [1]. Yousem and 
Hochholzer reported the most extensive series of primary 
malignant fibrous histiocytomas in the lung in 1987, describ-
ing 22 patients ranging from 18 to 80 years old [6]. Previous 
irradiation is a known pathogenic risk factor for UPS tumors 
arising in soft tissue, and few reports in the literature are avail-
able regarding patients who develop PPUPS years after radia-
tion therapy for another tumor [6, 7]. Such tumors may 
alternatively be considered radiation-associated sarcomas.

Primary pulmonary sarcomas often present as a large 
peripheral or hilar well-circumscribed mass. However, they 
also can present as endobronchial tumors in 10% of cases 
[6], usually with symptoms of bronchial obstruction (chest 
pain, cough, hemoptysis, etc.). Radiologic findings can show 
post-obstructive effects (recurrent pneumonia, bronchiecta-
sis, lobar or segmental atelectasis) and in some cases with 
extraluminal growth and/or local invasion into adjacent 
structures. Endobronchial masses have a more favorable 
prognosis compared to other sites [8]. The clinical course of 
these tumors is generally rapidly progressive, and metastasis 
is common [6]. The majority of patients die within a period 
of 1–72 months.

Sarcomatoid mesothelioma typically occurs in older 
adults (mean age of 70 years). These lesions usually present 
as progressive shortness of breath, unilateral chest pain, 
weight loss, and unilateral pleural effusion. Diffuse pleural 
thickening or, less commonly, a single pleural mass may be 
observed [9].

Clinical presentations are more dependent on the tumor 
location than the histological type. Therefore, clinical and 
radiographic features of PPUPS, sarcomatoid mesothelioma/
carcinoma, or even more common epithelial tumors of the 
lung can be identical.

 What Are the Pathologic Features of PPUPS 
and Sarcomatoid Mesothelioma/Carcinoma?

 Gross
PPUPSs are usually well circumscribed but not encapsulated 
with light tan and firm cut surfaces. Areas of necrosis and 
hemorrhage are frequently seen in these tumors. The size of 
these tumors may range from 1 cm to more than 10 cm in 
greatest dimension [6]. Mesotheliomas usually present as 
solitary, circumscribed mass attached to the pleura or other 
serosal surfaces.

Histology
UPS is characterized by spindle-to-epithelioid neoplastic 
cells arranged in a storiform, fascicular, or medullary pat-
tern, with a cartwheel-like pattern around the vessels. The 
presence of large, bizarre pleomorphic cells with moderate 
amounts of cytoplasm, round-to-oval nuclei, and prominent 
nucleoli is the hallmark of these tumors. These larger cells 
also may be multinucleated, mimicking Reed-Sternberg cells 
and/or osteoclast-like giant cells. Mitotic figures are readily 
identified, and areas of necrosis or hemorrhage can be seen. 
In some cases, myxoid and hemangiopericytic-like areas are 
present. An inflammatory infiltrate composed of plasma cells 
and lymphocytes may be observed. Vascular invasion has 
been reported in approximately 50% of cases of pulmonary 
UPS. By definition, undifferentiated sarcomas should have 
no discernible microscopic evidence of any specific form of 
differentiation (e.g., lipoblasts, bone formation, epithelial 
structures). So, careful examination of tissue and generous 
sampling of the specimen are essential for the correct 
diagnosis.

Sarcomatoid mesothelioma contains malignant oval-to- 
spindle-shaped cell proliferations, and they cytologically 
mimic other tumors of mesenchymal origin, such as 
UPS.  Therefore, immunohistochemical studies play an 
important role in diagnosis, as described below.
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 How Can Ancillary Tests Be Used to Distinguish 
UPS Versus Sarcomatoid Mesothelioma/
Carcinoma?

 Immunohistochemistry
UPS characteristically shows positive staining for histiocytic 
markers, including CD68 and α1-antichymotrypsin, as well 
as vimentin. However, these findings are nonspecific and do 
not help in establishing this diagnosis. Staining for TTF1, 
S100 protein, desmin, actin, myoglobin, caldesmon, D2-40, 

and calretinin is negative. In some cases, keratin staining 
may be positive, which makes it difficult to differentiate 
from sarcomatoid carcinomas (SCs). However, SCs usually 
display stronger cytokeratin staining and, to a variable extent, 
more differentiated carcinomatous elements, as well as 
immunoreactivity to other epithelial markers. A wider-than- 
usual panel of immunohistochemical studies is necessary to 
rule out other neoplasms that can resemble UPS, including 
other types of sarcomas, sarcomatoid carcinoma, melanoma, 
or mesothelioma (see Table 24.1) [1].

Table 24.1 Helpful ancillary tests to differentiate tumors with sarcomatoid features

Tumor IHC Molecular
Sarcomatoid carcinoma (SC) P63, P40, pankeratin, TTF1, epithelial 

markers (MOC31, BerEP4, BG8, B72.3, 
monoclonal CEA)

Gains at chromosomes 8q, 7, 1q, 3q, and 19.
KRAS mutation, EGFR mutation

Sarcomatoid mesothelioma WT1, CK5/6, D2-40, calretinin Inactivation of CDKN2A at 9p21 on PCR
Angiomatoid fibrous 
histiocytoma (AFH)

Desmin+/−, CD68+/−, EMA+/− EWSR1-CREB1, EWSR1-ATF1, or FUS-ATF1 fusion

Synovial sarcoma (SS) TLE1, keratin, EMA, S100+/−, CD56, 
CD99, calretinin+/−

t(X;18) involving SS18 (SYT) gene

Epithelioid sarcoma (ES) Loss INI, EMA+, keratin+/−, CD34+/− SMARCB1 (INI1) gene alterations on (22q11)
Dedifferentiated liposarcoma 
(DDLPS)

MDM2, CDK4, SMA+/−, desmin+/− Ring and giant marker chromosomes derived from 
amplification of 12q13–15 (variable amplification of MDM2, 
SAS, CDK4, HMGA2)

Anaplastic large-cell lymphoma 
(ALCL)

CD45+, CD30+, ALK+/− TCR gene rearrangement, rearrangement of 2p23 (ALK)

Inflammatory myofibroblastic 
tumor (IMT)

ALK+/−, SMA+/−, desmin+/− Rearrangement of 2p23 (ALK)

Ewing sarcoma FLI1+, CD99+ t(11;22) and other translocations involving EWSR1 gene
Melanoma S100+, SOX10, Melan A/MART1, MITF, 

tyrosinase
BRAF, ARID2, BAP1, GNAQ, HRAS, KIT, NF1, NRAS, and 
PTEN mutations

Malignant peripheral nerve 
sheath tumors (MPNST)

S100+/−, GFAP+/−. CD34+/− Complex

Solitary fibrous tumor (SFT) STAT6, CD34, BCL2, CD99 NAB2-STAT6 fusion
Leiomyosarcoma (LMS) SMA, desmin, caldesmon Complex
Rhabdomyosarcoma (RMS) Desmin, myogenin, MyoD1 Complex
Angiosarcoma Vascular markers (CD31, CD34, FLI1, 

ERG), keratin + in epithelioid 
angiosarcoma

MYC (8q24) or FLT4 (VEGFR3) (5q35) amplification, 
upregulation of vascular-specific receptor tyrosine kinases 
(TIE1, KDR, TEK, FLT1)

Kaposi sarcoma HHV8 (LANA), vascular markers, 
lymphatic markers (D2-40, LYVE1, 
Prox1)

KSHV/HHV8 with PCR

Epithelioid 
hemangioendothelioma (EHE)

Vascular markers, TFE3+/−, keratin +/− WWTr1-CAMTA1 fusion, YAP1-TFE1 fusion

Alveolar soft part sarcoma 
(ASPS)

TFE3, desmin+/− der(17)t(X;17)(p11.2;q25) translocation (ASPSCR1-TFE3 
fusion)

Perivascular epithelioid cell 
tumor (PEComa)

SMA+, desmin+, HMB45+, MITF+, 
MART1+

TSC2 mutations, TFE3 gene fusions

Reprinted from “Qorbani A, Nelson SD.  Primary pulmonary undifferentiated pleomorphic sarcoma (PPUPS). Autops Case Rep. 2019 Aug 
22;9(3):e2019110. https://doi.org/10.4322/acr.2019.110. PMID: 31528627; PMCID: PMC6709651.” [1]
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 Molecular Testing
The genetic profile of primary pulmonary mesenchymal 
tumors is identical to that of their soft tissue counterparts, 
showing complex and nonspecific cytogenetic aberrations. 
However, molecular studies can be helpful to rule out other 
tumors with similar histological findings (Table  24.1) [1]. 
Molecular mechanisms responsible for primary pulmonary 
UPS formation and progression are unknown [10].

 What Is the Most Specific Test for Diagnosing 
PPUPS?

There is no specific test for the diagnosis of UPS. It is a diag-
nosis of exclusion, and generous tissue sampling and ade-
quate contextually interpreted immunohistochemistry are 
required to rule out other tumors with sarcomatoid features. 
In a retrospective study, Fletcher CD re-evaluated 159 tumors 
and showed that only 26% of cases previously diagnosed as 
MFH were “true” UPS, while more than half of these cases 
had an identifiable line of differentiation [11]. Some authors 
believe that the category of UPS serves primarily as a “waste-
basket” for a heterogeneous group of unclassifiable neo-
plasms with pleomorphic morphology [12].

 What Are the Helpful Immunohistochemical 
Stains Used in Diagnosing Sarcomatoid 
Mesothelioma?

Given that the expression of immunohistochemical markers 
of mesothelial differentiation is often lost in sarcomatoid 
mesothelioma, a broad panel of stains must be employed to 
make this diagnosis. Although no markers are 100% specific, 
immunoreactivity for calretinin, CK5/6, D2-40, and WT1 is 
useful to make this diagnosis. Recognition of the appropriate 
pattern of staining is crucial. Calretinin immunoreactivity 
must be nuclear and cytoplasmic; D2-40 must be membra-
nous; and WT1 must be nuclear to be considered positive. 
Loss of BAP-1 correlates with a worse prognosis in malig-
nant mesothelioma. Some authors suggested that it also may 
be useful for the early diagnosis of malignant mesothelioma; 
however, loss of BAP-1 is more observed in epithelioid 
mesothelioma than in the sarcomatoid subtype [13].

Homozygous deletion of p16 gene can be seen in malig-
nant mesothelioma and is useful in differentiating it from 
reactive mesothelial cells or reactive mesenchymal spindle 
cells [14].

 What Are the Helpful Immunohistochemical 
Stains Used in Diagnosing Sarcomatoid 
Carcinoma?

Immunoreactivity to pulmonary adenocarcinoma markers 
(e.g., TTF1, napsin-A, surfactant protein A), squamous 
markers (e.g., p63, p40), and/or epithelial markers (e.g., 
MOC31, BerEP4, BG8, B72.3, monoclonal CEA, CD15, 
and claudin 4) supports a diagnosis of sarcomatoid 
carcinoma.

 What Is the Next Step if You Find a True UPS 
in the Lung?

Search for an extrapulmonary origin of metastatic disease. 
Since most UPSs in the lung are metastatic from a soft tissue 
origin [1], it is essential to exclude extrapulmonary lesions 
before diagnosing the tumor as primary pulmonary UPS.
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25Synovial Sarcoma Versus Solitary 
Fibrous Tumor

Hui Zhu

 Case Presentation

A 25-year-old female initially presented with multiple epi-
sodes of spontaneous pneumothorax more than 10 years ago. 
She underwent a left lobe wedge resection, with a pathologic 
diagnosis of unremarkable lung tissue, and was subsequently 
treated with repeated mechanical pleurodesis. Currently the 
patient presented with non-productive cough and chest pain. 
Computed tomography (CT) scan showed a large cystic and 
solid mass in the left upper lobe (Fig. 25.1). Fine-needle aspi-
ration was attempted but was nondiagnostic due to scant mate-
rial. Given the the large size of the mass, left upper lobectomy 
was performed along with a portion of the parietal pleura.

Pathologic examination showed a 7.1  cm well- 
circumscribed cystic and hemorrhagic mass involving both 
the lung parenchyma and parietal pleura. Microscopic exam-
ination showed a large blood-filled cyst between the parietal 
and visceral pleura. While the majority of the cystic wall 
appeared fibrous, compact hypercellular areas were present. 
The tumor cells had monotonous spindled-to-oval nuclei 
with coarse chromatin and scant cytoplasm. Scattered mitotic 
figures were seen. Focal necrosis was present (see Fig. 25.2).

The differential diagnosis of this pleural-based mass is 
broad and includes both benign and malignant processes. 
Such considerations include SFT, endometriosis (given the 
patient’s age, long history of pneumothorax, and the hemor-
rhagic appearance of the cyst), endometrial stromal sarcoma, 
and other benign and malignant spindle cell neoplasms.

Immunohistochemical staining showed that the tumor 
cells were focally positive for AE1/AE3, EMA, and CK7 
(Fig.  25.2). CD99, BCL2, S100, CD10, ER, PR, inhibin, 
CD34, and ERG were negative. A diagnosis of synovial sar-
coma was favored. Fluorescent in situ hybridization showed 
break-apart in the SYT gene, confirming the diagnosis of 
synovial sarcoma.
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Fig. 25.1 CT scan showed a large pleural-based mass in the left upper 
lobe
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a b
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Fig. 25.2 (a) A densely cellular area of the mass with associated hem-
orrhage (100×). (b) Large hemorrhagic cyst-like area between the pari-
etal and visceral pleura. Lung alveoli were visible at the left side of the 
image (20×). (c) Higher-power view of a hypercellular area of monoto-

nous spindle cells with high N/C ratio and mitotic figures (400×). (d) 
Focal necrosis was present (40×). Immunohistochemical staining for 
(e) CK7 and (f) EMA was focally positive in the tumor cells (100×)

 Final Diagnosis: Synovial Sarcoma

 What Are the Clinical and Prognostic Features 
of SS, and How Do They Differ from SFT?

SS can be seen at any age but is most common in adolescents 
and young adults. SS most often occurs in the extremities 
and head and neck region but less commonly can present as 
a visceral primary. Primary pulmonary SS usually presents 
as a pleural-based solid tumor [1]. Calcification and/or ossi-
fication, seen in less than 20% of cases, as evidenced by mul-
tiple small, spotty radiopacities on radiologic studies, may 
be helpful to suggest a preoperative diagnosis of SS [2]. A 
significant subset of pulmonary SS is cystic and presents as 
recurrent pneumothorax. These cases can be difficult to diag-

nose clinically and pathologically [3–6]. SS generally 
behaves in an aggressive manner. The prognosis of pulmo-
nary SS is especially poor with frequent local recurrences 
and distal metastasis. Five-year survival is about 30%, and 
the median survival time is only 14.5 months [1, 7].

SFT is predominantly seen in middle-aged adult patients 
and is rare in children and adolescents. Pleural SFT is usu-
ally asymptomatic and discovered incidentally on imaging 
studies. Occasionally, SFT can cause hypoglycemia due to 
tumor production of insulin-like growth factor. This is most 
commonly seen in tumors located in the pelvis and retroperi-
toneum but is rare in pulmonary cases [8]. On imaging stud-
ies, a majority of SFT are pleural-based solid masses with 
smooth borders [8]. Rare tumors can show cystic degenera-
tion or necrosis. Overall, pleural SFT has an indolent clinical 
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behavior with 10% recurrence rate and metastasis in 5–10% 
of cases [9].

 What Are the Pathologic Features of SS? How 
Do They Differ from SFT?

SS can be biphasic or monophasic. The biphasic type is 
generally readily recognizable by the presence of both epi-
thelial and spindle cell components. The epithelial cells 
can form solid nests or glandular structures. The spindle 
cell component of biphasic SS is identical to the spindle 
cells in monophasic SS.  These tumor cells have oval, 
hyperchromatic nuclei and scant cytoplasm. Mitotic fig-
ures are variable (from 2 to >20 per 10 HPFs), and necro-
sis is present in most cases [1]. The tumor cells are 
characteristically monotonous and arranged in dense cel-
lular sheets or vague fascicles with a herringbone pattern. 
Areas with myxoid change and hyalinization can be seen 
(Fig. 25.3).

Usually, these changes are focal and unlikely to cause diag-
nostic difficulty. When diffuse, it can mimic less aggressive or 
even benign neoplasms such as SFT, leiomyoma, or schwan-
noma. Many cases of SS have prominent staghorn- like vascu-
lature resembling that of SFT. As previously mentioned, the 
histologic presence of calcification and/or ossification can be a 
diagnostic clue for SS.

Rare cases of pulmonary SS are cystic and present as 
recurrent spontaneous pneumothorax. In a few cases, a very 
large SS was found after multiple episodes of pneumothorax, 
bullectomy, pleural abrasion, and mechanical pleurodesis, 
raising the possibility that SS was not recognized in the orig-
inal bullectomy specimen [5] (Fig. 25.1). Morphologically, 
the cyst wall can be predominantly fibrotic and benign look-
ing. Areas of compact hypercellular spindle cell proliferation 
are invariably present and reveal the true nature of this lesion 
(Fig. 25.2). A majority of these cystic SS cases are monopha-
sic, but rare biphasic form can also be seen [3]. Careful his-
topathologic examination of resected bullectomy specimens 
is crucial for the correct diagnosis.

a b

c d

Fig. 25.3 (a) Typical morphology of monophasic SS: monotonous 
spindle cells with focal herringbone pattern (100×). (b) Focal myxoid 
change in SS. When diffuse, it can mimic SFT and other benign spindle 

cell tumors (100×). (c) Calcification and ossification are important mor-
phologic clues for SS (40×). (d) Mitotic figures are  typically easy to 
identify (400×)
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SFT can have a broad range of histopathologic features 
with variable proportions of cells and fibrous stroma. Some 
tumors are hypocellular with extensive hyalinized collagen 
stroma, while others are hypercellular with scant collagen 
(Fig. 25.4). A majority of cases have alternating cellular and 
fibrous areas. The typical morphology of SFT consists of 
bland spindle cells arranged in a “patternless” pattern, sur-
rounded by ropey collagen bundles. Thin-walled branching 
“staghorn” vasculature is a helpful, yet nonspecific, finding. 
The tumor cells have vesicular chromatin, pale eosinophilic 
cytoplasm, and indistinct cell borders. Mitoses are generally 
absent or sparse. Unusual histologic features include myxoid 
change, microcyst formation, ossification, and even adipose 
tissue components, which can cause diagnostic confusion. 
Recognizing areas of more typical SFT morphology and 
immunohistochemical stains can be key to diagnosis in such 
cases.

Less than 10% of pleural SFT are malignant. Predictors of 
aggressive behavior include older age, large tumor size, necro-
sis, and increased mitotic activity (>4/10 high-power fields) 

[10] (Fig. 25.4). Malignant SFT can morphologically mimic 
synovial sarcoma, round cell, and pleomorphic sarcomas [8, 
9].

 How Can Immunohistochemistry 
and Molecular Testing Be Used to Distinguish 
SS from SFT?

Immunohistochemically, the epithelial component of bipha-
sic SS shows strong immunoreactivity with EMA and cyto-
keratins, while the spindle cell component is typically only 
focally positive for these epithelial markers. Staining for 
S100 is seen in about 30% of cases. CD99 and BCL2, while 
nonspecific, are positive in the majority of SS [2]. TLE1 has 
emerged as a somewhat useful marker for SS, with diffuse 
strong nuclear staining seen in a majority of SS 
cases. However, recent studies have found that strong diffuse 
staining for TLE1 can be seen in SFT, malignant peripheral 
nerve sheath tumor, rhabdomyosarcoma, and others [11]. In 
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Fig. 25.4 (a) Morphologic features of solitary fibrous tumor, including 
prominent “staghorn” vessels (20×) and (b) “patternless” architecture 
with variable collagen deposition (100×). (c) Features of aggressive 

behavior include mitotic activity >4 /10 HPFs (200×). (d) Tumor cells 
are diffusely positive for STAT6 (nuclear expression) and CD34 (inset) 
(200×)
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contrast to SFT and many other mesenchymal neoplasms, 
CD34 immunoreactivity is very rare in SS.

SS is characterized by the consistent and specific t(X;18)
(p11; q11) translocation, which leads to a gene fusion involv-
ing SYT and one of the SSX genes (SSX1, SSX2, or SSX4) [2]. 
This fusion can be detected by multiple methods, such as 
FISH or RT-PCR. Detection of this rearrangement is gener-
ally considered the gold standard for the diagnosis of SS.

Immunohistochemically, SFT is diffusely positive for 
CD34 in up to 95% of cases. CD99, BCL2, SMA, and EMA 
can all be variably positive, while S100 and cytokeratins are 
typically negative in SFT. Nuclear expression of STAT6 by 
immunohistochemistry, which results from a NAB2-STAT6 
fusion gene, is highly sensitive and specific for SFT [12, 13]. 
However, immunoreactivity for STAT6 can be seen a subset 
of dedifferentiated liposarcomas, which may also show SFT- 
like morphologic features [14]. Detection of MDM2 amplifi-
cation, a hallmark of dedifferentiated liposarcoma, is useful 
for appropriately classifying such tumors. Expression of 
STAT6  in this subset is likely due to amplification of the 
STAT6 gene, which is located in proximity to MDM2 and 
CDK4 [15].
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26Inflammatory Myofibroblastic Tumor 
Versus Organizing Pneumonia

Omer Abdelaziz Mohammed Saeed and Chen Zhang

 Case Presentation

A 22-year-old male presents with shortness of breath 
and cough for 2  months. He denies hemoptysis, fever, 
wheezing, or weight loss. Physical examination shows a 
well-nourished male with no palpable masses, lymph-
adenopathy, or organomegaly. Chest X-ray and com-
puted tomography (CT) scan show right upper lung lobe 
collapse with a questionable underlying mass (Fig. 26.1). 
Bronchoscopy shows an obstructing friable endobron-
chial mass in the right main bronchus. Endobronchial 
biopsy is performed.

The endobronchial biopsy shows a tumor composed of 
spindle cells with mixed chronic inflammatory infiltrate 
(Fig. 26.2). The spindle cells are arranged in a fascicular pat-
tern without significant cytologic atypia or mitotic activity. 
The spindle cells are positive for anaplastic lymphoma 
kinase (ALK, clone D5F3) and negative for pancytokeratin 
AE1/AE3, smooth muscle actin (SMA), and desmin. A right 
upper lobectomy was performed, containing a lesion with 
similar histologic features, which measures approximately 
1.2 cm in maximum dimension and involves the bronchial 
cartilaginous structures (Fig.  26.3). Surgical margins are 
negative. The patient is currently doing well.
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Fig. 26.1 Imaging features of IMT. (a) Chest X-ray showing right upper lung collapse with a questionable underlying mass. (b) Chest CT scan 
from a different patient with a parenchyma IMT showing a solitary well-demarcated right upper lobe mass with somewhat irregular borders
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Fig. 26.2 Histological features of IMT on the transbronchial biopsy. 
(a) Low-magnification photomicrograph showing a spindle cell lesion 
with a collagenous and focally myxoid background. Residual/entrapped 
bronchial submucosal glands and ducts are seen. H&E, 20×. (b) 
Intermediate magnification of the lesion showing the fascicular growth 
of spindly tumor cells in a collagenous to myxoid stroma (fasciitis-like 

pattern). H&E, 100×. (c) High-magnification photomicrograph show-
ing spindle cells with plump eosinophilic cytoplasm and vesicular 
nuclei, admixed with lymphoplasmacytic infiltrate. The spindle cells 
show mild cytological atypia, and no mitosis or necrosis is seen. H&E, 
400×. (d) A majority of the spindle cells stain positive with ALK immu-
nohistochemical stain. 200×

a b

Fig. 26.3 Histological features of IMT on the resection specimen. (a) 
Low magnification showing the tumor involving a cartilaginous airway 
(bronchus). H&E, 20×. (b) Higher magnification showing that the 

tumor consists of fascicular spindle cell proliferation in a collagenous- 
to- myxoid stroma, admixed with inflammatory cell infiltrate. H&E, 
100×
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 Diagnosis: Inflammatory Myofibroblastic 
Tumor

 What Is the Definition, Epidemiology, 
and Clinical Presentation of Inflammatory 
Myofibroblastic Tumor (IMT), and How Does It 
Differ from Organizing Pneumonia (OP)?

IMT, formerly designated “inflammatory pseudotumor,” is a 
neoplasm composed of myofibroblastic spindle cells 
admixed with inflammatory infiltrate [1–3]. IMT was first 
described in the lung by Brunn et al. in 1939 [4] and then was 
described in extrapulmonary sites [2, 5]. Our knowledge has 
evolved over time, from considering IMTs as a reparative/
reactive inflammatory process to benign tumors, and cur-
rently they are thought of as neoplasms of intermediate bio-
logical behavior [1, 2].

Most cases of IMT occur in patients younger than 40 years. 
However, cases have been described up to the eighth decade 
of life. IMTs has no gender predilection [6]. IMT is the most 
common pulmonary neoplasm in children [7], and clinically, 
more than half of the patients are asymptomatic [6]. The most 
common symptoms in patients with lung and/or endobron-
chial IMTs are cough and dyspnea [6, 8]. In one study by 
Thistlethwaite et al., 45% of the patients with endobronchial 
presented with lung collapse/pneumonia [8].

OP, on the other hand, is a nonspecific histologic pattern 
used to describe a proliferation of loose connective tissue/
granulation tissue within alveolar structures with or without 
bronchiolar component [9, 10]. OP can be idiopathic (cryp-
togenic organizing pneumonia) or secondary to a variety of 
etiologies, including drug reaction, viral infection, radiation, 
and others. OP pattern can also be seen adjacent to other 
lesions, such as tumors [10].

 Do IMT and OP Look Differently 
on Radiographic Imaging?

IMTs usually present on imaging as a solitary nodule or 
mass lesion [11]. These lesions usually have a well- 
demarcated border but can sometimes have irregular periph-
eral edges. IMTs can be avid on 18F-fludeoxyglucose-positron 
emission tomography (18F-FDG-PET) scan [12] raising 
concern for malignancy. When IMTs have an endobronchial 
location, they can still appear as a distinct mass; however, 
lung collapse may be the only finding in some cases, obscur-
ing the underlying mass [8].

The radiographic appearance of OP varies according to 
the underlying etiology. In the idiopathic form, the most 
common radiographic appearance of COP is patchy consoli-
dation resembling pneumonia; this can be unilateral or bilat-
eral, and usually in a peripheral location [9, 10].

 What Are the Pathological Features of IMT 
and OP? What Are the Similarities 
and Differences? Can Immunohistochemical 
Studies Help in Differentiating These Two?

Grossly, IMT of the lung, like their counterparts in other 
locations, are white, firm or fleshy, and well-circumscribed 
lesions that range from 1 to 10 cm in maximum dimension 
[11, 13]. OP, on the other hand, looks like patchy areas of 
consolidation [10].

The term “inflammatory pseudotumors of the lung” was 
used in the old literature as a synonymous term with IMT. The 
term is now discouraged by the World Health Organization 
(WHO) classification since it represents a heterogeneous 
family of lesions rather than a single entity. This family 
includes reparative/reactive changes, IgG4-related lesions, 
IMT, and secondary organizing pneumonia [2]. IMTs of the 
lung have historically been classified into three histologic 
patterns: organizing pneumonia, fibrohistiocytic, and lym-
phoplasmacytic [14]. As our understanding that IMT is a 
specific entity evolves, more accurate histologic classifica-
tions emerged. Coffin et al., in his paper describing extrapul-
monary IMTs, detailed three microscopic appearances [15]. 
The first is fasciitis-like pattern. In this pattern, the tumor 
consists of loose spindle cell proliferation in a myxoid back-
ground with prominent vascularity and inflammatory cell 
infiltrate in the form of neutrophils and eosinophils. The sec-
ond pattern is compact cellular pattern, in which the myofi-
broblasts have a fascicular arrangement in a background of 
collagenous tissue and lymphoplasmacytic infiltrate. The 
third is hypocellular pattern which resembles fibromatosis 
[13, 15]. The cells in IMTs are uniformly spindled with 
plump eosinophilic cytoplasm and vesicular nuclei. The cells 
can show mild atypia, and mitosis is usually low [2].

OP is a patchy process consisting of loose, polypoid con-
nective tissue filling up the bronchiolar and/or alveolar 
spaces, with spindle cell proliferation in a mucopolysaccharide- 
rich loose background with occasional lymphoplasmacytic 
infiltrate [9]. Differentiating OP from IMT is easy on surgi-
cal resection specimens but might be challenging on small 
biopsy in the absence of clinical and radiographic data. 
Distinguishing IMTs from the other “inflammatory pseudo-
tumor” depends on observing the microscopic features that 
favor reactive processes. For instance, noticing the presence 
of granulomas or neutrophilic abscesses at the edge of the 
lesion argues against a diagnosis of IMT [2].

Immunohistochemical stains can be helpful in differentiat-
ing IMTs from a reactive/reparative process. Vimentin is usu-
ally diffusely positive in both reactive processes and IMT, and 
smooth muscle actin highlights the myofibroblastic element in 
both. Keratin positivity is reported in up to one third of IMTs 
[2]. Positivity for ALK, when present, is specific for IMTs but 
is only detected in about 50–60% of the cases [2, 5, 13].
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 What Are the Genetic/Molecular Findings 
of IMT?

Approximately half of IMTs show a characteristic rearrange-
ment of the ALK gene, located in chromosome 2p23 [16, 17]. 
The most common fusion partners are TPM3, TPM4, and 
CTLC [18]. A recent study by Lovly et al. reports the pres-
ence of kinase gene fusions in approximately 85% of IMT, 
including rearrangements in ROS1 and PDGFRB [19].

 What Are the Treatment Modalities 
for Pulmonary IMTs, and What Is 
the Prognosis?

Surgical resection, such as wedge resection or lobectomy, is 
the treatment of choice of pulmonary IMT [6, 8, 20], with a 
recurrence rate ranging from 6 to 13% [8, 21]. Other treat-
ment modalities such as steroids, chemotherapy, radiation, 
and tyrosine kinase inhibitors have a limited role in the man-
agement of IMT [19, 22].

IMTs are classified as tumors of uncertain malignant 
potential [1], with a risk of local recurrence, and rarely meta-
static disease [8, 20].
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27Metastatic Malignant Epithelioid 
Melanoma Versus Poorly Differentiated 
Carcinoma

Hui Zhu

 Case Presentation

A 60-year-old male presented with seizure and altered men-
tal status. Computed tomography (CT) scan found a solitary 
large lung mass and multiple brain masses, concerning for 
metastatic malignancy (Fig. 27.1). Due to the patient’s men-
tal status, his past medical history was unknown.

Core-needle biopsy of the lung mass demonstrated a neo-
plasm composed of epithelioid cells with nested and sheet-
like growth pattern. The tumor cells had a moderate amount 
of eosinophilic cytoplasm, pleomorphic nuclei with fine 
chromatin, and inconspicuous nucleoli. Brisk mitotic activ-
ity was present. Immunohistochemical stains showed that 
the tumor cells were diffusely positive for AE1/3, CAM5.2, 
and S100 (Fig.  27.2) and negative for synaptophysin and 
chromogranin. Additional immunohistochemical stains 
showed that the tumor cells were positive for Melan-A, 
HMB45, and SOX10 (Fig. 27.2). Upon further investigation, 
the patient had a remote history of “melanocytic tumor” 
removed from his thigh.
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Fig. 27.1 Metastatic melanoma presented as a solitary large pulmo-
nary mass. CT scan showed a single large (5.7 cm) mass in the lower 
lobe of the left lung. The patient had a remote history of a “melanocytic 
tumor” removed from the thigh
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Fig. 27.2 (a) Biopsy of the mass showed epithelioid tumor cells with 
a moderate amount of eosinophilic cytoplasm with nested growth pat-
tern (H&E, original magnification 100×). (b) Brisk mitotic activity was 
present. Focal melanin pigment was also seen (H&E, original magnifi-
cation 400×). Immunohistochemically, melanoma cells showed diffuse 

weak AE1/AE3 staining (c) and strong CAM5.2 staining (d). 
Melanocytic markers were diffusely and strongly positive in tumor 
cells, including Melan-A (e), SOX-10 (f), HMB-45, and S100 (not 
shown) (immunohistochemistry, original magnification 100×)
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 Final Diagnosis: Metastatic Melanoma

 What Are the Clinical Presentations 
of Pulmonary Metastatic Melanoma, and How 
Do They Differ from Primary Carcinoma?

Metastatic neoplasms are more common than primary neo-
plasms in the lung [1]. Virtually any malignancy can spread 
to the lungs. The most common presentation for metastatic 
lung tumors is the presence of bilateral small (<2 cm) lung 
nodules in patients with known extrapulmonary malignan-
cies. Solitary metastasis occurs in less than 10% of all metas-
tases to the lungs [2, 3]. Large solitary metastasis (more than 
5 cm) is less common and is often confused with primary 
neoplasms, especially when the primary site is not identified. 
Very rarely, metastatic tumors can form endobronchial 
masses, which are particularly challenging to distinguish 
from primary bronchogenic tumors [4]. Melanoma is one of 
the tumors that can form large solitary lung and endobron-
chial metastases [5].

Melanoma is one of the leading causes of cancer death, 
and the incidence is continuously rising [6, 7]. The lung is 
the most commonly involved visceral organ for metastatic 
melanoma. A majority of patients with lung metastases 
have a known history of melanoma; however, a minority 
(~4%) of patients present with pulmonary metastases as the 
initial presentation of stage-IV disease [8]. Pulmonary 
metastasis can occur several months to more than 25 years 
after the initial melanoma diagnosis [9]. The typical pre-
sentation is multiple bilateral lung nodules; single meta-
static melanoma mass, however, is not uncommon. In a 
study of 1720 patients with pulmonary metastatic mela-
noma, 72% of patients had multiple masses, and 28% of 
patients had single metastasis [10]. Metastatic melanomas 
are predominantly small nodules (less than 3  cm, with a 
medium size of 1.5  cm); however, large (>5  cm) solitary 
metastasis can occasionally occur (Fig. 27.1) [8]. Diagnosis 
of solitary large metastases, endobronchial metastases, or 
metastasis with no or remote history of primary melanoma 
can be particularly challenging. At times, there is no way to 
distinguish primary from secondary tumors with absolute 
certainty. Management for primary pulmonary melanoma 
does not differ much from single metastatic lesion, with 
surgical excision being the treatment of choice, and prog-
nosis for both primary and metastatic lung melanoma is 
equally poor. On the other hand, management and progno-
sis for patients with melanoma are very different from those 
with poorly differentiated carcinoma [10]. Thus, distin-
guishing melanoma from poorly differentiated carcinoma 
is crucial for patient care.

 What Are the Pathologic Features of Metastatic 
Melanoma and Poorly Differentiated 
Carcinoma? How Can Immunohistochemistry 
and Molecular Testing Be Used to Distinguish 
These Two Entities?

Similar to cutaneous melanoma, metastatic melanoma in the 
lung can have a great variety of microscopic appearances. 
The cells can be epithelioid, spindled, or anaplastic. Their 
size can vary from small lymphocyte-like (small blue cell 
tumor) to multinucleated giant cells. The cytoplasm can be 
eosinophilic, foamy, vacuolated, or clear. Cytologic atypia 
can vary from mild with bland cells and low mitotic rate to 
anaplastic cells with brisk mitotic activity. A great variety of 
growth patterns including pseudoglandular, pseudopapillary, 
trabecular, nested, solid sheet, and discohesive single cells 
can be seen. The stroma can be fibrotic, myxoid, or rich in 
lymphocytes [9]. Thus, histomorphological findings are less 
of a link to the correct diagnosis (Fig. 27.2).

The presence of melanin pigment is perhaps the most 
helpful morphologic clue for the diagnosis. However, in 
many cases melanin can be scant and difficult to identify or 
even absent (amelanotic melanoma). Known as the great 
mimicker, melanoma is often included in the differential 
diagnosis for poorly differentiated carcinoma, sarcoma, and 
lymphoma. Given the different clinical management for mel-
anoma from carcinoma and sarcoma, it is important to rule 
out melanoma before considering the diagnosis of high- 
grade carcinoma or sarcoma, NOS.

Immunohistochemistry is a valuable diagnostic tool. 
S100, HMB-45, Melan-A, SOX-10, and microphthalmia 
transcription factor (MITF) are commonly used as melano-
cytic markers that are expressed in a majority of melanoma 
cases. Of these, S100 and SOX-10 are the most sensitive 
markers for melanocytic differentiation and are positive in 
more than 97% of melanomas. S100 is an acidic dimeric 
calcium-binding protein with both cytoplasmic and nuclear 
location. Thus, an apparently positive stain showing only 
cytoplasmic or nuclear pattern should be questioned 
(Fig.  27.2). SOX-10 is a transcription factor implicated in 
melanocyte tumorigenesis with a nuclear staining pattern. 
S100 and SOX-10 are expressed in all melanoma subtypes. 
However, S-100 is nonspecific and is expressed in a wide 
variety of tumors including dendritic cell tumor, cartilage 
tumor, nerve sheath tumors, myoepithelial tumors, etc. SOX- 
10 is a relatively recently recognized marker that is more 
specific than S100, but it is also positive in clear cell sar-
coma, nerve sheath tumors, and some breast and salivary 
gland carcinomas. Melan-A and HMB-45 are specific mark-
ers for melanocytic tumors with cytoplasmic staining pat-
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tern. However, the sensitivity for both markers is lower than 
S100 and SOX-10, especially for metastatic melanoma. 
Sensitivity for metastatic melanoma is 70–90% and 57–92% 
for HMB- 45 and Melan-A, respectively. In addition, HMB-
45 and Melan-A are not entirely specific for melanoma. 
HMB-45 is also expressed in PEComa, melanocytic schwan-
noma, some ovarian stromal tumors, and some renal cell car-
cinoma. Melan-A is also expressed in PEComa, adrenocortical 
tumor, ovarian sex-cord stromal tumor, and clear cell sar-
coma. MITF is another marker with nuclear staining pattern. 
MITF is expressed in most melanomas (up to 80%). Its util-
ity is limited by low specificity. MITF is present in a wide 
variety of neoplasms, including mesenchymal tumors and 
lymphoid neoplasms, as well as some carcinomas [11].

In contrast to the dogma that positivity for keratin immu-
nohistochemical staining defines epithelial differentiation 
and rules out the possibility of melanoma, metastatic mela-
noma can express epithelial markers including keratins and 
EMA [12]. One study has shown that focal cytokeratin 8 and 
cytokeratin 18 staining is present in most metastatic mela-
noma cases [13]. Low-molecular-weight keratins are more 
frequently positive and often show stronger positivity than 
high-molecular-weight keratins (Fig. 27.2). The staining pat-
tern is typically focal and weak, but diffuse strong positivity 
can also be seen (Fig. 27.2). Diagnostic difficulties are often 
encountered when patient’s history of melanoma is unknown 
and/or with imaging study showing a solitary large mass and 

clinical suspicion of a primary lung neoplasm. With the 
assumption that what is dealt with is a primary lung neo-
plasm, S100 and other melanocytic markers are usually not 
included in the initial antibody panel. Positivity for 
 cytokeratin stain can lead to misdiagnosis of poorly differen-
tiated primary lung carcinoma.

Metastatic melanoma can lose the expression of one or 
more melanocytic markers, and occasional cases may dis-
play loss of all of the melanocytic markers. In these cases, 
molecular testing with BRAF/NRAS/KIT genotyping can be 
helpful in establishing the correct diagnosis [14].

As mentioned above, due to the great phenotypic diver-
sity, morphologic findings are less of a clue to correct diag-
nosis of melanoma. Epithelioid melanoma can be a perfect 
mimicker of poorly differentiated carcinoma (Fig. 27.3).

Poorly differentiated primary pulmonary carcinoma is 
often positive only for pancytokeratin and lacks expression 
of adenocarcinoma markers such as TTF-1, napsin-A, and 
CK7 or squamous markers such as p40, p63, and CK5/6 
[15]. Similarly, metastatic melanoma can be positive for 
cytokeratin and is negative for other adenocarcinoma or 
squamous cell carcinoma markers. Before making the diag-
nosis of poorly differentiated primary pulmonary carcinoma, 
clinical and radiologic correlation and melanocytic markers 
are essential to exclude the possibility of metastatic mela-
noma, especially for patients with known history of 
melanoma.

H. Zhu
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Fig. 27.3 Poorly differentiated primary lung carcinoma. (a) CT scan 
showed a single large mass occupying the upper lobe of the right lung. 
(b). Tumor cells have abundant eosinophilic cytoplasm and prominent 
red nucleoli (H&E, original magnification 100×). Clinical and morpho-

logical features are similar to the metastatic melanoma case shown in 
Figs. 27.1 and 27.2. The tumor cells are diffusely strongly positive for 
CAM5.2 (c) and AE1/3 (d). Melanocytic markers, as well as TTF-1 and 
p40, are negative. Immunohistochemistry, original magnification 100×

 Key Points for Differentiating Epithelioid 
Metastatic Melanoma from Poorly 
Differentiated Primary Carcinoma

A history of melanoma is perhaps the most important clue to 
the correct diagnosis. For any high-grade neoplasm presented 
in a patient with known history of melanoma, the possibility 
of metastatic melanoma needs to be excluded. A misdiagno-
sis can be avoided in the challenging cases if S100 and other 
melanocytic markers are included in the antibody panel.

Although often scant or even absent, the presence of mel-
anin pigment is the most helpful morphologic feature for 
melanoma diagnosis. Melanoma is one of the few tumors 

that produce melanin pigment. The presence of melanin pig-
ment in a high-grade malignant neoplasm is highly sugges-
tive, if not diagnostic, of melanoma.

Immunohistochemically, S100 and SOX-10 are the two 
most sensitive markers for melanocytic differentiation. It is 
also important to keep in mind that a significant number of 
metastatic melanomas can show positivity for keratin stain-
ing, especially low-molecular-weight keratins. Rare cases 
can show diffuse strong keratin positivity. Positivity for kera-
tin does not exclude the diagnosis of melanoma.

Molecular testing for BRAF/NRAS/KIT genotyping can 
be of great value for rare dedifferentiated/undifferentiated 
melanoma cases with loss of all melanocytic markers.

27 Metastatic Malignant Epithelioid Melanoma Versus Poorly Differentiated Carcinoma
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28Pulmonary Epithelioid Angiosarcoma 
Versus Carcinoma

John M. Gross and Robert W. Ricciotti

 Case Presentation

A 68-year-old male with a past medical history of coronary 
artery disease status post-coronary angioplasty 5 years ago 
presents with symptoms of increasing dyspnea, chest pain, 
intermittent night sweats, and occasional hemoptysis. A 
chest radiograph, EKG, troponins, D-dimer, CBC, and BMP 
are unremarkable. A subsequent CT scan reveals an ill- 
defined 1.5 cm nodule in the left lung involving the pleura 

that was not present on prior examinations. Extensive workup 
reveals no other sites of disease.

A diagnostic lung wedge biopsy is obtained revealing a 
neoplasm composed of epithelioid cells with large nuclei 
and prominent nucleoli. Some areas of the neoplasm dem-
onstrate solid, sheetlike growth, while other areas suggest 
vasoformation (Fig. 28.1). By immunohistochemistry, the 
malignant cells express CD31, CD34, FLI1, and ERG 
(Fig. 28.2).
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Fig. 28.1 (a) Malignant epithelioid neoplasm involving the pleural adipose tissue and (b) pleural surface (c) growing in solid sheets with (d) focal 
vasoformation
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Fig. 28.2 Immunohistochemistry demonstrating strong expression of (a) CD31, (b) CD34, (c) and FLI1 in areas of sheetlike growth as well as 
(d) ERG in vasoformative areas, supporting endothelial differentiation

c d

Fig. 28.1 (continued)
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 Pathologic Diagnosis: Epithelioid 
Angiosarcoma

 What Is Epithelioid Angiosarcoma? What Are 
the Clinical, Demographic, Treatment, 
and Prognostic Features?

Epithelioid angiosarcoma (EAS) is a high-grade sarcoma of 
endothelial differentiation. EAS generally presents in the deep 
soft tissues but may rarely occur in the skin and subcutis or in 
visceral sites including the lung and pleura [1, 2]. Pulmonary 
EAS has no gender predilection and generally affects adults in 
the sixth to seventh decade [2–4]. The rarity of pulmonary 
EAS contributes to the difficulty in this clinical diagnosis as 
patients often present with nonspecific respiratory (cough, 
dyspnea, chest pain) and general symptoms (malaise, night 
sweats, weight loss). Approximately 40–50% of patients will 
experience unexplained hemoptysis and/or hemothorax; how-
ever, 20% of patients are entirely asymptomatic [2, 5].

A multidisciplinary approach to treatment is necessary with 
considerations of surgery, chemotherapy, and radiation. The 
prognosis of pulmonary angiosarcoma is poor as most patients 
die of disease within months of initial presentation. The pres-
ence of pleural involvement is a negative prognostic factor [2].

 What Are the Radiologic Features of Primary 
Pulmonary Angiosarcoma?

Radiologically, primary pulmonary EAS may occur as 
either multifocal or solitary nodules. When the involve-

ment is multifocal, chest radiographs show bilateral reticu-
lonodular or alveolar infiltrates with or without pleural 
effusions. When a solitary nodule is present, especially if 
located in a centrilobular pattern with ground-glass 
changes, differentiation from pulmonary carcinoma is 
quite challenging [5].

 What Are the Histologic 
and Immunophenotypic Features 
of Epithelioid Angiosarcoma?

Histologically, EAS typically consists of sheets or nodules of 
malignant cells with moderate amounts of eosinophilic cyto-
plasm and often eccentrically placed nuclei imparting an 
epithelioid-to-rhabdoid/plasmacytoid appearance. Some 
areas may show spindled cells. The nuclei often contain 
peripherally marginated chromatin yielding a pale vesicular 
appearance frequently with prominent nucleoli. The cells 
may grow in a syncytial pattern or appear discohesive. 
Vasoformation and/or blood lakes may be only focal or even 
absent, and some examples may show complex, irregular 
anastomosing channels. Mitotic activity is generally abun-
dant, and necrosis is often identified. The various histologic 
features are shown in Figs. 28.3 and 28.4. By immunohisto-
chemistry, the malignant cells show evidence of endothelial 
differentiation with expression of CD31, CD34, ERG, and 
FLI-1. Keratin and CAM5.2 expression are seen in 
 approximately half of the cases of EAS, which is a potential 
diagnostic pitfall [2, 6, 7].

a b

Fig. 28.3 (a) Epithelioid angiosarcoma often shows a variety of histo-
logic patterns including infiltrative epithelioid cells forming vascular 
channels, (b) sheets of plump spindle cells, (c) discohesive epithelioid 

cells with prominent nuclei showing a “cracking” artifact, and (d) dense 
eosinophilic cytoplasm with eccentric nuclei assuming a rhabdoid/plas-
macytoid morphology

28 Pulmonary Epithelioid Angiosarcoma Versus Carcinoma
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Fig. 28.4 (a) Pulmonary epithelioid angiosarcoma forming vascular 
spaces within the lung parenchyma. (b) Higher power showing solid 
growth of epithelioid cells. (c) An area showing poorly formed vascular 

spaces (left). (d) Prominent nucleoli and a peripherally marginated 
chromatin pattern are common

c d

Fig. 28.3 (continued)
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 Does Angiosarcoma Have Any Recurrent 
Molecular Abnormalities?

While the majority of radiation-associated angiosarcomas (AS) 
show MYC gene amplifications with a subset showing KDR, 
PLCG1, and FLT4 mutations, the genetic signature of primary 
AS remains poorly defined. A recent study identified CIC 
mutations and rearrangements in a subset (9%) of primary AS, 
some of which showed epithelioid morphology. Tumors with 
CIC abnormalities demonstrated a predilection for younger 
patients as well as inferior disease-free survival. In the same 
study, PLCG1 and KDR mutations were identified in both pri-
mary and secondary AS with a predilection for breast and bone/
visceral locations, regardless of MYC status. AS with FLT4-
amplification showed variable epithelioid morphology but 
occurred predominantly in tumors related to radiotherapy for 
breast cancer or lymphedema. Such tumors most often showed 
co-amplification of MYC, lacked PLCG1/KDR mutations, and 
were associated with a worse prognosis [8].

 What Is the Differential Diagnosis 
of Pulmonary Epithelioid Angiosarcoma?

In the setting of multiple lung lesions, metastatic disease is 
the most important diagnosis to consider. A thorough clinical 
history and a careful review of imaging studies are 
paramount.

Clinically, the differential diagnosis of pulmonary AS 
includes a variety of etiologies depending on the clinical pre-
sentation and site of disease. Patients may present with pul-
monary hemorrhage including hemothorax and general 
symptoms such as night sweats and weight loss. Radiologic 
presentation can vary, often with nonspecific findings, as 
pulmonary AS may occur as a solitary mass or as multifocal 
lesions with nodular or alveolar infiltrates. The clinicoradio-
logic differential diagnoses may include primary lung carci-

noma, mesothelioma, metastatic disease, necrotizing 
vasculitis, infectious processes (tuberculosis, fungus), pneu-
monia, or abscesses [5].

Histologically, the sheetlike growth and epithelioid 
appearance, along with frequent cytokeratin expression, 
make distinguishing carcinoma (primary or metastatic) from 
EAS challenging. Morphologic features favoring EAS 
include intracellular lumina (which may or may not contain 
fragmented erythrocytes) and a cracked appearance of poorly 
formed vascular channels. Carcinomas will typically not 
express immunohistochemical markers of endothelial differ-
entiation such as CD31, CD34, ERG, or FLI1.  If aberrant 
endothelial marker expression in a carcinoma is suspected, 
confirmation with a second vascular marker may be helpful. 
Furthermore, AS may lose some endothelial markers, so that 
staining with multiple markers may be necessary to provide 
evidence of endothelial differentiation. Epithelioid heman-
gioendothelioma (EHE) has an overlapping immunopheno-
type with EAS (endothelial markers and keratin expression); 
however, EHE typically shows less severe cytologic atypia 
and grows in cords or singly within a dense myxohyaline 
matrix [2]. Table 28.1 summarizes the most relevant differ-
ential diagnoses with pulmonary EAS.

Although rare, proximal-type epithelioid sarcoma could 
be a diagnostic consideration as this tumor shows a distinctly 
high-grade epithelioid-to-rhabdoid morphology and 
expresses keratins and occasionally ERG; however, nuclear 
INI1 (SMARCB1) expression is lost in proximal-type epi-
thelioid sarcoma, whereas it is retained in most cases of epi-
thelioid angiosarcoma [4, 9]. Likewise, SMARCA4-deficient 
thoracic tumors also show malignant epithelioid-to-rhabdoid 
cells, and approximately half express CD34 and keratins 
(CK AE1/AE3, EMA); however, SMARCA4 (BRG1) will 
be lost, and INI1 (SMARCB1) is retained [9].

Finally, melanoma, mesothelioma, and anaplastic large- 
cell lymphoma can be diagnostic considerations as they may 
display histologic features reminiscent of epithelioid angio-

Table 28.1 Differential diagnoses of pulmonary epithelioid angiosarcoma

Diagnosis Pulmonary EAS Pulmonary EHE Pulmonary carcinoma Metastatic carcinoma
Clinical Adults, nonspecific 

symptoms
Adults, nonspecific 
symptoms

Adults, smokers Adults, prior cancer 
history

Tumor focality Solitary or multiple Solitary or multiple Usually solitary Often multiple masses
Histology Epithelioid cells, solid or 

vasoformative, 
pleomorphism, mitotic 
activity, necrosis

Epithelioid cells, 
intraluminal RBCS, 
chondromyxoid stroma

Variable; adenocarcinoma or 
squamous

Variable epithelioid 
morphology

Immunohistochemistry + CD31, CD34, ERG, FLI1, 
+/− keratin expression

+ CD31, CD34, ERG, 
FLI1, +/− keratin, most 
CAMTA1+, subset TFE3+

Positive for keratins, negative 
for endothelial markers 
(CD31, CD34, ERG, FLI1)

Positive for keratins, 
negative for endothelial 
markers (CD31, CD34, 
ERG, FLI1)

Molecular genetics Poorly defined; subset with 
CIC abnormalities

WWTR1-CAMTA1; subset 
with YAP1-TFE3

Variable; ALK, EGFR, 
ROS1, KRAS

Variable
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sarcoma necessitating the use of immunohistochemistry to 
classify them [4]. Unlike EAS, melanoma will express S100, 
SOX10, Melan-A, and HMB45; mesothelioma will express 
calretinin and nuclear WT-1; and anaplastic large-cell lym-
phoma will express CD45, CD30, and typically at least one 
pan-T-cell marker [4].
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29Epithelioid Sarcoma Versus Large-Cell 
(Undifferentiated) Carcinoma

Amir Qorbani, Gregory A. Fishbein, and Scott D. Nelson

 Case Presentation

A 24-year-old male presented with a painful mass in the right 
hand that was gradually increasing in size. Magnetic reso-
nance imaging (MRI) of the right hand showed expansion 
and diffuse signal abnormality of the flexor pollicis brevis 
muscle (Fig. 29.1).

Ultrasound-guided biopsy was performed and was nondi-
agnostic; only a fibroblastic/myofibroblastic proliferation 
with histiocytes was seen. The clinical team performed an 
excisional biopsy and removed three separate nodules. 
Histologic sections showed a highly infiltrative proliferation 
of atypical epithelioid and plump to spindle-shaped cells 
arranged in nodules and infiltrative cords through the colla-
gen and muscle fibers. These cells had round nuclei, vesicu-
lar chromatin, small nucleoli, and relatively abundant 
amounts of eosinophilic cytoplasm. Mitotic count was one 
per ten high-power fields. The infiltrative nodules had central 
degeneration and necrosis (Fig. 29.2).

Immunohistochemistry studies showed diffuse immuno-
reactivity to EMA and CAM5.2 as well as focal positive 
reactivity to pan-cytokeratin. The tumor cells showed loss of 
INI-1 immunoreactivity. Desmin, myogenin, CD163, S100, 
and HMB-45 were negative. He was diagnosed with epithe-
lioid sarcoma (ES) and started on a selective multi-targeted 

receptor tyrosine kinase inhibitor, pazopanib. A couple of 
months later, he presented with chest pain. Chest X-ray 
(CXR) showed a left apical pneumothorax (Fig. 29.3).

The clinical team was primarily concerned that his symp-
toms were either a side effect of pazopanib, which has been 
linked with increased risk of pneumothorax, or secondary to 
parenchymal lung disease. Subsequent computed tomogra-
phy (CT) scan showed a left pneumothorax as well as mul-
tiple bilateral pulmonary micronodules, up to 3  mm 
(Fig. 29.4).

The patient underwent flexible bronchoscopy, left video- 
assisted thoracic surgery (VATS) for left lower and upper 
lobe wedge resections, chemical pleurodesis with doxycy-
cline, and mechanical pleurodesis. Histologic sections 
revealed lung parenchyma with multiple foci of highly atypi-
cal, large epithelioid cells in the interstitial compartment 
(Fig. 29.5).

Immunohistochemical stains showed that these epitheli-
oid cells were positive for EMA (Fig. 29.6a) and CAM5.2 
and they were negative for pan-cytokeratin (Fig.  29.6b), 
CK7, and TTF1. INI immunoreactivity is retained in lung 
parenchyma but is lost in epithelioid sarcoma (Fig. 29.6c). A 
diagnosis of primary pulmonary large-cell undifferentiated 
carcinoma was considered. However, due to the prior history, 
further workup revealed loss of INI immunoreactivity in the 
atypical cells, establishing a diagnosis of metastatic epitheli-
oid sarcoma (Fig. 29.6c).
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Fig. 29.1 MRI from the right hand: expansion and diffuse signal 
abnormality of the flexor pollicis brevis muscle

a

b

Fig. 29.2 Histologic sections of the right hand mass show a nodular 
infiltrating growth pattern with areas of necrosis (a, magnification 40×), 
and the tumor cells are epithelioid to spindle-shaped with round vesicu-
lar nuclei and abundant eosinophilic cytoplasm (b, magnification 200×)

Fig. 29.3 CXR showing left apical pneumothorax. Pleural line is 
marked by arrows

Fig. 29.4 CT scan showed a small left pneumothorax and multiple 
bilateral micronodules (less than 0.3 cm); one is shown at the tip of the 
arrow

Fig. 29.5 Histologic sections of the lung mass show epithelioid to 
spindle cells with adjacent reactive parenchyma (magnification 100×)
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c

Fig. 29.6 Immunohistochemical stains were performed. EMA immu-
nostains highlight both reactive lung parenchyma and epithelioid neo-
plastic cells (a). Pan-cytokeratin immunostains just highlight reactive 
lung parenchyma but not epithelioid sarcoma (b). INI immunoreactiv-
ity is retained in lung parenchyma but is lost in epithelioid sarcoma (c). 
(a)–(c) magnification 100×

 Final Pathologic Diagnosis: Metastatic 
Epithelioid Sarcoma

 What Are the Clinical Features of Epithelioid 
Sarcoma, and How Do They Differ from Large- 
Cell (Undifferentiated) Carcinoma?

Epithelioid sarcomas are recognized in two clinicopathologi-
cal subtypes:

• Conventional (classic) type: first described in 1970 by 
Enzinger as a distinctive malignant neoplasm that involves 

the distal extremities, shows epithelioid morphology, and 
mimics a benign granulomatous process [1]. It typically 
involves the distal extremities (especially forearm, wrist, 
and hand) of young adults (median age, 30 years); males 
are affected more than females. It is the most common sar-
coma of the distal extremities and typically presents as a 
slow-growing, often painless, intradermal or subcutaneous 
nodules(s) or plaque, more frequently on the flexor sur-
faces. It may appear to “track” up the limb or as a nonheal-
ing ulcer and clinically may be mistaken for an inflammatory 
process. It is an aggressive sarcoma and can recur locally 
(>70%) or as metastasis in almost half of cases [2].

• Proximal type: Guillou et al. described a “proximal-type” 
epithelioid sarcoma in 1997, showing more tendency to 
occur in the proximal sites (trunk, genitalia, head and 
neck, or even mediastinum) of somewhat older adults 
(median age, 40 years), with a more aggressive behavior. 
Patients often present with a large infiltrative mass in the 
deep soft tissue that grows more rapidly than classic-type 
epithelioid sarcoma and can metastasize in up to 75% of 
cases (usually to the lymph node and lung) [3].

Lung involvement by ES is usually due to metastasis from 
an extrapulmonary site, presenting as multifocal lung nod-
ules in young adults with a prior history of ES. Large-cell 
carcinomas are considered a primary lung cancer and usually 
occur as a large (more than 4 cm) peripheral mass in older 
adults (50–70  years old), with male gender predilection. 
Depending on the extent of disease, both can present with 
weight loss, respiratory symptoms (cough, hemoptysis, etc.), 
or chest pain. Clinical history (age, gender, prior cancer his-
tory, etc.) and imaging studies (CXR, CT, and MRI) can be 
helpful in differentiating one from another; however, the spe-
cific diagnosis requires proper tissue examination.

 What Are the Pathologic Features 
of Epithelioid Sarcoma and Large-Cell 
(Undifferentiated) Carcinoma?

 Gross
Primary ES, conventional type, usually presents as an indu-
rated dermal or subcutaneous poorly defined multinodular 
mass with infiltrating margins, ranging in size from 0.5 to 
5 cm. Deep-seated tumors can be larger (up to 15 cm) and 
involve tendons or fascia. The cut surfaces are gray-white 
with focal areas of hemorrhage and necrosis. The proximal 
subtype can also be single or multiple whitish deep soft tis-
sue nodules and can be up to 20 cm in size [4].

Lung involvement by ES is usually due to metastasis, 
typically presenting as multifocal small nodules. Primary 
pulmonary large-cell carcinoma presents mostly as a unifo-
cal, peripheral, well-defined lobulated mass with gray-white 
cut surfaces.

29 Epithelioid Sarcoma Versus Large-Cell (Undifferentiated) Carcinoma
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 Histology

• Epithelioid sarcoma: Histological finding of the meta-
static epithelioid sarcoma in the lung is similar to those of 
soft tissue counterparts and can be divided into two types:
 – Conventional type: The tumor nodules demonstrate 

central necrosis, which can mimic a granulomatous 
process at low magnification. The tumoral cells are 
medium-sized and epithelioid to spindle-shaped, with 
deeply eosinophilic cytoplasm, atypical nuclei, and 
small nucleoli, admixed with spindle cells and mixed 
chronic inflammation in a collagenous stroma. A pseu-
doglandular or pseudoangiomatous pattern, metaplas-
tic bone formation, and/or osteoclast-like giant cells 
can be seen [4].

 – Proximal type: Deep-seated multinodular mass with 
infiltrative borders, consisting of large polygonal cells 
with abundant eosinophilic cytoplasm, vesicular 
nuclei, prominent nucleoli, and sometimes rhabdoid 
morphology. A high mitotic rate, necrosis, and hemor-
rhage are common [4].

• Large-cell undifferentiated carcinoma: By definition, it is 
a primary pulmonary malignant epithelial tumor with 
large atypical cells that does not show adenocarcinoma, 
squamous cell, or neuroendocrine differentiation (or any 
other line of differentiation). Therefore, careful examina-
tion of the entire tumor along with broad immunohisto-
chemistry is required for the diagnosis. This diagnosis 
should only be rendered on resection specimens and 
should not be made on small biopsies [5].

 How Can Ancillary Tests Be Used to Distinguish 
Epithelioid Sarcoma Versus Large-Cell 
(Undifferentiated) Carcinoma?

 Immunohistochemistry

• Epithelioid sarcomas (ES) characteristically lack nuclear 
immunohistochemical staining of INI1 protein as the 

result of mutation or homozygous deletions of the 
SMARCB1 gene, a tumor suppressor gene located on chro-
mosome 22. Hornick et al. found the complete loss of INI1 
expression in 91% of conventional-type and 95% of prox-
imal-type ES [6]. Loss of INI1 expression is also seen in 
other tumors such as malignant rhabdoid tumor of infancy, 
atypical teratoid/rhabdoid tumor, renal medullary carci-
noma, and SMARCB1-deficient carcinoma of the sinona-
sal tract, as well as 50% of epithelioid malignant peripheral 
nerve sheath tumors, 15% of extraskeletal myxoid chon-
drosarcomas, and 9% myoepithelial carcinomas [6, 7].

• Epithelioid sarcomas can show immunoreactivity to epi-
thelial markers; almost all cases show positive EMA stain-
ing, and most show cytokeratin positivity (both low and 
high molecular weights), especially CK8 and CK19. 
However, expression of p63 and cytokeratin 5/6 is rare in 
ES, which can be helpful to distinguish them from squa-
mous cell carcinomas. A subset of ES can show positivity 
of vascular markers; approximately half of cases have 
CD34 positivity (more often in proximal types), and one 
third can show positive staining for ERG, which poses a 
possible diagnostic pitfall when differentiating epithelioid 
sarcomas from tumors with endothelial differentiation. 
However, ESs do not harbor ERG-involving transloca-
tions, and other vascular markers (such as FLI1 and CD31) 
are not expressed in these tumors [8]. Occasional reactiv-
ity for SMA and S100 protein has also been reported [9]. 
Useful immunohistochemistry and molecular findings that 
may be helpful to differentiate tumors with epithelioid 
morphology are pointed out in Table 29.1.

• Large-cell undifferentiated carcinoma (LCC) can show 
positive immunoreactivity to cytokeratins but are negative 
for lineage-specific markers of glandular, squamous, or 
neuroendocrine differentiation. Per the 2021 WHO clas-
sification, LCC may be subclassified as (1) LCC (null 
immunophenotype), when showing negative TTF1 and 
p40 immunoreactivity; (2) LCC (unclear 
 immunophenotype), when staining does not provide a 
clear answer; and (3) LCC (unclear immunophenotype), 
when immunohistochemistry cannot be performed due to 
a lack of available blocks or unstained slides [5].

Table 29.1 Helpful ancillary tests to differentiate tumors with epithelioid features

Tumors IHC Molecular alteration
Epithelioid sarcoma (ES) Loss of INI, EMA+, keratin+/−, CD34+/− Translocations or loss of heterogeneity involving 

SMARCB1 (INI1) on (22q11)
Large-cell (undifferentiated) 
carcinoma

Keratin +/−, EMA+, TTF1−, p63/p40−, INI+ 
(retained)

EGFR, KRAS, and TP53 mutations

Squamous cell carcinoma P63+, P40, CK5/6+, TTF1− TP53, CDKN2A, PTEN, PIK3CA, etc. mutations
Adenocarcinoma TTF1+, napsin A+ EGFR, KRAS, and BRAF mutations and ALK gene 

rearrangement
SMARCA4-deficient 
undifferentiated tumor

Loss of SMARCA4, INI retained, EMA+, CK+, 
SOX2+

SMARCA4 mutations

Extrarenal malignant rhabdoid 
tumor

Loss INI1, keratin+, EMA+, SALL4+, CD34- Deletion of SMARCB1 (INI1)
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Tumors IHC Molecular alteration
Epithelioid malignant peripheral 
nerve sheath tumor (MPNST)

S100+, SOX10+, GFAP+/−. CD34+/−, loss of 
INI in 2/3 cases

Multiple genetic alterations

Epithelioid schwannoma S100+, SOX10+, CD34−, EMA− Somatic NF2 gene mutations
Melanoma S100 protein+, SOX10+, Melan A/MART1, 

MITF, tyrosinase
BRAF, ARID2, BAP1, GNAQ, HRAS, KIT, NF1, 
NRAS, and PTEN mutations

PEComa SMA+, desmin+, HMB45+, MITF+, MART1+ TSC2 mutations, TFE3 gene fusions
Granular cell tumor S100+, SOX10+, TFE3+, calretinin+, CD68+, 

inhibin+, HMB45−
N/A

Synovial sarcoma, epithelial 
variant

TLE1, keratin, EMA, S100 protein+/−, CD56+, 
CD99+, calretinin+/−

t(X;18) involving SS18 (SYT) gene

Alveolar soft part sarcoma TFE3+, desmin+/− der(17)t(X;17)(p11.2;q25) translocation (ASPSCR1-
TFE3 fusion)

Epithelioid angiosarcoma Vascular markers (CD31, FLI1, ERG, etc.), 
keratin+ in half of cases, retained INI1

MYC (8q24) or FLT4 (VEGFR3) (5q35) amplification, 
upregulation of vascular-specific receptor tyrosine 
kinases (TIE1, KDR, TEK, FLT1)

Epithelioid hemangioendothelioma Vascular markers, TFE3+/−, keratin +/− WWTR1-CAMTA1 fusion, YAP1-TFE1 fusion
Pseudomyogenic 
hemangioendothelioma

EMA−, CD34−, CD31+, ERG+, CK+, retained 
INI1

t(7;19)(q22;q13) results in SERPINE1–FOSB fusion

Table 29.1 (continued)

 Molecular Testing

The SMARCB1 (INI1) tumor suppressor gene, located at 
22q11, is inactivated in both proximal and conventional 
types of epithelioid sarcomas, which correlates with the loss 
of immunoreactivity to the protein. It is suggested that 
SMARCB1 gene deletions or mutations are central in the 
pathogenesis of epithelioid sarcoma, as it is in malignant 
rhabdoid tumor of infancy (MRT) and atypical teratoid/rhab-
doid tumor [4]. However, the pattern of inactivity in these 
tumors is different. Epithelioid sarcomas usually are a result 
of loss of heterozygosity or translocations involving the long 
arm of chromosome 22. Deletion of 22q is also seen in a 
small subset of epithelioid sarcomas. This contrasts with 
MRT, in which biallelic SMARCB1 gene deletions and point 
mutations are common [10]. Chromosomal gains (11q, 1q, 
6p, 9q) or losses (9p, 13q) are also reported in epithelioid 
sarcomas [11].

 What Is the Most Specific Test for Diagnosing 
Epithelioid Sarcomas?

In immunohistochemistry, nuclear INI1 protein expression 
is lost in ES but retained in pulmonary lung epithelial carci-
nomas including large-cell carcinoma. ES is a distinctive 
malignant mesenchymal neoplasm with epithelioid cyto-
morphology and loss of INI1 immunoreactivity. It is a rare 
aggressive soft tissue tumor with a high tendency to metas-
tasize. Primary pulmonary epithelioid sarcomas are excep-
tionally rare; only three cases of primary pulmonary 
epithelioid sarcoma have been reported in the English litera-

ture [12]. So, a careful evaluation to exclude other tumors 
with epithelioid features and/or a possible extrapulmonary 
site of origin is necessary before diagnosing primary pulmo-
nary epithelioid sarcoma. Due to positive staining for epi-
thelial markers such as EMA and cytokeratins, and the rarity 
of epithelioid sarcomas, the diagnosis may be challenging. 
Loss of INI expression along with negative staining for 
TTF1, p40, and p63 is helpful to distinguish epithelial sar-
coma from primary pulmonary epithelial neoplasms (see 
Table 29.1).

 What Is the Most Specific Test for Diagnosing 
Large-Cell (Undifferentiated) Carcinoma?

There is no available specific test for the diagnosis of large- 
cell (undifferentiated) carcinoma, and it is essentially a diag-
nosis of exclusion. Based on the current WHO classification 
of the tumors, large-cell carcinoma (LCC) is an undifferenti-
ated non-small-cell carcinoma (NSCC) that lacks the cyto-
logical, architectural, immunohistochemical, and 
histochemical features of other lung carcinomas, such as 
small-cell carcinoma, adenocarcinoma, and squamous cell 
carcinoma (SCC), in addition to giant cell, spindle cell, or 
pleomorphic carcinomas [5].

Therefore, the diagnosis is established only after exclud-
ing metastases and other non-small-cell lung cancers. Large- 
cell undifferentiated carcinoma lacks lineage-specific 
architectural and immunohistochemical features of other 
tumors with similar cytomorphology. Therefore, the diagno-
sis requires a thoroughly sampled resected tumor and cannot 
be rendered on a biopsy or cytology specimen.
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 What Is the Best Approach If You Find a Lung 
Tumor with Atypical Large Epithelioid 
Cytology?

It is important to consider primary epithelial lung neoplasms 
first due to their prevalence and location. Adenocarcinomas 
show mucin-producing cells and/or positive immunoreactiv-
ity to TTF1 or napsin A. Squamous cell carcinomas can pres-
ent as TTF1-negative tumors with overt keratinization and/or 
positive p40, p63, and/or CK5/6 immunostaining. If these 
studies fail to pinpoint the diagnosis, then one should con-
sider other neoplasms with epithelioid morphology before 
diagnosing large-cell (undifferentiated) carcinoma. The dif-
ferential diagnosis includes, but is not limited to, melanoma, 
epithelioid MPNST, epithelioid angiosarcoma, epithelioid 
sarcoma, alveolar soft part sarcoma (ASPS), and thoracic 
SMARCA4-deficient undifferentiated tumor (see 
Table 29.1). If the tumor has non-small-cell morphology and 
cytokeratin positivity, and if all available studies fail to fur-
ther classify the tumor, then large-cell (undifferentiated) car-
cinoma is the proper diagnosis, as long as metastatic disease 
of extrapulmonary origin is excluded clinically.
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30Intimal Sarcoma Versus Other Spindle 
Cell Neoplasms

John M. Gross and Robert W. Ricciotti

 Case Presentation

A 49-year-old female without a significant past medical his-
tory had multiple recent hospital admissions for acute-onset 
chest tightness, intermittent hemoptysis, and dyspnea in the 
setting of progressive fatigue over a 6-month period. A chest 
CT scan demonstrated a mass within the right ventricular out-
flow tract (Fig.  30.1a). Despite no known risk factors, the 
patient was diagnosed with pulmonary thromboembolism and 
was treated with anticoagulation. A subsequent bilateral 
lower-extremity venous duplex scan and thrombophilia 
workup were both negative. Furthermore, the thrombus was 
refractory to therapeutic anticoagulation. A subsequent car-
diac MRI with contrast revealed a heterogeneously enhancing 
mass which was later shown to be PET avid (Fig.  30.1b) 
within the left main pulmonary artery. A left pneumonectomy 
was performed, at which time the mass within the main pul-
monary artery showed proximal extension into the main pul-

monary trunk with adherence to the pulmonary valvular cusp. 
Gross pathologic examination revealed an occlusive, gelati-
nous mass measuring 6.0  ×  2.2  ×  1.5  cm originating from 
within, and expanding, the left main pulmonary artery with 
extension into the segmental pulmonary artery branches 
(Fig. 30.1c). Histologic evaluation revealed a high- grade spin-
dle cell neoplasm arising from the tunica intima of the pulmo-
nary artery with ony focal  extension into the pulmonary 
parenchyma. A myxofibrosarcoma-like pattern was seen con-
sisting of high-grade spindle cells floating in a myxoid stroma 
containing prominent, arcuate vasculature (Fig.  30.2). By 
immunohistochemistry, the neoplastic cells were negative for 
desmin, AE1/AE3, and S100. FISH studies showed MDM2 
gene amplification (Fig. 30.2). Further SNP microarray analy-
sis revealed gene amplification of PDGFRA, EGFR, DDIT3, 
CDK4, MDM2, and CCNE1 as well as numerous other copy 
number alterations. The patient’s postoperative course was 
uneventful, and she was discharged home in stable condition.

J. M. Gross 
Division of Anatomic Pathology, The Johns Hopkins Medical 
Institute, Baltimore, MD, USA 

R. W. Ricciotti (*) 
Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA
e-mail: ricciott@uw.edu

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_30&domain=pdf
mailto:ricciott@uw.edu
https://doi.org/10.1007/978-3-031-14402-8_30


186
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c

Fig. 30.1 (a) CT scan demonstrates a mass filling the left main pulmonary artery. (b) PET CT shows mild hypermetabolic activity. (c) Gross 
examination of the pneumonectomy specimen reveals a gelatinous mass occupying and expanding the pulmonary artery

a b

Fig. 30.2 (a) Myxoid neoplasm filling and expanding the pulmonary 
artery lumen. (b) Tumor arising from vascular intima with 
myxofibrosarcoma- like morphology. (c) Pleomorphic spindle cells 

floating in myxoid stroma with perivascular condensation. (d) MDM2 
gene amplification is confirmed by fluorescence in situ hybridization 
(FISH)

J. M. Gross and R. W. Ricciotti
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 Pathologic Diagnosis: Intimal Sarcoma

 What Is the Definition of Intimal Sarcoma?

The term “intimal sarcoma” is reserved for sarcomas arising 
within the large blood vessels such as the pulmonary artery 
and aorta as well as the heart. As these malignant tumors 
show a sine qua non feature of intraluminal growth, they 
commonly present with embolic phenomenon and eventu-
ally luminal obstruction [1, 2].

 What Are the Epidemiologic Factors?

Intimal sarcomas are very rare and account for fewer than 
1% of all sarcomas [3]. Intimal sarcomas most commonly 
arise in the pulmonary artery but may also occur in the aorta. 
Additionally, in a series of 100 cardiac sarcomas, intimal sar-
coma was the most frequent primary cardiac sarcoma (42%) 
[3]. In that study, there was no clear gender preference, and 
tumors most commonly occured in middle-aged adults dur-
ing their fifth to seventh decade [3].

 What Are the Clinical Considerations of Intimal 
Sarcoma?

The clinical presentation of intimal sarcoma is often nonspe-
cific and most commonly related to tumor emboli [1]. The 
diagnosis of intimal sarcoma of the pulmonary artery is often 
delayed or made postmortem as these patients are usually 
thought to have pulmonary thromboemboli and began on 
anticoagulation therapy [1, 3, 4]. On the other hand, some 
patients present with symptoms of acute or chronic pulmo-
nary hypertension. Intimal sarcoma of the aorta often pres-

ents with signs and symptoms of emboli such as claudication, 
absent pulses, back pain, abdominal angina, malignant 
hypertension, or rupture of aneurysm [1, 3, 4]. In addition, 
other presenting complaints include dyspnea, cough, hemop-
tysis, and unexpected weight loss [1, 3, 4].

Conventional imaging techniques are often nonspecific; 
however, PET, MRI, and CT scans can sometimes help 
define the neoplastic nature of the occlusive tissue [4].

 What Are the Gross Macroscopic Features 
of Intimal Sarcoma?

Intimal sarcomas are mostly intravascular masses attached to 
the vessel wall, grossly resembling thrombi and extending 
proximally and distally along the branches of the involved 
vessels. The gross consistency is often gelatinous to fleshy 
(Fig. 30.3); however, occasionally heterologous osteosarco-

c d

Fig. 30.2 (continued)

Fig. 30.3 Cut section of a lung and pulmonary vessels reveals an intra-
luminal mass occluding and expanding the pulmonary artery with a 
gelatinous to fleshy appearance

30 Intimal Sarcoma Versus Other Spindle Cell Neoplasms
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a b

Fig. 30.4 (a) Low-power cross section of pulmonary artery shows an intimal sarcoma arising from subendothelium, (b) pulmonary artery intimal 
sarcoma filling and occluding the vessel

Fig. 30.5 Neoplastic cells originating from the subendothelial layer

matous and chondrosarcomatous elements may be present, 
grossly resembling bone and cartilage, respectively. In addi-
tion, some tumors may form an adherent plaque grossly 
mimicking atherosclerosis [1, 3, 5].

 What Are the Histologic 
and Immunophenotypic Features of Intimal 
Sarcoma?

The histologic spectrum of intimal sarcoma is widely variable; 
however, most intimal sarcomas show features of a high-grade 
spindle cell sarcoma with varying degrees of mitotic activity, 
necrosis, and nuclear pleomorphism. Some tumors demon-
strate myxoid areas reminiscent of myxofibrosarcoma. Others 
may contain epithelioid and low-grade spindle cell morphol-
ogy. Prominent spindling and fascicular growth may be pres-
ent. Approximately 15% of cases will demonstrate 
heterologous elements such as  rhabdomyosarcomatous, osteo-
sarcomatous, chondrosarcomatous, and angiosarcomatous dif-
ferentiation [1, 3, 5] (see Figs. 30.4, 30.5, and 30.6).

The immunophenotype of intimal sarcoma is nonspecific 
with variable SMA and rare desmin expression reported. 
Most cases are negative for cytokeratins as well as endothe-
lial and melanocytic markers [1, 3, 5]. MDM2 and CDK4 
demonstrate nuclear staining in most cases. FISH testing to 
demonstrate MDM2 gene amplification is a highly sensitive 
and specific test [2, 3, 6, 7].

J. M. Gross and R. W. Ricciotti
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Fig. 30.6 (a) Myxofibrosarcoma-like pattern with myxoid stroma and prominent curvilinear vasculature, (b) bland spindle cells floating in myx-
oid background, (c) high-grade pleomorphic spindle cells in a herringbone pattern, and (d) heterologous chondrosarcomatous differentiation

 What Are the Genetics of Intimal Sarcoma?

Most cases of intimal sarcoma will demonstrate regional 
amplification of the 12q12-15 locus including CDK4, 
MDM2, and other (TSPAN31, GLI1) genes. In addition, sev-
eral studies report amplification or copy number gains of 
PDGFR and EGFR as well as numerous other structural 
gains and losses [2, 3, 6–9].

 How Are Most Cases of Intimal Sarcoma 
Treated?

When possible, surgical resection is the treatment of choice. 
Most patients will undergo some form of adjuvant chemo-
therapy and/or radiation in the postoperative setting. 

Chemotherapy alone is reserved for inoperable tumors or 
patients with disseminated disease. Recent advances in the 
understanding of the genetics of intimal sarcoma have led to 
the investigation with clinical trials using MDM2, CDK4, 
EGFR, and PDGFR inhibitors [4, 8].

 What Is the Prognosis of Intimal Sarcoma?

In general, the prognosis of intimal sarcoma is poor with a 
median survival of less than 2 years. Patients who undergo 
surgical resection of their primary tumors may have a longer 
survival; however, this may be explained by more advanced 
disease in inoperable patients. Surgery still offers the best 
chance of long-term survival and can provide symptomatic 
relief [1, 3, 4].

30 Intimal Sarcoma Versus Other Spindle Cell Neoplasms
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 What Are the Most Common Differential 
Diagnoses of Intimal Sarcoma?

Dedifferentiated liposarcoma (DDLS) can be difficult to dis-
tinguish from intimal sarcoma as both sarcomas can have 
nearly identical histologic features and both characteristi-
cally have MDM2 gene amplification. While intimal sarcoma 
arises from the subendothelium within large vessels, DDLS 
would not typically arise within the great vessels and/or 
heart, but instead most commonly occurs in the retroperito-
neum, paratesticular region, and deep soft tissues of extremi-
ties and even the trunk. They can, however, arise within the 
soft tissues of the mediastinum, potentially leading to diffi-
culty in distinction from intimal sarcoma. DDLS will fre-
quently have an adjacent component of well-differentiated 
liposarcoma, which could be helpful as a distinguishing fea-
ture if present. Clinical and radiologic correlation is also fre-
quently helpful [3].

Cardiac (atrial) myxoma may enter the differential diag-
nosis of intimal sarcomas; however, these benign neoplasms 
most commonly present as pedunculated masses in the left 
atrium or arise from the interatrial septum rather than within 
large vessels. Histologically, they often consist of bland 
spindle cells within a myxo-edematous background stroma. 
Mitotic activity is limited or absent, and FISH for MDM2 
gene amplification is negative [3].

Leiomyosarcoma most commonly arises from the tunica 
media of large veins as opposed to the tunica intima (suben-
dothelium). Histologically, leiomyosarcomas grow as fasci-
cles of elongated spindle cells with “cigar-shaped” nuclei and 
dense  eosinophilic cytoplasm. Most cases of leiomyosar-
coma are positive by immunohistochemistry for at least two 
myogenic markers such as smooth muscle actin (SMA), des-
min, and/or h-caldesmon. MDM2 gene amplification is not a 
feature of leiomyosarcoma [3].

Epithelioid hemangioendothelioma (EHE) is a malignant 
neoplasm often presenting as an angiocentric mass filling 
and occluding the vascular lumen; however, the aorta and 
large pulmonary arteries are uncommon sites for 
EHE.  Histologically, EHE consists of cords of epithelioid 
cells with intracytoplasmic vacuoles containing erythrocytes 
(“blister cells”) within a myxoid background matrix. EHE 
expresses endothelial immunohistochemical markers (CD31, 
CD34, ERG) and variably expresses cytokeratins. 
Furthermore, immunohistochemistry for CAMTA1 often 
shows positive staining, representing the surrogate marker 
for the most common fusion gene specific for EHE, t(1;3) 
WWTR1-CAMTA1 [10, 11]. A subset of EHEs has YAP1- 
TFE3 rearrangements and will show nuclear positivity for 
TFE3 by immunohistochemistry [12]. MDM2 gene amplifi-
cation is not present in EHE.

Angiosarcoma may enter the differential diagnosis of inti-
mal sarcoma. Most angiosarcomas will show vasoformation 

and express endothelial markers by immunohistochemistry 
(CD31, CD34, ERG, FLI1). MDM2 gene amplification is not 
a feature of angiosarcoma [3].

Histomorphologically, metastatic sarcomatoid carcinoma 
or melanoma may be diagnostic considerations; however, 
most cases will express markers of epithelial (keratins, EMA, 
p40, p63, TTF1) or melanocytic (SOX10, S100, MART1, 
Melan-A, HMB45) differentiation. A careful review of the 
patient’s medical history is always prudent, and clinical cor-
relation may be needed to exclude metastasis from a distant 
site.

Finally, the recently described SMARCA4-deficient tho-
racic sarcomas may enter the differential diagnosis of intimal 
sarcoma. These rare sarcomas are primarily thoracic rather 
than intravascular. Histologically, SMARCA4-deficient tho-
racic sarcomas typically have epithelioid and/or rhabdoid 
morphology and demonstrate loss of SMARCA4 by immu-
nohistochemistry. MDM2 gene amplification would not be 
expected in this entity [13].
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31Sclerosing Pneumocytoma Versus Lung 
Adenocarcinoma

Cherise Meyerson and Gregory A. Fishbein

 Case Presentation

A 27-year-old female nonsmoker from China was found to 
have a mass in the right middle lobe on chest X-ray while 
undergoing a routine employment physical. She had no sig-
nificant past medical history and no symptoms. Follow-up 
chest computed tomography (CT) showed a 2.0 × 2.0  cm 
well-circumscribed soft tissue mass within the right middle 
lobe, adjacent to the bronchovascular bundle (Fig. 31.1).

Based on the imaging findings, the differential included a 
low-grade neuroendocrine tumor, pulmonary hamartoma, 
sarcoma, granuloma, or lung adenocarcinoma. She under-
went a right middle lobectomy and hilar lymph node 
dissection.

On gross examination, sections of the right middle lobe 
showed a 2.2 cm, circumscribed, homogeneous yellow-tan 
mass abutting the right middle lobe lateral segmental bron-
chus (Fig. 31.2).

No endobronchial component was present. Histologic 
sections showed a partially encapsulated mass compressing 
the surrounding lung parenchyma. The mass was composed 
of a proliferation of two cell populations arranged predomi-
nantly in a papillary architecture with scattered areas of scle-
rosis and xanthomatous histiocytes (Fig. 31.3).

One cell population appeared to line the papillae and 
appeared cuboidal, resembling type II pneumocytes. The sec-
ond population composed the stroma of the papillae and 
appeared polygonal with indistinct cell borders, oval nuclei, 
fine chromatin, and inconspicuous nucleoli. Both cell popula-
tions were positive for thyroid transcription factor 1 (TTF- 1) 
and epithelial membrane antigen (EMA) immunohistochem-
istry, while only the surface cells were positive for pancyto-
keratin (AE1/AE3) and napsin-A (Fig. 31.4).
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Fig. 31.1 Axial chest computed tomography shows a 2.0  cm, well- 
circumscribed mass in the right middle lobe (arrow)

Fig. 31.2 The gross specimen shows a well-circumscribed, homoge-
neous tan-yellow parenchymal mass. It abuts the bronchus but does not 
have an endobronchial component
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a b

c d

Fig. 31.3 Sclerosing pneumocytoma appears well-circumscribed at low power (a). Architectural patterns include papillary (b) and sclerotic (c). 
Xanthomatous histiocytes are also commonly seen (d). [Original magnifications 100× (a) and 200× (b, c, and d)]

a b

c d

Fig. 31.4 In sclerosing pneumocytomas, pancytokeratin, AE1/AE3 (a and b), and napsin A (not shown) highlight surface cells but not stromal 
round cells. TTF-1 (c and d) is positive in both surface and round cells. [Original magnifications 200× (a, c) and 100× (b, d)]
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 Final Pathologic Diagnosis: Sclerosing 
Pneumocytoma

 What Is the Histogenesis and Epidemiology 
of Sclerosing Pneumocytomas?

Sclerosing pneumocytoma, previously called “sclerosing 
hemangioma,” was first described in 1956 by Liebow and 
Hubell, who hypothesized a vascular origin of this neoplasm 
[1]. Many subsequent theories were proposed for the histo-
genesis of this tumor, including mesothelial, epithelial, and 
neuroendocrine [2–4]. Some authors proposed that the tumor 
was hamartomatous [5]; however, later molecular studies 
demonstrated its clonal nature [6]. In the largest series to date, 
positive staining for TTF-1 in the both surface and round cells 
confirmed respiratory epithelial origin. In addition, the round 
cells lacked expression of surfactant protein A and B, as well 
as Clara cell antigen, suggesting that sclerosing pneumocy-
toma is derived from primitive, undifferentiated respiratory 
epithelium [7]. Sclerosing pneumocytoma was thus moved 
from the “miscellaneous tumors” group in the 1999 and 2004 
World Health Organization (WHO) Classifications to the 
“adenomas” group in the 2015 WHO Classification [8].

Sclerosing pneumocytomas are more commonly seen in 
females (5:1 female to male ratio) [7], with a higher inci-
dence in East Asia. It occurs more frequently in middle-aged 
women, and most patients are asymptomatic. They are con-
sidered benign lesions in which surgical resection is curative. 

Rare cases with lymph node metastases have been reported 
with no effect on prognosis [9–11].

 What Are the Differential Diagnoses 
for Sclerosing Pneumocytoma?

The differential diagnosis includes both benign and malignant 
lung tumors. Benign lung tumors include clear cell “sugar” 
tumor and pulmonary hamartoma. Clear cell “sugar” tumor of 
the lung is considered part of the perivascular epithelioid cell 
tumor (PEComa) family and will stain with both smooth mus-
cle and melanocytic immunohistochemical markers [e.g., 
smooth muscle actin (SMA), MART-1, and HMB-45]. 
Pulmonary hamartomas are composed of a combination of 
mature hyaline cartilage, fat, or smooth muscle and may con-
tain entrapped respiratory epithelium. Malignant tumors in the 
differential diagnosis include lung adenocarcinoma and carci-
noid tumor. The two distinct epithelial cell populations in scle-
rosing pneumocytoma are useful to differentiate these lesions 
from adenocarcinoma. The typical organoid and trabecular 
architecture of carcinoid tumors is not seen in sclerosing pneu-
mocytoma, and immunohistochemical stains typically demon-
strate diffuse reactivity for neuroendocrine markers in 
carcinoid tumor while negative in sclerosing pneumocytoma. 
Sometimes, however, entrapped pneumocytes within a carci-
noid tumor can give the appearance of two epithelial cell 
populations, as seen in sclerosing pneumocytomas (Fig. 31.5). 

a b

c d

Fig. 31.5 Carcinoid tumors are also well-circumscribed lesions (a). 
Like sclerosing pneumocytomas, TTF-1 can appear to highlight two 
different cell populations (b), but pancytokeratin is also positive in both 
cell populations (c). The more darkly staining cells are therefore 

entrapped pneumocytes. Synaptophysin (d) and chromogranin (not 
shown) are diffusely positive, confirming neuroendocrine origin. 
[Original magnifications 200× (a) and 100× (b, c, and d)]
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In such cases, immunohistochemistry for cytokeratins and 
neuroendocrine markers may be required to differentiate 
between these two.

 How Do Sclerosing Pneumocytoma and Lung 
Adenocarcinoma Differ on Imaging?

Sclerosing pneumocytoma typically appears as a solitary, 
solid, and well-defined mass with no predilection for a par-
ticular lobe. One study of 76 patients showed that most 
patients had a single lesion (92.1%) with a smooth boundary 
(65.8%), oval shape (65.8%), and mean diameter of 2.27 cm 
[12]. Seventeen patients who underwent fluorodeoxyglucose 
positron emission tomography (FDG-PET) had hypometa-
bolic lesions (<2.5 maximum standardized uptake value 
(SUVmax)). In contrast, invasive lung adenocarcinomas are 
usually peripheral, spiculated, poorly defined solid lesions 
that may be surrounded by ground-glass opacities that cor-
respond to a lepidic-predominant pattern [13, 14]. However, 
one-third of the 76 sclerosing pneumocytomas had irregular 
boundaries and one-fifth of cases had outer ground-glass 
opacities, similar to those seen in lung adenocarcinomas 
[12]. Some studies have reported hypermetabolic sclerosing 
pneumocytomas on FDG-PET scans with SUVmax >2.5, 
which can be falsely interpreted as malignancy [15–18]. 
Therefore, sclerosing pneumocytomas should be considered 
in the differential diagnosis of FDG-PET avid solitary pul-
monary nodules, and, ultimately, biopsy or surgical resection 
is required for definitive diagnosis.

 How Do Sclerosing Pneumocytoma and Lung 
Adenocarcinoma Differ Grossly?

Sclerosing pneumocytomas are well-circumscribed and usu-
ally solitary lesions. They are most commonly found periph-
erally but can occur adjacent to a bronchus. The cut surface 

is usually tan to yellow and solid, though it may contain cys-
tic [19] or hemorrhagic areas.

Lung adenocarcinomas are typically seen in the periphery 
of the lung parenchyma, often associated with pleural retrac-
tion [20]. Cut surfaces show irregular tan-gray lesions that 
may contain anthracotic pigment.

 How Do Sclerosing Pneumocytoma and Lung 
Adenocarcinoma Differ Histologically 
and Immunohistochemically?

Sclerosing pneumocytoma is composed of two epithelial cell 
populations: the surface cells, which are cuboidal and resem-
ble type II pneumocytes, and the round cells, which are small 
and polygonal. The most common architectural patterns are 
papillary, solid, hemorrhagic, and sclerotic. The papillary 
pattern is composed of surface cells covering the round cells 
within the papillary stalk. The solid pattern shows nests of 
round cells surrounded by surface cells. Sclerotic areas show 
hyalinized collagen within papillae or in solid areas. The 
hemorrhagic pattern is notable for cystic spaces filled with 
blood, called “blood lakes,” with round cells around the 
periphery. Other common findings include xanthomatous 
histiocytes, chronic inflammation, mast cells, hemosiderin, 
cholesterol clefts, and calcifications [7]. TTF-1 and EMA 
immunohistochemistry is positive in both surface and round 
cells [7, 21]. The surface cells are also positive for pancyto-
keratin (AE1/AE3), cytokeratin 7 (CK7), Cam 5.2, surfac-
tant proteins A and B, and napsin-A [7, 22, 23]. The round 
cells lack positivity for surfactant proteins and napsin-
 A. Cytokeratins are typically negative in the round cells, but 
focal expression of CK7 and Cam 5.2 may be seen.

Lung adenocarcinomas are infiltrative, gland-forming 
malignant epithelial neoplasms that can have different archi-
tectural patterns, including acinar, papillary, micropapillary, 
solid, and lepidic patterns (Fig.  31.6) [8]. They may also 
have mucinous or enteric differentiation.

a b c

Fig. 31.6 Lung adenocarcinomas can show many different architec-
tural patterns, including acinar (a), micropapillary (b), and papillary 
(c). The papillary pattern of adenocarcinoma superficially resembles 
the papillary component of sclerosing pneumocytomas (see Fig. 31.3b), 

but note the cytologic atypia, including prominent nucleoli, and lack of 
an inner round cell population within the papillary stalks. [Original 
magnification 200× (a, b, and c)]
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Cytologically, they usually appear more atypical than 
sclerosing pneumocytomas with large, irregular nuclei, vari-
ably prominent nucleoli, and conspicuous mitotic figures. In 
contrast to sclerosing pneumocytomas, a dual-cell popula-
tion is not seen, and all neoplastic cells usually stain with 
pancytokeratin. Pneumocyte markers, including TTF-1 and 
napsin-A, are positive in the majority of lung 
adenocarcinomas.

 How Does One Differentiate Between 
Sclerosing Pneumocytoma and Lung 
Adenocarcinoma on Cytologic Specimens or 
Intraoperative Frozen Sections?

The cytologic diagnosis of sclerosing pneumocytoma can be 
challenging and usually requires recognition of a dual cell 
population [24]. Sheets of round cells and papillary groups 
may be present in a hemorrhagic background with foamy 
histiocytes. Definitive diagnosis by fine-needle aspiration 
with cell blocks and immunohistochemistry is possible [25, 
26]. However, fine-needle aspiration is often inconclusive, 
and the most important diagnostic pitfall is well- differentiated 
papillary adenocarcinoma. Features that are more suggestive 
of adenocarcinoma include necrosis, prominent nucleoli, 
nuclear irregularities, high nuclear-to-cytoplasmic (NC) 
ratios, and three or more nuclei within tumor cells [27].

Intraoperative frozen section can be challenging as well. 
In one retrospective study of 59 sclerosing pneumocytomas 
in which frozen sections were performed, the rate of accurate 
diagnosis was 44.1%, the deferral rate was 15.3%, and ten 
cases (16.9%) were misdiagnosed as malignancy, prompting 
lobectomies and lymph node dissections [28]. A solid- 
predominant pattern was misdiagnosed more frequently than 
other growth patterns, and other diagnostic pitfalls included 
hypercellularity, glandular spaces, desmoplasia-like sclero-
sis, cellular atypia, and coagulative necrosis. Intraoperative 
cytology can provide better morphologic detail and circum-
vent frozen section artifact [29]. One study also found that a 
diagnosis of sclerosing pneumocytoma can be made intraop-
eratively based on tumor circumscription and variegated his-
tological patterns [21].

 How Do Sclerosing Pneumocytoma and Lung 
Adenocarcinoma Differ at the Molecular Level?

A loss of heterozygosity (LOH) study by Dacic et al. com-
paring sclerosing pneumocytoma and lepidic-predominant 
adenocarcinoma (formerly known as bronchioloalveolar car-
cinoma or BAC) analyzed microsatellite markers adjacent to 
tumor suppressor genes. Similar patterns of allelic loss were 
found for both sclerosing pneumocytoma and BAC, suggest-

ing a common origin. Interestingly, frequent LOH of 5q 
(66.7% of cases) and 10q (62.5% of cases) was found in scle-
rosing pneumocytoma, suggesting that the APC and PTEN 
genes may play a role in its pathogenesis. In adenocarci-
noma, 52.6% of cases showed LOH on 17p, the chromo-
somal arm containing p53, which is less frequently altered in 
sclerosing pneumocytomas; however, this difference is not 
statistically significant [30]. Similarly, mutations in p53 gene 
were uncommonly reported in sclerosing pneumocytomas, 
in a sequencing study by Wang et al. [31].

Another study of microsatellite instability in sclerosing 
pneumocytoma reported allelic losses in p16 and Rb loci in 
four and two out of nine cases, respectively. However, flu-
orescence in situ hybridization (FISH) and mutational 
analysis of EGFR, HER2, and KRAS did not reveal any 
alterations [32]. Whole exome sequencing of sclerosing 
pneumocytomas revealed recurrent AKT1 and β-catenin 
mutations, which are not commonly found in lung adeno-
carcinomas [33].
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32Erdheim-Chester Disease Versus 
Reactive Inflammatory Infiltrates

Rouba Hadi and Haodong Xu

 Case Presentation

A 59-year-old man with past medical history significant of 
knee pain resulting in knee replacement surgery, diabetes 
insipidus, hypogonadism, and obstructive sleep apnea pre-
sented at the Center for Interstitial Lung Disease with exac-
erbation of dyspnea on exertion. He reported acute worsening 
of dyspnea, even though it had been an ongoing symptom for 
a few years. He was a cigarette smoker in the past but at the 
time of presentation had not been smoking for over 10 years. 
He endorsed smoking marijuana, however, at least every 
other day for the past 10 years.

Pulmonary function tests at the time of presentation 
showed a combined obstructive and restrictive disease pro-
cess, with the following reported results: FVC of 4.50 (75% 
predicted), FEV1 1.97(43% predicted), and a FEV1/FVC 
ratio of 0.44, decreased. Earlier computed tomography (CT) 
scans of the chest showed only subtle interstitial lung disease 
in the lower lobes with no obvious honeycombing. High- 
resolution CT performed 2 months later revealed inter- and 
intralobular septal thickening as well as diffuse ground-glass 

changes superimposed on a background of moderate centri-
lobular and paraseptal emphysema (Fig. 32.1).

Wedge biopsies of the lower and upper lung lobes demon-
strated significant emphysematous changes in addition to 
marked pleural and septal thickening containing diffuse his-
tiocytic infiltrate (Fig. 32.2a). The histiocytes had abundant, 
pale to foamy cytoplasm and round to oval nuclei (Fig. 32.2b). 
Immunohistochemical stains showed that the histiocytes 
were positive for CD163, CD68, Factor XIIIa (Fig. 32.2c), 
and variable S100 while negative for CD1a (Fig.  32.2d). 
While BRAF V600E by immunohistochemistry showed inde-
terminate, weak reactivity, molecular testing detected the 
presence of BRAF V600E mutation.

The pathological diagnosis is Erdheim-Chester disease 
(ECD). After the diagnosis, the patient was placed on ste-
roids and immunomodulating agents, with plans for more 
extensive workup, including bone images, whole body posi-
tron emission tomography (PET)-CT scans, and a bone mar-
row biopsy to exclude a secondary hematologic 
malignancy.
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a b

Fig. 32.1 Characteristics of chest HRCT. (a), (b) HRCT show inter- and intralobular septal thickening throughout the lungs and diffuse ground- 
glass opacities superimposed in a background of paraseptal and centrilobular emphysema

a b

c d

Fig. 32.2 Histologic features and immunohistological staining results. 
Histologic section shows a dense histiocytic infiltrate with associated 
septal thickening (a) and large histiocytes with round to oval nuclei, and 
abundant pale and variably foamy cytoplasm (b). Immunohistochemical 

stains show that histiocytic cells are positive for Factor XIIIa (c) and 
they are negative for CD1a (d). (a) (H&E: 200× magnification); (b) 
(H&E: 600× magnification); (c) (IHC: 200× magnification); (d) (IHC: 
200× magnification)
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 Pathologic Diagnosis: Erdheim-Chester 
Disease

 What Are Classic Clinical Features of Erdheim- 
Chester Disease?

ECD is predominantly seen in adults, usually around the fifth 
to seventh decades of life, with occasional cases also reported 
in the pediatric population [1, 2]. Its clinical presentation 
varies from case to case. While some reports of ECD describe 
a localized, more benign condition, others show systemic, 
multi-organ involvement that is considerably more aggres-
sive and even fatal. Despite the variation in clinical features 
of ECD, bone pain is considered the most common symptom 
and has in some cases even been reported as an isolated one 
[1, 3]. Other frequently reported symptoms include diabetes 
insipidus, xanthelasma, exophthalmos, renal and testicular 
impairment, as well as generalized symptoms such as weight 
loss, fever, and fatigue [3, 4]. Involvement of the lungs, car-
diovascular and central nervous system is also not uncom-
mon [4]. One multicenter prospective cohort study reported 
up to 43% of cases to have pulmonary involvement [5]. The 
most common presenting symptoms in patients with pulmo-
nary ECD are progressive dyspnea (which can be over a 
period of months to years) with or without dry cough [1, 6]. 
Pulmonary function testing may show either normal or 
reduced carbon monoxide diffusion capacity, usually with a 
mild restrictive ventilation pattern [1].

 What Are the Radiographic Findings 
of Erdheim-Chester Disease? Can Imaging 
Help Distinguish Pulmonary Involvement by 
Erdheim-Chester from Other Interstitial 
Lung Disease Processes?

Imaging studies are essential in establishing a diagnosis of 
ECD. As bone pain is the most commonly reported clinical 
manifestation, it is of no surprise that a pathognomonic 
 feature of ECD is thus specific radiological findings in long 
bones: bilateral cortical sclerosis/osteosclerosing lesions on 
plain radiographs and abnormally high tracer uptake levels 
of the periarticular regions/distal ends on 99mTc bone scinti-
graphs [1, 7]. In cases suspicious for pulmonary involve-
ment, radiographic studies alone are not diagnostic. 
High-resolution CT scans of the chest may be contributory, 
but the overall findings are not entirely specific to the dis-
ease. Regardless, imaging findings will frequently include 
interlobular septal thickening (distributed mostly in the api-
cal, anterior and peripheral lung segments), as well as pos-
sible patchy centrilobular micronodular opacities, 
ground-glass opacities, patchy consolidations, and/or 

microcysts [6, 8]. Pleural involvement is not uncommon, 
typically with pleural thickening and, occasionally, pleural 
effusion [8].

 What Are the Major Histopathologic Features 
of Erdheim-Chester Disease and How Do They 
Differ from a Reactive Inflammatory Process?

While a definitive diagnosis of ECD requires correlation 
with radiographic and clinical findings, some histologic fea-
tures of ECD (in combination with immunohistochemistry) 
are arguably highly specific to the disease, thus rendering 
histopathology essential when ECD is suspect. Histologic 
evaluation of wedge biopsies will show an infiltrative popu-
lation of abundant xanthomatous histiocytes in a background 
of dense inflammation and stromal fibrosis [9]. In contrast to 
a reactive inflammatory infiltrate where a particular pattern 
of distribution may not necessarily be appreciated, histio-
cytic cells in ECD will tend to be seen along lymphatics. 
Aggregates can be present in the visceral pleura as well as 
surrounding bronchovascular structures and within interlob-
ular septa [6, 9]. Furthermore, the histiocytic cells in ECD 
will have a particular morphology that is distinct from reac-
tive histiocytes. Cells contain round to oval nuclei, often with 
a characteristic lack of nuclear grooves, and abundant foamy 
cytoplasm. Well-formed granulomas are uncommon, and 
emperipolesis, a trademark of Rosai-Dorfman disease, is 
typically absent. By immunohistochemistry, the histiocytic 
cells will usually be positive for CD68 and CD168 a lack 
expression of CD1a and Langerin [1, 9]. While S100 shows 
variable expression, a Factor XIIIa immunostain can be help-
ful in supporting the diagnosis of ECD as it will be strongly 
positive in both nuclei and the cytoplasm of the cells (as 
opposed to just nuclear positivity in reactive histiocytes and 
intra-alveolar macrophages) [6, 9]. BRAF V600E immunohis-
tochemistry though is not as useful, as most cases show only 
weak and scattered positivity [9].

 How Helpful Is Molecular Testing When 
Considering a Diagnosis of Erdheim-Chester 
Disease?

Studies addressing molecular testing in ECD have found a 
number of different genetic alterations. One common find-
ing, however, was that most mutations affected genes 
 encoding proteins involved in the MAPK pathway [9]. 
Although BRAF V600E is not specific for ECD, as it is also 
found in Langerhans cell histiocytosis, one study has reported 
a BRAF V600E mutation in over 50% of cases [10]. Over time, 
this has proven to be helpful in clinical management. 
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Targeted therapeutic agents, such the BRAF inhibitor vemu-
rafenib, have shown promising results with striking improve-
ment in patient’s clinical courses who had known BRAF V600E 
mutations [1, 11].
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33Mucosal Marginal Zone Lymphoma 
Versus Follicular Bronchiolitis

Craig Dunseth and Chen Zhao

 Case Presentation

A 58-year-old woman with no smoking history and nonspe-
cific pulmonary symptoms is incidentally found to have a 
23  mm nodule of the left lower lobe of the lung by high- 
resolution computed tomography (HRCT). Initial pulmonary 
function tests demonstrate a normal FEV1 and DLCO. Due 
to the central location of the nodule, an endobronchial biopsy 
is not feasible, and the patient undergoes a diagnostic wedge 
biopsy. An intraoperative frozen section with diff-quick 
smears is performed on the lung nodule, which shows a small 
somewhat monotonous lymphocyte population with oval/
round nuclei, condensed chromatin, and moderate amounts 
of pale staining cytoplasm. Fresh tissue is collected for flow 
cytometry, which detects a CD5-negative, CD10-negative, 
kappa-restricted small- to intermediate-sized B-cell 
population.

 Pathologic Diagnosis: Pulmonary Extranodal 
Marginal Zone Lymphoma of Mucosa- 
Associated Lymphoid Tissue (MALT 
Lymphoma)

 What Is the Definition of a MALT Lymphoma? 
What Are Its Clinical and Prognostic Features?

Extranodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue (MALT lymphoma) is a low-grade B-cell 
neoplasm composed small mature B cells, which morpho-

logically and immunophenotypically resemble mature mar-
ginal zone cells [1].

The clinical presentation for pulmonary MALT lym-
phoma is nonspecific and may include dry cough and dys-
pnea along with weight loss, fever, and night sweats; lesions 
are often found incidentally by imaging studies [2, 3]. The 
median age of patients is >50 years old [4]. The pathogenesis 
is unclear; however, some lesions may be associated with 
chronic inflammation secondary to autoimmune or infec-
tious diseases such as dysgammaglobulinemia, collagen vas-
cular diseases, and AIDS [5]. A monoclonal immunoglobulin 
may be detected in serum by protein electrophoresis in up to 
32% of patients, especially if a predominant component of 
neoplastic plasma cells is present [4]. Overall, these lesions 
show indolent growth and remain localized in the lung for 
long periods prior to dissemination [6]. There is no defined 
treatment for pulmonary marginal zone lymphoma; however, 
surgery, radiotherapy, and chemotherapy are available 
options [7]. A watch-and-wait approach may be applied if 
lesions are small and localized to the lung. If making the 
diagnosis, one should always mention the possibility of per-
forming serum and urine protein electrophoresis especially if 
a predominant plasma cell population is present. Following 
diagnosis, patients should be fully staged to assess for extra-
pulmonary involvement.

 What Are the Histologic 
and Immunophenotypic Features of MALT 
Lymphomas?

MALT lymphoma is composed of mature B cells that have 
oval or round slightly irregular nuclei, moderately dispersed 
chromatin, inconspicuous nucleoli, and moderate amounts of 
pale cytoplasm (Fig. 33.1a, b). In some MALT lymphomas, 
there is a marked predominance of plasma cells, resulting in 
resemblance to an extramedullary plasmacytoma. Dutcher 
bodies (nuclear pseudo-inclusions containing immunoglobu-
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Fig. 33.1 Pulmonary MALT lymphoma. Dense nodular lymphoid 
infiltrates in the lung parenchyma (a, 40×). The lymphoid infiltrates are 
mainly composed of small- to medium-sized monotonous lymphocytes 
(b, 100×). The lymphocytes invaded bronchiolar epithelia [lymphoepi-

thelial lesion (c, 10×; insert 600×)]. Immunostains show that these lym-
phocytes are predominantly CD20+ B-cells (d, 100×) and are kappa (e, 
100×) but not lambda (not shown) restricted. CD3 highlights the back-
ground small T cells (f, 100×)

lin) may be present, indicating a neoplastic plasma cell com-
ponent [8]. Amyloid deposition is seen in some cases. At low 
power of histological examination, MALT lymphoma may 
have a nodular or diffuse pattern that may extend along intact 
alveolar walls in a discontinuous fashion—this nodularity 
corresponds to residual benign germinal centers that have 
been colonized by neoplastic cells [9]. Destructive lympho-
epithelial lesions, defined as aggregates of ≥3 marginal zone 
cells with distortion or destruction of the epithelium, may be 
present (Fig.  33.1c) and can be highlighted with a keratin 
immunohistochemical stain [10]. Transformed centroblast- 
like or immunoblast-like cells may be present in variable 
numbers; however, if solid or sheet-like proliferations of 
transformed cells are present, the lesion should be diagnosed 
as diffuse large B-cell lymphoma (DLBCL) and the presence 
of accompanying MALT lymphoma noted.

MALT lymphoma cells are positive for B-cell markers 
such as CD20 (Fig. 33.1d), PAX5, and CD79a. BCL2 will be 
positive in the majority of cases, while CD10, CD5, BCL6, 
cyclin D1, and CD23 will generally be negative [11]. CD43 
may be helpful to reach a diagnosis of marginal zone lym-
phoma if positive in the neoplastic cells; however, a negative 
CD43 does not exclude a diagnosis of lymphoma. CD5+ or 
CD10+ MALT lymphomas have been reported in the litera-
ture; however, this immunophenotype is rare [12, 13]. If a 
plasma cell component is present, it will be positive for 
CD138, CD79a, or MUM1 and may have light chain restric-

tion (Fig. 33.1e). IgD may show loss of a developed mantle 
cell layer [14]. CD21 or CD23 typically reveals expanded 
meshworks of follicular dendritic cells, corresponding to 
colonized follicles. CD3 is negative in tumor cells but may 
highlight background small benign T cells (Fig. 33.1f).

 What Is the Differential Diagnosis for MALT 
Lymphomas?

The main differential includes reactive conditions, notably 
follicular bronchiolitis. Other small lymphoid lymphomas 
such as mantle cell lymphoma and follicular lymphoma are 
rare in the lung but may need to be ruled out. Abundant 
plasma cells are present in some MALT lymphomas, raising 
the differential of plasmacytoma.

 What Is the Definition of Follicular 
Bronchiolitis (FB)? What Are Its Clinical 
and Prognostic Features?

The main differential in MALT lymphoma is follicular bron-
chiolitis (FB) which is characterized by cellular lymphoid 
follicles aggregated in the walls of small airways. FB is most 
often seen in the setting of other disease processes; however, 
primary (idiopathic) cases may rarely occur [15, 16]. Primary 
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FB is most commonly seen in middle-aged and elderly 
patients [17], and secondary FB is seen in a wide range of 
ages and is more commonly found in males than females 
[16]. Secondary FB can be seen in the setting of connective 
tissue diseases, infections, obstructive airway disease, and 
interstitial lung disease. Similar to MALT lymphoma, the 
signs and symptoms of FB are nonspecific but include 
 worsening dyspnea, chronic cough, and recurrent pneumo-
nias [17]. In cases of primary FB, peripheral eosinophilia 
may be present, suggesting an underlying hypersensitivity 
reaction [18]. The prognosis of follicular bronchiolitis is 
good, and progressive lung disease is uncommon [19]. If 
making the diagnosis, one should always mention the possi-
bility of an underlying connective tissue disorders.

 What Are the Histologic Features of Follicular 
Bronchiolitis?

FB characteristically shows multifocal well-formed lym-
phoid follicles within the walls of bronchioles; narrowing or 
complete obliteration of the bronchiolar lumen may be seen 
(Fig. 33.2a–d) [16, 20]. There is minimal involvement away 
from the bronchioles (the alveolar walls and lung spaces are 
uninvolved). The background lung must be assessed as FB 
may be seen with other processes such as obstructive pneu-
monia or concurrent carcinoma.

 What Are the Radiographic Features of MALT 
Lymphomas and Follicular Bronchiolitis?

Imaging for both FB and MALT lymphoma may overlap. 
In FB, HRCT may show bilateral lung involvement with 
small centrilobular/parabronchial nodules (1–3 mm) with 
associated bilateral patchy ground-glass opacities and 
bronchial dilatation [21]. The imaging features of MALT 
lymphoma are diverse and may include a single consoli-
dation, multiple nodules, bronchiectasis, or diffuse inter-
stitial lung disease [22]. In both entities, a “tree in bud” 
or “cotton in bud” appearance may be seen on imaging, 
corresponding to lymphoid follicles becoming densely 
concentrated in the interstitium adjacent to bronchioles 
[17, 23].

 How Does One Differentiate a MALT 
Lymphoma from Follicular Bronchiolitis?

Often, there is morphologic overlap between MALT lym-
phoma and follicular bronchiolitis (FB); however, large size 
(>1  cm) and the presence of lymphoepithelial lesions are 
suggestive of MALT lymphoma.

Immunohistochemistry may be needed to differentiate 
these two entities. Follicular bronchiolitis will show an 
admixture of small B cells (positive for CD20, PAX5, or 

a b c
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Fig. 33.2 Follicular bronchiolitis. Multifocal well-formed lymphoid 
aggregates are identified within or close to the bronchiolar walls (a–c; 
a, 40×; b, c, 100×). The bronchiolar epithelia are intact (d, 40×). 

Immunostains show that the lymphoid aggregates are composed of 
admixed small CD3+ T cells (e, 100×) and CD20+ B cells (f, 100×)
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CD79a, predominantly in follicles) with scattered back-
ground T cells (positive for CD3) (Fig. 33.2e, f). MALT lym-
phoma typically shows a predominance of B cells surrounding 
and colonizing follicles. Immunoglobulin D highlights a 
well-defined mantle zone in follicular bronchiolitis as it is 
often lost in MALT lymphoma. In FB, CD21 and CD23 
highlight the background follicular dendritic cell meshworks 
[10, 16], which may be expanded if follicles are colonized by 
MALT lymphoma.

Flow cytometry, molecular testing, and cytogenetic anal-
ysis may be performed to help differentiate reactive versus 
neoplastic lymphoproliferative lesions. If lesional tissue is 
submitted fresh, flow cytometry should be considered. 
MALT lymphoma characteristically shows small- to 
intermediate- sized B cells that are CD19+, CD20+, CD5-, 
CD10-, CD103-, and CD25- with light chain restriction, 
while FB will show polytypic B cells [24]. Clonality may 
also be assessed by IGH gene rearrangement using PCR 
(14). FISH studies may aid in the diagnosis as up to 40% of 
pulmonary MALT lymphoma cases contain a t(11;18) 
involving API2/BIRC3 and MALT1 translocation [25]. Other 
chromosomal translocations associated with pulmonary 
MALT lymphomas include t(14;18)(6–10%) and t(1;14)
(p22;q32)(2–7%), resulting in transcriptional deregulation of 
MALT1 and BCL10, respectively [26].
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34Primary Pulmonary Diffuse Large B-Cell 
Lymphoma Versus Poorly Differentiated 
Carcinomas

Zhao Ming (David) Dong and Paul D. Simonson

 Case Presentation

A 71-year-old man was incidentally found to have multiple 
pulmonary nodules on an X-ray performed during workup 
for dyspnea and congestive heart failure. He has no history of 
fever, night sweats, or weight loss. He had a history of coro-
nary artery disease, status post two stents placed 1 year ago, 
and 50 years of smoking. A computed tomography (CT) of 
the chest confirmed the presence of multiple nodules of vary-
ing sizes, mainly on the right side involving the middle and 
lower lobes (Fig.  34.1). Positron emission tomography 
(PET)-CT revealed two highly PET-avid lung nodules in the 
right lower lobe. No uptake in mediastinum or in smaller 
peripheral pulmonary nodules was noted. No extrapulmo-
nary lesion was detected. Subsequently, he underwent bron-
choscopy, and an endobronchial mass located in the right 
lower lobe was found. Endobronchial biopsy of this mass 
was performed, revealing a lymphocytic proliferation con-
sisting of clusters/sheets of large atypical lymphoid cells in a 
background of small lymphoid cells. Immunohistochemistry 
(IHC) demonstrated that these large, atypical cells were pos-
itive for CD20, BCL-6 (subset), BCL-2 (>50%), MUM-1, 
c-MYC (>40%), and Ki-67 (50%) and negative for CD10, 
CD30, CD43, CD5, and CD23 (Fig. 34.2). No CD20-positive 
large and atypical B cells were positive for EBV by in situ 

hybridization. B-cell gene rearrangement (IGH) was detected 
by PCR. Fluorescence in situ hybridization (FISH) studies 
revealed no BCL-2, BCL-6, or c-MYC gene rearrangement. 
The patient received six circles of R-CHOP.  Now he is 
6 years from completion of therapy and remains in complete 
remission.

Z. Ming (David) Dong (*) 
Department of Laboratory Medicine and Pathology, Puget Sound 
VA Health Care System, University of Washington School of 
Medicine, Seattle, WA, USA
e-mail: Zhaoming.dong@va.gov 

P. D. Simonson 
Division of Hematopathology, Department of Pathology and 
Laboratory Medicine, Weill Cornell Medicine/New York- 
Presbyterian Hospital, New York, NY, USA

Fig. 34.1 Computed tomography (CT) of the chest image for multiple 
nodular lesions on the right involving middle and lower lobes
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Fig. 34.2 Endobronchial biopsy of pulmonary nodule, consistent with 
diffuse large B-cell lymphoma, characterized by an infiltration of clus-
ters/sheets of large atypical lymphoid cells in a background of small 

lymphoid cells (a, Hematoxylin and eosin, 200×). These atypical cells 
are positive for CD20 (b, IHC, 200×), MUM-1 (c, IHC, 200×), BCL-2 
(d, IHC, 200×), and c-MYC (e, IHC, 200×)

 Pathologic Diagnosis: Primary Pulmonary 
Diffuse Large B-Cell Lymphoma, Not 
Otherwise Specified, Non-Germinal Center 
(Or Activated) B-Cell Subtype, with Double- 
Expressor Phenotype

 What Is the Definition of a Primary Pulmonary 
Diffuse Large B-Cell Lymphoma (PPDLBCL)?

PPDLBCL is defined as a diffuse proliferation of large B 
cells (i.e., B cells with a nuclear size equal to or exceeding 
that of a normal macrophage nucleus, or more than twice the 
size of a normal lymphocyte), affecting one or both lungs 
(parenchyma and/or bronchi) in a patient with no previous 
extrapulmonary involvement by DLBCL at the time of diag-
nosis or during the subsequent 3 months.

PPDLBCL is a rare disease, but it accounts for 5–20% of 
all primary pulmonary lymphomas (PPL) and is the second 
most common subtype after extranodal marginal zone 
mucosa-associated lymphoid tissue lymphoma (MALT- 
PPL). However, due to its rapid spread into the mediastinum 

and extrapulmonary locations, the true incidence of this lym-
phoma may be underestimated. About half of the PPDLBCL 
cases arise de novo, and the other half arise from transforma-
tion of preexisting or concurrent indolent PPL, such as 
MALT-PPL [1].

 What Are the Clinical, Radiographic, 
and Prognostic Features and Treatment 
of PPDLBCL?

PPDLBCL can be seen in both immunocompromised and 
immunocompetent patients. It commonly affects adults in 
the sixth and seventh decades of life, excluding HIV-positive 
and chronically immunosuppressed patients who can present 
as a younger age. There is no sex predisposition. Patients 
with this disease have no overt symptoms during the initial 
stages; however, as the disease progresses, they are likely to 
present with nonspecific symptoms, including dyspnea, 
cough, chest pain, and other obstructive and infectious 
 symptoms, as well as fever and weight loss [2]. Consequently, 

Z. Ming (David) Dong and P. D. Simonson



209

the diagnosis of PPDLBCL, in particular, in a primary care 
setting, is challenging and often leads to misdiagnosis and 
delayed treatment.

PPDLBCL can present as a single well-defined rounded 
solid mass or multiple masses on chest CT. These lesions 
tend to be located peripherally in the lower lobes. Features of 
MALT-PPL and PPDLBCL can overlap where solitary or 
multiple nodules or areas of consolidation can be seen. 
Cavitation and/or central necrosis on chest CT is seen in 50% 
of the cases and is a feature more common in PPDLBCL 
compared to MALT-PPL [3]. Pleural effusion and, rarely, 
direct chest wall invasion are also seen. Two recent cases of 
PPDLBCL described radiographic findings of consolidation 
of multiple pulmonary nodules with air bronchograms and 
haloes of ground-glass shadowing at lesion margins [4]. 
Fludeoxyglucose (FDG)-PET usually demonstrates meta-
bolic activity. Radiologically, it is extremely difficult to dif-
ferentiate PPDLBCL from more common lung malignancies, 
such as bronchogenic carcinoma. Cases with unilateral pul-
monary involvement are considered stage IE, and cases with 
regional lymph node (hilar/mediastinal) involvement are 
IIE.  Bilateral pulmonary involvement constitutes stage IV 
disease.

Using the current WHO classification, most of PPDLBCL 
should be classified as DLBCL, not otherwise specified 
(DLBCL-NOS), since other types of specialized DLBCL are 
extremely rare entities of this disease. Prognostic subtyping 
of DLBCL-NOS into germinal center B-cell (GCB) subtype 
and non-germinal center B-cell (or activated B cell, ABC) 
subtype is required in the 2017 WHO update, which con-
firms the better prognosis of GCB subtype DLBCL using 
current therapies. In addition, the 2017 WHO update also 
recognizes co-expression of BCL-2 and MYC proteins as a 
possible prognostic immunophenotype in DLBCL-NOS (the 
so-called double-expressor lymphoma) [5]. Historically, 
PPDLBCL was thought to have a worse prognosis with 
reportedly widely variable median survival ranging from 3 to 
10 years. However, a large case series by Neri et al. found 
that PPDLBCL patients treated with conventional CHOP 
achieved a complete response in 77 cases (94%) with 10-year 
PFS of 90% [6]. HIV patients and chronically immunosup-
pressed patients with this lymphoma have a poor prognosis, 
usually due to opportunistic infections.

As compared to MALT-PPL, PPDLBCL is much more 
aggressive and needs aggressive treatment even in the early 
stages. However, due to its rarity, no randomized clinical tri-
als have been performed to establish an optimal treatment 
option. Different therapeutic modalities have been used in 
clinical practice, including watchful waiting, surgery, che-
motherapy, or chemotherapy followed by radiotherapy [7]. 
The choice of treatment approach should be based on the 
biological characteristic of the tumor, stage, and perfor-
mance status. Surgery may be considered in the localized 

form of PPDLBCL. Radiation therapy has a limited role in 
PPDLBCL, probably due to its high incidence of adverse 
effects in the lungs. Chemotherapy consists of the same 
multi-agent regimens as those used in nodal DLBCL, includ-
ing CHOP or CHOP plus rituximab (R-CHOP).

 What Are the Pathologic Features of PPDLBCL?

On gross examination, PPDLBCL has a solid appearance 
and is cream colored with variable areas of necrosis [8]. 
Histologically, they are similar to those in other sites. They 
commonly form confluent sheets of tumor cells and tend to 
destroy the normal lung parenchyma with associated necro-
sis and sometimes vascular invasion. Lymphoepithelial 
lesions are rare. The tumor is composed of large, discohesive 
cells with coarse chromatin, distinct nucleoli, and abundant 
amphophilic cytoplasm. These are usually described as cen-
troblastic or immunoblastic, and occasionally anaplastic. 
Tumor cells and fibrin may fill airspaces (“tumoral pneumo-
nia”) and often show infiltration in a lymphatic distribution. 
Superimposed pneumonia may mask the lymphoma. The 
immunophenotype of the neoplastic cells is usually positive 
for CD45 and B-cell markers such as CD19, CD20, and 
CD79a. However, the CD20 phenotype may be lost after 
treatment with rituximab. Flow cytometric analysis generally 
can detect a kappa or lambda light chain restricted monoclo-
nal B-cell population, with or without expression of CD10. 
However, flow cytometry may yield a false-negative result 
because of necrosis and/or cell fragility.

As discussed previously, due to prognostic implication, 
DLBCL-NOS must be separated into GCB and ABC sub-
types. These two subtypes were originally identified using 
gene expression profiling. However, since gene arrays are 
not widely available, immunohistochemical studies as a sur-
rogate for molecular profiling must be performed on all 
PPDLBCL cases. The most familiar method is the Hans clas-
sifier, which uses three immunohistochemical markers—
CD10, BCL6, and MUM-1-for classification. In general, 
GCB phenotype is CD10/BCL-6 positive and MUM-1 nega-
tive, and the ABC phenotype is MUM-1 positive and CD10 
negative [5].

As mentioned, the current WHO classification discusses 
the “double-expressor” phenotype in DLBCL-NOS due to 
the possible prognostic implications, independent of genetic 
or FISH studies for abnormalities. This refers to expression 
of BCL-2 proteins in ≥50% of the cells and expression of 
MYC protein in ≥40% of the cells. However, routine stain-
ing for MYC and BCL2 proteins is still controversial.

Since bronchoscopic examination of PPDLBCL is usually 
abnormal with budding or infiltrative stenosis of bronchi, his-
tologic diagnosis via minimally invasive procedures and 
bronchoscopy is feasible, even with small samples, due to the 
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presence of sheets or clusters of large, atypical cells. Multiple 
case reports demonstrating success of transbronchial lung 
biopsy and ultrasound-guided fine needle aspiration in diag-
nosing PPDLBCL further support this observation [9].

 What Are the Differential Diagnoses 
of PPDLBCL?

DLBCL is comprised of various entities, including DLBCL- 
NOS and other specifically named large B-cell lymphomas. 
As discussed previously, most PPDLBCL are DLBCL- 
NOS.  The other specialized DLBCLs, such as T-cell/
histocyte- rich large B-cell lymphoma (THRLBCL) and 
EBV+ DLBCL are extremely rare but can be seen in the lung 
[10]. Therefore, the diagnosis of DLBCL-NOS in the lung 
also needs to exclude these rare types of specialized DLBCL.

If large, atypical B cells do not form clusters or sheets, 
and in the background, there is predominantly small T cells 
with large, neoplastic cells comprising 10% or less of the 
overall cellularity, the diagnosis of THRLBCL should be 
considered [11].

Since PPDLBCL can occur in patients with underlying 
immunosuppression such as HIV infection, and nearly all 
cases in these patients are EBV-positive, it is prudent to test 
for EBV in virtually all cases of PPDLBCL by in situ stain-
ing for EBER.  If the neoplastic cells contain EBV but 
patients are negative for HIV infection and lymphoma does 
not fall into one of the other named EVB-positive groups 
such as lymphomatoid granulomatosis, the diagnosis of 
EBV+ DLBCL should be considered.

PPDLBCL must be distinguished from primary mediasti-
nal large B-cell lymphoma, which is frequently associated 
with extension to the lung. Immunophenotypically, unlike 
PPDLBCL, primary mediastinal large B-cell lymphoma 
characteristically lacks immunoglobulin expression with 
CD30 expression in >80% of cases [12]. In addition, knowl-
edge of the clinical features in primary mediastinal large 
B-cell lymphoma, including young age, female sex, and the 
presence of a mediastinal mass, is important in establishing 
the correct diagnosis.

Intravascular large B-cell lymphoma may show pulmo-
nary manifestations, but this disease is regarded as an aggres-
sive systemic lymphoma from the outset [8].

In addition, since a high-grade B-cell lymphoma with 
MYC and BCL2 and/or BCL6 rearrangements (the so-called 
double hit or triple hit lymphomas) can display morphologic 
features similar to DLBCL-NOS, genetic or FISH studies to 
evaluate BCL2, MYC, and BCL6 gene rearrangements are 
also required for all suspected PPDLBCL cases. This high- 
grade lymphoma is associated with more clinical aggressive-
ness as compared to “double-expressor” DCBCL-NOS [5]. 
There is also a difference in therapy.

Major differential diagnosis based on morphology alone 
includes primary or metastatic poorly differentiated carci-
noma and metastatic melanoma.

 Poorly Differentiated Squamous Cell Carcinoma 
and Adenocarcinoma
Poorly differentiated squamous cell carcinoma may lack 
characteristic features of squamous cell carcinoma such as 
keratinization, keratin pearl formation, and/or intercellular 
bridges. Similarly, poorly differentiated adenocarcinoma is 
commonly composed of sheets of polygonal cells lacking 
acini, tubules, and papillae. Therefore, they can morphologi-
cally mimic DLBCL.  However, appropriate and adequate 
immunohistochemical stains can separate these diseases.

 Large Cell Undifferentiated Carcinoma
Large cell undifferentiated carcinoma is an undifferentiated 
non-small cell carcinoma that lacks the cytological, architec-
tural, and immunohistochemical features of small cell carci-
noma, adenocarcinoma, or squamous cell carcinoma. 
Recurrent DLBCL can mistakenly be diagnosed as large cell 
carcinoma, especially when CD20 immunostaining is nega-
tive due to previous rituximab treatment. However, large cell 
undifferentiated carcinoma should be positive for cytokera-
tin, and recurrent DLBCL should still be positive for 
PAX-5.

 Small Cell Carcinoma (SCLC) and Large Cell 
Neuroendocrine Carcinoma (LCNEC)
The distinction between SCLC and LCNEC is based on 
cytological criteria. When needed, immunohistochemical 
stains for neuroendocrine differentiation (positive for CD56, 
synaptophysin, or chromogranin) can be performed to con-
firm the diagnosis. However, distinguishing between these 
two tumors and DLBCL can be diagnostically challenging 
due to potential overlap of morphologic features and variant 
antigen expression. PAX-5, a valuable immunohistochemi-
cal marker for recurrent CD20-negative DLBCL following 
rituximab therapy, is also expressed on these neuroendocrine 
carcinomas (79% of small cell carcinoma expresses PAX-5) 
[13]. Therefore, there is a pitfall of misdiagnosing these 
tumors as recurrent DLBCL.

 Pulmonary Lymphoepithelioma-Like Carcinoma 
and Metastatic Undifferentiated Carcinoma 
of the Nasopharynx
Both carcinomas display similar morphology. To distinguish 
these two diseases, examination of the nasopharynx should 
be performed. They are characterized by nests or diffuse 
sheets of syncytial tumor cells, which show round to oval 
vesicular nuclei with prominent nucleoli, along with an 
admixed heavy lymphocytic and plasma cell infiltrate [14]. 
The heavy lymphoplasmacytic infiltration can obscure the 
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epithelial component, causing a misdiagnosis of lymphoma. 
Ancillary studies show that the presence of Epstein-Barr 
virus in the keratin-positive tumor cells is crucial for the 
diagnosis.

 Metastatic Melanoma
Melanoma metastasizing to the lung is a diagnostic consider-
ation, especially when there is the absence of melanin pro-
duction and cytokeratin immunostaining is negative. In these 
situations, immunohistochemical stains for S100, SOX-10, 
HMB-45, and Melan-A are helpful for readily distinguishing 
between PPDLBCL and melanoma.
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35Lymphomatoid Granulomatosis Versus 
Granulomatosis with Polyangiitis

Marina K Baine and Xuchen Zhang

 Case Presentation

A 45-year-old man with a longstanding history of rheuma-
toid arthritis treated with methotrexate over the last 4 years, 
presented to the Emergency Department with intractable 
cough and worsening dyspnea. Physical exam and laboratory 
workup were unremarkable except for elevated antinuclear 
antibodies (ANA). Chest X-ray and CT scan demonstrated 
multiple small bilateral pulmonary nodules, some poorly 
defined and some well-defined. He subsequently underwent 
video-assisted thoracoscopic lung wedge biopsy. The speci-
men showed a 1.2 cm ill-defined white lesion with punctate 
foci of necrosis. Microscopic examination revealed a poly-
morphous lymphocytic infiltrate intermixed with plasma 
cells, histiocytes, and large atypical lymphoid cells infiltrat-
ing vessel walls with associated infarct-like coagulative 
necrosis. Immunohistochemistry (IHC) demonstrated CD20 
positivity in the large, atypical cells, many of which (15 per 
HPF) were positive for EBV-encoded small RNA (EBER) by 
in situ hybridization (ISH). The background immune infil-
trate was composed of predominantly CD4+ T cells and scat-
tered polyclonal (no restriction by kappa and lambda light 
chain IHC) CD138+ plasma cells. B-cell gene rearrange-
ment (IGH) was detected by PCR. Methotrexate was discon-
tinued, and the patient was treated with multiple cycles of 
chemotherapy, which led to a durable remission.

 Pathologic Diagnosis: Lymphomatoid 
Granulomatosis, Grade 2 of 3

 What Is the Definition of a Lymphomatoid 
Granulomatosis?

Lymphomatoid granulomatosis (LG), a misnomer first 
coined by Liebow in 1972 [1], is an EBV-positive B-cell 
lymphoproliferative disorder characterized by angiocentric-
ity and angiodestruction in a reactive T-cell predominant 
inflammatory background, which is currently classified 
under a larger umbrella of B-cell proliferations of uncertain 
malignant potential [2]. Histologic grading is on a scale from 
1 to 3 depending on the number of EBV-positive atypical B 
cells and is prognostically significant.

 What Are the Clinical, Radiographic, 
and Prognostic Features of Pulmonary 
Lymphomatoid Granulomatosis?

Although LG is generally seen in adults, children and the 
elderly may also be affected. It is more common in men than 
women, with a 2:1 male-to-female ratio [1, 3, 4]. The disease 
more commonly occurs in patients with congenital or 
acquired immunodeficiency or predisposing conditions, such 
as Wiskott-Aldrich syndrome, human immunodeficiency 
virus infection (HIV), common variable immunodeficiency, 
X-linked hypo- or agammaglobulinemia, rheumatoid arthri-
tis, and chronic treatment with methotrexate or other immune 
suppressive medications. The lung is the most commonly 
affected site (>90%), followed by the skin (25–50%), central 
nervous system (20–30%), kidneys (~30%), and occasion-
ally liver [2]. Unlike other B-cell lymphoproliferative disor-
ders, LG rarely involves lymph nodes, bone marrow, and 
spleen [2]. Patients most frequently present with respiratory 
symptoms including cough, dyspnea, and chest pain. 
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Fig. 35.1 CT scan of the chest demonstrating multiple small bilateral 
well-defined nodules predominantly in the low lung zones

Fig. 35.2 Cut section of pulmonary lymphomatoid granulomatosis 
demonstrates an irregular well-demarcated pale yellow lesion, display-
ing central necrosis with punctate necrosis peripherally

Constitutional symptoms, such as fever, malaise, and weight 
loss are also common.

Pulmonary LG (PLG) appears on imaging (chest radio-
graph and computed tomography) as multiple bilateral 
poorly and/or well-defined nodules, usually <1 cm in great-
est dimension but can occasionally be large and cavitating. 
The nodules are located along the bronchovascular structures 
or interlobular septa, with predilection for the mid- and lower 
lung fields (Fig.  35.1) [5, 6]. These findings, however, are 
nonspecific, and the radiographic differential diagnosis is 
broad and includes lymphoma, metastatic disease, lympho-
cytic interstitial pneumonia, sarcoidosis, cryptogenic orga-
nizing pneumonia, and granulomatosis with polyangiitis 
(GPA). Histopathologic evaluation of the lesions is therefore 
imperative for accurate diagnosis.

The prognosis of lymphomatoid granulomatosis is vari-
able, and although most patients have progressive disease, up 
to 20% recover without treatment [7, 8]. The latter group is 
mostly composed of patients with low-grade disease and 
reversible immunodeficiency (e.g., medication), although 
spontaneous regression has also been reported in patients 
with high-grade disease [9]. CNS involvement and high-
grade disease are associated with worse prognosis [8]. Until 
recently, among patients who progressed, the median survival 
ranged from 14 to 72 months from the time of diagnosis [7, 
8]. With newly implemented chemoimmunotherapy regi-
mens, namely, EPOCH-R (etoposide, prednisolone, oncovin/
vincristine, cyclophosphamide, hydroxydaunorubicin, and 
rituximab/anti-CD20 monoclonal antibody) and interferon, 
5-year overall survival in all-comers is now up to 70% [10, 
11].

 What Are the Pathologic Features 
of Pulmonary Lymphomatoid Granulomatosis?

Macroscopically, PLG presents as multiple bilateral, usually 
small (<1  cm) nodules, primarily involving the lower and 
mid-lung lobes. The nodules can occasionally become large 
and centrally necrotic. Cut surfaces have irregular and usu-
ally sharp borders, are tan-gray to yellow, and range from 
soft to firm depending on extent of necrosis, which may be 
punctate or extensive (Fig. 35.2).

Histologically, PLG is composed of a polymorphous and 
predominantly lymphocytic infiltrate with characteristic 
angiocentricity and angiodestruction (Fig.  35.3a, b). The 
lymphocytes infiltrate the vessel walls, compromising vascu-
lar integrity and resulting in infarct-like coagulative necrosis 
of the surrounding lung parenchyma. Plasma cells, immuno-
blasts, and histiocytes are seen in varying proportions, but 
neutrophils and eosinophils are absent or rare. The lesion- 
defining cell of this disease is an EBV-positive, usually large 
and atypical B cell, which may resemble an immunoblast or, 
rarely, a Hodgkin-like cell. The presence of central necrosis 
may resemble granulomatous inflammation; however, true 
granulomas are unusual in PLG and should raise suspicion 
for an infectious process or vasculitis. LG lesions in the skin, 
however, can elicit marked granulomatous reaction, making 
the identification of lesional EBV-positive B cells critical for 
accurate diagnosis.

Immunohistochemistry demonstrates CD45, CD20 
(Fig.  35.3c), PAX5 (Fig.  35.3d), and variable CD30 
(Fig. 35.3e) positivity in the large neoplastic cells, a variable 
number of which also express EBER by in situ hybridization 
(ISH) (Fig.  35.3f). The cells are negative for CD15. The 
background immune infiltrate is predominantly composed of 
CD3+ T cells, with a high CD4 to CD8 T-cell ratio.

B-cell clonality can be demonstrated in most cases of grade 
2 (50%) and grade 3 (69%) disease but is not consistently iden-
tified in grade 1 lesions (up to 8%). This has been generally 
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Fig. 35.3 Histologically, pulmonary lymphomatoid granulomatosis is 
characterized by a polymorphous lymphoid infiltrate displaying angio-
centricity and angiodestruction associated with infarct-like coagulative 
necrosis (a, Hematoxylin and eosin, 40×). Admixed are large, atypical 
lymphocytes that penetrate through the vessel wall (b, Hematoxylin 

and eosin, 400×). These lesional cells are positive for B-cell markers 
CD20 (c DAB, 400×) and PAX5 (d, DAB, 400×). They can also stain 
with CD30 (e, DAB, 400×) and display variable EBV positivity (f, 
EBER ISH, 400×)
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Table 35.1 Grading and histologic features of lymphomatoid 
granulomatosis 

Grade

Polymorphous 
lymphocytic 
background Necrosis

EBV-positive atypical 
B cells (average across 
entire lesion)a

1 Abundant Absent or 
focal

<5 per HPF

2 Abundant Present 5–20 per HPFb

3 Moderatec Present, 
extensive

>50 per HPFd

Abbreviations: HPF high-power field, PLG pulmonary lymphomatoid 
granulomatosis, NOS not otherwise specified
a Transthoracic needle aspirates and transbronchial biopsies are too 
small for adequate evaluation and grading of PLG as it tends to be het-
erogeneous, requiring assessment of an average of EBV-positive B cells 
across an entire lesion. Wedge biopsy by video-assisted thoracoscopic 
surgery (VATS) or open thoracotomy to include at least one radiograph-
ically discrete nodule is recommended
b  Clusters of up to 50 EBV-positive B cells may be found in grade 2 PLG
c In the absence of the background reactive infiltrate, the lesion should 
be classified as EBV-positive diffuse large B-cell lymphoma, NOS
d Focally, small confluent sheets of EBV-positive large B cells may be 
seen in grade 3 PLG. Pleomorphic and Hodgkin-like cells may also be 
seen in grade 3 lesions

attributed to the relative proportion of the lesional EBV-positive 
B cells [12]. Background T cells do not show T-cell receptor 
gene clonal rearrangement [12–14]. No specific oncogenic or 
cytogenetic abnormalities have been identified to date.

Grading of PLG is based on the number of EBV-positive B 
cells, determined by in situ hybridization for EBER, which is 
the most sensitive method (Table  35.1). Histologic features 
such as the amount of the background inflammatory infiltrate 
and degree of necrosis are helpful initial hints, but they are nei-
ther necessary nor sufficient for grading of PLG (Table 35.1). 
Due to lesional heterogeneity, biopsy material is insufficient 
for accurate grading, which should be done across the entire 
lesion, and therefore requires at least a wedge resection.

 What Are the Main Differential Diagnoses 
of Pulmonary Lymphomatoid Granulomatosis?

The differential diagnosis of PLG includes other lympho-
mas, especially nasal-type extranodal NK/T-cell lymphoma 
and DLBCL.  All three entities can demonstrate varying 
degrees of angiocentricity and angiodestruction and can 
involve the lung. Specifically, primary extranodal NK/T-cell 
lymphoma of the lung (nasal type) is very rare and highly 
aggressive, and it is one of the major neoplastic differential 
diagnoses of PLG, due to significant clinical, radiologic, and 
pathologic overlap. Histologically, the cells can be variable 
in size (small to large) with inconspicuous nucleoli and 
abundant pale cytoplasm. There is characteristic angioinva-
sion and angiodestruction with associated coagulative necro-
sis, and prominent inflammatory infiltrates may be present. 

Definitive diagnosis and differentiation from PLG require 
IHC with or without T-cell clonality analysis (in rare cases 
with T-cell rather than NK-cell origin). Although lesional 
cells are EBV+ and can express CD30, they lack B-cell 
marker expression (CD20, PAX5) and most typically display 
immunoreactivity with cytoplasmic CD3ε (but not surface 
CD3), CD56, granzyme-B, and TIA-1 [15]. Grade 3 PLG 
must be distinguished from EBV- positive DLBCL, the latter 
of which lacks background polymorphous inflammatory 
cells and is composed entirely of a uniform population of 
large atypical EBV+ B cells. Posttransplant lymphoprolifer-
ative disorder (PTLD) morphologically overlaps with 
PLG. Clinical history of transplantation is important to help 
make proper diagnosis, and PLG now is classified as PTLD 
in transplant recipients [2].

Nonneoplastic differential diagnoses include infection, 
particularly with fungal or mycobacterial organisms. Similar 
to PLG, angioinvasive fungal infections, including pulmo-
nary aspergillosis and mucormycosis, affect the immuno-
compromised host and display angiodestruction with 
associated infarct-like necrosis. Definitive granulomas may 
be seen at the periphery but are often absent, and fungal ele-
ments may not be readily identifiable on H&E. Therefore, in 
nonneoplastic lung specimens with necrosis, routine exami-
nation for microorganisms is required to rule out infectious 
etiologies. PAS and GMS special stains can be used to high-
light fungal hyphae. While Aspergillus has narrow (3–6 
microns) uniformly septate hyphae with acute angle branch-
ing (<90°), Mucor has a ribbon-like appearance with broad 
(10–25 mm) thin-walled nonseptate hyphae with right-angle 
branching. However, culture confirmation of fungal species 
is necessary, as degenerative changes in Aspergillus can 
make it morphologically identical to Mucor. Identification of 
fruiting bodies (conidia) on histology, however, is specific 
for Aspergillus. Most importantly, invasive fungal disease 
has a distinct infectious clinical presentation with fever and 
leukocytosis evolving into sepsis. Mycobacterial infection 
(tuberculous and nontuberculous) can present with cavitary 
lesions or distinct lung nodules (uni- or multifocal) and is 
characterized by necrotizing granulomatous inflammation 
with or without multinucleated giant cells. Organisms may 
be detected by AFB stain, but cultures are much more sensi-
tive and should be done on fresh tissue in cases where myco-
bacterial infection is suspected. In contrast to PLG, some 
mycobacterial lesions tend to be upper lobe predominant, 
due to organismal preference for higher oxygen tension and 
lower blood flow. AFB and/or FITE special stains can also 
identify Nocardia spp., weakly Gram-positive beaded fila-
mentous bacteria, some of which can lead to pulmonary 
Nocardiosis in immunocompromised patients and can mimic 
PLG radiographically and histologically. However, similar to 
invasive fungal disease, patients with Nocardiosis have clini-
cal signs and symptoms of infection.
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Finally, one must distinguish PLG (especially grade 1 
lesions that may lack clonality or EBV-positive B cells) from 
granulomatosis with polyangiitis (GPA) that is limited to the 
lung. The latter is characterized by the presence of true gran-
ulomas with palisaded histiocytes and frequently giant cells, 
at the periphery of areas with geographic necrosis. Serologic 
studies for ANCA are of additional utility in making this 
distinction.

 How Does One Differentiate Pulmonary 
Lymphomatoid Granulomatosis 
from Granulomatosis with Polyangiitis?

Granulomatosis with polyangiitis (GPA), formerly known as 
Wegener granulomatosis, is a systemic vasculitis affecting 
small- and medium-sized vessels in multiple organs with a 
predilection for the upper respiratory tract and kidneys. It 
belongs to a group of antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitides, which also include micro-
scopic polyangiitis (including renal-limited vasculitis) and 
eosinophilic granulomatosis with polyangiitis (aka Churg- 
Strauss). The disease process in GPA is mediated by ANCA, 
which is thought to activate neutrophils and promote their 
adhesion to the endothelium and degranulation, leading to 
direct vessel wall damage. Granulomatous tissue reaction 
and necrosis ensue [16, 17].

Pulmonary involvement occurs in >90% of LG cases and 
is the most common site of initial presentation [2], while 
GPA is limited to the upper respiratory tract and/or lungs in 
only about 25% of patients [18]. The initial clinical presenta-
tion of GPA depends on the involved organs, but patients 
most commonly present with rhinosinusitis and epistaxis. 
More than 50% of patients will also have ocular involvement 
with scleritis and conjunctivitis. Up to 85% of patients have 
kidney involvement and ultimately develop glomerulone-
phritis, which presents with hypertension and edema, and 
most progress to chronic renal failure [19–21]. Isolated pul-
monary disease is extremely rare, which along with upper 
respiratory symptoms and positive c-ANCA serology (90% 
of GPA) helps to clinically distinguish GPA from 
PLG. Treatment with corticosteroids and cyclophosphamide 
is effective in most patients with severe disease (i.e., with 
kidney involvement), and up to 75% have complete remis-
sion [20]. However, approximately half of the patients will 
have disease recurrence [20].

As described above, LG patients are typically middle 
aged at presentation [1, 4], with a male predominance (2:1 
male to female ratio). LG occurs primarily in the presence of 
at least some degree of immunodeficiency (congenital, 
acquired, or medication). Although a racial predilection has 
not been described, there seem to be more reported cases in 
Western countries compared to Asia [2].

On the other hand, patients with GPA are generally immu-
nocompetent at presentation, older adults (although mean 
age at diagnosis is 55, cases in the 80s are common), and 
predominantly Caucasian (>90%). GPA shows no gender 
predilection [21].

The most common radiographic (CT) findings in GPA are 
bilateral, predominantly lower lobe, well-demarcated, and 
often spiculated nodules [22]. Cavitation of the nodules is a 
common feature (~50%), and the appearance of lesions can 
vary with time and on follow-up. GPA can also radiographi-
cally mimic a pulmonary infarct by appearing as a wedge- 
shaped peripheral opacity. Some cases of GPA present with 
pulmonary hemorrhage, which appear as diffuse infiltrates or 
airspace opacities. The latter two radiographic findings are 
not seen in PLG.

Histologically, GPA is characterized by vasculitis involv-
ing small veins and arteries, with frequent concomitant capil-
laritis (neutrophils within alveolar walls). The extent of vessel 
wall involvement varies widely even within the same lesion, 
with some areas demonstrating only endothelial and subendo-
thelial injury, while others have full vessel wall involvement/
obliteration. Mixed inflammatory cells including lympho-
cytes, plasma cells, and macrophages and/or poorly formed 
granulomas infiltrate the vessel walls, leading to vascular 
damage and necrosis. This results in geographic collagenous 
necrosis, another prominent feature of GPA, and one that can 
often be difficult to distinguish from the infarct- like coagula-
tive necrosis of PLG. It is generally more basophilic, a charac-
teristic imparted to GPA by the abundance of neutrophils (i.e., 
nucleated material). The final cardinal feature of GPA is exten-
sive mixed inflammatory background composed of lympho-
cytes, plasma cells, macrophages, neutrophils (with 
neutrophilic microabscesses), eosinophils, and multinucleated 
giant cells. The latter can be found both within the involved 
vessels and the affected background lung parenchyma, which 
is another feature that can help distinguish GPA from PLG.

Immunohistochemical stains are not generally helpful for 
diagnosing GPA. However, CD20 IHC and EBER ISH 
should be done to rule out PLG in the appropriate clinical 
context. Elastin stain can help highlight angiocentric/
angiodestructive nature of the lesion, and special stains for 
microorganisms (GMS, PAS, AFB) should be done to rule 
out fungal and mycobacterial infection.
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36Primary Pulmonary Classic Hodgkin 
Lymphoma Versus Other Non-Hodgkin 
Lymphomas

Zhao Ming (David) Dong and Paul D. Simonson

 Case Presentation

A 64-year-old man presented to the emergency room with 
fatigue, night sweats, dry cough, lost taste for both food and 
cigarettes, and a 30-pound weight loss for 2 months. He had 
multiple risk factors for lung carcinoma including emphy-
sema, smoking for 40  years, and likely asbestos exposure 
(welder for 35 years). Physical examination did not reveal 
clubbing, peripheral lymphadenopathy, or hepatospleno-
megaly. Laboratory investigations revealed mild anemia (Hb 
11.2 g/dL), thrombocytosis (platelets 527 K/μL), and leuko-
cytosis (WBC 12.8 K/μL). There were no other hematologi-
cal or biochemical abnormalities. Chest X-ray demonstrated 
a prominent hilum. The patient was treated with antibiotics 
without symptom improvement. A subsequent computed 
tomography (CT) of the chest showed a right upper lobe 

mass with extension into hilum, highly suspicious for pri-
mary lung carcinoma. Endobronchial biopsies were per-
formed twice. At bronchoscopy, there was a large, exophytic 
mass in the right upper lobe apical segment and an area of 
irregular nodularity in the lateral wall of the bronchus inter-
medius. The right middle lobe and right lower lobe airways 
appeared normal. A biopsy was performed, which contained 
four fragments of bronchial tissue, one of which showed 
focal necrosis (Fig. 36.1a) and scattered large mononuclear 
Hodgkin cells and classic Reed-Sternberg cells (Fig. 36.1b) 
which were positive for CD30 (Fig. 36.1c), weakly positive 
for PAX-5 (Fig. 36.1d), and negative for CD20 (Fig. 36.1e), 
on a background of predominantly CD3+ T cells, plasma 
cells, neutrophils, histiocytes, and occasional eosinophils. 
The patient refused further tests for complete staging and 
treatment. He died 2 months after the diagnosis was made.
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Fig. 36.1 Endobronchial biopsy of pulmonary mass, consistent with 
classic Hodgkin lymphoma, characterized by a polymorphous inflam-
matory infiltrate with focal necrosis (a, Hematoxylin and eosin, 200×). 
Admixed are large atypical mononuclear Hodgkin cells and classical 

Reed-Sternberg cells (b, Hematoxylin and eosin, 400×). These atypical 
cells are positive for CD30 (c, DAB, 400×) and PAX5 (d, DAB, 400×) 
and negative for CD20 (e, DAB, 400×)

 Pathologic Diagnosis: Pulmonary Classic 
Hodgkin Lymphoma, Probably Primary

 What Is the Definition of a Primary Pulmonary 
Classic Hodgkin Lymphoma (PPCHL)?

The criteria for the diagnosis of PPCHL include (1) histo-
logic features of Hodgkin lymphoma; (2) restriction of the 
disease to the lung, with or without minimal hilar lymph 
node involvement; and (3) adequate clinical and/or patho-
logical exclusion of the disease at distant sites, i.e., with no 
detectable extrapulmonary involvement at diagnosis or dur-
ing the following 3 months. PPCHL is thought to originate 
from bronchial mucosa-associated lymphoid tissue or peri-
bronchial lymph nodes and extends to the parenchyma of the 

lung. Our case meets two of these three criteria for diagnosis 
of PPCHL. However, since further tests for complete staging 
were not performed, secondary pulmonary involvement by 
nodal classic Hodgkin lymphoma (SPCHL) cannot be 
excluded.

SPCHL is common and occurs in 15–40% of nodal CHL 
cases. In contrast, PPCHL is extremely rare, with fewer than 
100 cases reported worldwide. Radin AL reviewed 61 cases 
reported in the literature from 1927 to 1986 [1]. Most of the 
cases included occurred in an era when the available diag-
nostic imaging studies such as chest X-ray would be consid-
ered outdated by today’s standard. Undoubtedly, some of the 
cases would not be true PPCHL if modern high-resolution 
computed tomography (HRCT) and positron emission 
tomography (PET)-CT were used to search for mediastinal 
and extrapulmonary disease.
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 What Are the Clinical, Radiographic, 
and Prognostic Features and Treatment 
of PPCHL?

Clinical presentation is nonspecific. The most common pre-
senting symptoms are weight loss, fever, night sweats, and 
dry cough. Dyspnea and hemoptysis are also common. In the 
largest report, PPCHL showed a slight female  preponderance 
(1.4:1 F:M), with a bimodal age distribution (<35 and 
>60 years; mean age 42 years).

Radiologically, PPCHL typically involves the upper lobe of 
the lung, whereas SPCHL shows a more random miliary distri-
bution, without zonal predilection. Many present as a solitary 
mass, alveolar consolidation, multiple nodules, or cavitated 
lesions, and rarely as an endobronchial lesion. However, no 
radiological sign is pathognomonic for PPCHL [2].

Owing to the rarity of the disease and lack of survival 
data, prognostic factors affecting the survival of PPCHL are 
not well defined. However, several factors have been sug-
gested: “B” symptoms, bilateral disease, multilobar involve-
ment, penetration of the pleura (with or without associated 
pleural effusion), cavitation, age greater than 60 years, and 
clinical relapses [2]. Nakachi et  al. found that 14 of 23 
patients with PPCHL survived, and 4 relapsed or died [3].

Management plans vary in the literature. Traditionally, in 
cases reported prior to 1960, the modality of treatment was 
surgical excision. Since then a better understanding of the 
pathogenesis of lymphoma has led to a preference for com-
bination chemotherapy, especially for disseminated disease 
throughout the lung. Some reports have suggested the use of 
radiation therapy for limited disease, but the risk of radiation- 
induced pneumonitis should be considered. Recently, immu-
notherapy such as monoclonal antibody brentuximab vedotin 
is being used to treat some cases of nodal CHL [4]. Chimeric 
antigen receptor (CAR) T-cell therapy is available in clinical 
trials. Given that most CHL is genetically programmed to 
overexpress PD-L1, immune checkpoint inhibitors show 
encouraging clinical efficacy in treatment of CHL [5]. These 
treatments could be applied to PPCHL.

 What Are the Pathologic Features of PPCHL?

The nodal CHL can be classified into four subtypes known as 
nodular sclerosis, mixed cellularity, lymphocyte rich, and 
lymphocyte depleted. In PPCHL, the nodular sclerosis sub-
type is most common, followed by mixed cellularity sub-
type. However, if only a small biopsy is available, separating 
these subtypes is not practical.

PPCHL displays morphologic and immunophenotypic 
features similar to nodal CHL.  The characteristic cell of 
CHL is the Reed-Sternberg cell (RS cell), a large binucleated 
or multinucleated cell with prominent, eosinophilic nucleoli. 

Mononuclear variants of RS cells (Hodgkin cells) may 
include pyknotic, mummified cells and lacunar variants with 
cytoplasmic retraction artifact. Given that both cell types are 
malignant, they are also referred to as HRS cells. Some cases 
contain these HRS cells in large clusters or sheets (called 
syncytial growth pattern). Background reactive cells include 
histiocytes, small lymphocytes, eosinophils, plasma cells, 
and neutrophils. Tumor nodules may show central necrosis, 
neutrophilic microabscesses, or granuloma-like changes. 
Nodular sclerosis subtype shows dense collagen bands. HRS 
cells are derived from clonal germinal center B (GCB) cells, 
having rearranged and mutated immunoglobulin variable 
genes; however, with the exception of PAX-5 (weakly to 
moderately immunopositive in almost all cases), typical 
B-cell surface makers (CD45, CD19, CD79a) and transcrip-
tion factors (OCT-2 and BOB1) are downregulated or com-
pletely absent in HRS cells, and CD20 is expressed in only 
20% of cases, with low density. In contrast, HRS cells are 
strongly positive for CD30 by immunohistochemical stains, 
with membranous and Golgi staining pattern in nearly all 
cases. 75–85% of cases express CD15, but in our experience, 
the percentage of cases expressing CD15 appears to be less 
than that. The variation in CD15-positivity rate most likely is 
due to variable CD15 expression among HRS cells, some-
times only seen in a few HRS cells. HRS cells are usually 
positive for MUM-1. At present, flow cytometry has not been 
applied to routinely immunophenotype and confirm a diag-
nosis of CHL. However, HRS cells can be isolated by sensi-
tive flow cytometric gating strategies and characterized as 
(1) expression of CD30, CD40, and CD95; (2) increased for-
ward and side scatter compared with normal lymphocytes; 
(3) lack of bright expression of CD20; (4) lack of expression 
of CD64; and (5) a discrete cluster in multidimensional space 
[6]. In our experience, flow cytometry is especially useful as 
an adjunct to immunohistochemical analysis in the diagnosis 
of CHL when only a very small biopsy is available and/or 
immunohistochemical stains show an equivocal phenotype.

The association between nodal CHL and Epstein-Barr 
virus has long been known. However, the frequency of asso-
ciated EBV varies greatly. The highest rate of EBV infection 
is seen in mixed cellularity CHL, followed by lymphocyte- 
depleted CHL, lesions occurring in immunodeficient 
patients, and those from developing countries. There are only 
a few reports of PPCHL associated with EBV infection [7].

Cooksley et  al. recently reviewed 20 cases of PPCHL 
reported in the literature from 2006 to 2014 [2]. Among 
these, most cases were diagnosed through wedge biopsy 
rather than endobronchial biopsy, since endobronchial 
lesions are rare. Therefore, the diagnosis of PPCHL usually 
requires an open thoracotomy or lung biopsy. Our presented 
case is a rare one, with irregular nodularity in the lateral wall 
of the bronchus intermedius in the right upper lobe as identi-
fied by bronchoscopic evaluation.
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 What Are the Differential Diagnoses 
for PPCHL?

Since the diagnostic process is commonly challenging, the 
term between initial diagnosis and final diagnosis for any 
primary pulmonary lymphoma reportedly is from half a 
month to 2  years, with a median time to the diagnosis of 
PPCHL of 6 months [8]. Due to its rarity and lack of specific 
clinical and radiological features, the initial clinical diagno-
ses of 20 reported cases of PPCHL from 2006 to 2014 were 
mainly infectious/inflammatory diseases and lung carcino-
mas, rather than lymphoma [2]. In some cases of PPCHL, 
there may be foci of central necrosis with or without cavita-
tion, rimmed in part by histiocytes and giant cells, which can 
mimic other granulomatous lesions, such as tuberculosis, 
granulomatosis with polyangiitis, and fungal infection. The 
classical clinical findings of granulomatosis with polyangi-
itis, such as nasopharyngeal and renal involvement, and the 
presence of histologic and immunophenotypic features of 
HRS cells within granulomas in CHL should allow separa-
tion between these entities. In granulomatous infection, the 
caseous necrosis, lack of HRS cells, and presence of organ-
isms help in the differential diagnosis.

Lung carcinoma and CHL usually are easily distinguished 
by morphology (except CHL with syncytial growth pattern). 
However, it has been reported that metastatic undifferenti-
ated nasopharyngeal carcinoma (UNPC) can have striking 
morphologic and immunophenotypic resemblance to CHL 
[9]. UNPC can express CD30, while CHL can have weak 
expression of cytokeratin and be negative for PAX-5. In 
addition, CHL and UNPC can overlap clinically and etio-
logically. Both are associated with EBV infection and can 
present in adolescents and young adults as enlarged cervical 
lymph nodes and multiple lung nodules. Therefore, meta-
static UNPC in the lung can raise diagnostic challenges for 
PPCHL. Clinical presentation with a nasopharyngeal lesion 
and/or a history of UNPC and inclusion of an extensive 
immunohistochemistry panel can play a critical role in dis-
tinguishing these two diseases.

When PPCHLs lack typical binucleated RS cells or show 
atypical immunophenotype, they can closely resemble other 
non-Hodgkin lymphomas (NHLs), including  T-cell/
histiocyte- rich large B-cell lymphoma, anaplastic large cell 
lymphoma, peripheral T-cell lymphoma, not otherwise spec-
ified (NOS), EBV+ diffuse large B-cell lymphoma, NOS, 
and lymphomatoid granulomatosis (LG). Although these 
NHLs are also not commonly seen in routine pathology ser-
vice for lung biopsies, they have been identified as distinct 
entities of primary pulmonary lymphoma. Chen et  al. 
reported 72 cases of primary pulmonary lymphoma, which 
consisted of 56 cases of MALT lymphoma, 8 cases of large 
B-cell lymphoma, 3 cases of Hodgkin lymphoma, 4 cases of 
T-cell lymphoma, and 1 case of intravascular large B-cell 

lymphoma [10]. Because of the low incidence of primary 
pulmonary lymphoma, a high index of suspicion is required 
to initiate workup and carefully select appropriate and ade-
quate immunohistochemistry panels for distinguishing these 
diseases from each other. Differential features between 
PPCHL and these NHLs are further discussed as follows:

 T-Cell/Histiocyte-Rich Large B-Cell Lymphoma 
(THRLBCL)
This lymphoma can be very difficult to differentiate from 
CHL. Like CHL, THRLBCL shows scattered, large, malig-
nant cells resembling mononuclear Hodgkin cells in a back-
ground containing numerous small lymphocytes and/or 
histiocytes. The large, malignant, lymphoid cells should 
comprise 10% or less of the overall cellularity. However, 
these large, atypical cells often do not include forms with a 
classic binucleated RS cell appearance, and the background 
infiltrate lacks eosinophils and neutrophils. The phenotype 
differs since the tumor cells are usually positive for B-cell 
surface makers (CD45, CD19, CD79a, CD20) and transcrip-
tion factors (OCT-2 and BOB.1) and are negative for CD15, 
even though they can express CD30. In our experience, there 
are rare cases in which definitive differentiation between the 
two diseases by IHC cannot be made. In this instance, flow 
cytometry with special gating strategies and identification of 
HRS cells with co-expression of CD30, CD40, and CD95 are 
useful, and the WHO classification of B-cell lymphoma, 
unclassifiable, with features intermediate between diffuse 
large B-cell lymphoma and classic Hodgkin lymphoma 
(“gray zone lymphoma”) may also be considered.

 Anaplastic Large Cell Lymphoma (ALCL)
This lymphoma is a CD30+ lymphoma of T or “null” cell 
lineage, with or without expression of ALK-1. Even though 
the tumor cells are typically seen in sheets and clusters, 
unlike the scattered tumor cells of CHL (except syncytial 
pattern), the morphologic spectrum of both CHL and ALCL 
can be similar. If one relies solely on morphology and a lim-
ited immunohistochemistry panel, ALCL may be incorrectly 
diagnosed. Virtually all cases of ALCL are uniformly posi-
tive for CD30 and EMA. EMA positivity can rarely be seen 
in CHL, and PAX5 helps distinguish between the two in 
most instances. In rare cases, PAX-5 expression in CHL is 
extremely weak; such a case can be easily misdiagnosed as 
ALCL with null cell phenotype. However, T-cell receptor 
gene rearrangement studies showing no evidence of T-cell 
clonality argue against ALCL.

 Peripheral T-Cell Lymphoma, Not Otherwise 
Specified (PTCL)
PTCL, like CHL, can have highly atypical large cells with 
RS-like features in a mixed inflammatory background. CD30 
positivity can be seen in these cases, and even CD15 positiv-
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ity can rarely be observed. Given that CHL is usually CD20 
negative and CHL can aberrantly express T-cell antigens, a 
misdiagnosis of T-cell lymphoma may occur. However, most 
CHL cases will be dimly positive for PAX-5 and uniformly 
express CD30 (other than variable expression in PTCL). In 
addition, TCR gene rearrangement studies commonly show 
evidence of T-cell clonality in PTCL.

 EBV+ Diffuse Large B-Cell Lymphoma (EBV+ 
DLBCL), NOS
This lymphoma shows clonal B cells that are positive for 
EBV but do not fall into one of the other named EBV-positive 
groups (such as lymphomatoid granulomatosis) in persons 
with no documented immunodeficiency. EBV should be 
demonstrated using EBER in situ hybridization stains, as 
LMP1 immunohistochemistry has a very low sensitivity 
compared to EBER. Morphologically, the polymorphic sub-
type shows a mixed proliferation of large, transformed cells, 
plasma cells, plasmablasts, lymphocytes, and, commonly, 
RS-like cells, whereas the monomorphic subtype reveals 
sheets of large cells. An additional characteristic feature is 
large areas of “geographic” necrosis. This lymphoma is often 
positive for CD30. Therefore, the most challenging differen-
tial diagnosis is EBV+ CHL. Strong, homogeneous expres-
sion of B-cell markers, including transcription factors OCT2 
and BOB.1, and lack of CD15 support a diagnosis of EBV+ 
DLBCL, NOS.

 Pulmonary Lymphomatoid Granulomatosis (PLG)
PLG has been well described in a separate chapter. In brief, 
PLG is a rare EBV+ B-cell lymphoproliferative disorder that 
predominantly affects the lung, which is characterized by a 
polymorphous lymphocytic infiltration containing EBV+, 
large, atypical B cells with morphology resembling immuno-
blasts and rarely HRS-like cells in a background with necro-
sis. Morphologic features with the presence of HRS-like 

cells, positivity for EBV, and necrosis in PLG can overlap 
with CHL.  However, characteristic angioinvasion and 
angiodestruction of PLG is not seen in CHL.  Although 
lesional cells are EBV+ and can express variable CD30, the 
cells in PLG commonly express CD45, CD19, CD79a, and 
CD20 without expression of CD15.
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37Posttransplant Lymphoproliferative 
Disorders in Lung After Lung 
Transplantation Versus Infection 
and Inflammation

Paul D. Simonson and Zhao Ming (David) Dong

 Case Presentation

A 59-year-old woman underwent bilateral lung transplant for 
overlapping chronic obstructive pulmonary disease and 
chronic bronchitis, in the setting of a 120-pack-year history 
of smoking cigarettes. Pretransplant evaluation demonstrated 
the presence of anti-EBV IgG but not IgM. After transplant, 
she had a prolonged hospital course that was complicated by 
acute respiratory distress syndrome, atrial fibrillation, acute 
renal failure, pneumonia, Candida wound infection, and rec-
tal ulcer, necessitating a 4-month stay in the hospital. 
Immunosuppression was maintained using mycophenolate 
mofetil, tacrolimus, and steroids.

One month after discharge, the patient was readmitted 
after presentation at the pulmonary clinic with complaint of 
fevers and chills. A computed tomography (CT) scan demon-
strated a 4.5  cm  ×  4.5  cm, well demarcated, central- 
enhancing, right upper lobe mass of the lung, as well as two 
1–2 cm nodules in the left base and mediastinal adenopathy. 
A CT-guided needle biopsy of the right upper lobe mass 
demonstrated necrotic tissue and a proliferation of CD20- 
positive lymphocytes, some with large cell morphology and 
positive for EBV LMP1 immunostaining. The findings were 
consistent with posttransplant lymphoproliferative disorder 
(PTLD), suspicious for monomorphic diffuse large B-cell 
lymphoma (DLBCL) type. A bone marrow biopsy was nega-

tive for abnormal B-cell or plasma cell populations. 
Immunosuppression was decreased. A lung wedge resection 
was then performed. Grossly, the mass involved the visceral 
pleura. The cut surface was light pink and firm, with approxi-
mately 50% of the mass being necrotic. Microscopically, the 
specimen demonstrated the full range of CD20-positive 
B-cell maturation and polymorphism, from large immuno-
blasts to plasma cells, with small- and medium-sized lym-
phocytes in the background and multifocal necrosis 
(Fig.  37.1). Even though a kappa-light-chain-restricted 
clonal B-cell population was identified by flow cytometry, 
morphologic features of polymorphic lymphoplasmacytic 
proliferation argued against monomorphic DLBCL-type 
PTLD.

Weekly rituximab therapy (×4 weeks) was added in addi-
tion to the decrease in immunosuppression, her tacrolimus 
being decreased by 25% and her mycophenolate mofetil 
being decreased by 50%. Approximately 4  weeks after 
beginning treatment, the patient was feeling much better, 
with increased exercise tolerance. She denied any fevers, 
night sweats, bleeding, or bruising. Eight weeks after start-
ing therapy for PTLD, there was no evidence of recurrence 
of the lung mass, no evidence of new or increased pulmonary 
nodules, and a decrease in mediastinal lymph nodes, consis-
tent with remission. Four years later, the patient did not 
exhibit evidence of PTLD.
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Fig. 37.1 Wedge resection of pulmonary mass, consistent with poly-
morphic PTLD. (a) Polymorphic infiltrate of lymphocytes effacing 
lung architecture with multifocal necrosis (large geographic areas of 

necrosis not shown, hematoxylin and eosin, 200×). (b, c) Polymorphic 
lymphocytes with atypical nuclei (hematoxylin and eosin, 200×). (d) 
CD3 immunostain (200×). (e) CD20 immunostain (100×)

 Pathologic Diagnosis: EBV-Positive, 
Polymorphic Posttransplant 
Lymphoproliferative Disorder (PTLD) 
in the Lung After Transplantation

 What Is the Definition of PTLD?

PTLD is defined in the current World Health Organization 
(WHO) Classification of Tumors of Hematopoietic and 
Lymphoid Tissues [1] as lymphoid or plasmacytic prolifera-
tions that develop as a consequence of immunosuppression 
in a recipient of a solid organ, bone marrow, or stem cell 
allograft. They constitute a spectrum that ranges from EBV- 
driven, polyclonal lymphoid proliferation to EBV-positive or 
EBV-negative proliferations indistinguishable from a subset 
of B-cell or, less often, T/NK-cell lymphomas that occur in 
immunocompetent individuals. The disorder is thought to be 
due to loss of control over EBV-immortalized B-cell 
 lymphocytes as a result of loss of T-cell lymphocyte control, 
as a consequence of immunosuppression.

The highest risk of developing PTLDs exists in EBV- 
naïve patients who acquire the primary infection during solid 
organ transplantation. Risk of developing PTLD is highest in 
individuals receiving heart-lung, lung, or intestinal allografts, 
rather than stem cell transplant. Children have a much higher 
incidence than adults. Most solid organ-related PTLDs are of 
host origin, while most stem cell transplant-related PTLDs 
are of donor origin.

 What Are the Clinical, Radiographic, 
Prognostic Features, and Treatment of PTLDs 
in the Lung After Lung Transplantation?

PTLDs in the setting of lung transplantation have some spec-
ificities [2]: a higher incidence (reportedly 2.5–8%) as com-
pared with transplantation of most other organs 
(approximately 2× higher), frequent involvement of the 
engrafted lung, and the risk of dysfunction or loss of a vital 
graft if immunosuppression is reduced. Historically, most 
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cases of PTLD among lung transplant recipients were 
reported to arise within the first year from transplantation 
(early-onset PTLD). However, more recent data suggest an 
increased incidence of PTLD cases beyond the first year 
from transplantation (late-onset PTLD). In a study that 
focused on differences between early and late appearing lung 
transplant PTLD [2], late appearing cases were less fre-
quently positive for EBV with similar outcomes to early 
appearing cases. While early-onset PTLD nearly always 
involves the allograft lung, late appearing PTLD does so less 
frequently [3] with gastrointestinal tract involvement being 
more common [4]. Overall incidence of PTLD has decreased 
with time, presumably due to a combination of factors such 
as prolonged antiviral prophylaxis, improved detection 
assays, and anticipatory surveillance of EBV-negative 
patients.

Clinical presentation is variable, including fever and mal-
aise, infectious mononucleosis-like disease, lymphadenopa-
thy, mass lesions, viral septic shock-like presentations, and 
as an incidental finding [1].

Radiographically, lung findings may include isolated nod-
ules or masses in the allograft, disseminated micronodules 
with an interstitial topography, or mediastinal lymphadenop-
athies [5]. In contrast, beyond the first year, intra-abdominal 
and disseminated forms of disease predominate [4].

Prognosis and management depend significantly on the 
category and subcategory of the identified 
PTLD. Nondestructive PTLDs often regress with reduction 
in immunosuppression (though graft rejection can limit the 
viability of this approach) and generally have an excellent 
prognosis. Many polymorphic PTLDs and some monomor-
phic PTLDs will also regress with decreased immunosup-
pression. Myelomatous lesions represent a group that 
generally is not expected to regress with decreased immuno-
suppression. When decreased immunosuppression fails to 
result in PTLD regression, other therapies may be tried, with 
varying results, including rituximab, brentuximab vedotin, 
chemotherapy, surgical excision, and local radiation. Classic 
Hodgkin lymphoma (CHL) PTLD is generally treated with 
conventional CHL therapy, with good results [1].

Serial monitoring of EBV DNA levels in peripheral blood 
is often used to help predict the risk and onset of PTLD and 
to guide preemptive therapy [4, 6]. Its use is likely most use-
ful for seronegative solid organ transplant recipients, particu-
larly children.

 What Are the Pathologic Features of PTLDs 
in the Lung After Lung Transplantation?

There is tremendous heterogeneity in the histopathologic 
appearance of PTLDs. Currently, PTLDs are divided into 
four major categories based on the 2016 WHO classification 
[1]. Even though monomorphic PTLDs (M-PTLDs) are the 

most common subtype (60–80%), all other subtypes of 
PTLDs have been reported in the lung after lung transplanta-
tion, and their pathologic features are discussed as follows:

 Nondestructive PTLDs
These PTLDs were formerly known as early lesions; how-
ever, this term has been deprecated due to confusion with the 
group of PTLDs that occur early after transplantation. By 
definition, these disorders are characterized by architectural 
preservation of the involved tissue and lack of features diag-
nostic of lymphoma. They can be subcategorized as plasma-
cytic hyperplasia, infectious mononucleosis-like, and florid 
follicular hyperplasia PTLDs. In plasmacytic hyperplasia, 
plasma cells are prominently admixed with small lympho-
cytes. In infectious mononucleosis-like lesions, there are 
numerous immunoblasts admixed with small lymphocytes 
and plasma cells. Florid follicular hyperplasia is a mass 
lesion with marked follicular hyperplasia. 
Immunophenotyping should demonstrate polytypic B cells, 
plasma cells, and T cells without immunophenotypic aber-
rancy. EBV is frequently present; great care should be taken 
in making this diagnosis if EBV is absent. This group of 
PTLDs commonly occurs at younger ages and generally 
involves lymph nodes or tonsils and adenoids. The involve-
ment of extranodal sites such as lung is rare.

 Polymorphic PTLDs (P-PTLDs)
These PTLDs form destructive lung masses. Unlike many 
lymphomas, they demonstrate the full range of B-cell matu-
ration, from immunoblasts to plasma cells, with small- and 
medium-sized lymphocytes and irregular nuclear contours, 
some of which represent the typically prominent T-cell com-
ponents. Numerous mitotic figures may be present, as well as 
areas of geographic necrosis. Scattered, large, bizarre cells 
that resemble Reed-Sternberg cells can also be present. As 
opposed to CHL, however, these Reed-Sternberg-like cells 
are typically CD30+, CD20+, and CD15-. Most cases have 
numerous EBER-positive cells. Some cases have areas that 
appear monomorphic within the same lesion; thus, there may 
be a continuous morphologic spectrum between these lesions 
and monomorphic PTLD (M-PTLD). Immunophenotypic 
studies demonstrate B cells and a variable proportion of het-
erogeneous T cells. Light chain restriction does not exclude 
the diagnosis, though clear-cut light chain restriction should 
be noted since some of these cases might represent M-PTLD 
DLBCL. P-PTLDs are expected to demonstrate clonally 
rearranged IG genes by molecular studies, though the clones 
are less dominant than in M-PTLDs. Distinction of P-PTLDs 
from M-PTLDs is understandably not always clear cut.

 Monomorphic PTLDs (M-PTLDs
M-PTLDs fulfill criteria for one of the B- or NK/T-cell neo-
plasms, in the setting of prior transplant. The morphologic 
presentations are similar to the corresponding disorders in 
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immunocompetent hosts, though there is usually associated 
EBV positivity and sometimes geographic necrosis. 
Monomorphic B-cell PTLDs most commonly resemble their 
counterparts diffuse large B-cell lymphoma, Burkitt lym-
phoma (less often), or a plasma cell neoplasm. Many are 
CD30+, and most are of non-germinal center type, based on 
immunohistochemistry. By contrast, cases that are EBV- 
negative tend to be of germinal center origin by immunohis-
tochemistry. Burkitt lymphoma PTLDs tend to be CD10+. 
Among small B-cell lymphoid neoplasms, only EBV+ 
MALT lymphoma is also considered a type of M-PTLDs. Of 
the monomorphic T-cell PTLDs, the most common forms are 
peripheral T-cell lymphoma, NOS, and hepatosplenic T-cell 
lymphoma. About one third of cases are EBV-positive.

 Classic Hodgkin Lymphoma (CHL) PTLDs
CHL PTLDs, least common of the PTLDs, are almost always 
EBV-positive and should fulfill the diagnostic criteria for 
CHL.

Patients may have more than one PTLD present, in single 
or separate sites. Due to the significant possibility of intral-
esional heterogeneity, excisional biopsy is preferred.

 What Are the Differential Diagnoses for PTLDs 
in the Lung After Lung Transplantation?

Diagnosis of PTLD has significant treatment implications 
for the patient. Therefore, accurate diagnosis is critical. 
Since nondestructive PTLDs in lung are very rare and usu-
ally occur only in lymph nodes or tonsils, there is limited 
clinical utility for discussing their differential diagnosis from 
other lung diseases. M-PTLDs and CHL PTLDs present in 
lung as the corresponding disorders in immunocompetent 
hosts. Their differential diagnoses from other lung diseases 
have essentially been discussed in the other chapters. 
Therefore, the differential diagnosis of P-PTLDs in the lung 
after lung transplantation is the focus of this section. 
P-PTLDs commonly present as early-onset PTLDs, occur-
ring a median of 4–11  months after lung transplantation. 
They rarely present in the first 2 months posttransplant but 
have been reported to present as early as posttransplant day 
35 as a pulmonary parenchymal infiltrate [7].

The infiltrates of P-PTLDs often extend to involve bron-
chiolar epithelium and adjacent lung parenchyma. Therefore, 
the major differential diagnosis, based on morphology alone, 
includes acute cellular rejection, airway inflammation (lym-
phocytic bronchiolitis/bronchitis), infections, and EBV 
virus-associated smooth muscle tumors, which are further 
discussed as follows:

Acute Cellular Rejection Acute allograft rejection occurs 
in almost 30% of recipients, mostly during the first year fol-
lowing transplantation, and may occur as repetitive episodes. 
Typical CT signs are ground-glass opacities, pleural effu-
sions, lung volume loss, and interlobular septal thickening 
[5, 7]. On histopathological examination, depending on the 
grade, findings can range from minimal, perivascular lym-
phoplasmacytic infiltrates to severe, diffuse, perivascular, 
and interstitial lymphoplasmacytic infiltrates associated with 
alveolar injury. Therefore, acute cellular rejection can dis-
play overlapping clinical, radiologic, and histologic features 
with P-PTLDs. However, necrosis associated with P-PTLDs 
is rarely seen in rejection. The large Reed-Sternberg-like 
cells and EBV positivity seen in P-PTLDs are also not identi-
fied in rejection.

Airway Inflammation (Lymphocytic Bronchiolitis/
Bronchitis) This is defined as mononuclear cell infiltrates 
within the submucosa of the bronchioles. Depending on 
grading, findings range from rare, scattered mononuclear 
cells in the submucosa to dense lymphocytic infiltrates asso-
ciated with damage to the overlying epithelium and lympho-
cytes within the epithelium. The significance of airway 
inflammation is controversial, but some think that it is likely 
to be as important as perivascular inflammation in acute 
rejection. In P-PTLDs, the lymphoid cells are predominantly 
B cells and are positive for EBV. However, airway inflamma-
tion is composed predominantly of T cells and 
EBV-negative.

Infections Lung-transplanted patients are at particular risk 
for allograft infections. The first postoperative month is the 
one most associated with bacterial and fungal pathogens. 
From the second to sixth month, long-term immunosuppres-
sion of T cells is responsible for viral pneumonias. After 
6  months, the most commonly encountered pathogens are 
community-acquired viruses and bacteria or reactivated 
latent Mycobacterium tuberculosis and other mycobacteria 
[5]. Since mycobacterial infection can present with lung 
nodules in the context of fever and associate with infiltration 
of T cells and histiocytes and necrosis, they raise a challeng-
ing differential diagnosis with P-PTLDs. Careful evaluation 
for possible infection, including special stains, cultures, and 
molecular approaches, is therefore recommended.

EBV-Associated Smooth Muscle Tumors These tumors, 
including leiomyomas and leiomyosarcomas, are rare but 
positive for EBV and can happen in lung after solid organ 
(including lung) transplants [8]. Since the tumors contain 
varying proportions of CD3+ T cells and are positive for 
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EBV, they can be misdiagnosed as P-PTLDs. However, by 
histology, these tumors usually show prominent spindling. 
Immunohistochemical studies usually demonstrate smooth 
muscle differentiation (actin & desmin).

References

1. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, 
et  al. WHO classification of tumours of haematopoietic and lym-
phoid tissues. Geneva: WHO Press; 2017.

2. Montpréville V, Pavec J, Ladurie F, Sacha A, Dominique M, Mercier 
F, et  al. Lymphoproliferative disorders after lung transplantation: 
clinicopathological characterization of 16 cases with identification 
of very-late-onset forms. Respiration. 2015;90:451–9.

3. Muchtar E, Kramer MR, Vidal L, Ram R, Gurion R, Rosenblat 
Y, et  al. Posttransplantation lymphoproliferative disorder in lung 
transplant recipients: a 15-year single institution experience. 
Transplantation. 2013;96:657–63.

4. Romero S, Montoro J, Guinot M, Almenar L, Andreu R, Balaguer A, 
et al. Post-transplant lymphoproliferative disorders after solid organ 
and hematopoietic stem cell transplantation. Leuk Lymphoma. 
2019;60:142–50.

5. Habre C, Soccal PM, Triponez F, Aubert J, Krueger T, Martin SP, 
et al. Radiological findings of complications after lung transplanta-
tion. Insights Imaging. 2018;9:709–19.

6. Baldanti F, Rognoni V, Cascina A, Oggionni T, Tinelli C, Meloni 
F.  Post-transplant lymphoproliferative disorders and Epstein-Barr 
virus DNAemia in a cohort of lung transplant recipients. Virol J. 
2011;8:421–32.

7. Lewis AJ, Jagadeesh D, Mukhopadhyay S, Budev M, Mehta 
AC.  Post-transplant lymphoproliferative disorder presenting on 
post-transplant day 35 as a pulmonary parenchymal infiltrate—a 
case report. Oxf Med Case Rep. 2018;8:237–9.

8. Hirama T, Tikkanen J, Pal P, Cleary S, Binnie M.  Epstein-Barr 
virus-associated smooth muscle tumors after lung transplantation. 
Transpl Infect Dis. 2019;21(3):e13068. Epub 2019 Mar 27. https://
doi.org/10.1111/tid.13068.

37 Posttransplant Lymphoproliferative Disorders in Lung After Lung Transplantation Versus Infection and Inflammation

https://doi.org/10.1111/tid.13068
https://doi.org/10.1111/tid.13068


Part II

Non-neoplastic Lung Pathology



233

38Usual Interstitial Pneumonia Versus 
Nonspecific Interstitial Pneumonia

L. Angelica Lerma, Christopher M. Chandler, 
and Haodong Xu

 Case Presentation

A 58-year-old male, previous smoker presented with a 2-year 
history of slowly increasing dyspnea on exertion that was 
now preventing him from keeping up with his cycling team. 
He also had a 1-year history of nonproductive cough, which 
was worse in the morning and exacerbated by exercise. Over 
the preceding month, his shortness of breath prevented him 
from carrying 20-pound loads up the stairs in his home. He 
also endorsed snoring and non-radiating, non-positional 
back pain. He denied other symptoms, exposure to asbestos, 
or occupational dusts. He had no family history of lung 
disease.

Initial pulmonary function tests demonstrated a reduced 
FEV1 (67%) in proportion to FVC (59%) with a ratio of 88% 
and markedly decreased DLCO (35%), consistent with a 
restrictive pattern and reduced diffusion capacity. A high- 
resolution computed tomography (HRCT) of the chest 
showed peripheral basilar predominant reticulation and trac-
tion bronchiectasis, mild honeycombing at the left base, and 
no significant air trapping on expiratory views, read as “over-
all consistent with UIP pattern.” The clinical differential at 
the time included hypersensitivity pneumonitis given expo-
sure to down and elevated IgG levels to Penicillium, 
Thermoactinomyces, and Aspergillus. However, a differen-

tial cell count on a bronchoalveolar lavage (BAL) specimen 
did not show a lymphocytosis. Additional laboratory studies 
including serologic evaluation for collagen vascular disease 
were negative. The patient received a diagnosis of idiopathic 
pulmonary fibrosis (IPF) and started on nintedanib.

A repeat HRCT 3 months after initial presentation showed 
mild increase in the predominantly lower lobe lung fibrosis 
with honeycombing (Fig. 38.1). His functional status contin-
ued to decline over the next 3 months, and the patient started 
supplemental oxygen. He received a single lung transplant 
approximately 6 months after initial presentation.

On gross examination, the pleural surface of the explanted 
lung had cobblestoning (Fig.  38.2a); cut sections showed 
basilar fibrosis with subpleural accentuation. The upper lobe 
was less involved than the lower lobe, and focal bronchiec-
tatic changes were present (Fig. 38.2b).

On microscopic examination, histologic sections from the 
explant showed subpleural and paraseptal severe interstitial 
fibrosis with an abrupt transition to zones of relatively nor-
mal alveoli, and subpleural honeycombing with bronchiolar 
metaplasia was present (Fig. 38.3a). Fibroblastic foci were 
present throughout (Fig.  38.3b, c). The pathologist diag-
nosed usual interstitial pneumonia (UIP) pattern, which, 
together with the clinical and radiographic features, supports 
the clinical diagnosis of IPF.
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Fig. 38.1 High-resolution computed tomography (HRCT) of a patient 
with UIP pattern shows honeycombing and traction bronchiectasis with 
bibasilar predominance. The lung volumes are reduced

a b

Fig. 38.2 Gross pathologic features of UIP. (a) Cobblestone appearance of the pleura. (b) Cut section in a parasagittal plane showing subpleural 
fibrosis, abrupt interface between affected and spared areas, lower lobe predominance, and focal honeycombing
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a

c

b

Fig. 38.3 (a) Subpleural cystic honeycombing typical of UIP (H&E, original magnification 40×). (b) Fibroblastic focus (H&E, original magnifi-
cation 100×). (c) Fibroblastic focus (Movat pentachrome stain, original magnification 100×)

 Final Pathological Diagnosis: Usual 
Interstitial Fibrosis (UIP)

 What Are the Clinical Signs and Symptoms 
of NSIP and UIP?

Patients with UIP most commonly present in the sixth decade 
of life with years of stable nonproductive cough and dyspnea 
on exertion punctuated by episodes of functional decline. 
Although the presenting complaints are similar in duration, 
patients with NSIP often have an insidious decline and are a 
decade younger, or even children [1, 2].

Clinical examination of patients with UIP patients reveals 
tachypnea, bibasilar, and late inspiratory rales on chest auscul-
tation (80%) [3]. Additional physical exam findings include 
clubbing of the fingernails (identified at presentation in 
25–50% of patients) [4], and cardiac findings related to aug-
mented P2, a right-sided lift and S3 gallop later in the course of 
UIP secondary to pulmonary hypertension. The physical exam 
findings are not distinct between either entity; however, fever 
and digital clubbing are uncommon in NSIP patients [5].

 What Is the Clinical Course of These Diseases?

UIP’s natural history varies between clinical stability and 
episodes of acute decompensation, with a mean survival of 
32 months in idiopathic cases [1, 6]. In cases of known etiol-
ogy, prognosis depends on the underlying cause and success-
ful treatment of the primary disease process. The recently 
approved antifibrotic drugs, pirfenidone and nintedanib, 
have shown mortality reductions of over 40% in clinical tri-
als, and thus patients with IPF are expected to survive longer 
as these medications become more widely utilized [7–9].

In contrast to UIP, NSIP is typically more indolent, with 
an overall 5-year survival rate of just over 80% which 
approaches 90% in idiopathic disease [2, 10]. Patients with 
mild disease, as defined by clinical symptoms and pulmo-
nary function testing, can be followed at close intervals [11]. 
As the disease progresses, corticosteroids and additional 
immunosuppression are indicated [12, 13]. Within NSIP, the 
fibrosing variant is less common than the cellular variant, 
responds less well to treatment, and thus has a poorer prog-
nosis [14].
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 What Changes Can be Seen on Chest 
Radiographs in UIP and NSIP?

Even though both entities have bibasilar, symmetrical distri-
butions, UIP has a reticular pattern of fibrosis/opacification 
on chest X-ray (CXR) [15]. Fewer than 10% of patients with 
UIP have a normal CXR at presentation [16]. While a CXR 
may be part of the initial workup for cough and dyspnea, 
patients with suspected interstitial lung disease should have 
high-resolution computed tomography (HRCT) of their 
chest performed as it is an important part of initial evaluation 
and subsequent disease monitoring.

 What Changes Can be Seen on Chest HRCT 
in UIP and NSIP?

Early manifestations of UIP on HRCT are fine irregular 
thickening of interfaces between secondary lobules, vascu-
lature, and pleura [17]. An experienced thoracic radiologist 
can diagnose UIP on initial HRCT findings alone, provided 
there is honeycombing in a bibasilar and subpleural sym-
metric distribution, associated with bronchiectasis and/or 
bronchiolectasis [3, 17–20]. Honeycombing is defined as 
grouped air spaces with well-defined thick walls with the 
loss of lobular architecture, at least 0.5 cm in diameter. If 
the honeycombing pattern is not well-established (“reticu-
lar pattern”) with the above distribution and/or ground-
glass opacities are present, the designation of “probable 
UIP” is recommended [3, 4]. Less definite findings, such as 
subtle reticulation, mild ground-glass opacities or distribu-
tion of fibrosis which do not fit the prior categories, are 
classified as “indeterminate for UIP” [3]. A fourth category 
“alternative diagnosis” is used if the findings are most con-
sistent with another entity. If the clinical presentation and 
HRCT findings are not definitive for UIP, then two site sur-
gical lung biopsies (small wedge biopsies) from different 
lobes with bronchoalveolar lavage are the gold standard for 
diagnostic evaluation [3, 4, 16, 20]. The recent clinical vali-
dation of a molecular test based on gene expression profiles 
suggestive of UIP obtained from transbronchial biopsies 
(Envisia) may change the rate of surgical lung biopsy in the 
future [21].

NSIP shows variable and nonspecific findings on HRCT, 
commonly ground-glass opacities diffusely with bibasilar 
predominance [22]. In most cases, a reticular pattern is iden-
tified as at least a minor component [23]. Overlap with non- 
UIP diffuse parenchymal lung diseases is common; however, 
subpleural sparing, irregular linear opacities, patchy honey-
combing, and nodular opacities should lead to careful con-
sideration of diagnoses other than NSIP.

 What Are Features of UIP and NSIP on Gross 
Examination of Surgical Specimens?

Surgical lung biopsies and resection specimens with UIP 
may have a cobblestone appearance to the pleural surface 
due to retraction and subpleural fibrosis (Fig.  38.2a). 
Sectioning shows subpleural, paraseptal, and/or peribron-
chiolar cystic changes, which coalesce into honeycombing 
and are surrounded by dense white fibrous bands. Both upper 
and lower lobes are typically involved bilaterally, but more 
severe fibrosis is evident in the periphery of the lower lobes. 
These changes are interspersed with tan-yellow areas of 
evolving fibrosis and grossly normal lung (Fig. 38.2b).

The changes in NSIP surgical lung biopsies and resec-
tions are more subtle. Initially, increased parenchymal den-
sity and decreased elasticity can be appreciated. The cut 
surfaces take on a yellow tint, which is more evenly distrib-
uted within the parenchyma in comparison to that of UIP; 
however, gross findings are not specific for either entity.

 What Are the Histologic Features of the UIP 
Pattern?

Histologic sections of UIP surgical lung biopsies character-
istically show a demarcated patchwork of three different his-
tologic patterns: fibrosis and dense scarring, zones of injury, 
and relatively spared lung parenchyma. Areas of fibrosis 
have collapsed alveolar walls which form pleural based retic-
ular spaces 1–3 mm in diameter. These spaces lack a central 
airway and are lined by either ciliated cuboidal, columnar, or 
metaplastic squamous epithelium. Smaller spaces coalesce 
along septa and subpleural spaces to form honeycombs, 
grouped air spaces with well-defined thick walls with loss of 
lobular architecture, at least 0.5 cm in diameter (Fig. 38.3a) 
[4]. As smooth muscle begins to proliferate (the so-called 
muscular cirrhosis of the lung), traction bronchiectasis can 
be appreciated. Some intraluminal mucus, variable amounts 
of neutrophils, and inflammatory debris are often present 
within small airways and honeycombs.

Zones of injury with the so-called fibroblastic foci are 
located at the interface between dense fibrosis and unin-
volved lung [4]. Fibroblastic foci are crescent-shaped prolif-
erations of myofibroblasts within myxoid appearing, 
immature collagen which expand the level of the basement 
membrane (Fig. 38.3b). Flattened epithelial cells line these 
proliferations and are associated with reactive type II macro-
phages. Cool et al. (2006) demonstrated that these areas are 
interconnected and nonneoplastic in nature [24]. As might be 
expected, progressive parenchymal changes cause remodel-
ing of the associated vasculature, leading to intimal hyper-
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Fig. 38.4 NSIP with temporally homogenous fibrotic expansion of alveolar septa (H&E, original magnification (a) 40× and (b) 400×)

plasia and medial hypertrophy of the pulmonary arteries. 
Mild to moderate lymphoplasmacytic and sparse eosino-
philic infiltrates are permissible. Alveolar macrophages with 
fine, brownish/yellowish cytoplasmic granules are frequently 
present in patients who are cigarette smokers [25]. Acute 
exacerbations of UIP may have features of acute lung injury, 
including diffuse alveolar damage [26].

Special stains are useful to highlight different zones of 
interest. The Masson trichrome stain (MT) highlights mature 
collagen in yellow, and fibroblastic foci appear light blue on 
a pentachrome Movat stain (Fig. 38.3c). Conveniently, elas-
tic fibers are stained black on the pentachrome Movat stain 
which can be useful when evaluating the thickness of the 
intima or media of pulmonary arteries.

 What Are the Histologic Features of NSIP?

NSIP is characterized by variable expansion, without destruc-
tion, of the alveolar septa by lymphoplasmacytic infiltrates 
with temporally homogenous fibrosis [4]. NSIP is subdivided 
into cellular and fibrosing variants depending on which com-
ponent is more prominent. The cellular variant is characterized 
by uniform and dense mononuclear inflammation along alveo-
lar walls, bronchovascular sheaths, and subpleural spaces [25]. 
The fibrosing variant is frequently associated with type II 
pneumocyte hyperplasia, vascular medial and intimal thicken-
ing, bronchiolar metaplasia, lymphoid aggregates, and pleural 
fibrosis [27]. Germinal centers may be observed. While there 
can be overlap in the histologic features of UIP and NSIP, the 
presence of any UIP-type pattern confers are worse prognosis, 
leading some to propose classifying any specimen with UIP 
and NSIP features as UIP [28–30]. As shown in Fig 38.4a, b, 
diffuse alveolar septa are thickened with fibrosis which is 
characteristic of fibrosing variant of NSIP.
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39Hypersensitivity Pneumonitis Versus 
Usual Interstitial Pneumonia

Nicholas Stanzione and Gregory A. Fishbein

 Case Presentation

A 65-year-old man is referred to a pulmonologist for long- 
standing cough and dyspnea. The patient has no significant 
medical or smoking history. Pulmonary function tests 
revealed somewhat reduced diffusion capacity for carbon 
monoxide (DLCO) and a mixed restrictive and obstructive 
pattern. Chest computed tomography (CT) demonstrated 
airway-centered interstitial fibrosis bilaterally, more promi-
nent in the upper lobes, with areas of subpleural sparing and 
patchy ground-glass opacities (Fig.  39.1). Mosaic attenua-
tion was noted on expiratory imaging. The clinical differen-
tial diagnosis included chronic hypersensitivity pneumonitis, 
usual interstitial pneumonia, and fibrotic nonspecific intersti-
tial pneumonia. Diagnostic transbronchial cryobiopsies of 
the upper and lower lobes were performed, which demon-
strated interstitial fibrosis that was predominantly located 
around bronchioles, with abundant peribronchiolar metapla-
sia, some associated chronic inflammation, and a focal 
poorly formed granuloma (Fig. 39.2). The patient’s hobby of 
caring for various birds in his aviary was elucidated on fur-
ther questioning following the biopsy.

N. Stanzione 
VA Greater Los Angeles Healthcare System, Los Angeles,  
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G. A. Fishbein (*) 
David Geffen School of Medicine, University of California, Los 
Angeles (UCLA), Los Angeles, CA, USA
e-mail: gfishbein@mednet.ucla.edu

Fig. 39.1 HRCT showing diffuse bilateral diffuse coarse ground-glass 
opacities with thickened irregular interlobular septa, bronchiectasis and 
bronchiolectasis, architectural distortion, and inconspicuous honey-
combing, consistent with hypersensitivity pneumonitis
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a b

c d

Fig. 39.2 (a) Non-necrotizing granuloma in a background of chronic 
mixed interstitial inflammation, (b) Poorly formed non-necrotizing 
granuloma, (c) Peribronchiolar alveolar spaces partially lined by meta-

plastic bronchiolar pseudostratified columnar ciliated epithelium, (d) 
Low power microscopic examination highlights the airway-centered 
interstitial fibrosis and inflammatory infiltrate

 Pathologic Diagnosis: Chronic 
Hypersensitivity Pneumonitis

 What Are some of the Differences 
in the Clinical Presentation of Patients 
with Hypersensitivity Pneumonitis (HP) Versus 
Usual Interstitial Pneumonia (UIP)?

When rendering a specific diagnosis of interstitial lung dis-
ease (ILD), it behooves the pathologist to investigate the 
clinical history of the patient. Knowledge of the tempo or 
progression of disease and the patient’s symptoms will help 
determine the nature of the underlying disease and can help 
the pathologist determine where to focus the gross and 
microscopic examination [1]. In addition, understanding the 
pathophysiology of the ILD may help relate the clinical pre-
sentation to the pathologic findings.

In the case of HP, which encompasses a spectrum of 
immunologically mediated interstitial lung diseases sec-
ondary to exposure to a sensitizing antigen, the pathophysi-
ology is related to abnormal and excessive reactivity to the 
causative antigen, ultimately resulting in fibrosis [2]. The 

implicated agents may include animal proteins, fungi, and 
bacteria (Table 39.1). As the sensitizing agent is introduced 
via inhalation, the result is airway-centered disease. As 
such, a diagnosis of HP signals clinicians to search and test 
for the source of exposure. Clinically, HP can be divided 
into acute, subacute, and chronic phases. While the exact 
definitions of these subgroups have not been clearly delin-
eated, many studies have accepted that chronic HP is 
defined by the presence of fibrosis [3, 4]. Acute HP may 
present with recurring fevers, dyspnea, cough, and leuko-
cytosis. The symptoms usually appear 4–6  h following 
exposure and may last for 12 h to several days, recurring 
with reexposure [2, 5]. Continuous or prolonged exposure 
to the inciting agent will lead to dyspnea, cyanosis, and 
respiratory failure with decreased total lung capacity and 
compliance [2].

UIP is a pattern of interstitial lung disease, first described 
by Liebow and Carrington in 1969 [7]. The UIP pattern may 
be seen with several underlying etiologies that include col-
lagen vascular diseases, drug toxicity, environmental expo-
sures, and certain genetic disorders (e.g., Hermansky-Pudlak 
syndrome, short telomere syndrome, etc.). In the absence of 
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Table 39.1 Various forms of hypersensitivity pneumonitis and their 
source/antigens [6]

Disease Source Antigen
Microorganisms
Farmer’s lung Moldy hay, grain, 

silage
Saccharopolyspora 
(Micropolyspora faeni)
Thermophilic 
actinomycetes

Ventilation 
pneumonitis

Contaminated 
forced-air systems

Thermoactinomyces 
candidus

Bagassosis Moldy sugarcane 
(bagasse)

Thermoactinomyces 
vulgaris

Mushroom 
worker’s lung

Moldy mushroom 
compost

Thermoactinomyces 
sacchari

Dry rot lung Rotting wood 
decay

Merulius lacrymans

Suberosis Moldy cork Thermoactinomyces 
viridis

Detergent lung Detergents Bacillus subtilis enzymes
Malt worker’s lung Moldy barley Aspergillus fumigatus

Aspergillus clavatus
Sequoiosis Moldy redwood 

dust
Sequoia sempervirens

Maple bark 
stripper’s lung

Moldy maple bark Cryptostroma corticale

Tobacco grower’s 
lung

Tobacco mold Aspergillus species

Winegrower’s 
(Späetlase) lung

Grape mold Botrytis cinerea

Cheese washer’s 
lung

Moldy cheese Aspergillus clavatus 
Penicillium casei

Woodworker’s lung Wood or wood pulp Alternaria species
Paprika slicer’s 
lung

Moldy paprika 
pods

Mucor stolonifera

Summer type 
pneumonitis

Contaminated old 
Japanese houses

Trichosporon cutaneum

Sewage worker’s 
lung

Sewage Cephalosporium

Sax lung Saxophone 
mouthpiece

Candida albicans

Lycoperdonosis Puffball spores Puffball (Lycoperdon 
perlatum)

Dog house disease Moldy animal 
bedding

Aspergillus versicolor

Sauna taker’s lung Contaminated 
sauna water

Aureobasidium species

Hot tub lung Hot tub water Nontuberculous 
mycobacteria

Animal protein
Bird fancier’s lung Parakeets, pigeons, 

chickens, turkeys
Avian droppings, 
feathers, blood

Pituitary snuff 
taker’s lung

Nasal inhalation of 
pituitary snuff

Bovine and porcine 
pituitary proteins

Fish meal worker’s 
lung

Fish meal Fish meal dust

Furrier’s lung Animal pelts Animal fur dust
Bat lung Bat droppings Bat serum protein
Miller’s lung Insect infested 

grain
Wheat weevil (Sitophilus 
granarius)

Sericulturist’s lung Silk worm larvae Silk worm larvae proteins
Unknown

Table 39.1 (continued)

Disease Source Antigen
Coptic lung Cloth mummy 

wrappings
Grain measurer’s 
lung

Cereal grain

Coffee worker’s 
lung

Coffee bean dust

Thatched roof lung Dead grass and 
leaves

Tea grower’s lung Tea plants
Tobacco grower’s 
lung

Tobacco plants

Adapted from Patel AM, Ryu JH, Reed CE. Hypersensitivity pneumo-
nitis: Current concepts and future questions. J. Allergy Clin. Immunol. 
2001;108:661–70

a known etiology, ILD with a UIP pattern is diagnostic of 
idiopathic pulmonary fibrosis (IPF) [7]. The pathophysiol-
ogy of this pattern of interstitial lung disease is poorly under-
stood but is believed to be related to environmental factors as 
well as genetic factors which lead to persistent epithelial 
injury and the release of pro-fibrotic factors, leading to 
abnormal proliferation and collagen production [2, 8]. 
Clinically, this is a disease of older individuals, and the diag-
nosis of UIP should be made cautiously in patients younger 
than 50  years old. Most patients present between 55 and 
75 years old. UIP usually presents insidiously, with gradu-
ally increasing dyspnea on exertion and a dry cough, with 
hypoxemia, cyanosis, and clubbing occurring later in the 
course. Pulmonary function tests will show varying degrees 
of restrictive disease [9, 10].

 How Do HP and UIP Differ on Radiographic 
Studies?

The most common radiographic chest study used today to 
evaluate patients with ILD is high-resolution computed 
tomography (HRCT). Since the clinical history and physical 
exam findings in HP and UIP are relatively nonspecific, an 
understanding of their imaging findings is important in mak-
ing accurate diagnoses. In addition, in the setting of trans-
plantation, HRCT images often recapitulate the gross 
appearance of the explanted lung.

In HP, since the pathophysiology is related to inhalation, 
the findings are present around bronchioles. Classic findings 
on HRCT include centrilobular ground-glass opacities 
(GGO) predominantly in the upper and mid-lung zones due 
to its distribution among regions with the most airflow, as 
well as mosaic attenuation, evidence of air trapping [5, 11].

The areas of architectural or parenchymal distortion 
(fibrosis) also follow this distribution. However, in cases of 
advanced CHP, the fibrosis may be more widespread, and the 
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distribution may also involve the lower lung zones [1]. 
Additional findings seen in HP include reticulation, traction 
bronchiectasis, and bronchiolectasis [11]. The finding of 
patchy ground-glass opacities is suggestive of active (i.e., 
subacute) HP and helps distinguish CHP from UIP [4, 12]. 
Honeycombing, a radiographic finding often associated with 
UIP, has been reported in 16–69% of CHP cases; however, in 
CHP, there is seldom a basilar predominance [13]. Helpful 
HRCT findings favoring CHP include the presence of ill- 
defined centrilobular nodules in the mid- and upper lung 
zones [1].

HRCT in UIP patients is often helpful because interstitial 
fibrosis tends to involve the lower lobes more than upper 
lobes with a subpleural and paraseptal predilection and hon-
eycombs (see Fig. 39.3) [1, 9, 10].

The fibrosis is often associated with peripherally located 
large, cystic spaces, also known as honeycombing, which 
indicate advanced fibrosis. Honeycombing is present in 
most patients and is highly suggestive of UIP [1, 9]. 
However, it may also be present in the end stage of fibros-
ing ILD of various etiologies and is therefore not entirely 
specific. Traction bronchiectasis and bronchiolectasis may 
also be seen. Classic UIP pattern fibrosis does not show 
ground-glass opacities unless there is superimposed lung 
injury (i.e., acute exacerbation) or pulmonary edema [9, 
10]. Since UIP is more often seen in a patient who currently 
or previously smoke, emphysematous changes are often 
associated with UIP [4].

 What Are the Gross Pathologic Differences 
Between UIP and HP?

UIP demonstrates prominent fibrosis, with a predilection for 
the lower lung fields and lower portions of each lobe, as well 
as a subpleural and paraseptal distribution. The subpleural 
fibrosis and honeycomb changes result in a cobblestoned 
appearance to the visceral pleura. As the fibrosis in UIP is 
geographically heterogeneous, there is grossly patchy 
involvement, which is evidenced by fibrosis that may be 
prominent in the periphery of a lobule with sparing of the 
central portion (see Fig. 39.4) [8].

While CHP may show subpleural fibrosis as well, the 
fibrosis in UIP is usually more diffuse. The fibrosis in CHP 
is usually patchy and more centrally located (see Fig. 39.5).

 How Can HP and UIP be Distinguished 
Histologically?

In HP, particularly in the subacute, or active, phase of dis-
ease, the histologic findings include peribronchiolar (airway- 
centric) interstitial chronic inflammatory infiltrates composed 
of lymphocytes, plasma cells, and, occasionally, a small 

Fig. 39.3 HRCT showing peripheral greater than central, and lower 
greater than upper lobe thickened inter- and intralobular septa with sub-
pleural reticulation, coarse ground-glass opacity, traction bronchiecta-
sis and bronchiolectasis, and small cystic spaces/honeycombing 
changes

Fig. 39.4 Fibrosis predominantly involving the lower and middle 
lobes greater than the upper lobes with preferential involvement of the 
periphery lung fields, forming continuous block-like subpleural fibrosis 
of the lower lobes
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Fig. 39.5 Diffuse parenchymal fibrosis with patchy lower lobe 
involvement, radiating outward from the small airways with associated 
traction bronchiectasis, and areas of subpleural sparing

number of eosinophils [1, 3, 5]. Lymphoid aggregates may 
be present in HP with occasional lymphoid follicles [3, 4]. 
For the most part, the infiltrate resembles a cellular nonspe-
cific interstitial pneumonia (NSIP) pattern, but in an airway- 
centered distribution. In addition, characteristic poorly 
formed non-necrotizing granulomas and giant cells are seen. 
Poorly formed non-necrotizing granulomas, while support-
ive of the diagnosis of CHP, are only found in up to 70% of 
cases [3].

Schaumann bodies, large concentrically lamellated, calci-
fied structures present within the cytoplasm of giant cells, 
may be present [14]. In CHP, there is evidence of chronic 
parenchyma and small airway disease, such as organizing 
pneumonia, chronic airway inflammation (bronchiolitis), 
and peribronchiolar metaplasia (PBM) [3–5]. PBM, also 
called Lambertosis (named for its involvement of the chan-
nels of Lambert), is chronic change in which peribronchiolar 
alveolar walls are lined by metaplastic, ciliated bronchiolar 
epithelium.

PBM, chronic airway inflammation, and focal organizing 
pneumonia are all relatively nonspecific findings that may be 
seen incidentally in the lungs of patients without clinical 
interstitial lung disease. However, the presence of features of 
subacute HP, including peribronchiolar interstitial mixed 

chronic inflammation, is helpful to support a diagnosis of 
CHP, particularly in the end stage when fibrosis is the pre-
dominant finding. In late stages of CHP, interstitial fibrosis 
may be the predominant findings, particularly if patient has 
received immunosuppressive therapy. The fibrosis is typi-
cally airway-centered, surrounding the bronchovascular 
bundles.

Bridging fibrosis spreading from airway to airway, airway 
to interlobular septum, and/or airway to pleura, may be seen. 
As in UIP, subpleural fibrosis may be present in 
CHP. However, it is often much less marked than in classic 
UIP, and areas of subpleural sparing are typically present. 
Since CHP is a disease of ongoing inflammation and fibrosis, 
the quality of fibrosis may be quite heterogeneous, as seen in 
a UIP pattern. Dense pink collagen may be seen in proximity 
to loose collections of fibroblasts and myofibroblasts in 
myxoid stroma (i.e., fibroblastic foci). Therefore, identifica-
tion of airway-centered inflammation and fibrosis, evidence 
of chronic airway injury (e.g., PBM), and characteristic 
poorly formed non-necrotizing granulomas are needed to 
confidently distinguish CHP from classic UIP.

UIP is characterized by spatially and temporally hetero-
geneous fibrosis with a lower lung zone and lower lobe pre-
dominant interstitial fibrosis and honeycombing. Spatially 
heterogeneous fibrosis refers to zones of normal lung tissue 
adjacent to zones of advanced fibrosis and remodeling with 
dense scarring of the alveolar parenchyma [1, 10]. Temporally 
heterogeneous fibrosis refers to the presence of young new 
scarring, in the form of fibroblastic foci, as well as advanced 
old scarring, in the form of dense, mature collagenized scar 
(Fig. 39.6) [10, 12].

The fibroblastic foci are composed of bulges of spindled 
fibroblasts within a slightly basophilic myxoid background. 
Fibroblastic foci are often seen at the intersection between 
advanced fibrosis and normal appearing lung parenchyma 
and may be the earliest histologic evidence of UIP [1, 8, 9]. In 
addition, there is often diffuse and continuous subpleural 
fibrosis forming large, solid blocks of fibrosis. Honeycomb 
change is commonly seen in the periphery, consisting of 
irregular respiratory epithelial-lined cysts containing mucus, 
mixed inflammation, and sometimes cholesterol-laden giant 
cells. Squamous metaplasia may be seen. As the cysts of hon-
eycomb change may be lined by ciliated columnar epithe-
lium, some experts require the presence of fibrosis on at least 
three sides of the cysts, to distinguish honeycombing from 
PBM [1]. Emphysematous changes may also be present in the 
background lung parenchyma. Cholesterol granulomas may 
be seen within the honeycombing as a post- obstructive phe-
nomenon. However, if scattered interstitial non-necrotizing 
granulomas are present, one must consider CHP in the dif-
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a b

Fig. 39.6 (a) Spatial heterogeneity in UIP exhibited by adjacent alter-
nating areas of interstitial fibrosis with dense scarring (left) and rela-
tively preserved lung parenchyma (right); fibroblastic foci are often 

present at the advancing edge of the fibrosis (arrow), (b) trichrome stain 
highlights the interstitial fibrosis and fibroblast foci

ferential diagnosis. Similarly, evidence of chronic airway dis-
ease, such as PBM, should not be prominent in UIP. The 
presence of organizing pneumonia may also argue against a 
diagnosis of UIP.  However, organizing pneumonia can be 
present in the setting of resolving acute exacerbation.

 Are There Any Laboratory Tests That Can Aid 
in the Diagnosis of UIP or HP?

Idiopathic pulmonary fibrosis (IPF), which by definition 
shows a UIP pattern, has a strong genetic component. UIP/
IPF patients have been shown to have increased expression 
of genes favoring tissue remodeling, epithelial genes, and 
myofibroblast genes [3]. Genetic alterations involving TERT, 
surfactant genes, and a single nucleotide polymorphism 
involving MUC5B have been implicated. In addition, patients 
with short telomeres have shorter survival times and are 
associated with faster disease progression [8, 11, 15, 16]. 
While the diagnosis of UIP is generally not made on trans-
bronchial biopsies, there is however an increasing role for 
molecular testing in assisting to make this diagnosis, particu-
larly on such small specimens, including next-generation 
sequencing panels and commercially available tests [17].

Patients with HP have been shown to demonstrate 
increased expression of genes favoring immune responses 
and T-cell activation [3]. There are also commercially avail-
able serologic panels that assess for the presence of immuno-
globulins (IgGs) toward some of the most common antigens 
associated with HP, including Aspergillus fumigatus, 
Aspergillus niger, Thermoactinomyces vulgaris, and pigeon 
serum; however, these tests are often not comprehensive. In 
certain patients, these tests can provide supporting evidence 
for HP, but they are not diagnostic [18].
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40Organizing Pneumonia Versus Usual 
Interstitial Pneumonia

Brian Mau, Lisa Noel Johnson, and Haodong Xu

 Case Presentation

A 41-year-old man with a history of relapsed acute myeloid 
leukemia treated with multiple rounds of chemotherapy and 
allogeneic stem cell transplant 3  years prior, followed by 
double-cord stem cell transplant 1  month prior, presented 
with diffuse alveolar hemorrhage, CMV infection, volume 
overload, and worsening hypoxemic respiratory failure. A 
computerized tomography (CT) of the chest demonstrated 
bilateral lung consolidation and multiple nodular infiltrates 
(Fig.  40.1). A bronchoalveolar lavage was performed with 
laboratory studies suggestive of pulmonary hemorrhage and 
mixed bacterial pneumonia. He was started on broad spec-
trum antimicrobial therapy and was admitted to the intensive 
care unit. His respiratory status continued to worsen and was 
intubated. However, his condition continued to worsen 
despite therapy; he was ultimately transitioned to receiving 
comfort measures only and subsequently died.

An autopsy was performed. Postmortem examination of 
the lungs revealed heavy and diffusely consolidated lung 
parenchyma with several patchy areas of density in both 
upper lobes and the left lower lobe. There was patchy hemor-
rhage and bilateral pleural effusions. Postmortem viral, fun-
gal, and bacterial cultures were negative. Histologic sections 
from the consolidated areas from the right lung demonstrated 
extensive organizing pneumonia (OP) with growth of imma-
ture fibroblastic cells filling the bronchiolar lumina and alve-
olar spaces (Fig. 40.2). Possible etiologies included infection, 
drug toxicity, and chronic graft-versus-host disease 
(CGVHD). Cryptogenic OP was considered in the differen-
tial; however, CGVHD was favored based on the correlation 
of the pathological findings with imaging studies, laboratory 
testing, and clinical history.
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a b

Fig. 40.1 (a) Axial noncontrast-enhanced CT chest through the mid- 
lungs (lung windowing) demonstrates left greater than right peripheral 
areas of nodular consolidation and ground glass. (b) Coronal CT chest 

redemonstrates multifocal areas of nodular consolidation with scattered 
areas of regional ground glass in both lungs (left greater than right)

Fig. 40.2 Histological section showing lung parenchyma with foci of 
polypoid intraluminal plugs with fibroblasts embedded in a myxoid 
stroma involving alveolar spaces, or the so-called Masson bodies 
(H&E, 100×)

 Final Pathologic Diagnosis: Organizing 
Pneumonia

 What Are the Clinical and Prognostic 
Characteristics of Cryptogenic Organizing 
Pneumonia and How Do They Differ 
from Idiopathic Pulmonary Fibrosis?

Organizing pneumonia (OP) is one of the interstitial 
pneumonia patterns that can be seen in a variety of dis-
ease processes, such as malignancy, infection, graft-ver-
sus-host disease, and connective tissue disease [1–5]. If 
the causes for OP have been ruled out, a diagnosis of 
cryptogenic OP (COP) can be made. Patients with COP 
commonly present with cough and sometimes a flu-like 
illness [1]. Diagnosis of COP is made based on clinical 
presentation, radiologic imaging studies, lung biopsy, 
and excluding other potential causes for OP [3]. Most 
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patients diagnosed with COP respond to corticosteroid 
therapy with resolution of symptoms, although some may 
relapse [1].

The typical prognosis of IPF is poorer than for COP. IPF 
is a type of progressive fibrosing interstitial pneumonia of 
unknown etiology. However, IPF is a known manifestation 
of, and frequently seen in, heritable telomere and telomer-
ase disorders [6]. The radiologic and histopathologic cor-
relate of IPF is usual interstitial pneumonia (UIP). The 
clinical diagnosis of IPF requires the exclusion of other 
known causes of interstitial lung disease, a pattern diagnos-
tic of UIP on high- resolution CT (HRCT), or a combination 
of features of UIP on HRCT and histopathologic examina-
tion as described in the 2018 clinical practice guidelines 
established by the American Thoracic Society, European 
Respiratory Society, Japanese Respiratory Society, and 
Latin American Thoracic Society [7]. In cases of suspected 
IPF, serologic testing to aid in the exclusion of connective 
tissue diseases is also recommended [7]. Two drugs have 
been approved by the FDA for use in patients with IPF, the 
selective tyrosine kinase inhibitor nintedanib, and the syn-
thetic pyridone antifibrotic agent pirfenidone. Both drugs 
have been shown to slow disease progression [8, 9]. 
However, lung transplantation is often necessary in patients 
with IPF.

Importantly, OP can be seen superimposed in the setting 
of UIP. This is especially significant in the setting of an acute 
exacerbation of IPF, which has significant prognostic impli-
cations [4, 10].

 What Are the Radiologic Features 
of Organizing Pneumonia and How Do They 
Differ from Usual Interstitial Pneumonia?

Typical CT findings compatible with OP consist of patchy 
consolidation in a subpleural, peribronchial, and band-like 
pattern with ground-glass opacities in a perilobular pattern 
(Fig. 40.3). The reverse-halo sign (central ground glass opac-
ity with peripheral consolidation), also called the atoll sign, 
was initially described in COP but has since been reported in 
association with invasive fungal infections such as pulmo-
nary mucormycosis as well as other infections [11, 12].

Again, OP can be seen in addition to UIP. The criteria for 
UIP on radiologic imaging studies have been well estab-
lished. For a definite radiologic diagnosis, there must be hon-
eycombing, with or without peripheral traction bronchiectasis 
or bronchiolectasis, with a basal and subpleural predomi-
nance (Fig. 40.4). Radiologic criteria for probable and inde-
terminate for UIP have also been established [7].

 What Histologic Features Can Be Used 
to Distinguish Organizing Pneumonia 
from Usual Interstitial Pneumonia?

OP can be seen on histopathologic examination as loose 
fibrocollagenous polypoid plugs that fill alveolar spaces, 
which may also extend into bronchiolar lumens. These 
 collections of fibroblasts and myofibroblasts are called 

a b

Fig. 40.3 CT demonstrating organizing pneumonia pattern. (a) 
Ground-glass opacities seen here are nonspecific but often represent an 
organizing pneumonia. (b) The opacity seen here in the left upper lobe 

with a ring of hyperattenuation can be described as a reverse halo sign, 
which can also be seen as a feature of organizing pneumonia
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Fig. 40.5 Histologic section demonstrating organizing pneumonia. 
Masson bodies are seen filling the alveolar spaces (H&E, 40×)

a b

Fig. 40.4 CT demonstrating UIP pattern. (a, b) Features of interstitial fibrosis with honeycombing are seen with predominant involvement of 
lower lobes. These findings are consistent with a UIP pattern

Masson bodies [1, 2] (Fig.  40.5). Significant fibrosis and 
architectural distortion are not typical features of OP but can 
be seen in other interstitial lung diseases.

A diagnosis of UIP can be made if there is patchy fibrosis 
in a subpleural and paraseptal distribution involving the 
lower lobes more than the upper lobes. Classically the fibro-
sis is heterogeneous, with areas of lung parenchyma with 
significant fibrosis adjacent to areas that appear to be rela-
tively unaffected [7, 10]. A commonly used descriptive term 
is “cystic/honeycomb change” which describes the architec-
tural remodeling with characteristic features of cystic spaces 
and dense fibrosis (Fig. 40.6). At the “leading edges” of the 
fibrosis, fibroblastic foci may be seen. The fibroblastic foci 
seen in UIP are also well-defined areas of proliferation of 
fibroblasts and myofibroblasts in a myxoid background. 
However, compared to fibroblastic foci, Masson bodies of 
OP are localized in the alveolar spaces (Fig. 40.7a), whereas 
fibroblastic foci are loose organizing connective tissue juxta-
posed with dense collagenous scar (Fig. 40.7b).
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a b

Fig. 40.6 H&E sections demonstrating UIP pattern. The subpleural and paraseptal interstitial fibrosis with cystic changes and fibroblast foci are 
seen more prominently in the right lower lobe (b, H&E, 100×) than in the upper lobe (a, H&E, 100×)

a b

Fig. 40.7 Side-by-side comparison of a Masson body and a fibroblastic focus. (a) The Masson body is localized in the alveolar space (H&E, 
400×). (b) This fibroblastic focus is juxtaposed to the dense collagenous scar (H&E, 400×)
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41Diffuse Alveolar Damage (Organizing 
Phase) Versus Nonspecific Interstitial 
Pneumonia

Nicholas Stanzione and Gregory A. Fishbein

 Case Presentation

A 65-year-old previously healthy woman presented with a 
10-day history of shortness of breath, fevers, and cough. She 
was initially treated with antibiotics for a presumed lower 
respiratory infection. The patient returned to the emergency 
department 2  days later with worsening respiratory symp-
toms, requiring intubation and ventilator support, as well as 
lower extremity edema. Chest X-rays demonstrated bilateral 

infiltrates with persistent ground-glass attenuation and air-
space consolidations bilaterally, involving all lobes, with 
increased density of the right upper lobe consolidation 
(Fig. 41.1a). High-resolution computed tomography (HRCT) 
studies showed large areas of bilateral coalescent airspace 
consolidations (Fig. 41.1b).

Based on the imaging studies, the differential diagnosis 
included multifocal acute pneumonia, drug-related toxicity, 
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Fig. 41.1 (a) Chest X-ray showing bilateral diffuse hazy opacities 
(“whiteout”). (b) Post contrast CT scan of chest demonstrates bilateral 
upper lobe dominant course ground-glass opacity and lower lobe domi-

nant consolidation without significant architectural distortion, sugges-
tive of diffuse alveolar damage. Images contributed by Fereidoun Abtin, 
MD from UCLA Department of Radiology
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and interstitial lung disease. The patient’s white blood cell 
count was mildly elevated. Blood cultures were negative.

Bronchoscopy was performed which demonstrated patent 
airways with minimal secretions and no endobronchial 
lesion. The procedure was complicated by intermittent epi-
sodes of hypoxia. A transbronchial biopsy was performed, 
which showed uniform appearing areas of interstitial fibrosis 

with some alveolar sparing, prominent reactive pneumocyte 
II hyperplasia, and hyaline membranes (Fig. 41.2a, b); the 
interstitial fibrosis is highlighted by trichrome staining 
(Fig. 41.2c). These findings supported the diagnosis of dif-
fuse alveolar damage (DAD), acute and organizing phases. 
With continued supportive care including high-flow oxygen 
therapy, the patient’s respiratory status improved.

a

c

b

Fig. 41.2 (a) Acute phase of DAD with interstitial edema and promi-
nent hyaline membranes lining the alveolar septa and focal organizing 
fibrosis. (b) Acute and organizing phases of DAD with hyaline mem-

branes lining the alveolar septa interstitial fibrosis. (c) Organizing phase 
of DAD with trichrome stain highlighting the alveolar duct and intersti-
tial fibrosis
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 Pathologic Diagnosis: Acute and Organizing 
Phases of Diffuse Alveolar Damage

 What Is Diffuse Alveolar Damage?

Diffuse alveolar damage (DAD) is a histologic pattern of 
acute lung injury, seen as a pathologic manifestation of dif-
ferent clinical entities including acute lung injury (ALI), 
acute respiratory distress syndrome (ARDS), and acute 
interstitial pneumonitis (AIP, a.k.a. Hamman-Rich syn-
drome) [1, 2]. The DAD pattern of lung injury may also be 
secondary to infection, connective tissue disease, drug 
injury, ingestants, sepsis, shock, and radiation, among oth-
ers. The pathophysiology of DAD is complex and not com-
pletely understood but is related to damage to pulmonary 
capillary endothelium and alveolar epithelium which leads 
to the leakage of fluid and cellular breakdown products, 
mediated by a complex network of inflammatory markers 
and genetic factors [1].

 What Are the Phases of DAD?

Diffuse alveolar damage is histologically separated into 
three phases, which in reality represent an overlapping spec-
trum of findings: (1) acute/exudative phase; (2) organizing/
proliferative phase, and (3) fibrotic phase [1, 3]. The acute 
phase usually occurs within the first week following pulmo-
nary injury, and the most easily recognized histologically. 
Microscopic examination shows diffuse, uniform intra- 
alveolar and interstitial edema with the presence of hyaline 
membranes (Fig. 41.2a, b).

Hyaline membranes, the hallmark of DAD, are composed 
of cellular and proteinaceous debris, plasma proteins, and 
surfactant components, which appear as glossy, pink- 
eosinophilic membranes, lining the alveolar septa [1, 2]. The 
cellular debris is a result of endothelial cell and pneumocyte 
necrosis. Acute alveolar hemorrhage may also be present [3]. 
The organizing phase of DAD usually becomes more promi-
nent 1 or more weeks following the injury and is character-
ized by fibroblast proliferation forming uniform interstitial 
fibrosis and granulation tissue in the alveolar spaces as the 
lung attempts to repair the damage (Fig. 41.2). Type 2 pneu-
mocyte hyperplasia is often pronounced, demonstrating hob-
nail morphology. The pneumocytes may exhibit marked 
reactive cytologic atypia with scattered mitotic figures, and 
squamous metaplasia may be extensive; these findings should 
not be over interpreted as dysplasia or carcinoma in this clini-
cal setting [1, 3]. The hyaline membranes characteristic of the 
acute phase gradually disappear and become incorporated 
into the alveolar septa, admixed with fibroblasts (Fig. 41.2a, 

b) [1]. In the fibrotic phase, the fibroblastic tissue becomes 
densely collagenous. End-stage honeycomb change may 
develop, as well as traction bronchiectasis and bronchiolecta-
sis (Table 41.1).

 What Is Nonspecific Interstitial Pneumonia?

When initially introduced by Katzenstein and Fiorelli, non-
specific interstitial pneumonia (NSIP) was often used as a 
diagnosis whenever the pattern of disease could not be dis-
cretely classified into another more specific category of idio-
pathic interstitial pneumonia [2, 4]. NSIP was accepted as a 
specific pathologic entity in the 2013 American Thoracic 
Society/European Respiratory Society (ATS/ERS) [5]. 
Grossly, NSIP lungs often demonstrate firm parenchyma 
bilaterally, typically with subpleural sparing. The findings 
may be more prominent in the lower lobes (Fig.  41.3). 
Honeycomb changes may be seen, particularly in more 
advanced disease [2, 4]. Histologically, the classic NSIP pat-
tern shows diffuse alveolar wall thickening with an even dis-
tribution and preservation of the alveolar architecture 
(Fig. 41.4) [2, 4, 5]. The changes are temporally homoge-
neous (i.e., normal alveolar tissue is generally not seen 
admixed within regions of advanced fibrosis) [6]. Honeycomb 
changes as well as fibroblastic foci should be inconspicuous 
or absent [4]. There are two major patterns observed in NSIP: 
cellular and fibrotic. The cellular pattern is characterized by 
the presence of a dense chronic lymphoid infiltrate within the 
alveolar septa, predominantly composed of lymphocytes and 
plasma cells.

Table 41.1 Gross and histologic features of diffuse alveolar damage

Acute phase 
(early)

Organizing phase 
(late) Fibrotic phase

Gross 
appearance

•  Heavy and 
edematous

•  Heavy •  Heavy, 
firm-rubbery

•  Firm, 
red-blue 
surfaces

•  Less edematous, 
more firm

•  Red-brown to 
gray

Histologic 
features

•  Intra- 
alveolar 
edema

•  Interstitial fibrosis •  Widened 
alveolar septa 
with 
collagenous 
fibrosis

•  Interstitial 
edema

•  Pneumocyte 
hyperplasia

•  Interstitial 
fibrosis

•  Hyaline 
membranes

•  Pneumocyte atypia •  ± 
Microscopic 
honeycomb 
changes

•  Squamous 
metaplasia

•  Incorporation of 
hyaline membranes 
into septa
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Fig. 41.3 Gross examination of NSIP lungs demonstrates diffusely 
firm, fibrotic parenchyma predominantly in the lower lung fields, with 
some subpleural sparing of the upper lobe

Fig. 41.4 Microscopic examination in fibrotic NSIP characterized by 
diffusely thickened and fibrotic alveolar walls with preservation of the 
alveolar architecture

The fibrotic pattern is more common and primarily char-
acterized by the presence of dense uniform interstitial fibro-
sis without a significant inflammatory component and the 
absence of temporal or geographic heterogeneity. Cases 
may overlap, where both cellular and fibrotic patterns may 
be evident [2, 4].

 How Do DAD and NSIP Overlap Histologically?

The diffuse and uniform interstitial widening that is seen in 
the organizing phase of DAD can be diagnostically challeng-
ing to separate from NSIP. Both can demonstrate diffusely 
thickened and fibrotic interstitium, with varying degrees of 
interstitial cellular infiltrates. Purely cellular NSIP will typi-
cally contain interstitial lymphocytic inflammation that far 
exceeds the inflammation seen in DAD.  Distinguishing 
fibrosing NSIP from organizing DAD may present more of a 
challenge. The fibrosis in DAD has been described as loose 
and myxoid, appearing bluish-gray on routine sections, 
whereas the fibrosis in NSIP is more eosinophilic and densely 
collagenous [1, 7]. Residual hyaline membranes and alveolar 
duct fibrosis are indeed features of DAD. However, acute or 
organizing DAD in a background of fibrosing interstitial 
lung disease could represent an acute or subacute exacerba-
tion of NSIP. In this setting, incorporation of clinical and 
radiographic information is critical, particularly when faced 
with small biopsies. Reactive pneumocyte hyperplasia tends 
to be more pronounced in organizing DAD. Fibrotic phase 
DAD can be indistinguishable from fibrotic NSIP.

 How Can the Clinical History Help Distinguish 
DAD from NSIP?

The clinical counterpart of DAD is acute lung injury and 
ARDS.  Most cases of ARDS develop within 2–5  days of 
hospitalization [3]. In 1994, the American-European 
Consensus Conference on ARDS formally defined ARDS as 
the presence of acute hypoxemia with (1) a ratio of partial 
pressure of arterial oxygen to the fraction of inspired oxygen 
(PaO2:FIO2) of 200 mm Hg or less, (2) bilateral infiltrates 
that are consistent with pulmonary edema radiographically, 
and (3) no clinical evidence of cardiac failure. The mortality 
rate for ARDS is very high, with historic rates of 50–60%, 
which increase with age, being highest in patients over 
85 years old.

The clinical presentation of NSIP is dependent on the 
underlying etiology. Potential etiologies of NSIP pattern 
include connective tissues disease associated interstitial lung 
disease (CT-ILD), adverse drug reaction, infections, immu-
nodeficiency diseases, familial pulmonary fibrosis, as well as 
idiopathic fibrosing NSIP. In the case of idiopathic NSIP, the 
patients are typically middle-aged women, in the fifth to 
sixth decades, who usually present with greater than 
6 months of dyspnea and cough. It has been postulated that 
idiopathic NSIP may represent an unknown autoimmune 
disease. Pulmonary function testing typically demonstrates a 
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 restrictive physiology. Treatment of NSIP depends upon the 
underlying etiology; patients with CTD-associated NSIP 
often receive immunosuppression and immunomodulation. 
The prognosis of NSIP, regardless of etiology, is better than 
that of usual interstitial pneumonia (UIP) [2, 4]. However, 
disease evolution is very heterogeneous; a subset of patients 
progress to end-stage fibrosis [5]. When acute lung dysfunc-
tion occurs in the setting of chronic lung disease (i.e., acute 
exacerbation), the DAD pattern may be superimposed on a 
background of NSIP.

 Can Radiographic Findings Help Distinguish 
DAD from NSIP?

Classically, patients with ARDS are described to have dif-
fuse, bilateral “white out” pulmonary infiltrates on chest 
X-ray (see Fig.  41.1). However, on computed tomography 
(CT) scanning, the distribution is nonhomogeneous and is 
usually greater in the dependent portion of the lung [1]. In 
the appropriate clinical setting, diagnostic biopsies are gen-
erally not needed. However, a biopsy may be performed in 
cases with atypical presentations, to rule out an infectious 
etiology, or in cases where patients are not responding appro-
priately to therapeutic interventions [3].

The most common CT abnormality in NSIP is bilateral 
ground-glass opacities. About 75% of cases show reticular 
opacities, traction bronchiectasis, and bronchiolectasis 
(Fig. 41.5) [4–6]. Subpleural sparing is a helpful feature to 
distinguish NSIP from UIP [5]. Honeycombing may occur; 
however, it should not be a dominant feature, particularly at 
the time of presentation; the prevalence and extent of honey-
combing increase as the disease progresses [4, 5].

 Are There Any Ancillary Studies That Can 
Be Used to Distinguish DAD from NSIP?

There are no ancillary studies that can definitively differenti-
ate DAD and NSIP.  Clinical, radiographic, and histologic 
correlation is the mainstay of diagnosis.
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Fig. 41.5 Coronal CT of NSIP showing bilateral, lower and upper 
lobe, symmetric ground-glass opacities with marked traction 
bronchiectasis
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42Chronic Eosinophilic Pneumonia Versus 
Organizing Pneumonia

Lisa Han and Haodong Xu

 Case Presentation

A 64-year-old woman with a recent history of profound 
peripheral eosinophilia (>1000/mm3), bronchospasm, and 
waxing and waning bilateral peripheral ground-glass infil-
trates on chest computed tomography (CT) (Fig. 42.1). The 
patient has a long history of seasonal allergies. Two years 
prior to current presentation, she experienced her first epi-
sode of serious bronchospasm with pulmonary infiltrates 
associated with peripheral eosinophilia. She also had at least 
two hospitalizations of pneumonia and bronchospasm, 
treated with antibiotics and steroids. The patient was on ste-
roids at the time of the current wedge biopsies of the right 
upper, middle, and lower lobes of the lung. There was no 
etiology clinically identified to explain the histological find-
ings. Histology showed numerous eosinophils, both as sheets 
filling airspaces and admixed with alveolar macrophages and 
lymphocytes, with interstitial eosinophilic infiltration and 
reactive type II pneumocytes. The findings were most promi-
nent in the lower and upper lobes close to the fissure. There 
were foci of organizing pneumonia (OP) with focal alveolar 
fibrin and focal subpleural osseous metaplasia. Eosinophil 
necrosis, granulomas, and inflammatory infiltration of ves-
sels in uninvolved areas were not identified in the biopsies. A 
GMS stain was negative for fungal organisms (Fig. 42.2).
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Fig. 42.1 Conventional CT image shows bilateral areas of peripheral 
reticulation, clustered nodular opacities, and ground-glass attenuation 
in the right upper lobe (a) and left lower lobe (b). Central airways are 
patent without suspicious filling obstruction. No significant pleural 
effusion or pneumothorax is appreciated
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Fig. 42.2 Histologic sections show intra-alveolar eosinophils admixed 
with macrophages and lymphocytes and with reactive type II pneumo-
cytes (a), abundant eosinophilic infiltrate within interstitium (b), scat-

tered foci of organizing pneumonia without (c) and with eosinophils 
(d). (a)–(d), H&E 400× magnification

Table 42.1 Diagnostic criteria for CEP

Features Specifics
Respiratory symptoms Lasting at least 2 weeks
Abnormal chest 
radiology

Diffuse pulmonary alveolar consolidation 
with air bronchogram and/or ground-glass 
opacities, especially with peripheral 
predominance

Bronchoalveolar lavage 
(BAL) or lung biopsy 
demonstrating 
eosinophilia

Differential cell count >40% or peripheral 
blood eosinophils >1000/mm3

Exclusion of other 
pneumonias with 
eosinophilic features

Examples include drug reaction, parasitic 
infection, eosinophilic granulomatosis 
with polyangiitis (EGPA), and allergic 
bronchopulmonary aspergillosis (ABPA), 
see below

 Pathologic Diagnosis: Consistent 
with Chronic Eosinophilic Pneumonia

 What Is the Definition of Chronic Eosinophilic 
Pneumonia and Organizing Pneumonia? What 
Are Their Clinical and Prognostic Features?

Chronic eosinophilic pneumonia (CEP) is characterized by 
abundant eosinophils in the airspaces often accompanied by 
interstitial inflammation. This rare disorder with idiopathic 
etiology can develop at any age, although the age of onset is 
between 30–50 years. Unlike acute eosinophilic pneumonia, 
women are twice as likely affected, and more than half of 
cases are associated with atopy and allergic disease such as 
bronchial asthma. Most patients (>60%) with CEP are non-
smokers. Patients most frequently present with cough and 
dyspnea and, rarely, with respiratory failure and chest pain. 
Peripheral blood eosinophilia (mean >30%) and elevated IgE 
levels (mean >500 IU) are also characteristically associated 
with CEP [1, 2]. The current diagnosis of CEP is outlined in 
Table 42.1 and typically does not necessitate a lung biopsy.

The prognosis of CEP is favorable as patients dramati-
cally improve with corticosteroid treatment at initial presen-
tation as well as relapse; however, recurrences are common, 
occurring in more than half of the patients after stopping 
treatment [3, 4].

In contrast to CEP, which is viewed as an idiopathic diag-
nosis of exclusion, OP is a histologic pattern for airspace- 
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predominant pathology, which is often a component of 
another disease or, less frequently, idiopathic/cryptogenic 
OP. Although eosinophils are not a prominent feature of OP, 
they may be slightly increased in the BAL of patients with 
cryptogenic OP. In the vast majority of cases, the increase in 
eosinophils is slight and less than the increase in lympho-
cytes. The prognosis of OP mirrors that of its primary etiol-
ogy. In the case of cryptogenic OP, treatment with 
corticosteroids leads to recovery in up to 85% of patients [5].

 What Are the Radiographic Features of Chronic 
Eosinophilic Pneumonia?

CEP has classically been described on chest X-ray as hav-
ing “photographically negative shadow of pulmonary 
edema,” characterized by peripheral airspace consolidation 
involving mainly the upper lobes. This finding, however, is 
not specific for CEP and is present in only a quarter of 
patients [3, 6]. High-resolution CT (HRCT) typically dem-
onstrates bilateral peripheral subpleural airspace consolida-
tion (found in up to 85%), septal thickening, and 
ground-glass attenuations and is helpful in separating CEP 
from other eosinophilic lung diseases such as acute eosino-
philic pneumonia, ABPA, and EGPA. Organizing pneumo-
nia (OP) can share similar HRCT findings in that it can 
present with bilateral peripheral subpleural consolidations. 
However, these are more often perilobular and peribron-
chiolar, sometimes creating a polygonal appearance. 
Consolidations are also often accompanied by non-septal 
linear or reticular opacities and bronchial dilation [7, 8]. In 
both types of pneumonia, imaging abnormalities rapidly 
regress after corticosteroid therapy.

 What Are the Pathogenesis and Pathologic 
Features of Chronic Eosinophilic Pneumonia, 
and How Does That Differ from Organizing 
Pneumonia?

The pathogenesis of CEP has been theorized to be directly 
due to eosinophilic release of pro-inflammatory molecules 
and activation markers. Recent studies to clarify the etiol-
ogy of CEP through T-cell receptor gene rearrangement 
analysis in BAL show oligoclonal expansion of T cells, sug-
gesting antigen-driven stimulation and an important interac-
tion between T cells and eosinophils [9, 10].

The main pathologic finding of CEP is abundant eosino-
phils admixed with a variable number of macrophages within 
intact airspaces. Occasionally, eosinophilic breakdown prod-
ucts such as Charcot-Leyden crystals are found in the cyto-
plasm of macrophages. Accompanying interstitial 
lymphoplasmacytic inflammation is variable, and there 
should be an absence of significant fibrosis and tissue necro-
sis. A fibrinous intra-alveolar exudate similar to that found in 
acute fibrinous and organizing pneumonia (AFOP), although 
usually mixed with eosinophils, may be present. This exu-
date may undergo organization creating fibroblastic plugs 
that resemble OP, except for the abundant eosinophils. 
Cryptogenic OP, with its characteristic intra-alveolar fibro-
blastic tissue plugs, tends to center on and around bronchi-
oles with mild to moderate lymphoplasmacytic interstitial 
inflammatory infiltrates with eosinophils as a minor compo-
nent. One study quantifying the number of eosinophils per 
×160 microscopic fields found a median of 221 eosinophils 
in CEP versus 7 in cryptogenic OP [11]. However, the dis-
tinction between CEP and OP may be impossible after corti-
costeroid treatment which may result in rapidly depletion of 
eosinophils from the airspaces but preservation of some 
fibroblastic plugs. In this case, clinical history, particularly 
pretreatment peripheral eosinophilic count, as well as wax-
ing and waning peripheral consolidation on imaging are cru-
cial in making the correct diagnosis. Table  42.2 further 
contrasts the pathologic findings between CEP and OP. Non- 
necrotizing granulomas are identified in 10–20% of CEP 
cases, which may be a histiocytic response to eosinophil 
necrosis. In this case, the absence of destructive vasculitis 
rules out Churg-Strauss Syndrome (CSS) [12].

Table 42.2 Pathologic findings of CEP and OP

Feature
Chronic eosinophilic 
pneumonia

Organizing 
pneumonia

Location of 
eosinophils

Intra-alveolar collections Scattered in 
interstitiuma

Amount of 
eosinophils

Abundanta Focala

Fibrous 
intra-alveolar 
fibroblastic 
plugs

Few to abundant Characteristic 
finding

Composition of 
intra-alveolar 
components

Predominantly eosinophils, 
some macrophages and 
fibroblasts, Charcot-Leyden 
crystals/eosinophil granules 
within the cytoplasm of 
macrophages

Fibroblasts, 
neutrophils, 
macrophages, and 
lymphocytes

a Prior to corticosteroid treatment
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 What Are Other Differential Diagnoses 
for Chronic Eosinophilic Pneumonia?

The differential diagnosis for CEP includes CSS, pulmonary 
Langerhans cell histiocytosis (PLCH), parasitic infections, 
and reactive eosinophilic pleuritis.

CSS may morphologically be very similar to CEP with 
the presence of intra-alveolar eosinophils, clinical history of 
asthma, and peripheral blood eosinophilia. However, CSS 
shows necrotizing vasculitis, granulomatous inflammation, 
and positive serum perinuclear-anti-neutrophils cytoplasmic 
antibodies (P-ANCA) [13].

PLCH may present with patchy peribronchiolar distribu-
tion of eosinophils. However, they are typically found in the 
interstitium rather than intra-alveolar and are diagnostically 
characterized by associated CD1a-, S100-, and 
 langerin- positive Langerhans cells and pigmented macro-
phages related to cigarette smoking [14, 15].

Increased eosinophils may or may not be a feature in par-
asitic infections such as dirofilariasis; however, these usually 
present with necrotizing intrapulmonary nodules within 
which the parasite is identified.

Reactive eosinophilic pleuritis is an incidental histologi-
cal finding associated with pneumothorax due to virtually 
any cause, such as apical blebs, and shows mesothelial cell 
hyperplasia with a large number of eosinophils mixed with 
histiocytes and lymphocytes [16].

References

1. Sveinsson OA, Isaksson HJ, Gudmundsson G. [Chronic eosino-
philic pneumonia in Iceland: clinical features, epidemiology and 
review]. Laeknabladid 2007;93(2):111–6.

2. Suzuki Y, Oyama Y, Hozumi H, Imokawa S, Toyoshima M, 
Yokomura K, et  al. Persistent impairment on spirometry in 
chronic eosinophilic pneumonia: a longitudinal observation 

study (Shizuoka-CEP study). Ann Allergy Asthma Immunol. 
2017;119(5):422–428.e2.

3. Cottin V.  Eosinophilic lung diseases. Clin Chest Med. 
2016;37(3):535–56.

4. Suzuki Y, Suda T.  Eosinophilic pneumonia: a review of the pre-
vious literature, causes, diagnosis, and management. Allergol Int. 
2019;68(4):413–9.

5. Costabel U, Teschler H, Guzman J. Bronchiolitis obliterans orga-
nizing pneumonia (BOOP): the cytological and immunocytological 
profile of bronchoalveolar lavage. Eur Respir J. 1992;5(7):791–7.

6. Jeong YJ, Kim K-I, Seo IJ, Lee CH, Lee KM, Kim KN, et  al. 
Eosinophilic lung diseases: a clinical, radiologic, and pathologic 
overview. Radiographics. 2007;27(3):617–37; discussion 637–639.

7. Johkoh T, Müller NL, Akira M, Ichikado K, Suga M, Ando M, et al. 
Eosinophilic lung diseases: diagnostic accuracy of thin-section CT 
in 111 patients. Radiology. 2000;216(3):773–80.

8. Arakawa H, Kurihara Y, Niimi H, Nakajima Y, Johkoh T, Nakamura 
H.  Bronchiolitis obliterans with organizing pneumonia versus 
chronic eosinophilic pneumonia: high-resolution CT findings in 81 
patients. AJR Am J Roentgenol. 2001;176(4):1053–8.

9. Shimizudani N, Murata H, Kojo S, Adachi Y, Keino H, Tsuchida 
F, et  al. Analysis of T cell receptor V(beta) gene expression and 
clonality in bronchoalveolar fluid lymphocytes from a patient with 
chronic eosinophilic pneumonitis. Lung. 2001;179(1):31–41.

10. Freymond N, Kahn J-E, Legrand F, Renneville A, Cordier J-F, 
Cottin V. Clonal expansion of T cells in patients with eosinophilic 
lung disease. Allergy. 2011;66(11):1506–8.

11. Olopade CO, Crotty TB, Douglas WW, Colby TV, Sur S. Chronic 
eosinophilic pneumonia and idiopathic bronchiolitis obliterans 
organizing pneumonia: comparison of eosinophil number and 
degranulation by immunofluorescence staining for eosinophil- 
derived major basic protein. Mayo Clin Proc. 1995;70(2):137–42.

12. Churg A, Muller N.  Atlas of interstitial lung disease pathology. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2014.

13. Greco A, Rizzo MI, De Virgilio A, Gallo A, Fusconi M, Ruoppolo G, 
et al. Churg-Strauss syndrome. Autoimmun Rev. 2015;14(4):341–8.

14. Berres M-L, Merad M, Allen CE.  Progress in understanding the 
pathogenesis of Langerhans cell histiocytosis: back to Histiocytosis 
X? Br J Haematol. 2015;169(1):3–13.

15. El Demellawy D, Young JL, de Nanassy J, Chernetsova E, Nasr 
A.  Langerhans cell histiocytosis: a comprehensive review. 
Pathology. 2015;47(4):294–301.

16. McDonnell TJ, Crouch EC, Gonzalez JG.  Reactive eosinophilic 
pleuritis. A sequela of pneumothorax in pulmonary eosinophilic 
granuloma. Am J Clin Pathol. 1989;91(1):107–11.

L. Han and H. Xu



263

43Pulmonary Langerhans Cell 
Histiocytosis with Fibrosis Versus 
Organizing Pneumonia

Thomas H. Long and Haodong Xu

 Case Presentation

A 68-year-old man with a 50 pack-year smoking history fell 
from a ladder. Computed tomography (CT) imaging for the 
chest demonstrated innumerable bilateral pulmonary nod-
ules ranging from several millimeters to several centimeters 
in size, showing a bronchovascular distribution (Fig. 43.1) 
with relative peripheral sparing and background centrilobu-
lar emphysema. The patient was noted to meet clinical crite-
ria for chronic obstructive pulmonary disease (COPD) with 
an obstructive pattern and bronchodilator response. Due to 
the concern for neoplastic as well as infectious/inflammatory 
etiologies, wedge biopsy of the left upper lung lobe was per-
formed. Flow cytometry and microbiological cultures from 
the tissue were unrevealing. Gross examination demon-
strated multiple white-tan ill-defined nodules. On histopath-
ologic examination, the nodules contained radiating fibrotic 
lung parenchyma (Fig.  43.2a) associated with a mixed 
inflammatory infiltrate including abundant eosinophils. 
Areas of airspace organization (fibroblastic proliferation fill-
ing airspaces) and increased pigmented alveolar macro-
phages were present (Fig.  43.2b). Notably, there were 
frequent clusters and aggregates of atypical cells with 
admixed lymphocytes, plasma cells, and eosinophils form-
ing a nodular aggregate (Fig.  43.3a), and these cells had 
eosinophilic, variably pigmented cytoplasm and mildly atyp-

ical ovoid nuclei with membrane irregularities, including 
prominent grooves (Fig. 43.3b). These cells were positive for 
CD1a and S100 by immunohistochemistry (Fig. 43.3c, d). 
GMS and AFB stains for fungal and acid-fast organisms 
were negative (not shown).
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Fig. 43.1 Numerous bilateral bronchiolar centric pulmonary nodules 
on CT. Cysts were absent in this case
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Fig. 43.2 H&E section shows PLCH with stellate nodule from low 
power (a, H&E: 40×). Airspace organization is present forming Masson 
bodies composed of spindled myofibroblasts in a loose myxoid matrix 

at peripheral areas, and numerous alveolar cigarette smoking macro-
phages are present in airspaces (b, H&E: 100×)
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Fig. 43.3 (a) Langerhans cells with admixed lymphocytes, plasma 
cells, and eosinophils form a nodular aggregate. (b) A high-power view 
shows the classic folded/grooved nuclei of the Langerhans cells. (c) 

CD1a immunohistochemical staining of Langerhans cell aggregates. 
(d) S100 immunohistochemical staining of Langerhans cell aggregates. 
H&E: (a) 40× and (b) 200×; IHC: (c) and (d), 40×
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 Pathologic Diagnosis: Pulmonary 
Langerhans Cell Histiocytosis

 What Is Pulmonary Langerhans Cell 
Histiocytosis?

Pulmonary Langerhans cell histiocytosis (PLCH) is a histio-
cytic disorder caused by abnormal proliferation of myeloid- 
derived dendritic cells that can act clinically as a form of 
interstitial lung disease. Histiocytic disorders in general are 
poorly understood and represent a collection of related but 
distinct diseases ranging from localized to systemic and 
indolent to aggressive. Langerhans cell histiocytosis (LCH) 
in general follows this same pattern. It can be localized or 
systemic and behaves very differently in different body sites 
and patient populations. Classic PLCH is localized to the 
lung and is primarily seen in adult smokers, with greater than 
90% of patients having a history of smoking [1]. 
Extrapulmonary involvement occurs in 10–15% of patients 
and predominantly affects skin, lymph nodes, hypothalamus, 
and bone [1]. Extrapulmonary forms of LCH are more likely 
to show clonal genetic alterations, most commonly BRAF 
V600E mutation, and therefore are considered to represent a 
neoplastic process. In contrast, PLCH has a variable rate of 
reported clonal alterations (28–89% for BRAF and 11–19% 
for MAP2K1 mutations), and it is controversial whether 
these lesions represent a true neoplasm, a reactive process, or 
a mixture of both [1, 2]. Clinically, PLCH is often asymp-
tomatic; however, cough, dyspnea on exertion, fatigue, and 
spontaneous pneumothorax (10–20%) can be associated 
with PLCH [1].

 What Are the Typical Imaging Findings 
of Pulmonary Langerhans Cell Histiocytosis?

Imaging findings in PLCH tend to vary depending on the 
disease stage; however, they typically involve the upper and 
middle lobes, while the lower lobe is commonly spared. 
Early PLCH usually demonstrates multiple nodules, ranging 
from 1 to 10  mm in size, sometimes surrounded by 
 ground- glass opacities with a variably irregular or stellate 
border. Some lesions may show central lucency or cavitation, 
which may progress into cystic lesions. Lesions may also 
regress or progress to extensive fibrosis associated with cys-
tic spaces (paracicatricial emphysema). Findings in advanced 
disease usually reflect extensive scarring/fibrosis and can 
include reticular and nodular opacities, fibrocystic changes, 
and honeycombing. Costophrenic angle sparing can be seen 
[3, 4]. These findings can mimic other forms of interstitial 
lung disease.

 What Are the Pathologic Features 
of Pulmonary Langerhans Cell Histiocytosis?

Much like the radiographic findings, the histopathologic fea-
tures depend on whether tissue is obtained in an early or 
advanced stage of PLCH. Gross examination can show small 
bronchiolocentric irregular nodules in the early stages and 
fibrotic/cystic changes in advanced disease. Microscopic 
features of nodules include stellate lesions centered on bron-
chioles and alveolar ducts composed of varying proportions 
of fibrosis, mixed inflammatory infiltrates including lympho-
cytes, plasma cells, macrophages, eosinophils, and 
Langerhans cells. The latter are characterized by eosino-
philic cytoplasm and prominent nuclear grooves. Langerhans 
cells are present in early lesions but can be sparse or absent 
in late or “burnt-out” PLCH [4]. Organizing pneumonia, 
prominent cigarette-related smoking alveolar macrophages, 
and interstitial inflammation can be seen in association with 
these nodules, particularly at the periphery of the lesions [4, 
5]. As the disease progresses, there is destruction of bron-
chiolar walls and adjacent alveolar parenchyma. This pro-
cess produces the scarring and cystic changes seen in 
advanced disease, which can be patchy, geographic, or dif-
fuse in severe cases. Langerhans cells characteristically 
express a combination of CD1a and S100 by immunohisto-
chemistry. It should be noted that S100 is nonspecific in iso-
lation and may stain other lung cell types, including 
macrophages [4]. Langerin (CD207) appears to be exclu-
sively expressed by Langerhans cells, owing to its involve-
ment in the formation of Birbeck granules. These are 
cytoplasmic organelles characteristic of Langerhans cells, 
and seen on electron microscopy [4, 6]. It is important to 
note that the presence of scattered Langerhans cells is not 
sufficient for the diagnosis, as they can be seen in numerous 
other conditions. PLCH typically has more obvious cluster-
ing and aggregation of the abnormal Langerhans cells, but in 
difficult cases, clinical and radiographic correlation may be 
helpful.

 What Is the Differential Diagnosis 
of Pulmonary Langerhans Cell Histiocytosis?

The differential diagnosis of PLCH includes infection, reac-
tive changes adjacent to unsampled neoplasm, respiratory 
bronchiolitis (RB)/desquamative interstitial pneumonia 
(DIP), Erdheim-Chester disease, hypersensitivity pneumoni-
tis, eosinophilic pneumonia, and idiopathic organizing pneu-
monia, among others. In all cases, a significant Langerhans 
cell infiltrate is the primary distinguishing finding. In late 
stage PLCH, the findings may be nonspecific and overlap 
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with other causes of interstitial lung disease patterns such as 
usual interstitial pneumonia (UIP).

 What Is Organizing Pneumonia?

Organizing pneumonia (OP) is a pattern of injury rather than 
a specific disease entity, which can be secondary to multiple 
etiologies, including infection, drug toxicity, radiation, col-
lagen vascular disease, other interstitial lung diseases, adja-
cent neoplasm, or any prior lung insult, such as diffuse 
alveolar damage. Thus, this finding generally prompts a 
search for the inciting lung injury/process. Cryptogenic OP 
is a diagnosis of exclusion, representing an idiopathic form 
of OP [3, 5, 7]. Characteristic findings on histopathology 
include filing of alveolar spaces, respiratory bronchioles, and 
small airways with myofibroblasts (“organization”) which 
form nodules of these “Masson bodies” [3, 8, 9].

 What Differentiates Pulmonary Langerhans 
Cell Histiocytosis from Organizing Pneumonia 
Clinically?

In contrast to PLCH, cryptogenic OP, when described as a 
clinical syndrome, can present with shortness of breath, 
fever, malaise, and weight loss, sometimes following a respi-
ratory tract infection [3, 7]. Studies have shown no convinc-
ing association between cryptogenic OP and cigarette 
smoking, in contrast to PLCH.

 What Differentiates Pulmonary Langerhans 
Cell Histiocytosis from Organizing Pneumonia 
on Imaging?

Cryptogenic OP predominantly affects the subpleural and 
lower lung zones [3], in contrast to PLCH, which relatively 
spares the lower lobes. On CT imaging, bronchovascular and 
subpleural ground-glass opacities are seen in approximately 
90% of cryptogenic OP patients [7]. These can be surrounded 
by dense airway consolidation, which has been referred to as 
the “reverse halo sign.” Cysts are not a common feature of 
cryptogenic OP. Overlapping with PLCH can occur; however, 
subcentimeter nodules are a feature of both entities [3, 7].

 What Differentiates Pulmonary Langerhans 
Cell Histiocytosis from Organizing Pneumonia 
on Histopathology?

Airspace organization can be seen in PLCH and cryptogenic 
OP. However, OP is a nonspecific pattern of injury, and care 
must be taken to exclude other findings that would render a 
specific diagnosis. In the case of PLCH, a stellate pattern of 
fibrosis and frequent eosinophils may be helpful clues. 
Ultimately, the most important diagnostic criterion to distin-
guish between OP and PLCH is the identification of abnor-
mal Langerhans cell proliferation. Confirmation can be aided 
by immunohistochemistry (S100, CD1a and langerin). After 
careful exclusion of clinical or pathologic findings to suggest 
a specific etiology, a diagnosis of cryptogenic organizing 
pneumonia may be appropriate.

References

1. Demartino E, Go RS, Vassallo R.  Langerhans cell histiocyto-
sis and other histiocytic diseases of the lung. Clin Chest Med. 
2016;37(3):421–30.

2. Pierry C, Caumont C, Blanchard E, Brochet C, Doumes G, Gros 
A, et al. Assessment of BRAF mutation in pulmonary Langerhans 
cell histiocytosis in tissue biopsies and bronchoalveolar lavages 
by droplet digital polymerase chain reaction. Virchows Arch. 
2018;472(2):247–58.

3. Pfeifer K, Mian A, Adebowale A, Alomari A, Kalra V, Krejci E, et al. 
Radiographic and pathologic manifestations of uncommon and rare 
pulmonary lesions. Can Assoc Radiol J. 2016;67(2):179–89.

4. Roden AC, Yi ES.  Pulmonary langerhans cell histiocytosis: an 
update from the pathologists’ perspective. Arch Pathol Lab Med. 
2016;140(3):230–40.

5. Ling CH, Ji C, Raymond DP, Bourne PA, Xu HD.  Uncommon 
features of pulmonary Langerhans’ cell histiocytosis: analy-
sis of 11 cases and a review of the literature. Chin Med J. 
2010;123(4):498–501.

6. Valladeau J, Ravel O, Dezutter-dambuyant C, Moore K, Kleijmeer 
M, Liu Y, et al. Langerin, a novel C-type lectin specific to Langerhans 
cells, is an endocytic receptor that induces the formation of Birbeck 
granules. Immunity. 2000;12(1):71–81.

7. Lee JW, Lee KS, Lee HY, Chung MP, Yi CA, Kim TS, et  al. 
Cryptogenic organizing pneumonia: serial high-resolution CT find-
ings in 22 patients. AJR Am J Roentgenol. 2010;195(4):916–22.

8. Larsen BT, Colby TV. Update for pathologists on idiopathic inter-
stitial pneumonias. Arch Pathol Lab Med. 2012;136(10):1234–41.

9. Demedts M, Costabel U. ATS/ERS international multidisciplinary 
consensus classification of the idiopathic interstitial pneumonias. 
Eur Respir J. 2002;19(5):794–6.

T. H. Long and H. Xu



267

44IgG4-Related Lung Disease Versus 
Other Fibroinflammatory Processes

Jennifer J. Chia and Gregory A. Fishbein

 Case Presentation

A previously healthy 68-year-old male presented to his pri-
mary care physician with fatigue, episodic dizziness, and 
rapid heartbeat when exercising. The symptoms were attrib-
uted to anemia, likely secondary to bleeding internal hemor-
rhoids. On follow-up, he endorsed 25  lb of unintentional 
weight loss and was found to have severe thrombocytopenia. 
Serologic studies showed elevated serum IgG; serum protein 
electrophoresis (SPEP) showed polyclonal hypergammaglob-
ulinemia. Computed tomography (CT) of the chest showed 
hilar adenopathy and multifocal peripheral pulmonary opaci-
ties (Fig. 44.1). A segmentectomy was performed.

On gross examination, the specimen demonstrated a 
4.3  cm, tan-gray, ill-defined mass interdigitating with the 
surrounding lung parenchyma near the periphery. There was 
pleural thickening overlying the mass. No cystic spaces, 
hemorrhage, or necrosis was noted. Histologic sections dem-
onstrated a fibroinflammatory infiltrate in an exquisitely 
perivascular distribution (Fig. 44.2).

The infiltrate consisted primarily of plasma cells but also 
included lymphocytes and numerous eosinophils. Transmural 
vascular involvement and stenosis were seen. 
Immunohistochemistry for IgG4, IgG, and CD138 were per-
formed and demonstrated >50 IgG4-positive plasma cells 
per high-power field (Fig. 44.3).

Approximately 70% of the IgG-positive plasma cells 
were also positive for IgG4. The findings were reported as 

highly suggestive of IgG4-related disease. Further clinical 
workup revealed markedly elevated serum IgG4, and a clini-
cal diagnosis of IgG4-related disease was made.
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Fig. 44.1 Chest CT demonstrating patchy, bilateral ground-glass 
opacities, consolidation, and nodules in the upper lobe

© Springer Nature Switzerland AG 2022
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_44

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_44&domain=pdf
mailto:jchia@mednet.ucla.edu
mailto:gfishbein@mednet.ucla.edu
https://doi.org/10.1007/978-3-031-14402-8_44


268

a b

Fig. 44.2 (a) At low power, the lesion consists of multiple coalescing 
areas of dense immune infiltrate around peripheral bronchovascular 
structures and along the pleura; there is no solid component identified. 
Storiform fibrosis is not appreciated. Scale bar represents 5 mm. (b) At 

high power, the immune infiltrate is revealed to be rich in plasma cells, 
eosinophils, and lymphocytes. A vein is obliterated by the lymphoplas-
macytic infiltrate (arrows) and partially recanalized. Scale bar repre-
sents 200 μm

a b

Fig. 44.3 IgG4 (a) and IgG (b) immunostains. IgG4 stain highlighting >50 plasma cells per high-powered field. IgG4-positive plasma cells rep-
resented ~70% of the total number of IgG-positive plasma cells. Scale bar represents 200 μm

Table 44.1 Histologic criteria for IgG4-related disease in the lung

Histologic criteria for IgG4-related disease in the lung
1. Dense lymphoplasmacytic infiltrate
2. Fibrosis, often storiforma

3. Obliterative phlebitisb

a In the lung, fibrosis may not be storiform in the context of a nonsolid 
lesion (Fig. 44.1)
b Obliterative arteritis rather than phlebitis can been seen in solid lung 
lesions [1, 2]

 Final Diagnosis: Pulmonary IgG4-Related 
Disease

 What Are the Histologic 
and Immunohistochemical Criteria 
for Diagnosing IgG4-Related Lung Disease?

The histologic criteria for IgG-related disease in the lung 
are based on the same findings as IgG4-related disease in 
other organ systems and include dense lymphoplasma-
cytic inflammation, fibrosis, and obliterative phlebitis 
(Table 44.1).

Storiform-type fibrosis is less frequently seen in nonsolid 
lesions. Furthermore, obliterative arteritis, rather than phle-

bitis, may be present [1, 2]. Immunohistochemical criteria 
differ between small biopsies and excisional specimens and 
are based on (1) the quantity of IgG4-positive plasma cells 
per high-power field and (2) the percentage of plasma cells 
that are IgG4-positive (Table 44.2).
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 Can a Definitive Diagnosis of IgG4-Related 
Disease Be Given Based on Histopathology 
and Immunohistochemistry Alone?

No. A definitive diagnosis of IgG4-related disease requires 
clinical correlation; thus, cases should be signed out accord-
ing to the level of histopathologic suspicion. Resection spec-
imens can be termed “highly histologically suggestive of 
IgG4-related disease” or “probable histologic features of 
IgG4-related disease” [1].

For small biopsy specimens, even identification of all his-
tologic features should be termed “probable histologic fea-
tures of IgG4-related disease” due to the possibility of 
sampling error [1].

 How Do We Know If a Resection Specimen 
Meets “Highly Histologically Suggestive” or 
“Probable Histologic Features” Criteria?

If, in a resection specimen, immunohistochemistry demon-
strates IgG4 positivity in greater than 40% of plasma cells 
and the number of IgG4-positive plasma cells is greater than 
50 per high-power field, the level of suspicion depends on 
the number of histologic features identified (Fig.  44.4). 
These features include (1) dense lymphoplasmacytic infil-
trate, (2) fibrosis, and (3) obliterative phlebitis.

 How Do We Determine the IgG4 Plasma Cell 
Ratio?

The IgG4 plasma cell ratio can be determined by comparing 
IgG4+ cells to the total number of plasma cells. This can be 

done using immunohistochemistry with IgG4 and IgG anti-
bodies. In practice, CD138 may be a useful substitute for 
IgG, as the latter is frequently laden with high background 
staining.

 What Else Should We Include in the Differential 
When Considering a Diagnosis of IgG4-Related 
Lung Disease?

Inflammatory myofibroblastic tumor (IMT), pulmonary nod-
ular sclerosis classic Hodgkin lymphoma (NSCHL), orga-
nizing abscess, and pulmonary Langerhans cell histiocytosis 
(PLCH) are fibroinflammatory lesions that may histologi-
cally resemble IgG4-related disease.

 Are Clinical and Imaging Findings Helpful 
to Distinguish IgG4-Related Disease 
from Other Fibroinflammatory Conditions 
Such as IMT and NSCHL?

Tables 44.3 and 44.4 enumerate the clinical and radiographic 
(Fig. 44.5) features of IgG4-related disease, IMT, and pul-
monary NSCHL.

 What Are the Main Histologic Differences 
Between IgG4-Related Disease, IMT, 
and Pulmonary NSCHL?

Histologic features that help distinguish IgG4-related dis-
ease from IMT and pulmonary NSCHL are listed in 
Table 44.5 and shown in Fig. 44.6.

 How Do We Distinguish IgG4-Related Disease 
from an Organizing Abscess?

An organizing abscess may mimic a solid pattern of IgG4- 
related disease; however, it is unlikely to meet the numerical 
or ratio criteria for IgG4+ plasma cells (Fig.  44.7). 

Table 44.2 Immunohistologic criteria for IgG4-related disease in the 
lung [1]

Biopsy Excision
1. >20 IgG4+ plasma cells (/hpf) 1. >50 IgG4+ plasma cells (/hpf)
2.  IgG4+ plasma cells 

constitute > 40% of all plasma 
cells

2.  IgG4+ plasma cells 
constitute > 40% of all plasma 
cells

2-3 of 3 histologic
criteria

1 of 3 histologic
criteria

Probable
histologic features

of IgG4-RD

2 of 2
immunohistologic

criteria*

Histologically
highly suggestive

of IgG4-RD

Fig. 44.4 Necessary steps for a diagnosis of IgG4-related lung disease 
of a resection specimen and the qualitative strength with which it can be 
rendered. *Note that biopsy specimens have different numerical criteria 

for IgG4+ plasma cells (Table 44.2) and should at the most be qualita-
tively designated as “probable histologic features of IgG4-related dis-
ease” [1]
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Table 44.3 Clinical features of IgG4-related disease and other fibroinflammatory lesions of the lung [1–5]

Clinical features IGG4-related disease Inflammatory myofibroblastic tumor Pulmonary NSCHL
Sex Male > female Male = female Male = female
Average age 
(range)

60 years (40–80) Bi-modal: 8 years, 44 years 15–34 years

Key signs and 
symptoms

Half are incidental, half nonspecific 
pulmonary symptoms

50–60% asymptomatic; fevers, nonspecific pulmonary 
symptoms

B-symptoms in 40% of 
patients

Laboratory 
findings

Often but not always elevated serum 
IgG4

Elevated erythrocyte sedimentation rate (ESR), 
thrombocytosis, hypergammaglobulinemia

Nonspecific

NSCHL nodular sclerosing classical Hodgkin lymphoma

Table 44.4 Imaging features of IgG4-related disease, inflammatory myofibroblastic tumor, and pulmonary NSCHL [4, 6, 7]

Imaging features IGG4-related disease Inflammatory myofibroblastic tumor Pulmonary NSCHL
Localization Usually peripheral 80% peripheral; 20% central (bronchial 

or tracheal possible)
Subpleural and 
peripheral

Focality Multiple or single foci Single foci ≫ multiple Multiple foci ≫ single
Patterns Solid nodular, round ground glass, alveolar interstitial, or 

bronchovascular patterns
Well-circumscribed; rarely irregular 
nodules

Numerous cavitary 
lung lesions

Radiographic 
mimics

Malignancy, nonspecific interstitial pneumonia, 
lymphoproliferative disorder, sarcoidosis

Primary malignancy, single metastasis, 
rarely pneumonia-like

Infection

NSCHL nodular sclerosing classical Hodgkin lymphoma

a b

Fig. 44.5 CT imaging of the chest for (a) inflammatory myofibroblastic tumor (IMT) demonstrating a single, well-circumscribed lesion and (b) 
pulmonary nodular sclerosis classic Hodgkin lymphoma (NSCHL) with numerous, ill-defined peripheral lesions

Table 44.5 Histologic features of IgG4-related disease, inflammatory myofibroblastic tumor, and pulmonary sclerosing classical non-Hodgkin’s 
lymphoma (NSCHL)

Histologic 
features IGG4-related disease

Inflammatory myofibroblastic 
tumor Pulmonary NSCHL

Fibrosis 
pattern

Storiforma Rarely fibrosis Concentric around lymphoid 
aggregates

Infiltrate Lymphoplasmacytic, plasma cells predominate, 
eosinophils are frequently increased

Fibrohistiocytic, plasma cells can 
be numerous

Mixed inflammation including 
neutrophils and eosinophils

Tissue 
distribution

Bronchovascular, intraparenchymal, subpleural Parenchymal Lymphatic and subpleural

Focality Multiple or single foci Single foci ≫ multiple Multiple foci ≫ single
Other Obliterative phlebitis or arteritisb within dense 

immune infiltrate
Orderly, fascicular arrangement 
of myofibroblasts

Lacunar-type Hodgkin/Reed- 
Sternberg cells; necrosis

a In the lung, fibrosis may not be storiform in the context of a nonsolid lesion
b Obliterative arteritis can been seen in solid lung lesions [1, 2, 4, 5]
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a b

c d

Fig. 44.6 Histologic findings in inflammatory myofibroblastic tumor 
and nodular sclerosing classical Hodgkin lymphoma (NSCHL). (a) 
Medium power view of inflammatory myofibroblastic tumor demon-
strates well-organized fascicles of stromal cells with admixed inflam-
matory cells; (b) high power demonstrates the plasma cell preponderance 
of the inflammatory infiltrate. (c) Low-power view of pulmonary 

NSCHL demonstrates its subpleural and lymphatic distribution, as well 
as concentric fibrosis surrounding round, follicle-like inflammatory 
deposits; scale bar represents 4  mm; (d) high power demonstrates a 
mixed inflammatory infiltrate with many eosinophils and scattered 
Hodgkin/Reed-Sternberg cells (arrows); scale bar represents 200 μm

Furthermore, the presence of necrosis is incompatible with 
IgG4-related disease and may suggest either an infectious eti-
ology or nodular sclerosing classical Hodgkin lymphoma [1].

 What Is the Difference Between IgG4-Related 
Disease and Plasma Cell Granuloma?

The term plasma cell granuloma (a.k.a. inflammatory pseu-
dotumor) is out of date. Most entities previously designated 
as plasma cell granulomas would now be reclassified as 
IMT. However, a subset of cases of plasma cell granuloma 
likely did represent IgG4-related disease [8].

 How Do We Distinguish IgG4-Related Disease 
from Pulmonary Langerhans Cell 
Histiocytosis?

Pulmonary Langerhans cell histiocytosis (PLCH) is a rela-
tively common fibroinflammatory lesion that temporally 
evolves from a Langerhans cell-rich lesion to a stellate scar. 
These lesions can be single or multiple and are eosinophil- 
rich, and thus intermediate-stage lesions with peribroncho-
vascular fibrosis, chronic inflammation, and eosinophils may 
resemble IgG4-related disease. However, PLCH is not 
plasma cell rich and occurs in patients with significant ciga-
rette smoke exposure, which, if active, will likely be reflected 
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Fig. 44.7 Histology and immunohistochemistry of an organizing 
abscess. (a, b) Medium- and high-power views demonstrating plasma 
cell-rich inflammation (arrow). No obliterative vasculitis or storiform 

fibrosis are seen. (c) CD138 immunostain highlights plasma cells. (d) 
IgG4 immunostain highlights only a small subset of plasma cells

in background lung parenchyma. PLCH has a predilection 
for the upper lobes. The hallmark of PLCH is the presence of 
Langerhans cells that are immunoreactive to S100, CD1a, 
and Langerin.

 Is Elevated Serum IgG4 a Necessary Criterion 
for IgG4-Related Disease?

No. Up to 40% of patients with biopsy-proven IgG4-related 
disease of the pancreas have normal serum IgG4 levels [9]. 
There are fewer reports of pulmonary IgG4-related disease, 
all of whom in a small study had elevated serum IgG4; only 
50% of patients with pleural-based IgG4-related disease had 
elevated serum IgG4 [2].

 Are Distinct or Distant Foci of IgG4+ Plasma 
Cells and Obliterative Vasculitis Supportive 
of a Diagnosis of IgG4-Related Disease?

No, the obliterative phlebitis must be within a dense lympho-
plasmacytic lesion with IgG4+ plasma cells [1].

 Is the Vasculitis Found in IgG4-Related Disease 
Necrotizing or Non-necrotizing?

Non-necrotizing or necrotizing vasculitis suggests an alter-
native diagnosis [1].
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 Can IgG4-Related Disease Affect the Pleura?

Yes, the pleura can be affected with or without involvement 
of the lung parenchyma; the diagnostic criteria are the same 
as the lung (Tables 44.1 and 44.2; Fig. 44.2) [2].
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45Pulmonary Alveolar Proteinosis Versus 
Pulmonary Edema

Karen E. Trevino and Chen Zhang

 Case Presentation

A 43-year-old male smoker presents to his primary care phy-
sician with a 1-week history of nonproductive cough and 
shortness of breath with activity. On physical examination, 
the patient is afebrile, and lungs are clear to auscultation. The 
patient is sent home with supportive care measures as a viral 
respiratory infection is suspected.

The patient then returns to his physician a week later with 
worsening symptoms including worsening cough and short-
ness of breath. He remains afebrile, but pulse oximetry dem-
onstrates an oxygen saturation of 88% on room air. A chest 
X-ray (Fig.  45.1) is performed and demonstrates bilateral 
hazy opacities in a “bat wing” distribution. Due to the pres-
ence of opacities in a nonspecific pattern, a high-resolution 
chest computed tomography (CT) is ordered that demon-
strates bilateral ground-glass opacities with thickened intra-
lobular septa in a “crazy paving pattern” (Fig. 45.2).

A bronchoalveolar lavage (BAL) specimen is obtained to 
rule out infection. The specimen is sent for culture and for 
cytologic examination. The cultures are all negative. A 
Papanicolaou stain of the cytospin slide prepared from the 
BAL fluid shows scattered alveolar macrophages with abun-
dant amorphous material in the background (Fig. 45.3a). A 
periodic acid-Schiff (PAS) stain demonstrates strong posi-
tive staining of the amorphous material (Fig. 45.3b).

The H&E-stained slide prepared from the transbronchial 
biopsy shows intact alveolar lung architecture. However, the 
alveolar spaces are filled with a granular and frothy protein-
aceous material that contains cholesterol clefts and alveolar 

macrophages (Figs.  45.4a, b). The proteinaceous material 
stains positively with PAS (Fig. 45.4c). A Gomori’s methe-
namine silver (GMS) stain is negative for fungal organisms 
or Pneumocystis (Fig. 45.4d).
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Fig. 45.1 Chest X-ray features of PAP. The Chest X-ray of a patient 
with PAP demonstrates bilateral hilar based hazy opacities in a “bat 
wing” distribution. Similar changes can be seen in patients with pulmo-
nary edema
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Fig. 45.2 Chest CT features of PAP.  PAP demonstrates bilateral 
ground-glass opacities and thickened inter- and intralobular septa in a 
“crazy paving” pattern. Pulmonary edema can also present with this 
pattern, especially in cases of pulmonary edema due to acute respira-
tory distress syndrome

a b

Fig. 45.3 Cytological features of PAP. A cytospin preparation of the 
bronchoalveolar lavage fluid from a patient with PAP demonstrates 
scattered alveolar macrophages and abundant amorphous proteinaceous 

material which shows up as green granules or globules on Papanicolaou 
stain (a) The amorphous material stains positive with PAS stain (b)
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Fig. 45.4 Histologic features of PAP. (a) Low magnification view of 
the transbronchial biopsy demonstrates preserved alveolar architecture, 
lack of inflammatory infiltrate, and filling of alveolar spaces with eosin-
ophilic, proteinaceous material. H&E, 40× magnification. (b) Higher 
magnification photomicrograph shows that the intra-alveolar protein-

aceous material is slightly granular with occasional cholesterol clefts. 
H&E, 200× magnification. (c) This proteinaceous material stains posi-
tively with PAS stain. (d) GMS stain is negative for fungal organisms or 
Pneumocystis

 Pathologic Diagnosis: Pulmonary Alveolar 
Proteinosis (PAP)

 How Does the Demographics and Clinical 
Symptoms Differ Between PAP and Pulmonary 
Edema?

PAP usually occurs in patients aged 20–60, with peak inci-
dence in the third and fourth decades and has a 2:1 male 
predilection [1, 2]. Clinically, PAP typically presents as a 
subacute respiratory illness causing dyspnea and decreased 

oxygen saturation that worsens over a period of weeks to 
months. Many patients present with nonproductive cough. 
Fever is less common, unless secondary infection has devel-
oped. However, symptoms vary widely, and approximately 
1/3 of patients are asymptomatic [1, 3]. Underlying illness 
can be related to the development of PAP, but greater than 
90% of adult cases are autoimmune in origin.

On the other hand, pulmonary edema is inherently linked to 
underlying disease, such as congestive heart failure or acute 
respiratory distress syndrome. As such, the patient population 
with pulmonary edema fits within the demographics of the 
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underlying causes and is more likely to be older than those with 
PAP.  Pulmonary edema tends to occur more acutely over a 
period of hours to days, comparing with the more subacute 
onset of PAP and usually presents as dyspnea and hypoxemia.

 Can PAP Be Distinguished from Pulmonary 
Edema Through Radiologic Studies?

On chest X-rays, PAP appears similar to pulmonary edema 
with bilateral, hilar-based, hazy opacities, often described as 
having a “bat wing” distribution. On high-resolution CT, 
PAP appears as bilateral ground-glass opacities. Additional 
imaging support for PAP includes thickened intralobular 
septa overlying the ground-glass opacities, resulting in a 
cobblestone or “crazy paving” pattern. However, this pattern 
(Figs. 45.1 and 45.2) is not specific for PAP, since other enti-
ties, such as pulmonary edema, acute respiratory distress 
syndrome, organizing pneumonia, and lipoid pneumonia can 
have similar imaging features [4, 5].

 What Cytological and Histological Findings Are 
Indicative of a Diagnosis of PAP?

PAP is often definitively diagnosed on BAL specimen or 
transbronchial lung biopsy (Figs.  45.3 and 45.4). 
Characteristic features on BAL include a milky white gross 
appearance and PAS-positive material on cytology. On 
Papanicolaou stain, this material appears as orange or green 
globules inside and outside of macrophages [6]. On surgical 
biopsy, the alveolar structures should remain preserved. The 
most prominent feature is PAS-positive frothy proteinaceous 
material filling the alveolar spaces, and often cholesterol 
clefts are present. There is typically little or no inflammatory 
infiltrate accompanying this material [7, 8]. Lung fibrosis is 
uncommon but can be present in cases of PAP and does not 
necessarily signify a second diagnosis. The differential diag-
nosis for PAP on cytology or lung biopsy includes infection 
(often atypical infections such as Pneumocystis jirovecii), 
lipoid pneumonia, pulmonary edema, and diffuse alveolar 
damage [9, 10]. The distinction can be made with PAS stain-
ing of amorphous material and is additionally supported by 
negative microbiology studies.

 Can Any Laboratory Tests Outside of Tissue 
Biopsy Be Useful in Establishing a Diagnosis 
of PAP?

Additional laboratory studies that can assist with the diag-
nosis of PAP include granulocyte-macrophage colony- 

stimulating factor (GM-CSF) antibodies in serum and/or 
BAL fluid and lactate dehydrogenase levels. The presence of 
GM-CSF antibody is highly sensitive and specific (approxi-
mately 100%) in cases of autoimmune PAP, which makes up 
a great majority of adult cases [11, 12]. However, serum or 
fluid levels of GM-CSF antibody have not been found to cor-
relate with disease severity [13]. Lactate dehydrogenase lev-
els are elevated serum of 80% of patients with PAP, but this 
finding is highly nonspecific [2].

 What Are the Causes of PAP, and How Is It 
Treated?

PAP is a disease of decreased clearance of surfactant by 
alveolar macrophages, leading to its accumulation in alveo-
lar spaces. It was first described in 1958 by Rosen et al. [14]. 
PAP can be both primary and secondary in origin. Primary 
causes of PAP are based on the role of GM-CSF in regula-
tion of clearance of surfactant by alveolar macrophages 
[15]. Rarely, defects in GM-CSF signaling or surfactant pro-
duction can result in hereditary or congenital PAP (<1% of 
cases). However, the more common cause of primary PAP is 
the presence of antibodies to GM-CSF, also known as auto-
immune PAP (previously called idiopathic PAP). This is the 
most common cause of PAP in adults, representing 90–95% 
of adult cases, and can be verified by the presence of anti-
bodies to GM-CSF in serum or in BAL fluid [11, 12, 16]. 
Additionally, PAP can be secondary in origin and is linked 
to environmental exposures such as high-level dust expo-
sures, hematologic dyscrasias, and allogeneic stem cell 
transplant. The pathogenesis of secondary PAP is thought to 
be due to relative GM-CSF deficiency and/or macrophage 
dysfunction [17].

Treatment for PAP depends on the severity of symp-
toms. In mild cases, the process can be self-limited and 
requires only supportive therapy. In more symptomatic 
patients, the most effective method of treatment is whole 
lung lavage. Patients who fail treatment with whole lung 
lavage can be trialed on inhaled GM-CSF, rituximab, or 
plasmapheresis [18]. Patients who do respond to whole 
lung lavage can have recurrence of symptoms and on aver-
age require repeat lavage in 15 months, with an average of 
2.5 procedures required per patient in 5 years [2, 19]. There 
are few studies on the success of transplant in patients with 
PAP. A major concern, which has been reported in multiple 
case studies, is the recurrence of PAP in the transplanted 
lung [20, 21]. Additionally, PAP has been found to occur 
secondarily in lung transplants in some patients that origi-
nally suffered from other pulmonary diseases due to pre-
sumed immune dysregulation due to immunosuppression 
[22, 23].
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 Are Patients with PAP More Prone to Any 
Specific Secondary Infections?

Yes, patients are more prone to develop atypical infections, 
theorized to be due to impaired macrophage function. In par-
ticular, patients have a higher rate of infection with myco-
bacteria and Nocardia spp. Additionally, decreased GM-CSF 
has been linked to a higher rate of disseminated Nocardia 
infections, even in patients without PAP [12, 24].

 What Is the Prognosis for Patients with PAP?

Prognosis in patients with PAP is seldom reported as the 
underlying cause (such as hematologic malignancy), or com-
plications (such as secondary infection) can greatly influence 
outcomes. Likewise, the prognosis tends to range widely, 
from spontaneous resolution to multiple recurrences, to even 
death. However, the most important prognostic factor 
described is the development of fibrosis, which is a poor 
prognostic factor [25, 26].
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46Nonspecific Interstitial Pneumonia 
Versus Lymphoid Interstitial Pneumonia 
Versus Follicular Bronchiolitis

Brian D. Cone and Gregory A. Fishbein

 Clinical Presentation and Imaging

A 47-year-old man presented with a history of cough and pro-
gressive dyspnea. The cough started roughly 10 months prior 
and was nonproductive. The patient was a former smoker, 
though he quit over 25 years ago. During that time, he expe-
rienced a single episode of community-acquired pneumonia, 
from which he recovered fully. His past medical history also 
includes benign prostatic hyperplasia and persistent low-
grade arthralgia, primarily affecting his lower extremities and 
hands, for which he has taken over-the- counter nonsteroidal 
anti-inflammatory drugs. He does not take any other medica-
tions. He has no known organic dust or occupational expo-
sures, nor does he own birds. He has worked in the same 
office for greater than 20 years as an insurance adjuster.

Physical examination was mostly unremarkable. There 
was no digital clubbing or other signs of peripheral cyanosis. 
However, mild but symmetrical swelling of the proximal 
interphalangeal joints was seen. Spirometry demonstrated 
impaired total lung capacity (TLC) and decreased forced 
vital capacity (FVC). Diffusion capacity for carbon monox-
ide (DLCO) was also less than predicted. Overall pulmonary 
functional testing (PFT) was compatible with restrictive 
physiology.

A high-resolution computed tomography (HRCT) scan 
was obtained and demonstrated a relatively symmetric distri-
bution of reticular and ground-glass opacities, primarily 
affecting the left lower lobe and the basilar aspects of the 
right middle and right lower lobes (Fig. 46.1). Traction bron-
chiectasis was noted in one lung field. There were no cystic 

or honeycomb changes seen. An open lung wedge biopsy 
was subsequently ordered.

Histologic sections of the wedge biopsy appeared dif-
fusely abnormal. Low magnification shows uniform expan-
sion of the interstitium by small mature lymphocytes and 
plasma cells. The infiltrate has moderate cellularity through-
out the biopsy (Fig. 46.2). Aside from moderate expansion of 
the alveolar walls, the lung architecture is otherwise intact. 
The bronchovascular bundles and pleura were uninvolved. 
No organizing pneumonia, fibroblastic foci, granulomas, or 
microcystic honeycomb changes were identified.

B. D. Cone · G. A. Fishbein (*) 
Department of Pathology and Laboratory Medicine, David Geffen 
School of Medicine at UCLA, Los Angeles, CA, USA
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Fig. 46.1 Chest HRCT. Axial high-resolution CT of the chest showing 
diffuse, ground-glass opacities that were present in all lobes
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Fig. 46.2 NSIP, cellular variant. Histologic section shows a diffuse 
process that uniformly affects the alveolar septa. At medium power, the 
cellular lymphoid infiltrate can be readily appreciated. Microscopic 
honeycombing and fibroblastic foci are absent [H&E stain; 200× 
magnification]

 The Final Pathologic Diagnosis Rendered: 
Nonspecific Interstitial Pneumonia, Cellular 
Pattern

 What Is the Differential Diagnosis of Interstitial 
Lymphoid Infiltrates in the Lung?

For cases in which a diagnostic lung biopsy reveals a promi-
nent lymphoplasmacytic infiltrate, whether focal or diffuse, 
there are several diagnoses that should always be considered 
in the differential. Primarily, these include lymphoid intersti-
tial pneumonia, follicular bronchiolitis, nodular lymphoid 
hyperplasia, cellular variant of nonspecific interstitial pneu-
monia, intraparenchymal lymph node sampling, and lastly, 
lymphoma. By evaluating the location and extent of the cel-
lular infiltrates, one can readily narrow the differential diag-
nosis. It can then be further refined by examining whether 
other key features are present, such as well-formed lymphoid 
follicles, interstitial fibrosis, or peribronchiolar granulomas.

 What Is NSIP?

NSIP is a histologic pattern of interstitial lung disease char-
acterized by a diffuse and homogenous expansion of the 
alveolar septa by inflammatory cells and/or fibrosis. The 
term NSIP was proposed by Katzenstein and Fiorelli in 1994 
to characterize certain cases of idiopathic interstitial pneu-
monia (IIP) that did not histologically or prognostically con-
form to the major categories of that time: usual interstitial 

pneumonia (UIP), desquamative interstitial pneumonia, and 
acute interstitial pneumonia. Although historically NSIP has 
sometimes been considered a “wastebasket” term, it has 
evolved to refer to a specific pattern of interstitial lung 
 disease that may be primary (idiopathic) or secondary. The 
NSIP pattern can be seen in numerous clinical situations and 
is the most common pattern of ILD associated with connec-
tive tissue disease, such as systemic lupus erythematosus, 
scleroderma, rheumatoid arthritis, and Sjogren’s syndrome. 
ILD with an NSIP pattern may even be the first presentation 
of said diseases. Prior acute lung injury or drug reaction may 
also cause an NSIP pattern [1–3].

 What Is the Typical Clinical Presentation 
for NSIP?

Due to the various clinical associations, the presenting symp-
toms of NSIP are nonspecific and are commonly seen with 
other chronic diffuse lung diseases. These symptoms include 
dry cough, progressive shortness of breath, and fatigue. Less 
commonly, weight loss, fever, and digital clubbing may be 
seen. When secondary to a connective tissue disease, such as 
rheumatoid arthritis, Sjögren’s syndrome, or polymyositis, 
extrapulmonary symptoms like polyarthritis or sicca syn-
drome may dominate the clinical picture [1, 3, 4]. Pulmonary 
function testing will typically reveal a restrictive defect, with 
reduced TLC, FVC, and DLCO [2].

 What Is the Typical Clinical Presentation of LIP?

The clinical features of LIP overlap with cellular NSIP. The 
most common LIP-associated diseases include rheumatoid 
arthritis, Sjögren’s syndrome, other collagen vascular dis-
eases, HIV/AIDS, and other states of aberrant immune sta-
tus. Whether LIP can be truly idiopathic is controversial [4]. 
The presenting symptoms include cough and progressive 
dyspnea. Fever, fatigue, and weight loss are less common. 
Just as with NSIP, patients may present with extrapulmonary 
symptoms related to underlying systemic disease [5–7]. 
PFTs are unlikely to be discriminatory between NSIP and 
LIP, as both conditions usually demonstrate restrictive physi-
ology. The most common PFT results in LIP are reduced 
FVC, FEV1, TLC, and decreased DLCO [7].

 What Is FB and How Does It Typically Present 
Clinically?

Follicular bronchiolitis is a reactive/nonneoplastic pulmo-
nary lymphoproliferative disease that consists of hyperplas-
tic bronchial-associated lymphoid tissue (BALT). By 
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definition, FB primarily affects the airways and spares the 
alveolated parenchyma. In all cases, discrete peribronchiolar 
lymphoid follicles should be readily apparent and will often 
contain well-formed germinal centers [8, 9].

There is considerable overlapping symptomatology 
between NSIP and FB. Patients diagnosed with either NSIP 
or FB may have nearly identical presentations along with 
nonspecific imaging findings. Both entities are commonly 
diagnosed in patients with the same underlying conditions, 
most notably CVD. Both NSIP and FB are commonly asso-
ciated with Sjögren’s syndrome and rheumatoid arthritis [10, 
11]. Identification of FB or NSIP in a biopsy specimen 
should raise suspicion for occult CVD.  Peripheral eosino-
philia is seen in those with hypersensitivity syndromes. 
Primary or idiopathic cases of FB are rare, although a famil-
ial form is described [12]. Pulmonary function tests in FB 
produce inconsistent results, often revealing restrictive, 
obstructive, or normal ventilation patterns [8, 13, 14].

 What Are Radiographic Findings That Support 
a Diagnosis of NSIP?

Radiographic imaging studies are important elements in the 
diagnosis of all interstitial lung diseases. Although there is 
considerable overlap among the various entities, a concise 
differential diagnosis can often be rendered based on imag-
ing alone. Chest X-rays in patients with NSIP show increased 
interstitial markings primarily involving the lower lung 
fields, bilaterally [15]. NSIP characteristically has a homog-
enous and symmetrical appearance on HRCT.  The scans 
most often show extensive and bilateral reticular infiltrates 
and ground-glass opacities, affecting nearly 50% of the lung 
fields. Lobar volume loss can sometimes be appreciated. 
Sparing of the subpleural parenchyma may be seen and is an 
important finding that distinguishes NSIP from UIP. In cases 
of NSIP with appreciable interstitial fibrosis (NSIP-F), trac-
tion bronchiectasis occur secondary to scarring. Honeycomb 
change is usually minimal or absent [15–17].

 What Are Radiographic Findings That Support 
a Diagnosis of LIP or FB?

The main HRCT findings in LIP are similar to those seen in 
NSIP. Bilateral ground-glass opacities mainly affecting the 
basilar aspect of lungs should be identifiable in all cases. A 
distinguishing feature in most cases is the presence of thin- 
walled peribronchovascular cysts, which can have a striking 
appearance. Other findings include reticular opacities, patchy 
airspace consolidation, interlobular septal thickening, sub-
pleural nodules, and occasional centrilobular nodules [18].

In FB, chest X-rays may demonstrate reticular or reticulo-
nodular opacities, and in the majority of patients, bilateral 
centrilobular nodules measuring 1–3 mm in diameter may be 
seen on HRCT. In cases with post-obstructive changes, such 
as obstructive pneumonia with intraluminal exudates, a more 
distinctive finding can emerge and is referred to as “tree/
cotton-in-bud” pattern [8, 9, 14].

 Are Gross Pathology Findings Useful 
in Distinguishing NSIP, LIP, and FB?

With advanced chest imaging, the radiographic findings 
effectively recapitulate the gross appearance of the lung. The 
presence and/or distribution of fibrosis and honeycomb 
change may be helpful to distinguish NSIP from 
UIP. However, there are no specific gross features that help 
distinguish NSIP from LIP or FB. Interestingly, the unique 
radiographic finding of peribronchovascular cysts in LIP is 
unlikely to be identified grossly.

 What Are the Histologic Features of NSIP? 
What Histologic Subtypes/Patterns of NSIP Are 
Important in the Context of This Patient?

There are two widely recognized histologic patterns of 
NSIP, a cellular pattern, NSIP-C, and a fibrotic pattern, 
NSIP-F [19]. In NSIP-C, there is a diffuse but uniform 
appearing infiltration of alveolar septa by small, mature 
lymphocytes and plasma cells (Fig. 46.2). While the septa 
may widen due to the infiltrates, there should be no architec-
tural distortion. Often, the subpleural region is spared, 
which is a distinguishing feature of NSIP. The lining alveo-
lar epithelium can exhibit type II pneumocyte hyperplasia. 
This makes the pneumocytes appear more prominent or 
hobnailed. Peribronchiolar accentuation of the lymphoid 
infiltrates can also be seen but should not overshadow the 
interstitial process. Alveolar airspace organization may be 
focally present. Other nonspecific findings, such as peri-
bronchiolar metaplasia, scattered lymphoid aggregates with 
or without germinal centers, focal accumulation of intra-
alveolar macrophages, and cholesterol clefts, may be pres-
ent [1, 2, 4]. In the cellular pattern, interstitial fibrosis is 
inconspicuous or absent.

NSIP-F shows the uniform architectural pattern of NSIP 
but is a predominantly fibrosing process rather than an 
inflammatory process. In NSIP-F, the interstitial compart-
ment is widened as collagen bundles accrue within the alveo-
lar walls. Lymphoid infiltrates are mild or absent. Uniform 
and diffuse involvement is the hallmark feature of NSIP. In 
NSIP-F, there should be no variation in the age of the fibrosis 
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from field to field. Foci of loose fibroblasts actively elaborat-
ing collagen in a myxoid stroma (i.e., fibroblastic foci), if 
present, should not accompany dense interstitial fibrosis or 
honeycomb change in NSIP [1, 2].

 What Are the Histologic Features of LIP?

On low magnification, histologic sections reveal an intersti-
tial pneumonia composed of diffusely infiltrative lymphoid 
cells, largely confined to the alveolated pulmonary paren-
chyma. The airways are, for the most part, spared. The 
increased cellularity from infiltrating lymphocytes imparts 
an overall low-power blue appearance that more closely 
resembles lymphoma than other interstitial pneumonias 
(Fig. 46.3).

The lymphoid tissue is primarily composed of small 
mature lymphocytes, with varying amounts of plasma cells 
and histiocytes. Atypia or intranuclear inclusions in the lym-
phocytes should not be seen. This interstitial infiltrate may 
be more pronounced in the parenchyma along the broncho-
vascular bundles, adjacent to interlobular septa, and in the 
subpleural parenchyma. Other nonspecific findings can be 
encountered and include type II pneumocyte hyperplasia; 
hyperplastic lymphoid aggregates with germinal centers; 
scattered, poorly formed, non-necrotizing granulomas; and 
multinucleated giant cells [6, 7, 13].

The lymphoid population in LIP is, by definition, poly-
typic. Immunohistochemistry staining with CD3 can be used 
to highlight the T-cell preponderance along with CD20 and 
CD138 to highlight the admixed B lymphocytes and plasma 
cells, respectively [20].

 How Do the Histologic Features of NSIP and LIP 
Overlap?

The fibrotic pattern of NSIP is unlikely to be confused with 
LIP, as it characteristically shows a uniform expansion of the 
alveolar septa by dense collagen, without abundant intersti-
tial inflammation. However, the cellular pattern of NSIP may 
boast exuberant interstitial lymphoid infiltrate and can be 
difficult to distinguish from LIP.  In fact, many cases that 
were regarded as LIP in the past would now be considered 
cellular NSIP [21].

 What Are the Histologic Features of FB?

The cardinal histopathologic feature of FB is small airway 
inflammation arranged in follicles with well-formed germinal 
centers. This characteristic lesion should be identified in all 
cases of FB and can usually be seen at low magnification. FB 
is thought to develop from a polyclonal hyperplasia of exist-
ing bronchus-associated lymphoid tissue (BALT). The nor-
mal anatomic distribution of BALT primarily includes sites 
along the bronchial tree, interlobular septa, and subpleural 
lymph nodes. Some peribronchial nodules may be small and 
solitary and are situated between the affected bronchiole and 
its accompanying pulmonary artery. Other foci may contain 
larger, more expansive follicles that coalesce and subse-
quently obscure or even obliterate the bronchiolar lumen 
(Fig. 46.4). In these more exuberant cases, a reticulin or tri-
chrome stain may be helpful to highlight distorted airways. In 
general, the follicles are confined to the peribronchiolar inter-
stitium and interlobular septa. While the lymphocytic infil-
trate spares adjacent airspaces and alveolar septa, foamy 
macrophages and other associated post-obstructive changes 
are common. Likewise, affected airways may also contain 
mucus plugs and a neutrophilic exudate secondary to obstruc-
tion. Severe damage to the bronchiolar epithelium or fibrinoid 
necrosis of the vascular walls should not be present [8, 9, 14].

The immunophenotype of lymphoid tissue in FB is con-
sistent with that of reactive germinal centers forming else-
where in the body. Immunohistochemical staining with 
CD20 or CD79a will highlight germinal center B cells, while 
staining with CD3 will highlight T cells more in the periph-
eral interfollicular areas.

 Do the Histologic Features of NSIP and FB 
Overlap?

For the most part, no. The inflammation and subsequent 
fibrosis affect different compartments. While NSIP may 
affect the bronchovascular interstitium, its uniform alveolar 
septal involvement should dominate the histologic picture. 

Fig. 46.3 Lymphoid interstitial pneumonia. A representative image of 
LIP showing a diffuse lymphoid infiltration of the alveolar septa. The 
diagnosis of LIP can only be made once lymphoma is excluded [H&E 
stain; 40× magnification]
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Fig. 46.4 Follicular bronchiolitis. (a) On slightly higher magnifica-
tion, this lymphoid follicle is classically situated between the bronchial 
and the pulmonary artery. Slight compression of the bronchiolar lumen 

is seen. Both findings are classic features of FB. (b) In this example, the 
adjacent lung tissue is completely normal, with no extension of the lym-
phoid cells [H&E stains; 100× magnification]

FB can, and often does, track along interlobular septa and 
involve the subpleural parenchyma, although it should not 
extend into the adjacent alveolar airspaces and septa [9]. 
Although NSIP and FB occur in distinct patterns, they may 
occur together and frequently do in patients with CVD, such 
as Sjogren’s syndrome and rheumatoid arthritis.

 What Are the Recommended Ancillary Studies 
Needed for This Case?

The histopathologic workup of a case of NSIP does not usu-
ally require ancillary studies or special stains. In the absence 
of clinical or radiographic features suggestive of a low-grade 
lymphoma, careful evaluation of H&E stained sections is 
sufficient. In some cases of NSIP, particularly when there is 
both fibrosis and inflammation, a trichrome or other collagen 
stain may be used to better assess the degree of architectural 
remodeling. Robust interstitial collagen staining would favor 
NSIP over LIP.

In highly cellular cases possibly representing LIP, an 
Epstein-Barr encoding region (EBER) in situ hybridization 
study may be useful to exclude EBV infection as a possible 
cause for the lymphoid proliferation [22]. There are no 
reported cases of NSIP secondary to EBV infection.

There are no recommended or highly useful ancillary 
studies available to help differentiate NSIP and FB, as they 
can reliably be distinguished by H&E alone.

 What Are Key Features That Can Distinguish 
NSIP from LIP and FB?

The distinction between cellular NSIP and LIP can be chal-
lenging in some situations, especially if the inflammatory 
infiltrate in NSIP-C is prominent and fibrosis is absent. 
When evaluating interstitial lung diseases, low-magnifica-
tion assessment of diagnostic challenging cases is most 
helpful. At low power, LIP will take on a bluer appearance 
than cellular NSIP. The lymphocytic infiltrate in LIP is suf-
ficiently robust that immunohistochemistry to rule out lym-
phoma must be performed in essentially all cases. The 
inflammation in NSIP can be extensive. However, it usually 
does not rise to the level at which lymphoma is high on the 
differential diagnosis. Architecturally, NSIP will have a 
more uniform appearance with better preservation of the 
alveolar structures. While not entirely effaced, the alveolar 
architecture in LIP will be somewhat distorted, in contrast. 
Radiographic findings may aid the distinction. The finding 
of thin-walled peribronchovascular cysts would favor LIP 
[9, 12].

The key takeaway points for distinguishing NSIP from 
FB again harken back to evaluating the tissue at low power. 
FB will appear as small to large nodules of lymphoid folli-
cles distributed along airways, with compression of the 
lumens and preservation of adjacent alveolar tissue. It is 
again, however, noted that in some patients, NSIP and FB 
will both be present.
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 What Is the Prognosis for NSIP? How Does This 
Differ from LIP and FB?

In NSIP-C, the 5- and 10-year survival rates have been 
reported to be as high as 100% in some studies, particularly 
when no significant fibrosis is present. These patients have 
an excellent response to corticosteroid and/or immunosup-
pressive treatment [1, 2]. While still favorable when com-
pared to UIP, which carries a dismal prognosis, patients with 
NSIP-F may be less responsive to these treatments [19, 23, 
24]. Some even progress to a more severe interstitial pneu-
monia, clinically appearing as an overt idiopathic pulmonary 
fibrosis [4, 17, 18].

The prognosis for patients with LIP is quite variable. In 
certain cases, such as with HIV+ patients, treatment can be 
focused on the underlying disease with initiation of antiretro-
viral therapy. In this setting, complete resolution of pulmo-
nary disease can be seen, and this can hold true when LIP is 
found secondary to other treatable underlying diseases [25]. 
Otherwise, symptomatic treatment with corticosteroids, or 
immunosuppressive and cytotoxic medications can be used 
[18]. Progression of LIP to end-stage lung disease requiring 
transplantation or causing death can occur [26]. Whether LIP 
can evolve into lymphoma is somewhat controversial. Case 
studies and review of literature indicate that the risk of LIP 
transforming into a pulmonary lymphoma is low [7].

The prognosis for FB is usually good. Though some stud-
ies have shown that when FB is diagnosed in patients less 
30 years of age, their disease course may be more progres-
sive [8, 9]. In many cases, immunosuppressants or other bio-
logics are used to treat FB, reflecting the need to treat the 
underlying disease rather than the just the pulmonary disor-
der. In the rare cases of primary or familial FB, macrolide 
antibiotics have been used and have shown symptomatic 
improvement [14].
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47Respiratory Bronchiolitis Versus 
Desquamative Interstitial Pneumonia

Brian D. Cone and Gregory A. Fishbein

 Clinical Presentation and Imaging

A 43-year-old man presented with chronic cough and pro-
gressive dyspnea. He has no other significant past medical 
history. The cough was occasionally productive, with yellow 
to white thick mucus. His social history was significant for 
moderate alcohol use and a 30-pack-year history of smoking. 
He works as a circuit court judge and has no known environ-
mental exposures. His family history is significant for lung 
cancer, with his father and grandmother both dying of squa-
mous cell carcinoma. His mother is alive, with no history of 
cancer or lung disease.

Physical exam findings included digital clubbing and dis-
coloration of the skin on the second and third fingers of his 
dominant hand. Chest auscultation demonstrated prominent 
crackles that persisted following forced cough. There were 
no other significant exam findings. Pulmonary function test-
ing was performed and demonstrated an overall restrictive 
ventilatory defect and diminished diffusion capacity for car-
bon monoxide.

A chest X-ray showed patchy bibasilar opacities, with 
relatively normal upper lung fields. A high-resolution chest 
CT was obtained and reinforced the X-ray findings. There 
were diffuse ground-glass opacities present, predominantly 
in the lower lobes, including the subpleural parenchyma (see 
Fig. 47.1). The upper lung zones were relatively spared.

Following thoracoscopic diagnostic wedge biopsy from 
the right lower lobe, histologic examination revealed dif-
fusely abnormal lung with nearly all the airspaces containing 
sheets of histiocytes with a glassy, eosinophilic appearance 

(see Fig. 47.2). The pneumocytes lining the airspaces were 
flat or inconspicuous in most areas. Alveolar walls were sig-
nificantly widened by bands of fibrosis intermixed with bun-
dles of hyperplastic smooth muscle. The interstitium was 
largely hypocellular. No fibroblastic foci were seen. 
Inspection of the intra-alveolar histiocytes on higher power 
demonstrated finely granular golden-tinged pigment. 
Sporadic lymphoid aggregates were present along the air-
ways. No granulomas were seen. Overall, the changes were 
uniform and were present in all fields examined.
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Fig. 47.1 HRCT of patient. An axial high-resolution CT scan of the 
chest shows basilar centrilobular nodules and small cysts, present bilat-
erally. (Figure courtesy of Travis Kauffman, DO, University of Missouri 
Kansas City, Kansas City, MO)
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Fig. 47.2 Desquamative interstitial pneumonia (DIP). In DIP, the 
majority of airspaces are filled with compact sheets of glassy eosino-
philic histiocytes. The surrounding interstitial space contains a mixture 
of collagen deposition (fibrosis) and smooth muscle hypertrophy [H&E 
stain; 100× magnification]

 The Final Pathologic Diagnosis Rendered: 
Desquamative Interstitial Pneumonia

 What Is Desquamative Interstitial Pneumonia 
and How Does It Relate to Respiratory 
Bronchiolitis?

Desquamative interstitial pneumonia (DIP) is a pulmonary 
disease characterized by the accumulation of macrophages 
within the alveoli, which form sheets of glassy eosinophilic 
cells that can distend the airspaces. According to the ATS/
ERS 2013 consensus, smoking-related interstitial pneumo-
nias (IIP) include respiratory bronchiolitis-associated inter-
stitial lung disease (RB-ILD) and desquamative interstitial 
pneumonia (DIP) [1, 2]. Together, they represent a spectrum 
of pulmonary disease, largely characterized by macrophage 
accumulation of varying degree and distribution. 
Unfortunately, the literature regarding the clinical features, 
histologic characteristics, and even the nomenclature is both 
confusing and inconsistent.

 What Is the Typical Clinical Presentation 
for RB?

By definition, RB is asymptomatic and is more a histologic 
biomarker of smoking than a clinical disease. The lesion is 
often incidentally seen in lung specimens sampled from 
smoking patients. In isolation, the finding is of little to no 
clinical significance and merely confirms the patient’s his-
tory of smoking [3, 4].

 What Is the Distinction Between RB 
and RB-ILD? What Is the Typical Clinical 
Presentation of RB-ILD?

In essence, respiratory bronchiolitis-associated interstitial 
lung disease (RB-ILD) is the clinical correlate of the RB 
 histomorphology when identified in patients that also have 
clinical manifestations of interstitial lung disease [5]. 
However, the use and distinction of these terms are not con-
sistent throughout the literature.

RB-ILD is a rare disorder that usually occurs in heavy 
smokers, with equal sex incidence. Patients diagnosed with 
RB-ILD tend to be younger, typically ranging from 30 to 
60  years of age at time of diagnosis. Symptoms include 
chronic cough and shortness of breath. Subjective wheezing 
and inspiratory crackles are reported in a minority of patients. 
If there is progressive exertional dyspnea or other, more 
severe complaints, such as hemoptysis or peripheral cyanosis, 
then other diagnoses should be strongly considered [6, 7].

Limited data suggests that pulmonary function testing can 
show various patterns, including normal, mixed obstructive 
and restrictive, or purely restrictive impairment. A reduction 
in diffusion capacity for carbon monoxide (DLCO) can also 
be seen and may be disproportionate to the relatively mild 
symptoms. Patients diagnosed with RB-ILD typically do not 
go on to experience chronic, progressive interstitial lung dis-
ease. Even patients who continue smoking tend to have a 
stable course [3, 6–8].

 What Are the Typical Radiographic Findings 
in RB-ILD?

In contrast to pulmonary function tests, RB-ILD often dem-
onstrates characteristic radiographic findings. Although 
chest X-rays are often normal, HRCT scans often show 
ground-glass opacities or centrilobular nodules that are upper 
lobe predominant. The bronchi can appear thickened, and 
emphysema may be present [2, 7].

 What Is the Typical Clinical Presentation 
of DIP?

DIP can affect both men and women and almost always 
occurs in heavy smokers. Affected individuals tend to be 
older than those with RB-ILD, but about 10 years younger 
than those diagnosed with UIP. Not all cases of DIP are seen 
in smokers. A variety of other conditions may very rarely 
demonstrate a reactive, DIP-like histologic picture. These 
include drug reaction, asbestosis, and collagen vascular dis-
eases such as systemic lupus erythematosus or rheumatoid 
arthritis [7, 9].
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Symptoms include dry cough and slow onset dyspnea. In 
contrast to RB-ILD, as many as 50% of patients with DIP 
have digital clubbing. Pulmonary function testing shows 
mild to moderate restriction and decreased diffusion capacity 
for carbon monoxide. The degree of impairment often is less 
pronounced than with other interstitial lung diseases [7, 10].

 What Are the Typical Radiographic Findings 
in DIP?

Chest X-rays can show bibasilar ground-glass opacities in 
about one quarter of patients with DIP, although they can be 
normal in some patients. On HRCT, ground-glass attenua-
tion is nearly always identified and is lower lobe predomi-
nant, which distinguishes DIP from most other pulmonary 
diseases that are related to particulate inhalation [7]. 
Subpleural distribution of the opacities is also present. 
Bronchial dilation, or pseudobronchiectasis, can be seen and 
is a form of reversible airway dilation, distinguished from 
traction bronchiectasis by its lack of tortuosity or string of 
beads appearance. Oftentimes, small cystic changes can be 
present and are worrisome for honeycombing; however, 
these too are known to be reversible. Overall, the pulmonary 
parenchymal architecture is more or less preserved, in con-
trast to UIP [10, 11].

 What Are the Histologic Features of RB/RB-ILD?

The preponderance of literature state that the histologic dif-
ferences between RB and RB-ILD are indistinguishable [3, 
7, 8]. In RB/RB-ILD, low magnification of histologic sec-
tions shows focal bronchiolocentric accumulation of glassy, 
eosinophilic appearing macrophages. Mild to moderate dis-
tortion of the bronchioles can be seen, appearing dilated or 
irregularly shaped. Mild fibrotic changes can thicken the 
walls of the involved bronchioles. Chronic inflammation can 
be present within the bronchial interstitium. The accumula-
tion of macrophages can extend to adjacent alveolar ducts 
and peribronchiolar airspaces. On higher power, the luminal 
macrophages show very fine, gold-to-brown granular cyto-
plasmic pigmentation [5, 6, 10, 12] (see Fig. 47.3).

 What Are the Histologic Features of DIP?

Histologic sections from patients with DIP will appear pink 
or eosinophilic on low magnification on account of the dif-
fuse filling of airspaces by pigmented macrophages. The 
alveolar walls become widened by interstitial fibrosis, which 
should be mild to moderate and uniform throughout. Higher 
magnification will highlight the airspaces filled with sheets 

of macrophages, which contain the same finely granular, 
gold-brown pigment (smoker’s pigment). While the majority 
of the accumulated cells are mononuclear, scattered multi-
nucleated giant cells can be seen [10]. Chronic inflammatory 
infiltrates can be present and are most often centered around 
the respiratory bronchioles. Interstitial plasma cells and rare 
eosinophils can also be seen.

Airspace enlargement and interstitial widening of the 
alveolar septa can be seen in DIP.  The septa are widened 
secondary to collagen deposition and scant inflammatory 
cell infiltrates. Smooth muscle hypertrophy is also common. 
Pneumocyte hyperplasia can be focally present. The colla-
gen should be mature, and fibroblastic foci should not be 
seen [1, 10].

 How Are DIP and RB/RB-ILD Distinguished 
Radiographically?

The HRCT can help distinguish RB-ILD from DIP as there 
should be apparent differences in distribution of the opacities 
and centrilobular nodules. In RB-ILD, they should be found 
predominantly in the upper lobes, whereas in DIP, they are 
lower lobe predominant and subpleural. The presence of 
lower zone cystic lesions also favors DIP [7].

 How Are DIP and RB/RB-ILD Distinguished 
Histologically?

Both RB and DIP are characterized by accumulations of 
intra-alveolar, finely pigmented macrophages. In DIP, the 
accumulations form dense uniform aggregates and dif-
fusely involve the airspaces. In RB/RB-ILD, the accumula-

Fig. 47.3 Respiratory bronchiolitis (RB). Loose collections of finely 
pigmented alveolar smokers’ macrophages accumulate in airspaces sur-
rounding a respiratory bronchiole [H&E stain; 400× magnification]

47 Respiratory Bronchiolitis Versus Desquamative Interstitial Pneumonia



290

tions are more sparse and bronchiolocentric [7]. Sparing of 
distal airspaces would be more consistent with RB-ILD. If 
interstitial thickening is present in RB-ILD, it should be 
confined to the peribronchiolar area. DIP, on the other hand, 
can demonstrate more distal interstitial fibrosis [10]. It is 
important to recognize that the histopathologic changes of 
RB-ILD and DIP exist along a spectrum. The distinction is 
somewhat arbitrary and arguably unnecessary, according to 
some authors [10].

 Can the Diagnoses of RB-ILD and/or DIP 
Be Made on a Small Biopsy?

The presence of RB is a common incidental finding in smok-
ers. In addition, focal areas showing DIP-like changes are 
sometimes encountered in resection specimens from patients 
without DIP. Therefore, while it is appropriate to comment 
on the presence, quantity, and quality (e.g., pigmented, 
hemosiderin-laden, foamy, etc.) of alveolar macrophages, 
small transbronchial biopsies are insufficient to render the 
diagnoses of RB-ILD or DIP.

 What Is the Prognosis for RB, RB-ILD, and DIP?

As all three entities are smoking-related, smoking cessation 
is a first-line recommendation regardless of its effective-
ness in disease management. RB will likely be present his-
tologically as long as the patient continues smoking and 
may even remain in up to half of ex-smokers [3]. As men-
tioned, RB-ILD does not typically progress and has an 
excellent prognosis, as many patients tend to stabilize even 
without cessation. That said, the symptoms and physiologic 
defects can persist, even with smoking cessation. 
Corticosteroid use is controversial, as there is no clear evi-
dence of its efficacy beyond some transient symptomatic 
improvement [6]. The 10-year survival rate for DIP is about 
70% [9]. Overall, smoking cessation, with or without treat-
ment, gives an excellent prognosis when compared to other 
interstitial lung diseases.

 What Other Diagnoses Can Be Considered 
in This Case?

Pulmonary Langerhans cell histiocytosis (PLCH) is almost 
exclusively seen in cigarette smokers and frequently coex-
ists with RB and DIP. The hallmark finding of PLCH is a 
reactive proliferation of Langerhans cells that form nodules 
along small airways with a stellate appearance. In its active 

phase, Langerhans cells will be seen accompanied by eosin-
ophils. Organizing pneumonia may surround the nodules. In 
the “burnt-out” phase, the inflammatory cells may no longer 
be present; only acellular stellate scars remain. 
Radiographically, PLCH demonstrates small cysts in the 
upper lobes, predominantly around the periphery. Because 
PLCH, RB, and DIP are all associated with smoking, it is 
not surprising that they may all be seen in the same patient. 
Therefore, these entities are often grouped together into 
what is commonly called smoking-related interstitial lung 
disease (SR-ILD). In one review of PLCH cases, all con-
tained RB/DIP-like changes [6, 13].

 What Ancillary Studies Can Be Used 
in the Pathologic Workup of This Patient?

As with many interstitial lung diseases, immunohistochem-
ical stains are of limited utility in the workup of RB, 
RB-ILD, and DIP.  Immunostains are helpful, however, to 
demonstrate the Langerhans cells of PLCH. These cells are 
immunoreactive to CD1a, S100, and Langerin. Special 
stains, such as trichrome or elastin stains, may be helpful in 
some cases to highlight the small airways and vasculature. 
Iron stains may or may not highlight the pigmented intra-
alveolar macrophages depending on the content of the par-
ticulate matter.
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48Constrictive Bronchiolitis

Chen Zhang

 Clinical History

A 58-year-old female former smoker presents with worsen-
ing shortness of breath for 6 months which began as “flu”-
like symptoms. A cardiac review is negative for ischemic 
heart disease. She is currently on no medications. She has a 
history of sleep apnea and uses a continuous positive airway 
pressure (CPAP) at night. She states that she feels fine when 
sleeping with the CPAP on but gets shortness of breath as she 
gets out of bed with a few steps. Her pulmonary function 
testing reveals a moderately obstructive ventilatory defect, 
with FVC 2.47 L (64% predicted), FEV1 1.21 L (41% pre-
dicted), TLC 5.75 L (101% predicted), and diffusion capac-
ity 48% predicted. There is no response to bronchodilators. 
A high-resolution chest computed tomography (CT) scan 
shows bilateral mosaic attenuation and air trapping of the 
lungs, most prominent in the lower lobes (Fig. 48.1).
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Fig. 48.1 Constrictive bronchiolitis. Chest CT scan demonstrating 
bilateral mosaic attenuation and air trapping

 Pathologic Findings

Video-assisted thoracoscopic surgery (VATS) wedge biop-
sies from the right upper, middle, and lower lobes were per-
formed. The histologic findings from the three lobes are 
similar and show near normal alveolar lung parenchyma 
under low magnification (Fig. 48.2). However, closer exami-
nation under higher magnification (Fig.  48.3a, b) reveals 
show luminal narrowing of some bronchioles, associated 
with subepithelial fibroblast proliferation. An elastic stain 
(Fig.  48.3c) demonstrates that the fibroblast proliferation 
occurs between the respiratory epithelium and the elastic 
layer. Some bronchioles are even completed obliterated with 
fibrosis and chronic inflammation (Fig. 48.4a, b). The bron-
chiole remnants are considerably smaller than the adjacent 
pulmonary arteries. An elastic stain highlights the residual 
bronchial elastic layer surrounding the obliterated lumina 
(Fig. 48.4c).
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Fig. 48.2 Constrictive 
bronchiolitis. Low-magnification 
photomicrograph of a lung 
wedge biopsy showing largely 
unremarkable alveolar lung 
parenchyma. A few bronchioles 
(arrows) have thickened walls,  
a feature that is inconspicuous 
and easily overlooked at this 
magnification. H&E, 20×

a

c

b

Fig. 48.3 Constrictive bronchiolitis. (a) Intermediate magnification 
showing narrowed small airway lumina due to subepithelial fibrosis. 
H&E, 100× (b) High-magnification photomicrograph illustrating prom-
inent fibroblast proliferation in a collagenous and myxoid stroma situ-

ated between the respiratory epithelium and the smooth muscle layer 
(arrows). H&E, 200× (c) High-magnification photomicrograph of an 
elastic tissue stain highlights the fibrosis that separates respiratory epi-
thelium from the elastic layer. 200×
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Fig. 48.4 Constrictive bronchiolitis. (a) Low-magnification photomicro-
graph of constrictive bronchiolitis at a later stage. A completely obliterated 
bronchiole (arrow) is significantly smaller than the adjacent pulmonary 
artery. H&E, 20× (b) Higher magnification showing that the lumen of the 

bronchiole is completely obliterated by fibrosis with a scant infiltrate of 
inflammatory cells. The bronchiole is recognizable by its residual smooth 
muscle layer (arrows). H&E, 200× (c) An elastic stain highlights the resid-
ual elastic layer (arrows) of the obliterated bronchiole. 200×

 Diagnosis: Constrictive Bronchiolitis (CB)

 What Are the Etiologies and Clinical 
Presentations of Constrictive Bronchiolitis?

CB, also known as obliterative bronchiolitis, is a rare small 
airway disease that is most commonly encountered in lung or 
stem cell transplant recipients in whom it is a manifestation 
of chronic rejection [1] or graft-versus-host disease [2, 3], 
respectively. Other less common causes include infection, 
drug toxicity, connective tissue disease (rheumatoid arthri-
tis), and toxic inhalation [4–7]. In rare patients, it may be a 
form of idiopathic small airway disease (Table 48.1) [8, 9]. 

Table 48.1 Etiologies of constrictive bronchiolitis

Chronic rejection in recipients of lung transplantation
GVHD in recipients of bone marrow transplantation
Systemic collagen vascular diseases (such as rheumatoid arthritis)
Infections (such as RSV, CMV, adenovirus, influenza virus, and 
mycoplasma)
Toxic fumes (ammonia, nitrogen dioxide) or ingestions (Sauropus 
androgynus juice)
Drug toxicities (penicillamine, gold)
Skin diseases (paraneoplastic pemphigus, Stevens-Johnson 
syndrome, toxic epidermal necrolysis)
Idiopathic

CMV cytomegalovirus, GVHD graft-versus-host disease, RSV respira-
tory syncytial virus
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The clinical term “bronchiolitis obliterans syndrome (BOS)” 
refers to the clinical syndrome caused by constrictive bron-
chiolitis during chronic rejection in lung transplant recipi-
ents [1, 10]. It is unrelated to and should not be confused 
with “bronchiolitis obliterans organizing pneumonia 
(BOOP).”

Clinically, patients usually present with progressive 
cough and dyspnea. Pulmonary function tests usually show 
obstructive changes but may also show variable degrees of 
restrictive defects. Chest X-ray typically shows overinflation 
without significant infiltrates. High-resolution chest CT scan 
demonstrates air trapping (Fig. 48.1), sometimes associated 
with ground-glass opacities [11].

 What Are the Histologic Features 
of Constrictive Bronchiolitis? What Are the Key 
Features to Differentiate Constrictive 
Bronchiolitis from Normal Lung?

Histologically, the most striking feature of CB is that the 
pathologic changes seem to be disproportionately “mild” 
compared to the severe clinical symptoms. The distal alveo-
lar parenchyma in constrictive bronchiolitis appears normal. 
Hyperinflation can usually be appreciated radiologically but 
is not evident under the microscope, especially when the 
specimen is artificially collapsed during surgery and/or his-
tologic processing. Mild chronic inflammatory infiltrates 
surrounding the bronchioles may be seen; however, signifi-
cant inflammation or fibrosis are almost never present in con-
strictive bronchiolitis. The diagnostic lesions involve small 
bronchioles and can be scattered or focal, and some small 
bronchioles can be entirely normal. The involved bronchi-
oles typically have narrowed or obliterated lumina, and the 
diameter of the involved bronchiole is considerably smaller 
than that of the accompanying artery. Luminal narrowing of 
the bronchioles is due to fibroblast proliferation and/or col-

lagen deposition within the subepithelial stroma [12, 13]. An 
elastic stain is helpful in revealing the elastic layer of the 
airway and the fibrosis that occurs between the bronchiolar 
epithelium and elastic layer (Figs. 48.2, 48.3, and 48.4).

The lung biopsy with constrictive bronchiolitis can be 
pretty much unremarkable under low magnification. The 
diagnostic lesions can be subtle and focal. Pathologists 
should pay extra attention searching for features of constric-
tive bronchiolitis in the seemingly “normal” lung biopsies 
from patients with significant clinical respiratory impair-
ment. At the later stage of the disease, the involved bronchi-
oles can be entirely replaced by small fibrous scars adjacent 
to a pulmonary artery. At low magnification, a clue to this 
situation is seeing “naked” arteries without accompanying 
bronchioles. An elastic stain can be extremely helpful in 
highlighting the residual elastic tissue of the destroyed 
bronchioles.

 What Are the Key Features to Differentiate 
Constrictive Bronchiolitis from Organizing 
Pneumonia?

Constrictive bronchiolitis needs to be differentiated from 
organizing pneumonia (previous termed bronchiolitis 
obliterans- organizing pneumonia, BOOP), which typically 
has a better prognosis. Organizing pneumonia is a nonspe-
cific reaction of bronchioles to acute/subacute lung injury 
caused by various etiologies, most commonly infectious. 
Microscopically, organizing pneumonia is characterized by 
replacement of the proximal airspaces with fibroblastic plugs 
within a loose myxoedematous stroma. Differentiation 
between organizing pneumonia/BOOP and constrictive 
bronchiolitis is usually not challenging, especially when 
evaluated in combination with clinical and radiological 
information (Table 48.2). However, confusion may be caused 
by the similar names of these two entities.

Table 48.2 Features useful to differentiate constrictive bronchiolitis from organizing pneumonia (previously BOOP)

Features Constrictive bronchiolitis Organizing pneumonia/BOOP
Clinical presentation Chronic severe dyspnea, cough Subacute onset, commonly with antecedent upper 

respiratory tract infection or pneumonia
Radiological findings Mosaic attenuation, air trapping, 

hyperinflation
Ground-glass opacities

Microscopic 
features

Bronchiolar fibrosis Subepithelial fibrosis with luminal 
narrowing and/or obliteration

Polypoid intraluminal fibroblast plugs; normal- 
sized bronchiolar lumen

Entirely scarred bronchioles Characteristic in later stage No
Associated interstitial 
pneumonia

No Usually present

Accumulation of foamy 
alveolar macrophages

No Usually present

BOOP bronchiolitis obliterans-organizing pneumonia

C. Zhang
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 What Are the Treatment Options and Prognosis 
of Constrictive Bronchiolitis?

The prognosis of constrictive bronchiolitis, irrespective of 
etiology, is poor. Most patients deteriorate and die of respira-
tory failure within months to years after the initial diagnosis, 
although the rate of decline is variable. Secondary bacterial 
infections may accelerate the disease course. Most patients 
do not respond to corticosteroids or cytotoxic medication, 
which have significant potential toxicity. Macrolide antibiot-
ics with immunomodulatory effects have been used, with 
some anecdotal successes, to treat and/or prevent BOS in 
lung transplant recipients [14, 15]. However, additional stud-
ies are required to determine the role and benefit of macro-
lide therapy in CB. Lung transplantation is currently the only 
viable treatment option in patients with severe disease.
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49Granulomatosis with Polyangiitis 
Versus Mycobacterial/Fungal Infection

Jason V. Scapa and Gregory A. Fishbein

 Case Presentation

A 55-year-old Caucasian man presents with a 3-week history 
of fever and malaise along with hemoptysis and dyspnea that 
have developed within the past 5 days. He has a productive 
cough with blood-tinged sputum. His speech suggests short-
ness of breath. Over the past month, he has noticed weight 
loss and general fatigue. His past medical history is notable 
for several bouts of rhinosinusitis requiring prolonged antibi-

otic courses, in addition to a referral to an otolaryngologist. 
Additionally, he states that he has suffered from joint pain 
over the past year. Physical exam is notable for a low-grade 
fever, decreased oxygen saturation, focally decreased breath 
sounds, and dullness to percussion at the lung bases. A chest 
X-ray shows a solid nodular lesion at the base of the right 
lung. A computed tomography (CT) scan reveals a 2.1 cm 
cavitary lesion at the base of the right lung, corresponding to 
the chest X-ray abnormality (Fig. 49.1a). Initial laboratory 
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Fig. 49.1 Radiographic and biopsy findings from case presentation. 
(a) Computed tomography (CT) scan demonstrating a 2.1-cm cavitary 
lesion in lower lobe of the right lung (arrow). (b) Core needle biopsy 

showing vasculitis with granulomatous inflammation and “blue necro-
sis” (hematoxylin and eosin stain [H&E], 140×)
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results are remarkable for a slightly elevated white blood cell 
count and mild normocytic anemia. A urinalysis shows 3+ 
blood and 2+ protein. Blood cultures and serologies are sent, 
and antibiotics are started. Initial serologic testing demon-
strates the presence of antibodies against cytoplasmic pro-
teinase- 3 (PR-3), also referred to as c-ANCA. Following the 
result, a lung biopsy is scheduled for the next day.

Permanent section of the needle core lung biopsy 
(Fig.  49.1b) illustrates granulomatous inflammation with 
parenchymal necrosis, particularly in the centrilobular zones. 
At low power, there are areas of geographic necrosis that 
appear basophilic with high power showing neutrophilic and 
karyorrhectic debris. There are histiocytes palisading and 
surrounding the necrosis. Occasional small giant cells are 
seen within the granulomatous inflammation. Pulmonary 
vessels may occasionally show perivascular chronic inflam-
mation composed predominately of lymphocytes and plasma 
cells. A Ziehl-Neelsen tissue stain for acid fast bacilli (AFB), 
Grocott’s methenamine silver (GMS), and periodic acid- 
Schiff (PAS) stain for fungal elements are negative. A tissue 
elastin stain demonstrates disruption of the elastic lamina in 
the vessels.

 Pathologic Diagnosis: Granulomatosis 
with Polyangiitis (GPA)

 Discussion Questions

 What Is GPA?
GPA, formerly known as Wegener’s granulomatosis, is a 
small vessel vasculitis associated with antineutrophilic cyto-
plasmic antibodies (ANCA). Vasculitides are an eclectic 
group of diseases that have diverse clinical presentations, but 
nearly all have some component of vascular wall inflamma-
tion [1, 2]. In 2012, the Revised International Chapel Hill 
Consensus Conference (CHCC) Nomenclature of Vasculitides 
better categorized noninfectious vasculitis and defined them 
according to the type of vessel involved—this includes vessel 
size, function, and structural attributes [3]. Table 49.1 demon-
strates the recent classification developed by the 2012 
CHCC. Pulmonary vasculitides encompass mainly small ves-
sels and capillaries, although medium and large vessels can 
be involved in certain conditions [4]. The 2012 CHCC defined 
small vessel vasculitides as those impacting “small intrapa-
renchymal arteries, arterioles, capillaries, and venules.” The 
consensus group further organized the small vessel vasculiti-
des by their pathophysiologic origin—those marked by 
immune-complex formation and those associated with 
ANCAs. ANCA-associated vasculitides (AAVs) comprise a 
trio of small vessel vasculitides: granulomatosis with polyan-
giitis (GPA), eosinophilic granulomatosis with polyangiitis 
(EGPA), and microscopic polyangiitis (MPA).

 How Does a Patient with GPA Present Clinically?
GPA is the most common pulmonary vasculitis, with a prev-
alence of 30,000 patients in the United States and 2600 new 
cases a year [5]. GPA is more typically seen in older adults, 
although cases have been reported in all ages [6]. While there 
is no gender predilection, GPA is seen predominately in 
Caucasian individuals [7]. Constitutional symptoms stem 
from the inflammatory nature of the disease and include 
fatigue and malaise, anorexia, fever, and weight loss [8]. 
Nonspecific localized symptoms comprise rhinosinusitis, 
cough, dyspnea, urinary abnormalities, arthralgias, and neu-
rologic dysfunction. Prodromal systemic symptoms can 
begin and last for months before organ-specific manifesta-
tions appear. Therefore, given the nonspecific findings, it is 
difficult to distinguish clinical symptoms from infection 
since both can present with “B-symptoms” such as fever, 
fatigue, night sweats, and weight loss.

Because GPA affects the upper and lower respiratory 
tract, signs and symptoms in the head and neck are often 
seen. Persistent rhinosinusitis, rhinorrhea, nasal discharge, 
oral ulcers, and conductive and sensorineural hearing loss 
have been seen in patients with GPA. Ophthalmic symptoms 
such as conjunctivitis, corneal ulceration, scleritis, optic neu-
ropathy, uveitis, and retinal vasculitis can also be seen. 
Lower airway manifestations include hoarseness, cough, 
dyspnea, stridor, and pleural pain. Hemoptysis may repre-
sent alveolar hemorrhage, which can be life threatening. In 
the lungs, pulmonary consolidations, nodules, atelectasis, 
and pleural effusion may also be present. Although only 18% 
of patients have renal involvement at time of initial presenta-
tion, about 80% will go on to develop glomerulonephritis 

Table 49.1 Vasculitides classified by vessel size [3]

Large vessels
Giant cell (temporal) arteritis
Takayasu arteritisa

Medium vessels
Kawasaki disease
Polyarteritis nodosaa

Small vessels
ANCA-associated vasculitis
   Granulomatosis with polyangiitis (Wegener’s granulomatosis)a

   Microscopic polyangiitisa

   Eosinophilic granulomatosis with polyangiitis (Churg-Strauss 
syndrome)a

Immune complex small vessel vasculitis
   IgA vasculitis (Henöch-Schonlein purpura)a

   Anti-glomerular basement membrane disease (Goodpasture 
syndrome)a

   Cryoglobulinemic vasculitisa

   Anti-C1q vasculitis
Variable-sized vessels
Behçet’s diseasea

Cogan syndrome
a Indicates pulmonary involvement
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within the first 2 years of disease onset [9]. Glomerulonephritis 
can present as asymptomatic hematuria, rising creatinine, 
proteinuria, and rapid progressive glomerulonephritis with 
crescent formation. Less frequently involved sites include 
the skin, nervous, and gastrointestinal systems.

 What Are the Diagnostic Features of GPA?
GPA is a small vessel vasculitis marked by granulomatous 
inflammation. While multiple clinicopathologic criteria have 
been described by the CHCC, the American College of 
Rheumatology [10], and the European Medicine Agency 
[11], the main features of GPA include radiographic evi-
dence of pulmonary nodules or fixed infiltrates, nasal or oral 
inflammation, microscopic hematuria, and granulomatous 
inflammation on biopsy.

ANCAs are antibodies that target one of two antigens 
found in neutrophils: the cytoplasmic proteinase-3 (PR-3), 
which is termed c-ANCA, and the perinuclear myeloperoxi-
dase (MPO), also known as p-ANCA [12]. ANCA are tested 
by two laboratory methods: screening with indirect immuno-
fluorescence (IFF) and more specific enzyme-linked immu-
nosorbent assays (ELISA). Serologically, GPA typically 
shows c-ANCA positivity with 90% specificity. Seven per-
cent of GPA will show p-ANCA and 3% will be negative for 
ANCA [13]. The sensitivity of ANCA for the diagnosis of 
GPA and MPA is 81–85% [14]. The diagnosis of any vascu-
litis, including GPA, relies on compilation of the clinical, 
radiographic, laboratory, and histopathologic findings.

 What Are the Imaging Findings of GPA 
and Mycobacterial/Fungal Infection?
In GPA, imaging studies primarily focus on lung manifesta-
tions. Computed tomography (CT) and chest radiographs 
can show bilateral lung nodules, infiltrates, cavitary lesions, 
ground-glass opacities, and pleural opacities. CT scans of 
the head and neck may reveal lesions in the sinuses, orbits, 
and mastoids, particularly in patients displaying upper air-
way symptoms [15].

Radiography of tuberculous processes will often show the 
presence of one or more Ghon foci, where the initial host 
response occurs and appears as small nodules. Calcified 
lymph nodes may be seen in combination with these, consti-
tuting the Ghon complex. When the host response is not suf-
ficient, large mass-like lesions can form. Endobronchial 
spread is possible giving rise to patchy consolidations with 
tree-in-bud opacities and additional adjacent nodules. 
Cavitary lesions can form when the lesion undergoes central 
necrosis and cystic change. Lobar or segmental infiltration 
can be seen in addition to abundant small nodules (miliary 
disease) [16]. Fungal and nontuberculous mycobacterial 
infections can show similar findings to tuberculous pro-
cesses, including nodules and cavitary lesions.

 What Are the Gross Findings in GPA?
As the radiographic findings would suggest, gross examina-
tion of the lungs will often demonstrate bilateral nodules, 
approximately 2–3 cm in greatest dimension with or without 
cavitation. The nodules frequently display irregular borders 
with dark yellow to red areas of central necrosis. 
Consolidation and hemorrhage may be visually present, but 
the intervening parenchyma usually appears normal. When 
nodules are absent, the gross lungs may show features of dif-
fuse alveolar hemorrhage (DAH) or interstitial fibrosis.

 What Are the Histopathologic Findings in GPA?
The staple microscopic features of GPA are a triad of paren-
chymal necrosis, vasculitis, and granulomatous inflamma-
tion (Fig.  49.2) [17, 18]. Low-power magnification shows 
large areas with geographic necrosis that appears basophilic 
and termed “blue necrosis.” Higher magnification illustrates 
that these necrotic zones contain microabscesses with neu-
trophilic and nuclear debris. Peripherally located histiocytes 
and multinucleated giant cells are seen surrounding the 
necrosis in what is described as a so-called cartwheel pat-
tern. The giant cells often appear paradoxically small with 
dark cytoplasm.

The vasculitis of GPA impacts small vessels (under 5 mm 
in diameter) and includes arterioles, venules, and capillaries. 
The regions of vessel wall inflammation are typically next to 
larger areas of geographic necrosis. The vessel walls com-
monly have chronic inflammatory infiltrates along with neu-
trophils, fibrinoid and transmural necrosis, and granulomas. 
Disruption of the internal and external elastic lamina in these 
vessels can be demonstrated using a tissue elastin stain. 
Scarring of the vessels, showing intimal proliferation and 
medial changes, is frequently seen. In cases of DAH, 
hemosiderin- laden macrophages with neutrophilic capillari-
tis are present.

The extravascular granulomas are composed of multinu-
cleated giant cells that evince angulated cytoplasmic edges 
and peripherally located hyperchromatic, syncytially 
arranged nuclei in a ring or horseshoe pattern. There is a ten-
dency for the granulomas to be located in the centrilobular 
zones and are typically accompanied by mixed inflammation 
including lymphocytes, neutrophils, eosinophils, histiocytes, 
and plasma cells.

There are other nonspecific histologic findings of GPA, 
which may be present at the periphery of the necrotic zones. 
Organizing pneumonia can be observed in areas adjacent to 
granulomatous inflammation or hemorrhage. If prominent, 
these findings could represent bronchiolitis obliterans orga-
nizing pneumonia (BOOP)—like variant of GPA.  This 
uncommon histologic pattern has been described in a 
16-patient case series [19]. Other findings include lymphoid 
aggregates, bronchiolitis, bronchocentric granulomatosis, 
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Fig. 49.2 Granulomatosis with polyangiitis (GPA) with a variety of 
parenchymal and vascular lesions. (a) Low-magnification architectural 
view demonstrating geographic “blue necrosis” with adjacent areas of 
granulomatosis inflammation (hematoxylin and eosin stain [H&E], 
10×). (b) Section demonstrating blue necrosis with adjacent palisading 

granulomatous inflammation and a medium-sized artery with vasculitis 
(H&E, 50×). (c) Vasculitis with multinucleated giant cell (arrow) within 
vessel wall in GPA (H&E, 140×). (d) Elastin stain of vessel showing 
disruption of the elastic lamina by diffuse chronic and granulomatous 
inflammation in GPA (H&E, 140×)

interstitial fibrosis, and foamy macrophages, similar to lipoid 
pneumonia. Xanthogranulomatous lesions can be seen with 
cholesterol clefts [20]. Eosinophils can be present; however, 
if these are prominent, they should raise the consideration of 
EGPA, eosinophilic pneumonia, drug toxicity, or infection.

 How Does GPA Differ Histologically 
from Pulmonary Infections Such 
as Mycobacterial or Fungal Infection?
The major differential consideration in GPA is infection 
given the presence of necrotizing granulomatous inflamma-
tion. Clinically, infection and GPA can present with systemic 
symptoms of fever, fatigue, and weight loss, along with pul-
monary nodules and cavitary lesions on imaging. The histo-
logic appearance of pulmonary infections usually shows 

more eosinophilic central necrosis with a marked 
 lymphoplasmacytic infiltrate that typically has pink zones of 
necrosis with a blue peripheral rim (Fig.  49.3). This is in 
contrast to the blue central necrosis due to neutrophil and 
karyorrhectic debris of GPA. The multinucleated giant cells 
are more epithelioid in nature and are often numerous in 
infectious processes. Infectious processes may have necro-
tizing and/or well-formed non-necrotizing granulomas. In 
contrast, well- formed non-necrotizing granulomas are not a 
feature of GPA.

Despite these subtle histologic differences, special stains 
for microorganisms such as Ziehl-Neelsen tissue stain for 
acid fast bacilli (AFB) and Grocott’s methenamine silver 
(GMS) and periodic acid-Schiff (PAS) stain for fungal ele-
ments should be performed if there is even remote consider-
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Fig. 49.3 Necrotizing granulomas and infection. (a) Pulmonary necro-
tizing granulomas of the lung showing pink, caseating necrosis with 
peripherally oriented epithelioid histiocytes and multinucleated giant 
cells (hematoxylin and eosin stain [H&E], 40×). (b) Aggregate of 
mycobacteria within center of necrotizing granuloma (arrow) (Ziehl- 
Neelsen stain, 600×)

ation for infection. Typically, the infectious elements will be 
at the center of the granulomatous inflammation. GMS may 
show yeast (e.g., Blastomycosis, Cryptococcus, Histoplas-
mosis, Coccidioides), hyphae (e.g., Aspergillus species, 
mucormycosis), or both (i.e., Candida species) [21]. Tuber-
culous and nontuberculous mycobacteria appear as straight 
or slightly curved rods, 0.2–0.6  μm wide and 1.0–10  μm 
long, on the AFB stain. Common nontuberculous mycobac-
teria include Mycobacterium avium complex (MAC), M. 
kansasii, M. abscessus, and M. chelonae. If infection is high 
on the differential diagnosis, it may be prudent to evaluate 
multiple deeper levels with special stains. Additionally, aura-
mine-rhodamine stain by fluorescent microscopy can be 
more sensitive for the detection of mycobacterium than 
Ziehl-Neelsen [22]. Molecular testing by polymerase chain 

reaction or next-generation sequencing can also be per-
formed on formalin-fixed paraffin-embedded sections for 
identification and speciation of fungal and mycobacterial 
organisms.
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50Eosinophilic Granulomatosis 
with Polyangiitis Versus Eosinophilic 
Pneumonia

Jason V. Scapa and Gregory A. Fishbein

 Case Presentation

A 40-year-old Caucasian woman presents with a 2-month his-
tory of fever and fatigue with occasional dyspnea. Her past 
medical history is remarkable for poorly controlled asthma for 
the past 10 years that required robust regimens of glucocorti-
coids. She has a long history of atopy, including scattered rashes 
and allergic rhinitis since childhood. Physical exam is notable 
for low-grade fever, decreased oxygen saturation, wheezing, 
and dullness to percussion at the lung bases. There are tender 
subcutaneous skin nodules over her extensor surfaces of the 
arms and legs. A chest X-ray shows ill-defined nodular lesions 
bilaterally. A computed tomography (CT) scan shows bilateral 
nodules with bronchiectasis, small- and medium-sized airway 
thickening, and subpleural scars. Initial laboratory results are 
notable for a leukocytosis with increased eosinophils (7500 
eosinophils per microliter). Initial serologic testing demon-
strates the presence of p-ANCA as well as increased immuno-
globulin E (IgE). An open lung biopsy is performed.

Microscopic examination of the lung biopsy demonstrates 
diffuse eosinophilic pneumonia, with eosinophils and histio-
cytes present in the alveolar spaces and interstitial compart-
ment (Fig. 50.1). Eosinophils are present within the lumens 
and walls of small bronchi, which also show subepithelial 
basement membrane thickening and smooth muscle hyper-
trophy, consistent with asthmatic bronchitis. Small vessels 
show perivascular and transmural collections of infiltrating 
eosinophils with fibrinoid necrosis and rare thrombosis. 
Eosinophilic microabscesses and eosinophilic necrosis sur-
rounded by palisading histiocytes and multinucleated giant 

cells are also seen. A Ziehl-Neelsen tissue stain for acid fast 
bacilli (AFB) and Grocott-Gomori methenamine silver 
(GMS) stain for fungal elements are negative.

 Pathologic Diagnosis

The constellation of asthma, eosinophilic pneumonia, and 
pulmonary vasculitis in the setting of peripheral hypereo-
sinophilia, p-ANCA positivity, and childhood atopy is diag-
nostic of eosinophilic granulomatosis with polyangiitis 
(EGPA, formerly Churg-Strauss syndrome).

 Discussion Questions

 What Is Eosinophilic Pneumonia?
Eosinophilic pneumonia (EP) is a histologic pattern of lung 
disease characterized by infiltration of the pulmonary alveo-
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Fig. 50.1 Patient lung wedge biopsy showing eosinophilic inflamma-
tion and vasculitis (hematoxylin and eosin stain [H&E], 400×)
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Table 50.1 Differential diagnosis for pulmonary eosinophilia

Infections
•  Transpulmonary larvae passage helminths
   –  Ascaris lumbricoides
   –  Strongyloides stercoralis
   –  Hookworm (Ancylostoma duodenale, Necator americanus)
•  Invasive pulmonary helminths
   –  Echinococcus
   –  Paragonimus
   –  Taenia solium
•  Fungal infections
   –  Coccidioides
   –  Allergic bronchopulmonary aspergillosis (ABPA)
Drugs and toxins
•  Medications
   –  Nonsteroidal anti-inflammatory drugs (NSAIDs)
   –   Antimicrobials (ampicillin, minocycline, nitrofurantoin, 

sulfonamides, daptomycin)
   –  Anticonvulsants
   –  Diuretics
   –  Sulfa drugs
   –  Amiodarone
   –  Methotrexate
•  Toxins
   –  Aluminum silicate
   –  Scorpion stings
   –  Inhaled heroin
   –  Marijuana
   –  Dust
   –  Tobacco
   –  Smoke
   –  Scotchgard
Idiopathic eosinophilic pneumonias
•  Acute
•  Chronic
Other causes
•  Eosinophilic granulomatosis with polyangiitis (a.k.a. Churg-

Strauss disease)
•  Granulomatosis with polyangiitis (a.k.a. Wegener’s 

granulomatosis)
•  IgG4-related disease
•  Histiocytoses (e.g., Langerhans cell histiocytosis)
•  Hypereosinophilic syndrome
•  Sarcoidosis
•  Neoplasms

lar and interstitial compartments by eosinophils. EP may 
occur in isolation or as a manifestation of a larger disease 
process. Such disorders include infection, hypersensitivity 
reactions to drugs or toxins, tumors, and rheumatologic dis-
ease (Table 50.1). The etiology is often not apparent from the 
histopathology alone. Cases in which no pathologic or clini-
cal etiology is identified are termed idiopathic EP.

 What Is the Differential Diagnosis of Eosinophilic 
Pneumonia?
Infection should always be considered in the setting of eosin-
ophilia. Since the life cycle of many helminths involves the 

passage of larvae through the lungs before migrating to the 
gastrointestinal tract, pulmonary eosinophilia may indicate 
parasitic infection. These organisms include Strongyloides 
stercoralis, Ascaris sp. (A. lumbricoides, A. suum), and 
hookworms (Ancylostoma duodenale, Necator americanus) 
[1]. Other helminths such as Echinococcus, Paragonimus, 
and Taenia solium can directly invade the pulmonary paren-
chyma and cause EP.  Fungal infections, particularly 
Coccidioides, can present with EP [2]. EP is also present in 
allergic bronchopulmonary aspergillosis, which is a 
 hypersensitivity reaction in the setting of airway coloniza-
tion by Aspergillus species [3].

EP may also be seen in the setting of hypersensitivity 
reaction to toxins or medications. These can present as eosin-
ophilic pneumonia alone or multiorgan dysfunction, such as 
drug reaction with eosinophilia and systemic symptoms 
(DRESS) syndrome [4]. Common medications associated 
with EP include nonsteroidal anti-inflammatory drugs 
(NSAIDs), antimicrobials (such as nitrofurantoin, minocy-
cline, ampicillin, sulfonamides, and daptomycin), anticon-
vulsants, beta blockers, diuretics, methotrexate, amiodarone, 
and other sulfa drugs [5]. A variety of toxins may also cause 
pulmonary eosinophilia, including Scotchgard, aluminum 
silicate, scorpion venom, heroin, dust, tobacco, and other 
chemicals used in manufacturing.

EP may be seen in setting of peripheral hypereosinophilia 
of any etiology as part of the so-called hypereosinophilic 
syndrome (HES). HES may be idiopathic or secondary to a 
number of disorders, including eosinophilic granulomatosis 
with polyangiitis (EGPA, a.k.a. Churg-Strauss syndrome). 
Pulmonary eosinophilia is a feature of a variety of uncom-
mon disease processes, such as histiocytoses, IgG4-related 
disease, granulomatosis with polyangiitis (a.k.a. Wegener’s 
granulomatosis), and lymphoma (e.g., classic Hodgkin lym-
phoma). In the absence of an identifiable clinical or patho-
logic etiology, EP may be deemed idiopathic. Idiopathic EP 
may be acute or chronic. Idiopathic acute EP and chronic EP 
are distinct clinical entities both characterized by eosino-
philic infiltrates in the lung.

 What Is Meant by Acute and Chronic Eosinophilic 
Pneumonia?
Idiopathic acute eosinophilic pneumonia (AEP) clinically 
presents as acute respiratory failure in an otherwise healthy 
patient. It has been suggested that AEP may represent a 
hypersensitivity reaction to an unidentified inhalant [6]. 
These patients will display acute onset (less than 4 weeks 
duration) of nonproductive cough, dyspnea, fever with mal-
aise, night sweats, chest pain, and myalgia [7]. Physical 
exam shows high fever with inspiratory crackles and expira-
tory rhonchi on auscultation of the thorax. Peripheral eosino-
philia is usually absent, but increased eosinophils are seen in 
bronchoalveolar lavage (BAL) cytology. Chest radiographs 
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demonstrate mixed ground-glass and reticular opacities 
ranging from patchy to diffuse. Typical histologic features of 
AEP include intra-alveolar fibrin with varying degrees of 
organization, admixed with degranulating eosinophils and 
macrophages. Acute lung injury with hyaline membranes 
may be present. Eosinophils can be seen in both the intersti-
tial and alveolar compartments. The process may be focal. 
AEP is exquisitely steroid responsive. If sampling is per-
formed following administration of corticosteroids, only 
scant eosinophils may be seen.

Chronic eosinophilic pneumonia (CEP) is a progressive 
illness that can present with fever, cough, progressive dys-
pnea, wheezing, and night sweats [8]. Patients with CEP may 
have preexisting atopic conditions such as asthma or allergic 
rhinitis. The disease usually has a gradual onset over several 
months. Peripheral eosinophilia is usually present. BAL 
cytology shows marked increase in eosinophils. 
Radiographically, CEP tends to display bilateral peripheral 
or pleural-based opacities. Biopsy is usually not necessary to 
establish the diagnosis if clinical, radiographic, and BAL 
features are present. Microscopic examination will show 
intra-alveolar and interstitial eosinophils and macrophages, 
similar to AEP. Eosinophilic necrosis with giant cells, airway 
eosinophilia, and perivascular eosinophilic infiltrates may be 
present, which may lead to a misdiagnosis of EGPA. In con-
trast to EGPA, necrotizing vasculitis is not a feature of 
CEP. Furthermore, EGPA is a systemic syndrome affecting 
multiple organ systems. The diagnosis of EGPA requires 
clinical correlation and cannot be made based on pathology 
alone.

 What Is Eosinophilic Granulomatosis 
with Polyangiitis (EGPA)?
EGPA, also called Churg-Strauss syndrome or allergic gran-
ulomatous angiitis, is a systemic disorder characterized by 
atopic disease (e.g., asthma, allergic rhinitis), peripheral 
eosinophilia, tissue eosinophilia with granulomas, and small 
vessel vasculitis. EGPA is often associated with antineutro-
phil cytoplasmic antibodies (ANCA), usually directed 
against myeloperoxidase (anti-MPO) with a perinuclear 
staining pattern (p-ANCA). Pulmonary involvement is com-
mon, but EGPA may also affect the skin, heart, peripheral 
nervous system, gastrointestinal tract, and kidney.

 What Are the Clinical Features of EGPA?
EGPA presents as a clinical constellation of allergic rhinitis, 
asthma, peripheral eosinophilia, multi-organ tissue eosino-
philia, and small vessel necrotizing vasculitis. EGPA mainly 
affects the upper and lower respiratory tracts. The lung is 
involved in 70% of cases [9]. Asthma is a hallmark clinical 
feature of EGPA and is usually present in 90% of patients 
with the disease [10]. EGPA typically also involves the 
peripheral nervous system, heart, skin, gastrointestinal tract, 

upper respiratory tract, and/or musculoskeletal system. Skin 
lesions include tender subcutaneous nodules on the extensor 
surfaces, especially the elbows. Macular and papular ery-
thematous rashes may also be present. Peripheral neuropathy 
can be seen in 75% of patients with EGPA. Cardiomyopathy 
and pericarditis occur in a subset of individuals. However, 
cardiac involvement represents a significant cause of death in 
patients with EGPA.

 What Laboratory Findings Support the Diagnosis 
of EGPA?
Laboratory testing in patients with EGPA reveals marked 
increase in blood eosinophils, usually 5000–9000 eosino-
phils per microliter. ANCA positivity is seen in about 31% of 
cases. Of these, p-ANCA and c-ANCA are present in 64% 
and 36% of cases, respectively [11]. Immunoglobulin E 
(IgE) levels are often increased. Other nonspecific laboratory 
findings include leukocytosis, normocytic anemia, positive 
low-titer rheumatoid factor, and hypergammaglobulinemia.

 How Does EGPA Affect the Lung?
EGPA typically presents in three phases—the prodromal 
phase, eosinophilic phase, and vasculitic phase. In the pro-
dromal phase, the characteristic finding in the lung is asthma. 
In the eosinophilic phase, the lungs develop eosinophilic 
pneumonia. Finally, in the vasculitic phase, necrotizing small 
vessel vasculitis composed of a primarily eosinophilic infil-
trate is present. Like all vasculitides, EGPA does not always 
progress as described in the textbooks. The three phases usu-
ally but not necessarily occur sequentially in the order 
described above.

 What Are the Histopathologic Findings in EGPA?
The hallmark histopathologic pulmonary features of EGPA 
are asthmatic bronchitis, eosinophilic pneumonia (EP), 
extravascular granulomatous inflammation, and necrotizing 
vasculitis of small-to-medium-sized vessels (Fig.  50.2). 
These histologic findings may not all be present since the 
disease often progresses in stages. Asthmatic bronchitis 
presents microscopically as eosinophilic airway inflamma-
tion, subepithelial basement membrane thickening, smooth 
muscle hypertrophy, tissue edema, and mucous plugging. 
EP is accompanied by varying degrees of intra-alveolar 
fibrin deposition, organizing pneumonia, and reactive type 
II pneumocytes. Also present are the unique extravascular 
“allergic granulomas” of EGPA, composed of eosinophilic 
necrosis surrounded by palisading histiocytes and multinu-
cleated giant cells. The granulomas can become fibrotic and 
calcified as they heal and scar. Arteries and sometimes veins 
demonstrate perivascular and transmural eosinophilic 
inflammation with fibrinoid necrosis and thrombosis. Dif-
fuse alveolar hemorrhage with eosinophilic capillaritis has 
also been described.
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Fig. 50.2 Pulmonary and cardiac involvement by eosinophilic granu-
lomatosis with polyangiitis (EGPA). (a) Pulmonary parenchyma with 
small-sized vessel infiltrated by eosinophils (hematoxylin and eosin 
stain [H&E], 400×). (b) Lung parenchyma with eosinophilic granuloma 

(H&E, 200×). (c) Pulmonary involvement by EGPA demonstrating 
asthmatic bronchiolitis with eosinophils within the airway wall (hema-
toxylin and eosin stain [H&E], 200×). (d) Heart biopsy displaying 
eosinophilic endomyocarditis in the setting of EGPA (H&E, 200×)

 How Is EGPA Histologically Distinguished 
from Acute (AEP) and Chronic (CEP) Eosinophilic 
Pneumonia?
Eosinophilic pneumonia (EP) is a pattern of lung injury in 
which eosinophils infiltrate the alveolar and interstitial com-
partments of the lung parenchyma (Fig. 50.3). EGPA, AEP, 
and CEP are distinct clinical entities in which EP is a charac-
teristic histologic feature. Although there is substantial mor-
phologic overlap between these entities, one defining feature 
of EGPA that is not seen in AEP or CEP is necrotizing vas-
culitis. The diagnoses of EGPA, AEP, and CEP can only be 
established with clinical and radiographic correlation.

 What Are the Radiographic Findings in EGPA 
and How Do They Differ from Acute and Chronic 
Eosinophilic Pneumonia?
Radiographic imaging in EGPA can demonstrate the pres-
ence of transient bilateral pulmonary infiltrates that are 
migratory or non-fixed in size and location over time. High- 
resolution computed tomography (HRCT) can show peri-
bronchial thickening, septal thickening, and indistinct 
opacities [12].

At the onset of acute eosinophilic pneumonia (AEP), 
chest X-ray findings may be subtle reticular or ground-glass 
opacities with “Kerley B” lines—short parallel lines at the 
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Fig. 50.3 Eosinophilic pneumonia. (a) Pulmonary parenchyma with interstitial and alveolar eosinophilic inflammation (hematoxylin and eosin 
stain [H&E], 200×). (b) Higher magnification showing interstitial and alveolar eosinophils (hematoxylin and eosin stain [H&E], 400×)

lung periphery that represent interlobular septa. Diffuse 
mixed ground-glass opacities develop as the disease pro-
gresses. HRCT usually shows bilateral patchy ground-glass 
or reticular opacities in a random distribution. Pleural 
 effusion may be noted [13]. Chronic eosinophilic pneumonia 
(CEP), on the other hand, typically demonstrates bilateral 
peripheral or subpleural non-segmental, consolidative opaci-
ties, sometimes described as the “photographic negative” of 
pulmonary edema [14]. These consolidations are typically 
more prominent in the upper lobes.

 How Does EGPA Differ from GPA?
Granulomatosis with polyangiitis (GPA), formerly called 
Wegener’s granulomatosis, is an entity entirely distinct from 
EGPA.  The hallmark histologic features of GPA are geo-
graphic basophilic (“blue”) necrosis, neutrophilic microab-
scesses, necrotizing granulomatous inflammation, vasculitis 
of small arteries and veins, and neutrophilic capillaritis with 
diffuse alveolar hemorrhage. The inflammation in GPA is 
often rich in eosinophils. However, the necrosis in GPA is 
blue, owing to the nuclear dust of karyorrhectic neutrophils. In 
EGPA, the necrosis is brightly pink, as it is mainly composed 
of degranulated eosinophils. Both are associated with ANCA 
positivity. However, the ANCA generally associated with GPA 
is anti-PR3 (C-ANCA), whereas the ANCA generally associ-
ated with EGPA is anti-MPO (P-ANCA). Be forewarned, 
however, while usually true this is not always the case.

An eosinophilic variant of this disease, perhaps better 
designated EV-GPA, has been described in multiple case 
reports [15–17]. This variant is accepted as a mimic of 
EGPA, as its distinguishing feature is a prominent tissue 
infiltrate composed predominantly of eosinophils. However, 
unlike EGPA, the classic features of GPA, such as geographic 

blue necrosis and neutrophilic microabscesses, remain pres-
ent. In addition, the key clinical features of EGPA, such as 
asthma, atopy, and peripheral eosinophilia, are absent.
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51Pulmonary Sarcoidosis Versus 
Mycobacterial/Fungal Disease 
in the Lung

James A. Mays, Joshua A. Lieberman, and Haodong Xu

 Case Presentation

A 53-year-old man with a past medical history of steroid- 
responsive restrictive lung disease and asbestos exposure 
presented to clinic with increased dyspnea on exertion. He 
has had a longstanding history of presumptive sarcoidosis 
based on prior chest radiograph findings that has been stable 
for several years, but recently he has shown increasing dys-
pnea, chronic cough, and congestion along with a chest com-
puted tomography (CT) scan that showed concern for 
increased interstitial fibrosis that is most prominent in the 
upper lobes. Multiple transbronchial biopsies have been 
attempted, but no definitive etiology has been found either 
for an infectious etiology or for evidence of sarcoidosis. A 
repeat chest CT shows upper lobe-predominant reticulonod-
ularity in a perilymphatic distribution with areas of subpleu-
ral sparing; it also showed a few mildly enlarged mediastinal 
lymph nodes, some of which showed peripheral calcification 
(Fig. 51.1). An interferon-gamma release assay for tubercu-
losis (TB) infection is equivocal. Because of the lack of treat-
ment response and concern for possible atypical infection or 
interstitial lung disease, he underwent wedge biopsy of the 
left upper lobe.

The left upper lobe showed numerous, well-formed, con-
glomerated non-necrotizing granulomas primarily in a lym-
phatic distribution including localizations in the 
bronchiovascular bundles and visceral pleural areas 
(Fig. 51.2). It also showed organizing pneumonia with inter-

mixed areas of intra-alveolar fibrin aggregates with acute 
inflammatory infiltrates, characteristic of acute fibrinous and 
organizing pneumonia (AFOP, not shown). Overall, the 
granulomatous component was held to be morphologically 
compatible with the patient’s clinical history of sarcoidosis. 
The patient’s AFOP was due to a lung injury; neither micro-
biologic culture nor special stains for organisms identified an 
infectious etiology. The patient’s oral steroid dose was 
increased, and he was slowly tapered with symptom resolu-
tion over the next 3  months, remaining stable at 5  mg of 
prednisone daily.
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Fig. 51.1 Chest CT showing mediastinal lymphadenopathy, left upper 
lone consolidation, and perilymphatic nodules in the right upper and 
lower lobes
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Fig. 51.2 Lung wedge resection showing tightly clustered, well-formed non-necrotizing granulomas localized in the bronchovascular bundles (a, 
b) and visceral pleural areas (c, d). H&E: (a, c) 40×; (b, d) 200×

 Final Diagnosis: Non-necrotizing 
Granulomas, Consistent with Sarcoidosis, 
in a Background of Acute Fibrinous 
and Organizing Pneumonitis

Comment: The lymphatic distribution of non-necrotizing 
granulomas and negative stains for AFB and fungi supports a 
diagnosis of sarcoidosis. Clinical, radiographic, and micro-
biologic correlation is necessary to make the clinical diagno-
sis of sarcoidosis.

 Clinical Considerations

Sarcoidosis is a chronic granulomatous disease of unknown 
etiology that involves the lung in a large majority of cases. 
Most patients present with systemic symptoms including 
fatigue, weight loss, fever, and malaise; in cases that involve 
the lung, frequent symptoms include dyspnea and dry cough. 
Sarcoidosis can markedly vary in its severity and symptoms, 
with some patients having essentially normal pulmonary 
function tests and others having severe dysfunction. Severe 
sarcoidosis can mimic other fibrotic lung diseases or chronic 

infectious processes in both the degree of lung fibrosis and 
its impairment of pulmonary function. Because of its poorly 
characterized etiology, sarcoidosis is to some degree a diag-
nosis of exclusion and should only be put forward when 
other causes of chronic granulomatous disease (e.g., myco-
bacterial and fungal infection, berylliosis) have been suffi-
ciently ruled out [1].

Among other causes of granulomatous disease in the 
lung, Mycobacterium tuberculosis stands out as among the 
most important [2–4]. Although it is frequently recognized 
as a source of chronic lung infection and pulmonary nodules, 
no screening test for infection is definitive, and surgical 
pathology will sometimes be the initial point of diagnosis for 
an otherwise unexpected infection. As such, it is essential to 
rule it out when entertaining a diagnosis of sarcoidosis. In 
addition to Mycobacterium tuberculosis, nontuberculous 
mycobacteria (NTM) are also important infectious agents in 
the lung. The prevalence and incidence of NTM incidence 
are increasing, particularly among patients over age 65, in 
whom NTM prevalence in the United States may now exceed 
that of TB by tenfold or more [3, 4]. These nontuberculous 
mycobacteria are essentially ubiquitous environmental 
organisms, and patients who become infected with them usu-
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ally have either preexisting immunosuppression or chronic 
lung disease. On occasion, microbiologic cultures will show 
nontuberculous mycobacteria of uncertain clinical signifi-
cance; histologic examination to assess the host response can 
be helpful in determining whether these findings represent 
true infection in these cases.

 Radiologic Features

Pulmonary imaging is an important part of the diagnosis of 
sarcoidosis, because staging is heavily based upon radio-
graphic findings. The most classic finding is bilateral hilar 
adenopathy; however, the lung parenchyma can have a vari-
ety of findings, including diffuse reticular opacities, ground- 
glass opacities, nodules, or nothing at all. Radiologic staging 
of sarcoidosis is performed as follows: Stage 0: normal 
radiographic findings; Stage I: bilateral hilar adenopathy; 
Stage II: bilateral hilar adenopathy along with reticular opac-
ities, more frequently in the upper lung fields; Stage III: 
reticular opacities without hilar adenopathy; Stage IV: exten-
sive fibrosis with reticular opacities and volume loss, often in 
association with traction bronchiectasis and cavitation [5].

High-resolution CT scans are more sensitive than chest 
radiographs in detecting lung abnormalities, but since they 
frequently detect abnormalities in otherwise asymptomatic 
people, they do not play a central role in staging. Other ancil-
lary tests to support a diagnosis of sarcoidosis include gal-
lium- 67 scintigraphy, which can show increased uptake in 
the parotid and lacrimal glands, creating a so-called panda 
bear pattern, which increases suspicion for sarcoidosis [6].

 Histologic Features

The sine qua non of sarcoidosis is granuloma formation. 
These non-necrotizing granulomas are typically clustered in 
a lymphatic distribution and most commonly identified in the 
subpleural region, interlobular septa, and bronchovascular 
tree. In particular, the subpleural area is a characteristic site 
that is not commonly seen in mycobacterial infection [7]. 
The granulomas of sarcoidosis tend to be small, well-formed, 
tightly clustered, and embedded in a surrounding area of col-
lagen fibrosis (Fig.  51.2). Giant cells are often plentiful. 
These areas can sometimes have a rim of lymphocytic 
inflammation. Pulmonary vessels can also frequently be 
involved by granulomas or giant cells and can be often appre-
ciated on transbronchial biopsy [8]. Concordant with the 
high prevalence of hilar lymphadenopathy in sarcoidosis, 
granulomas nearly always involve the peribronchial or medi-

astinal lymph nodes [9]. While several different inclusion 
bodies (e.g., Schaumann bodies or asteroid bodies) may be 
seen in up to 10% of cases, these findings are neither neces-
sary nor pathognomonic for sarcoidosis [10].

The histologic features of sarcoidosis have some differ-
ences from tuberculosis and other granulomatous diseases, 
which may allow the pathologist to favor one over the others 
even in the absence of microbiologic data. One feature is the 
tendency of sarcoidosis to involve the lung in a lymphatic 
distribution, as opposed to the airway distribution that is 
more common in mycobacterial disease. This feature is most 
easily appreciated in the subpleural region, where tightly 
clustered, well-formed granulomas would be much less 
indicative of mycobacterial infection (Fig. 51.2). However, 
as with much in these entities, this feature is not a rule, and 
pleural involvement by tuberculosis is estimated to occur in 
about 30% of patients [11]. Another feature that favors sar-
coidosis is the nature of the granulomatous inflammation. 
Sarcoid granulomas are usually tightly clustered, well- 
formed, and non-necrotizing, as compared to the much more 
frequently necrotizing granulomatous inflammation of both 
TB and NTM or fungal infection (Fig. 51.3). Tuberculosis 
and NTM infections have similar histologic patterns, and 
acid-fast bacilli are often not visible [12, 13]. Multiple other 
histologic patterns can be produced by mycobacteria or 
fungi, including nodules, cavitation, and interstitial pneumo-
nitis. In aggregate, an understanding of the characteristic his-
tologic findings of sarcoidosis can lead one to favor it as the 
most likely diagnosis, but this finding must be interpreted in 
light of the patient’s other clinical and radiographic 
findings.

Fig. 51.3 Histologic section showing a necrotizing granuloma (H&E 
200×)
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 Special Stains and Microbiologic Features

Both acid-fast stains and microbiologic testing are indicated 
in all lung specimens with granulomatous disease, regardless 
of whether the granulomas are necrotizing or not. Silver 
stains to assess for fungal disease are also recommended. 
Given the importance of antimicrobial susceptibility data, 
culture is also necessary in cases of suspected tuberculosis. 
Although negative microbiologic testing for tuberculosis is 
reassuring when making a diagnosis of sarcoidosis, some 
caution is warranted because no single negative result 
 definitively rules out tuberculosis. For instance, approxi-
mately 20% of patients with pleural tuberculosis do not have 
definitive evidence of mycobacteria by histopathologic exam-
ination or mycobacterial culture [11, 14]. Newer PCR-based 
methods have similar sensitivity to culture with high positive 
and negative predictive values. However, as with other meth-
ods, false negative results are known, and at least one study of 
pleural biopsies has found a 10% false negative rate for speci-
mens ultimately found to contain tuberculosis [15].

 Key Points for Distinguishing Sarcoidosis 
from Mycobacterial and Other Infections

 What Are Three Key Histopathologic Features 
That Favor a Diagnosis of Sarcoidosis Over 
Mycobacterial Infection? Are These Findings 
Specific?

Several features favor sarcoid over infection: distribution of 
the lesion(s), types of granulomas, and the presence of inclu-
sion bodies and/or absence of microorganisms.

Distribution Unlike mycobacterial infections that tend to 
distribute along the airways, sarcoidosis tends to follow a 
lymphatic distribution pattern. Also different from mycobac-
terial infections, which tend to spare the pleura, sarcoidosis 
is more likely to involve the pleura and subpleural space. In 
addition, the lesions in sarcoidosis may involve peribron-
chial and mediastinal lymph nodes as well as pulmonary 
vasculature.

Granulomas and surrounding inflammation Sarcoidosis 
typically presents with tight, epithelioid, granulomas that are 
(almost) entirely non-necrotizing. These may be associated 
with lymphocytic inflammation and surrounding collagen 
fibrosis. In contrast, both NTM and TB infections classically 
have necrotizing granulomas. Neutrophilic inflammation is 
also an important clue suggesting an infectious etiology.

Additional features The presence of Schaumann or asteroid 
bodies suggests but is not specific for sarcoid; many TB and 
NTM cases have very few visible microorganisms. 

Nonetheless, these findings are not very specific. For exam-
ple, up to 30% of TB cases involve the pleura. Taken together 
with clinical history and ancillary studies, such as interferon 
release assays for TB, culture, and PCR, these features help 
rule in sarcoidosis and help exclude infection. A diagnosis of 
pulmonary sarcoidosis is most secure when there is agree-
ment between clinical presentation, radiographic imaging, 
and histological findings. Disagreement between any of the 
three should cause the diagnosis to be treated as preliminary.

 Other than Mycobacterium tuberculosis, What 
Infections Should Be Considered in a Patient 
with Granulomatous Pulmonary 
Inflammation?

In addition to TB, nontuberculous mycobacterial infections 
are an important and potentially overlooked cause of granu-
lomatous inflammation. NTM infections in particular should 
be suspected in older or immunocompromised patients with 
consistent histopathology findings, particularly if concurrent 
testing for tuberculosis is negative. NTM can be quite diffi-
cult to treat and, if suspected, should be followed up with 
culture and/or PCR to identify the pathogen. Fungal infec-
tions may also present with a similar pattern of inflamma-
tion. Filamentous bacterial species such as Nocardia spp., 
Aggregatibacter spp., and Actinomyces spp. are also worth 
considering. Special stains for acid-fast bacilli and silver 
stains for fungus often aid in the evaluation.

 Other than Infections, What Other Diseases 
Should Be Considered in a Patient 
with Granulomatous Pulmonary 
Inflammation?

Several other noninfectious entities can present with similar 
tissue reaction patterns. Pneumoconioses, particularly beryl-
liosis, are an important consideration as is hypersensitivity 
pneumonitis which may be caused by a variety of environ-
mental or occupational exposures. Rheumatoid arthritis and 
other autoimmune diseases should also be considered but are 
beyond the scope of this chapter.
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52Histoplasmosis, Blastomycosis, 
Coccidioidomycosis, and Cryptococcosis 
in the Lung

James A. Mays, Joshua A. Lieberman, and Haodong Xu

 Case Presentation

A 62-year-old man presents to clinic with a 4-month history 
of persistent malaise, shortness of breath, and nonproduc-
tive cough. He has a past medical history of psoriatic arthri-
tis for which he is taking a monoclonal antibody 
immunosuppressive medication. He states that he has felt 
this way since an extended trip that included visits to 
Arizona, Mississippi, and Texas. A CT scan shows a 2.2 cm 
peripheral lung nodule in the right upper lung that has been 
slowly increasing in size over the past 3 months (Fig. 52.1). 
Serologic tests are equivocal, and he agrees to a biopsy of 
the pulmonary nodule. Histologic sections show a nodule 
consisting predominantly of caseating necrosis with rare 
scattered poorly staining spherules and degenerated forms 
that are highlighted by a GMS stain (Fig. 52.2). These forms 
appear to range markedly in size from <10 μm to approxi-
mately 100 μm. Rare spherules contain many small endo-
spores, while smaller spherules do not contain these 
structures (Fig. 52.2). A histologic diagnosis of coccidioido-
mycosis is made, and the patient is prescribed a 3-month 
course of fluconazole.

J. A. Mays 
Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA 

Department of Pathology, Massachusetts General Hospital,  
Boston, MA, USA
e-mail: jamays@mgh.harvard.edu 

J. A. Lieberman · H. Xu (*) 
Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA
e-mail: joshuaal@uw.edu; xu8@uw.edu

Fig. 52.1 2.2 cm lung nodule with 0.3 cm of cavitation and bronchiec-
tasis in the right upper lobe. Focal hilar lymphadenopathy was also 
identified; no other masses or consolidations were noted
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a b
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Fig. 52.2 Morphologic variation in coccidioidomycosis. (a) Mature 
spherules of Coccidioides spp. containing visible endospores from a 
Papanicolaou-stained FNA aspirate (400×). (b) Free endospores 
(arrowhead) remain after spherule rupture (Papanicolaou-stained, 

400×). (c) Immature Coccidioides spp. spherules stained with GMS 
have variable size and shape; endospores are not observed (200×). (d) 
Maturing Coccidioides spp. spherules stained by GMS with a degrad-
ing spherule in the background (400×)

J. A. Mays et al.



319

 Final Pathologic Diagnosis: 
Coccidioidomycosis of the Lung

 Clinical Considerations

Histoplasma capsulatum, Blastomyces dermatitidis, and 
Coccidioides immitis/posadasii are frequently encountered 
pulmonary pathogens in immunocompetent hosts. 
Cryptococcus neoformans is more frequently encountered in 
immunocompromised patients such as those with HIV/
AIDS, organ transplant, and prolonged courses of immuno-
suppressive medications. However, C. gattii has been shown 
to cause clinically severe infections in immunocompetent 
hosts [1, 2]. While all are environmental soil fungi, the geo-
graphic distribution varies. Histoplasma is most frequently 
found in the distribution of the Ohio and Mississippi rivers 
[3]; Blastomyces shares these river valleys but also extends 
throughout the Great Lakes, St. Lawrence River, and parts of 
Canada [4]. Coccidioides is an endemic pathogen in the 
southwestern United States, Mexico, parts of Central and 
South America [5], and arid regions of the northwestern 
United States [6]. Cryptococcus neoformans has a global 
distribution [7], while C. gattii has a more limited distribu-
tion with outbreak- [1] and non-outbreak-related infections 
occurring in the Western and Northwestern regions of North 
America [2], as well as tropical and subtropical regions [8].

These mycoses all have a wide range of associated clini-
cal severity. Histoplasmosis is most frequently asymptom-
atic and self-limiting [9] but can produce an acute 
presentation, a chronic infection akin to mycobacterial dis-
ease, or disseminated disease. A similar range of severity and 
time course exists for blastomycosis, which can have a var-
ied clinical presentation and frequently presents with con-
current skin involvement [10, 11]. Coccidioides most 
frequently presents as a flu-like illness but, like the others, 
can present with more chronic, fibrocavitary, or disseminated 
disease [12]. Unlike Blastomyces which produces dissemi-
nated disease in 20–50% of patients [13, 14], dissemination 
occurs in ~1% of cases of coccidioidomycosis, and patients 
of African and Pacific Islander descent are at increased risk 
[15, 16]. Cryptococcus most frequently has a subacute or 
chronic clinical presentation but has been shown to asymp-
tomatically colonize the respiratory tract in hosts with prior 
pulmonary disease [17] and can present as disseminated dis-
ease in profoundly immunocompromised patients. The most 
common and feared clinical complication of cryptococcosis 
is cerebromeningitis. In all of these mycoses, the manner of 

clinical presentation alone is generally insufficient to rule 
out any given fungus. However, an appropriate travel history, 
immunocompetency status, and certain symptoms (e.g., neu-
rological involvement for Cryptococcus and skin involve-
ment for Blastomycosis) can markedly influence the 
differential diagnosis.

Serologic testing for Coccidioides usually begins with 
enzyme immunoassays and are confirmed by immunodiffu-
sion and complement fixation, titers of which track with dis-
ease states [18]. Antigenic testing for Cryptococcus is 
available in serum and CSF and is an important adjuvant test, 
particularly to evaluate for cryptococcal cerebromeningitis 
[19]. Antigenic tests are available for Coccidioides, 
Blastomyces, and Histoplasma, but antigens are cross- 
reactive across these and other yeasts [20, 21].

 Radiologic Features

Because these different mycoses can have varied clinical 
presentations and distributions, radiographic findings can 
vary and overlap. However, there are still characteristic find-
ings in typical presentations of disease. In acute histoplas-
mosis, radiographs most often show patchy pneumonia in 
one or more lobes with frequently noted hilar or mediastinal 
lymph nodes [22]. Severe disease can show diffuse pulmo-
nary reticulonodular pulmonary infiltrates. In blastomycosis, 
acute presentations are more likely to present with airspace 
consolidation, and chronic presentations are more likely to 
present with mass-forming lesions [23]. In coccidioidomy-
cosis, many patients have generally unremarkable radio-
graphic findings; less than half show patchy areas of 
consolidation, and a minority show hilar lymph node enlarge-
ment [12]. In an immunocompetent patient, Cryptococcus 
can show multiple small well-defined nodules or focal areas 
of consolidation with an upper lobe predominance [24, 25].

 Histologic and Immunophenotypic Features

In invasive disease, the shared morphology of these four 
mycoses is that of yeast or yeast-like forms; it is this feature 
that groups them as a common differential diagnosis. Upon the 
detection of candidate yeast forms in a biopsy or surgical spec-
imen, delineation between the different mycoses can be made 
by several features, including size, shape (oval, round, or pleo-
morphic), pattern of budding (narrow, broad, or varied), and 
certain characteristic morphologic or staining features. A sum-
mary table of morphologic features is presented in Table 52.1.

Table 52.1 Morphologic differential of endemic mycoses

Histoplasma Blastomycosis Coccidioides Cryptococcus
Size 2–5 μm 8–20 μm 20–100 μm 5–15 μm
Shape Round Varied Round Varied
Budding Narrow-based Broad-based None Narrow-based
Other 
features

Intracellular pathogen within 
histiocytes; may be seen extracellularly

Double-contoured and 
refractile wall

Mature spherules with endospores 
(2–5 μm), occasionally hyphae

Mucicarmine-staining 
capsule, acapsular forms exist
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Histoplasma spp. infects alveolar macrophages and is 
predominantly seen as an intracellular pathogen within 
phagocytic cells [26] with small, ovoid yeast forms (2–5 μm) 
that are the smallest of the yeasts forms discussed in this 
chapter (Fig. 52.3a). These typically stain poorly in routine 
preparations but can be observed as phagocytosed forms in 

the cytoplasm of macrophages. While other yeasts such as 
Cryptococcus can overlap in size with Histoplasma, the 
overall population of other yeasts is typically pleomorphic 
with larger forms present. Histoplasma shows narrow-based 
budding that contrasts with Blastomyces’ broad-based 
budding.

a b

c d

Fig. 52.3 Representative morphology of Histoplasma, Blastomyces, 
and Cryptococcus. (a) Histoplasmosis with small, ovoid yeast forms 
with narrow-based budding. (b) Blastomycosis with a range of 
intermediate- sized (12–23 μm) spherical yeasts. These are larger than 
Histoplasma and have broad-based budding with double-contoured cell 

walls (inset: PAS stain). (c) GMS stain of Cryptococcus with variably 
shaped and sized spherules without budding. (d) Mucicarmine stain 
highlighting mucoid capsule of Cryptococcus. Occasional possible 
capsule-deficient forms are present (inset)
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Blastomyces are double-contoured, refractile, and typi-
cally 8–15 μm in size, creating morphologic overlap with 
either Cryptococcus (smaller forms) or Coccidioides (larger 
forms). Occasionally, very small forms mimicking 
Histoplasma in size can occur, but, as with Cryptococcus, 
these will typically exist in a continuum of size, including 
forms with more classic morphology [27]. The broad-based 
attachment of blastoconidia to their parent cells is the most 
reliable feature to distinguish Blastomyces from similar sized 
mimics (Fig. 52.3b, inset). Blastomyces (Fig 52.3b) will also 
be larger than Histoplasma (Fig 52.3a) if measurements with 
a calibrated micrometer can be made. The double cell wall is 
also a helpful finding (Fig. 52.3b).

The most characteristic finding of Coccidioides is that of 
a large, mature spherule greater than 30 μm containing mul-
tiple endospores (Fig. 52.2a). Smaller, immature spherules 
can be seen, which are generally ovoid and varied in size 
(Fig.  52.2c, d); these spherules can be confused with the 
yeast forms of other mycoses. Endospores are small (2–5 μm) 
(Fig. 52.2b) and may be difficult to identify in the absence of 
spherules [28]. Unlike other invasive yeasts, occasional 
hyphae and arthroconidia can occasionally be seen. When 
mature endospore-laden spherules are present, a confident 
diagnosis can be made, but if only immature spherules or 
degenerated forms are present, then a diagnosis is less cer-
tain and should be correlated with serology, immunofluores-
cence, or fungal culture.

Cryptococcus has intermediate-sized (most typically 
4–7 μm) yeast forms with narrow budding (Fig. 52.3c), sur-
rounded by a mucoid capsule that characteristically stains 
with a Mucicarmine stain (Fig. 52.3d). These yeasts may be 
pleomorphic, ranging up to 15 μm. Capsule-deficient forms 
can be present. Particularly in caseous or necrotic nodules, 
cryptococcal cells may be small, nonviable, distorted, and 
acapsular, becoming potentially confused with Histoplasma. 
Cryptococcal forms are typically not easily seen in an H&E 
stain, especially in the case of degenerated cells or resolving/
resolved infections. In the case of unsuccessful fungal cul-
ture, immunofluorescence or molecular studies may be 
undertaken in order to make a histologic diagnosis.

 Molecular Testing

Fungal culture should be performed in all clinical scenarios 
where invasive fungal disease is suspected. However, inva-
sive fungal disease is often an unexpected finding, and fungal 
culture can sometimes produce isolates that are of uncertain 
clinical significance. Histologic evaluation, including assess-
ment of host response, adds valuable information in these 

cases [28]. There are, however, cases where morphologic 
findings are not entirely specific for an etiology, and fungal 
culture has either failed or was not performed. In these cases, 
PCR-based methods performed on the formalin-fixed, 
paraffin- embedded tissue are becoming increasingly com-
mon and useful diagnostic tools [29, 30]. While molecular- 
based methods are largely more sensitive than histologic 
ones, a negative result does not definitively rule out invasive 
fungal disease in cases with strong histologic evidence or 
clinical suspicion. Degradation of DNA in nonviable organ-
isms or after formalin fixation can cause a sample’s total fun-
gal DNA content to be below the threshold of detection for 
that assay, and caution in such cases is warranted. For cul-
tured isolates of Coccidioides, DNA hybridization probes 
are available.

 Key Points for Differentiating Coccidioides, 
Cryptococcus, Blastomyces, and Histoplasma

 Each of These Pathogens Has Yeast or Yeast- 
Like Forms in Tissue: What Morphologic 
Features Distinguish Them?

Size is an important feature distinguishing these organisms 
(see Table  52.1), but other key morphologic features are 
often visible. A unique feature of Coccidioides distinct from 
Histoplasma, Blastomyces, and Cryptococcus is the forma-
tion of spherules, generally greater than 30  μm diameter; 
mature spherules are laden with endospores (2–5  μm). 
Cryptococcus spp. usually have a capsule that stains with 
mucicarmine. Blastomyces has a thick, double-contoured 
cell wall and divides by broad-based budding, whereas 
Histoplasma lacks the double-contoured wall and divides by 
narrow-based budding.

 What Are Important Pitfalls 
in the Identification of These Organisms?

The pathologist should be aware of capsule-deficient 
Cryptococcus, small-variant Blastomyces, and the presence 
of free Coccidioides endospores in the absence of spherules. 
Free endospores are small and may hide in the background. 
Small-variant Blastomyces typically has a range of sizes, 
helping to distinguish from Histoplasma capsulatum. 
Serologic tests such as cryptococcal antigen may help diag-
nose capsule-deficient Cryptococcus. Other yeasts, such as 
Candida spp. and Sporothrix spp. may appear similar in his-
tologic section.
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 What Additional Diagnostic Testing Is 
Important/Should Be Recommended?

Fungal culture and molecular microbiologic testing are far 
more specific than histologic assessment for species identifi-
cation. Culture should be taken in lesions with a high suspi-
cion, and the laboratory should be alerted to concern for 
Coccidioides or Histoplasma due to the significant risk of 
occupational exposure. Fungal PCR can be performed on the 
paraffin block in cases without a microbiologic diagnosis. 
Serologic testing for either antibodies or antigens is often 
helpful, but cross-reactivity among these and other yeasts is 
an important concern.
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53Pneumocystis jirovecii Pneumonia 
Versus Histoplasmosis

James A. Mays, Joshua A. Lieberman, and Haodong Xu

 Case Presentation

A 57-year-old man with a past medical history of bilateral 
lung transplant presented with increasing shortness of breath 
to his outpatient pulmonologist. Chest computed tomogra-
phy (CT) showed diffuse patchy infiltrates, most prominent 
in the para-hilar region, with associated lymphadenopathy 
(Fig. 53.1). The patient underwent bronchoscopy and trans-
bronchial biopsy, which showed granulomatous inflamma-
tion with few associated organisms, thought to be consistent 
with P. jirovecii. Prolonged treatment for pneumocystis 
pneumonia was not effective, and the patient eventually 
underwent wedge biopsy, which showed necrotizing granu-
lomas and small, narrow-based budding yeasts, morphologi-
cally most consistent with H. capsulatum (Fig. 53.2). Fungal 
cultures obtained from fresh tissue confirmed the diagnosis.
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Fig. 53.1 Chest CT showing diffuse patchy infiltrates, most prominent 
in the para-hilar region, with associated lymphadenopathy
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Fig. 53.2 Typical morphology of histoplasmosis. The organisms are 
small, ovoid yeast forms with narrow-based budding, as contrasted with 
the folded, umbilicated forms with an argyrophilic dot as seen in P. 
jirovecii

 Final Diagnosis: Small Yeasts with Narrow- 
Based Budding

Comment: These findings are suggestive of Histoplasma 
capsulatum but may be confused with other small yeasts 
such as Candida glabrata, Pneumocystis jirovecii, and oth-
ers. Correlation with microbiology studies is necessary to 
identify the infectious organism.

 Clinical Considerations

Histoplasma capsulatum is an invasive endemic pulmonary 
fungal pathogen that infects immunocompetent hosts and is 
seen as narrow-based budding yeast on histologic examina-
tion. In North America, Histoplasma is most frequently 
found in the distribution of the Ohio and Mississippi rivers 
[1], but it is globally distributed and prevalent in sub-Saharan 
Africa [2, 3] The clinical presentation of histoplasmosis has 
a wide range of clinical severity: most frequently it is asymp-
tomatic and self-limiting [4] but can produce an acute pre-
sentation, a chronic infection akin to mycobacterial disease, 
or disseminated disease.

P. jirovecii, previously characterized as a protozoan, is 
now classed as a fungus. It is present worldwide, and 
although it is overwhelmingly a disease of the immunocom-
promised, at least one study has found a carrier rate of up to 

20% in healthy, immunocompetent adults [5]. Pneumocystis 
pneumonia is one of the most commonly encountered lung 
infections in people with impaired cell-mediated immunity, 
such as those with advanced HIV [6], organ transplants, or 
hematological malignancy. Unlike Histoplasma spp. and 
other fungi, P. jirovecii cannot be grown by microbiologic 
culture [7].

 Radiologic Features

Typical radiographic findings in Pneumocystis pneumonia 
are bilateral, diffuse alveolar, and interstitial infiltrates that 
are typically either lower lobe or hilar predominant but may 
diffusely involve the lungs. However, multiple atypical 
radiographic patterns have been reported and include nodu-
lar lesions, lobar consolidation, unilateral involvement, cys-
tic spaces, and hilar lymphadenopathy [8]. Up to 20% of 
patients with AIDS may present with no radiographic abnor-
malities on chest radiographs, although they will likely have 
ground-glass opacities on subsequent CT [9]. The key mes-
sage is that Pneumocystis pneumonia is compatible with a 
wide array of radiographic findings.

In acute histoplasmosis, radiographs most often show 
patchy consolidation in one or more lobes, frequently with 
prominent hilar or mediastinal lymph nodes [10]. Severe dis-
ease can show diffuse reticulonodular infiltrates, and resolved 
cases may have calcified nodules. However, a substantial 
portion of cases may have normal chest radiographs [4, 10]. 
The variety of radiographic findings reflects the diversity of 
pathologic manifestations: histoplasmosis can produce an 
acute presentation, chronic infection akin to mycobacterial 
disease, disseminated disease, mediastinitis, or a circum-
scribed nodule of largely resolved infection.

 Histologic Features

The diagnosis of Pneumocystis pneumonia can be accom-
plished by recognition of characteristic histomorphologic 
features of the organism and intra-alveolar exudates 
(Fig  53.3a). Four developmental forms of P. jirovecii are 
described, in keeping with its former protozoan classifica-
tion: trophozoites, precysts, cysts, and sporozoites (also 
known as intracystic bodies). For the purpose of pathologic 
identification, cysts and trophozoites are the most relevant. 
The cyst is the largest, most easily recognized stage, and is 
easily demonstrated with GMS stain. The vegetative forms 
of Pneumocystis, trophozoites, are 1–5 μm in diameter and 
characteristically attach to type I pneumocytes. The cyst is 
5–7 μm in diameter and most contain up to eight intracystic 
bodies (sporozoites), each 1–2 μm in diameter. These sporo-
zoites have a single nucleus. Some cysts will contain internal 
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Fig. 53.3 Typical morphology and alveolar filling pattern of P. jirove-
cii pneumonia. Low (100×) magnification sections of a postmortem 
lung stained with H&E (a) and GMS (b) demonstrate an alveolar filling 
pattern with eosinophilic, proteinaceous exudate typical for P. jirovecii 

pneumonia. The opportunistic pathogens are abundant within intra- 
alveolar exudates and easily seen with a silver stain (b, c). Note the 
central umbilication and slightly folded appearance of the organisms at 
high (400×) magnification (c)
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comma-shaped structures, either singular or in pairs, that are 
localized thickenings of the internal layer of the cyst wall. 
Ruptured cysts that have released their sporozoites will have 
a characteristic cup or crescent shape when collapsed. 
Intracystic sporozoites are not visible on histopathologic 
stains. The cysts are round to oval, focally curved, with 
crushed “boat” forms present (Fig. 53.3c). These structures 
are useful in identifying P. jirovecii as compared to budding 
yeast pathogens. When found separately from the cysts, spo-
rozoites and trophozoites are difficult to identify and distin-
guish from background debris or tissue, but they can have an 
amoeboid appearance in tissue sections.

Grossly, in patients with P. jirovecii pneumonia, the lungs 
are typically heavy with a gray or tan consolidated cut sur-
face. The most typical histologic features are that of mild 
interstitial mononuclear inflammation, type II pneumocyte 
hyperplasia, and eosinophilic foamy intra-alveolar exudates 
that expand the alveolar spaces (Fig. 53.3a). On higher mag-
nification, the exudates can be punctuated by round baso-
philic dots that correspond to sporozoite and trophozoite 
nuclei. These help to distinguish the findings from pulmo-
nary edema or alveolar proteinosis. In tissue sections, there 
is often characteristic retraction of the exudate from the adja-
cent alveolar wall.

Although the above features are the most common histo-
logic pattern, P. jirovecii can provoke essentially any lung 
injury reaction pattern. In chronic infection, interstitial fibro-
sis may be seen. In an acute and progressive infection, dif-
fuse alveolar damage, hyaline membranes, and reactive 
epithelial proliferation can be seen. There is often robust 
lymphoplasmacytic inflammation and type II pneumocyte 
hyperplasia that can be misinterpreted as lymphocytic inter-
stitial pneumonia (LIP) or nonspecific interstitial pneumonia 
(NSIP). In one study, 19% of patients lacked the characteris-
tic alveolar exudates, and many showed atypical features 
such as interstitial inflammation (63%), fibrosis (50%), 
numerous alveolar macrophages resembling desquamative 
interstitial pneumonia (9%), granulomatous inflammation 
(5%), hyaline membranes (4%), and interstitial pneumonitis 
(3%) [11]. Due to this multitude of possible histologic pat-
terns, the differential diagnosis of opportunistic lung infec-
tions frequently includes both Pneumocystis pneumonia and 
endemic mycoses such as H. capsulatum. In such cases, 
diagnosis may be delayed without definitive histologic or 
microbiologic evidence of organisms.

Several infectious etiologies could be confused for P. jir-
ovecii. These include Histoplasma capsulatum, Candida 
glabrata, and Cryptococcus spp. Each of these entities has 
characteristic findings to suggest it. H. capsulatum has small, 
ovoid yeast forms (2–5 μm) that show narrow-based bud-
ding, which is absent in Pneumocystis. Yeast forms of H. 
capsulatum typically stain poorly in routine preparations but 

stain well with GMS (Fig. 53.1). In addition, H. capsulatum 
is primarily an intracellular pathogen, whereas P. jirovecii is 
primarily an extracellular organism within alveolar spaces. 
Cryptococcus yeasts (5–15 μm) are larger than either H. cap-
sulatum or P. jirovecii and typically have a capsule. 
Pseudohyphae production by a small yeast, like C. glabrata, 
would argue strongly against the above pathogens.

 Special Stains

Special stains for Pneumocystis can be grouped into two 
general categories: those that highlight the cyst wall and its 
internal structures and those that stain the nuclei of trophozo-
ites and sporozoites. Only cytologic specimens are usable in 
the case of the latter, and multiple stains, including Giemsa, 
Wright, and Diff-Quik, can highlight the vegetative state 
nuclei. More commonly used in clinical practice are stains 
that highlight the cyst wall. Of these, GMS is the most reli-
able and sensitive and will highlight the walls of round to 
oval 5–7  μm cysts and any “crescent” or “boat” forms 
(Fig. 53.3b) within the exudates. Some cysts have a unique 
argyrophilic peripheral dot-like structure and are helpful to 
distinguish cysts from budding yeast forms. This feature is 
also present as a basophilic dot in cyst forms when seen on 
hematoxylin and eosin (H&E) preparations. Taken together 
(Fig.  53.3a), these findings are highly suggestive of 
Pneumocystis pneumonia. In cases where Cryptococcus is in 
the differential diagnosis, a mucicarmine stain is a useful 
adjunct to visualize capsule; however, capsule-deficient 
forms exist.

 Molecular and Microbiologic Features

While H. capsulatum grows reliably in culture, P. jirovecii 
cannot be grown on cell-free media. The inability to cul-
ture P. jirovecii underlines the importance of clinical sus-
picion, awareness of key morphologic features, and 
importance of ancillary detection methods when P. jirove-
cii pneumonia is suspected. Both H. capsulatum and P. jir-
ovecii can be detected and distinguished from each other 
by broad-range fungal PCR with sequence-based identifi-
cation or species- specific PCR.  Species-specific assays 
employ primer sets optimized to bind the target organism’s 
DNA, such as the Pneumocystis jirovecii gene cdc2, a con-
served species- specific cell division cycle2 [12, 13]. 
Optimized primer binding is thought to have higher ana-
lytical sensitivity than broad-range PCR assays. Clinical 
sensitivity is influenced by pretest probability of infection, 
tissue volume [14], organism burden, and target gene copy 
number.
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Some microbiology laboratories continue to offer direct 
fluorescent antibody (DFA) staining of respiratory fluids for 
Pneumocystis detection, although a lack of control material 
threatens the continued use of these assays (personal com-
munication). The clinical sensitivity of DFA staining is also 
subject to organism burden and sample volume but performs 
well in high-prevalence populations, with sensitivity ~55% 
in HIV-infected patients with suspected PJP [15]. DFA is 
therefore an excellent assay when PJP is suspected; however, 
the addition of a species-specific PCR increases sensitivity 
[12, 13] and should be considered when clinical suspicion is 
high but DFA is negative. PCR is of particular value when 
cytopathology or histopathology specimens are the only 
available diagnostic material.

 Key Points for Differentiating P. jirovecii 
and H. capsulatum

 Both Pneumocystis jirovecii and Histoplasma 
capsulatum Cause Pulmonary Infections 
in Overlapping Patient Populations. What 
Histopathologic Features Help Distinguish 
Between P. jirovecii and H. capsulatum?

Two important differences are very helpful in distinguishing 
these two infections: tissue distribution and tissue reaction 
pattern. P. jirovecii is predominantly found in the alveolar 
spaces and is often accompanied by a “frothy” eosinophilic 
exudate that fills the alveolar space. H. capsulatum, on the 
other hand, germinates from inhaled conidia inside alveolar 
macrophages and is primarily intracellular with lymphatic 
dissemination. Eosinophilic exudates in the alveoli are not a 
typical feature of H. capsulatum. Confusion in diagnosis can 
arise when the typical alveolar exudate of P. jirovecii is 
absent, when atypical tissue reaction patterns—such as gran-
ulomatous inflammation or interstitial fibrosis—are present, 
or when the organisms cannot be well-visualized.

 What Morphologic Features Help Distinguish 
These Two Organisms from Each Other?

These two organisms have similar morphology but can often 
be distinguished from each other using several morphologic 
features. First, P. jirovecii cysts are slightly larger (5–7 μm) 
than H. capsulatum (2–5 μm) and have a characteristic boat- 
or cup-like forms and perinuclear dot-like structures indica-
tive of sporozoite release. These morphologic features are 
important to note since the sizes of the organisms are similar. 
Second, P. jirovecii lack the narrow-based budding typical of 
H. capsulatum dividing yeasts.

 What Laboratory Tests Are Available 
to Confirm the Diagnosis?

Culture is always important in the evaluation of infectious 
diseases, but only H. capsulatum will grow in microbiologic 
culture. Two other types of assays in the clinical microbiol-
ogy laboratory are both sensitive and specific: PCR (both 
organisms) and DFA (P. jirovecii only).
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54The Differential Diagnosis of Invasive 
Mold Infections in the Lung

James A. Mays and Joshua A. Lieberman

 Case Presentation

A 51-year-old woman with a past medical history of 
lymphangioleiomyomatosis, status post bilateral orthotopic 
lung transplant 3 years earlier and complicated by chronic 
lung allograft dysfunction, presented to the intensive care 
unit with increasing dyspnea and oxygen requirement. She 
had multiple prior hospitalizations in the previous 3 months, 
and the clinical team judged her dyspnea to be predomi-
nantly due to progression of chronic lung rejection. Although 
not currently febrile, she had persistent leukocytosis since 
admission, and her chronic immunosuppression put her at 
high risk of opportunistic lung infection. A computed tomog-
raphy (CT) scan with contrast (Fig. 54.1) showed previously 
known bilateral upper lobe bronchiectasis, scarring, and cys-
tic changes, in addition to newly found right upper lobe con-
solidation, bilateral patchy ground-glass opacities, and a 
fluid-filled bulla in the right upper lobe, raising concern for a 
cavitary lung lesion. Fungal cultures of sputum failed to 
grow fungal pathogens, but clinical suspicion for fungal 
infection was nonetheless high. Her empiric antifungal cov-
erage, voriconazole, did not cover some potential pathogens 
including some species of Zygomycetes.

The patient received a second lung transplant due to her 
refractory dyspnea and oxygen requirements. On gross 
examination, both explanted lungs contained multiple patchy 
areas of firm yellow-white discoloration. The right upper 
lobe has a 5.0 cm tan-white, circumscribed area with central 

necrosis and purulent material; fungal culture of the 
explanted lungs grew Aspergillus fumigatus species. On 
microscopic examination, the right lung showed marked 
mixed inflammation, abscess formation, and scattered 
branching septate fungal hyphae without angioinvasion 
(Fig. 54.2a). The patient completes a 3-month course of vori-
conazole without recurrence of Aspergillus in her new 
allograft lungs.
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Fig. 54.1 CT scan showing bronchiectasis, scarring, and cystic 
changes (posterior left lung). Other findings included bilateral patchy 
ground-glass opacities and a fluid-filled bulla in the right upper lobe 
concerning for a cavitary lung lesion (arrow)
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a b c

Fig. 54.2 (a) Dense colony of Aspergillus spp. in an aspergilloma. On 
the periphery of the colony, septate hyphae with acute-angle branching 
can be identified. Less characteristic forms are present in the center of 
the lesion (left), highlighting the concept that different growth condi-
tions will affect the morphology of a given fungus. (b) GMS stain of 
Aspergillus spp. Regular, septate hyphae with acute-angle, “militaris-

tic” branching. The organism was identified as Aspergillus fumigatus 
by PCR on a BAL specimen. (c) GMS stain of Aspergillus spp. Swollen, 
globose varieties can be present, as can degenerated atypical forms in 
lesions exposed to antifungal therapy. The organism was identified as 
Aspergillus fumigatus by PCR on a BAL specimen

Table 54.1 Reporting descriptive categories for fungal hyphae 
observed in tissue is considered best practice given the similarities of 
many fungal pathogens. Adapted from Guarner J, Brandt 
ME. Histopathologic diagnosis of fungal infections in the twenty-first 
century. Clin Microbiol Rev. 2011 Apr;24(2):247–80 [1]

Morphology
Description, diagnostic category, and 
comment

Hyaline septate 
hyphae:

Description: Nonpigmented, septate hyphae 
with acute angle branching

Aspergillus spp., 
Fusarium spp., 
Scedosporium spp., 
et al.

Diagnosis: “Nonpigmented, septate hyphae”
Differential: Morphology consistent with 
Aspergillus species and others. If 
chlamydoconidia present, consider leading the 
differential diagnosis with Fusarium and 
including Scedosporium and Lomentospora. 
Also consider careful examination for 
pigment. Mucorales can sometimes have 
occasional septations

Hyaline 
pauciseptate hyphae

Description: Nonpigmented, pauci-septate 
hyphae right angle branching

Mucorales genera Diagnosis: “Nonpigmented pauci-septate 
hyphae”
Differential: Consistent with Mucorales 
genera; however, Aspergillus spp. and other 
hyaline septate molds can sometimes have this 
morphology

Pigmented hyphae: Description: Pigmented irregular septate 
hyphae and yeast-like structures

Dematiaceous fungi, 
e.g., Alternaria, 
Madurella, 
Fonsecaea, and 
Phialophora

Diagnosis: Pigmented yeasts and hyphae with 
septations
Differential: Consistent with dematiaceous 
fungi

 Final Diagnosis

Septate, hyaline (nonpigmented), hyphae present; see 
Comment.

Comment: Histopathology is not specific for mold identi-
fication. The findings are consistent with a variety of molds, 
including Aspergillus spp., Fusarium spp., Scedosporium 
spp., and Paecilomyces spp. The absence of visible pig-
ment makes dematiaceous molds less likely. Correlation 
with microbiology studies is necessary for definitive 
classification.

 Clinical Considerations

Identification of fungi in tissue is a challenging histopatho-
logic problem. While not all fungal processes in respiratory 
sites are invasive, invasive fungal disease (IFD) is a poten-
tially fatal complication for immunosuppressed patients, 
particularly neutropenic patients (e.g., hematopoietic stem 
cell transplant, HSCT) and should be treated as a critical 
result. The primary role of the histopathologist is to (1) iden-
tify whether fungal organisms are present and to report if 
tissue invasion and/or angioinvasion are observed; (2) clas-
sify the fungal forms (Table 54.1); and (3) ensure that appro-
priate microbiologic cultures or molecular diagnostic assays 
are performed with haste, as prompt treatment reduces mor-
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tality [2]. It is important to remember that histopathological 
identification of molds has a diagnostic error rate of at least 
20% [3–5], even to the level of genus and within “Aspergillus- 
like” organisms [4]. Therefore, organism identification 
should not be attempted but rather pathogens categorized 
into broad groups based on published guidelines [1] (see also 
Table 54.1).

The genus Aspergillus is large and contains multiple sec-
tions—a phylogenetic division between genus and species—
including sections Fumigati, Terrei, Usti, Nigri, Flavi, Terrei, 
and others [6] within which important treatment differences 
exist [6, 7]. Initial treatment with triazole antifungal agents 
such as voriconazole improves survival in Aspergillus infec-
tions [8]. The members of the genus Aspergillus are histo-
pathologically classified as nonpigmented (hyaline), septate 
molds and should be reported as part of this broad grouping 
[1]. The term hyalohyphomycosis describes infection with a 
nonpigmented (hyalo-) mold (hypho-), as opposed to a pha-
eohyphomycosis which refers to pigmented mold infections 
[9]. Within this broad group, comprising not only Aspergillus 
but also other common pathogens, a few gross and micro-
scopic features may suggest an Aspergillus or another hyalo-
hyphomycotic pathogen.

The Zygomycota are a diverse mixture including several 
pathogenic genera that represent a broad section of relatively 
ancient organisms (800  million years since divergence) 
within the kingdom fungi [10]. Unlike Aspergillus spp., lipo-
somal amphotericin B is the mainstay of therapy [2]. Genera 
within this group that are pathogenic to humans include 
Mucor, Rhizomucor, Rhizopus, Cunninghamella, 
Lichtheimia, and others [11]. Similar to Aspergillus, these 
organisms do not produce melanin and are thus nonpig-
mented molds. There, however, the similarities stop: the key 
histopathologic feature uniting this group is the paucity of 
hyphal septations.

Immunosuppressed patients are most at risk of IFD, particu-
larly HSCT patients, for whom the incidence of IFD ranges 
from 5.8% to 8.1% of recipients of non-autologous transplants 
[12]. In addition, otherwise immunocompetent patients with 
traumatic injuries, including combat wounds, burns, and envi-
ronmental exposures, are also at risk. Diabetic patients are also 
at increased risk for zygomycete infections [11].

The distribution of fungal pathogens varies by practice 
location. For example, in Western Europe, Aspergillus spp. 
are frequent pathogens, constituting 40–60% of invasive 
mold infections in some studies [13]. In the Northwest 
United States, Aspergillus spp. represent ~27% of fungi 
identified in the nasopharynx, and A. fumigatus represents 
11–18% of pulmonary and sinus infections [14]. At our insti-
tution, polyfungal infections were identified in ~16% of 
sinonasal samples [14]. In our local datasets, two common 

histopathologic mimics of Aspergillus spp.—Fusarium and 
Pseudallescheria/Scedosporium—accounted for 8–18% of 
samples, while Zygomycota represented 6–15%. A large 
multisite study from 23 centers across the United States 
identified that 43% of IFD cases were due to any Aspergillus 
spp. and 8% attributed to Zygomycota [12].

The diagnosis of zygomycosis is often difficult to estab-
lish. Culture is negative in at least 50% of cases, even when 
hyphae are observed by histopathology [11, 15] and even 
angioinvasive cases essentially never yield positive blood 
cultures [16]. Serologic assays and antibodies for immuno-
histochemistry are not specific, and DNA hybridization 
(ISH/FISH) assays are limited to experimental use [16]. 
While liposomal amphotericin B is the initial treatment of 
choice, some of these organisms (e.g., Rhizopus, 
Cunninghamella) have elevated minimum inhibitory con-
centrations [11, 16]. Therefore, definitive organism identifi-
cation helps guide clinical decision-making, similar to the 
case of hyalohyphomycoses.

 Radiologic Features

The European Organization for Research and Treatment of 
Cancer and the National Institute of Allergy and Infectious 
Disease Mycoses Study Group (EORTC/MSG) have 
released definitions for establishing a diagnosis of proven, 
probable, and possible IFD. Probable IFD requires the pres-
ence of a host factor (i.e., immunosuppression), a mycologi-
cal criterion (e.g., culture or microscopic detection), and a 
clinical criterion [17]. In the case of lower respiratory tract 
disease, this clinical criterion is usually fulfilled by the pres-
ence of one of three findings on CT scan: dense, well-cir-
cumscribed lesion(s) with or without a halo sign, an 
air-crescent sign, or the presence of a cavity. The “halo 
sign” is a region of ground-glass attenuation surrounding a 
pulmonary nodule, whereas an “air-crescent sign” contains 
a radio-opaque mass surrounded by a crescentic and radio-
lucent cavity, classically associated with aspergilloma. Most 
immunocompromised patients with invasive pulmonary 
aspergillosis do not have diffuse infiltrates and rather have 
focal ones, which are frequently associated with at least one 
micronodule [7]. Invasive fungal infections can also appear 
on imaging as lobar or segmental consolidation or wedge-
shaped infiltrates. As imaging findings are only one criterion 
in making a diagnosis of probable invasive fungal disease, 
none of these signs are by themselves pathognomonic. 
Similarly, once a presumptive clinical diagnosis of invasive 
fungal disease is made, no radiological findings are suffi-
ciently specific to rule out one fungal pathogen versus 
another.
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 Histologic Features

There are multiple clinical presentations of aspergillosis, 
including an allergic process, colonization of preexisting 
cavities (aspergilloma), chronic necrotizing bronchial asper-
gillosis, chronic necrotizing pulmonary aspergillosis, and an 
invasive pulmonary aspergillosis. Therefore, the microbio-
logic detection of Aspergillus in an immunocompromised 
patient does not indicate severe invasive disease. Histologic 
findings of angioinvasion and infarction indicate invasive 
pulmonary aspergillosis and have important clinical ramifi-
cations which should be communicated to the treating 
physician.

The histologic diagnosis of aspergillosis depends on the 
identification of Aspergillus hyphae with characteristic 
appearance; these hyphae are 3–6 μm in width, uniform in 
shape, septate, and hyaline, with parallel walls with acute 
angle branching from the parent hypha in a progressive and 
dichotomous fashion [4]. The hyphae are visible on H&E but 
are better seen with a GMS or PAS stain (Fig.  54.2b). 
Aspergillus can exhibit atypical or degenerative features 
under varying circumstances; in aspergillomas, they may 
form swollen, globose or varicose forms with hyphal diam-
eters of up to 15 μm (Fig. 54.2c). Polarizable calcium oxalate 
crystals are frequently seen in aspergillus infection [18, 19], 
particularly in association with Aspergillus niger [18]. 
Microscopically, the hallmark of invasive pulmonary asper-
gillosis is hyphal invasion of the arteries and veins causing a 
nodular pulmonary infarct. An occluded or necrotic artery 
can frequently be identified in association with these lesions. 
The feature, however, is not specific for invasive pulmonary 
aspergillosis and may be seen with other angioinvasive 
opportunistic mycoses. The histologic differential diagnosis 
for Aspergillus includes Fusarium spp. and Scedosporium 
apiospermum/Pseudallescheria boydii, both being septate 
hyphae that can cause both angioinvasive pulmonary infec-
tion and fungus balls, as well as Zygomycetes.

The clinical presentation of zygomycosis can be similar 
to angioinvasive aspergillosis, and there is overlap in the 
defining pathologic process: aggressive invasive hyphae that 
penetrate bronchial walls, grow into adjacent blood vessels, 
and cause thrombosis of blood vessels and infarction and 
hemorrhage in the surrounding lung parenchyma. This can 
be seen either in the hilar region or the periphery of the lung. 
Microscopically, this appears as hemorrhagic or nodular 
infarcts and suppurative pneumonitis. Zygomycetes can 
also track along nerve fibers; this neurotropism impedes 
effective surgical control of the infection. Fungal hyphae 

will be most conspicuous in the walls of blood vessels and 
in vessel thrombi. The hyphae are pleomorphic and broad 
(6–25 μm) with thick walls; they branch at various angles, 
including 90°; and rare septa may be present [20, 21]. The 
hyphae often have a folded, irregular appearance with 
uneven contours and width (Fig. 54.3). The branching pat-
tern is irregular and frequently at a much wider angle than 
Aspergillus species. The hyphae are visible on both H&E 
and GMS stain, but the intensity of silver staining is often 
less than in Aspergillus [20]. Occasional thick-walled, round 
chlamydoconidia and sporangia may be found in combina-
tion with the invasive hyphae. The presence of chlamydoco-
nidia, while arguing against Aspergillus spp., does not 
constitute a diagnosis of Zygomycosis; both Scedosporium 
apiospermum and Fusarium spp. can also form similar these 
asexual reproductive structures. Aspergillus hyphae are nar-
rower, more regularly septate, and have a more orderly and 
dichotomous branching pattern than Zygomycetes hyphae. 
However, mimics of characteristic Aspergillus hyphal mor-
phology and branching pattern exist (e.g., Fig.  54.4), and 
caution is warranted even in cases with characteristic 
morphology.

Fig. 54.3 H&E stain. Members of the order Mucorales have wide, 
irregular, pauciseptate hyphae. Inset: Large, round pseudochlamydoco-
nidia/chlamydoconidia are present; these should not be confused with 
yeast which are generally smaller and more regular and do not produce 
broad, pauciseptate hyphae. This organism was identified as Mucor spp. 
by PCR on a tissue specimen
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Fig. 54.4 GMS stain of Alternaria spp. with narrow septate hyphae 
with areas of acute angle branching and “militaristic” radial growth giv-
ing a low-power impression of Aspergillus spp. However, the presence 
of irregular swellings (chlamydoconidia), faint melanin deposition, and 
a single “copper penny” (sclerotic) body strongly suggested a dematia-
ceous mold. A Fontana-Masson stain would highlight melanin pigment 
in a dematiaceous mold such as this one. The pathogen was identified 
by broad-range fungal PCR

 Immunophenotypic Features

Immunohistochemistry is not routinely available for fungus. 
Although both polyclonal and monoclonal antibodies are 
commercially available for aspergilli, the specificity and sen-
sitivity depend upon the antibody [22, 23]. In situ hybridiza-
tion (ISH) has demonstrated relatively high specificity in 
distinguishing Aspergillus spp. from other hyaline molds 
such as Fusarium spp., Pseudallescheria boydii [24, 25], and 
Zygomycetes [26]. However, ISH has not been widely 
adopted.

 Special Stains

General hyalohyphomycoses stain well with H&E, GMS, 
and often PAS.  Zygomycoses take up stain less reliably. 
Histopathology lore teaches that PAS is better than GMS for 
staining zygomycoses; however, while staining with both 
GMS and PAS may be weak [20], to our knowledge, there is 
no published evidence demonstrating superiority of either 
stain.

Approximately 60–70% of dematiaceous molds have 
melanized cell walls that are best visualized with Fontana- 
Masson and are more likely to stain strongly for melanin 

than other molds [27]. However, 40–50% of hyaline molds 
including Aspergillus spp. and Fusarium spp. are also posi-
tive for cell wall melanin [27]. At least 50% of zygomycetes 
stain positive for melanin [27, 28].

 Molecular Features

Molecular methods for the identification of pathogenic fungi 
have emerged as essential diagnostic tools from a variety of 
substrates, including FFPE. Furthermore, data from our 
institution suggest that histopathologist-selected FFPE 
blocks as likely to yield an organism identification by PCR 
than fresh tissue [14]. The available molecular tools include 
both targeted PCR assays for single organisms such as A. 
fumigatus-specific PCR [29] and broad-range fungal detec-
tion [30, 31]. These assays typically amplify genomic DNA 
within the ribosomal locus, such as 28S or the internal tan-
dem spacer (ITS) regions. Identification is possible due to 
species-specific differences in the DNA sequence, which are 
identified either in a second-round (nested) PCR reaction for 
single-target assays or by amplifying high-diversity regions 
flanked by conserved, pan-fungal primer binding sites.

While molecular results have not been adopted as diag-
nostic criteria by the EORTC/MSG due to lack of standard-
ization across diagnostic platforms, the reported sensitivities 
and specificities are quite high. Sensitivities have been 
reported as high as 90% in FFPE and >96% for all specimen 
types compared to culture, with an overall diagnostic yield of 
62.9% [31]. The volume of tissue submitted for DNA isola-
tion appears to be an important predictor of diagnostic yield 
[31]. Assay specificity ranges from 96.4% to >99% and is 
derived from species-intrinsic sequence variation [30, 31]. 
Molecular assays are thus critical tools in making a diagnosis 
of IFD when microbial culture is negative or unavailable.

 Key Points for Differentiating Zygomycosis 
from Hyalohyphomycosis

 What Are the Key Morphologic Features that 
Distinguish Zygomycetes (Mucorales) 
from Molds Like Aspergillus spp.?

IFD is a potentially fatal infection primarily of severely 
immunocompromised patients. Distinguishing Mucorales is 
critical as these organisms are treated with liposomal ampho-
tericin B, while most hyaline and dematiaceous molds are 
treated with triazoles such as voriconazole. The key features 
of Zygomycota include rare or absent hyphal septa and 
broad, ribbon-like hyphae. Both hyaline molds like 
Aspergillus spp. and dematiaceous molds produce septate 
hyphae. Members of the genera Aspergillus and Mucor are 
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important pathogens that represent two main organism 
groupings best described as “septate, nonpigmented molds” 
or “pauciseptate, nonpigmented molds” respectively.

 What Are Important Pitfalls in Distinguishing 
Zygomycetes (Mucorales) from Molds Like 
Aspergillus spp.?

Recent or concurrent antifungal therapy, necrosis/degrada-
tion of fungal hyphae, and natural variation in morphology 
are all important confounders that may lead to atypical mor-
phology. Large, globose, and irregular forms may occur with 
hyphae of both organisms and typically represent conidia. To 
avoid confusion with yeasts, size measurements may be 
helpful (see Chap. 52).

 How Reliable Is the Identification of Fungal 
Hyphae in Tissue?

Recognition of the presence of hyphae is important as it 
may guide surgical management and should prompt sub-
mission of a specimen for culture. Similarly, identifica-
tion of any Mucorales member justifies treatment with 
amphotericin B.  However, identification beyond broad 
categories (Table 54.1; see also [1]) is strongly discour-
aged as many species of fungi may be pathogenic, and the 
treatment is based on definitive organism identification by 
culture or molecular identification. Histopathologic iden-
tification beyond broad groups is highly error prone, on 
the order of 20%. The presence of mid-hyphal swellings 
(chlamydoconidia) in septate molds should prompt con-
sideration of organisms other than Aspergillus spp., such 
as Fusarium spp., Alternaria spp., Scedosporium spp., 
among others.

 What Is the Role of Frozen Section 
in Evaluating for Invasive Fungal Disease?

In addition to identifying whether a mold is present and, if 
the histology is sufficiently clear, determining whether the 
hyphae if are pauci/aseptate (mucormycosis), frozen section 
offers an important opportunity for the pathologist to “tri-
age” tissue for downstream studies. The pathologist should 
encourage the surgeon to submit aseptically collected tissue 
for culture and/or fungal PCR from an area where fungus 
was identified by frozen histopathology. Alternatively, most 
microbiology labs can quickly inoculate a fungal culture and 
then return tissue to the pathology lab for gross evaluation, 
fixation, and tissue processing.

 What Are the Next Steps Beyond Histology 
for the Characterization of Molds?

Culture is essential, particularly as successful microbial 
growth allows phenotypic antifungal susceptibility testing. 
In addition, molecular assays are key methods for organism 
identification in IFD and readily applied to both fresh and 
formalin-fixed tissue, as well as body fluids. Molecular 
methods are especially relevant to Mucorales, which may not 
grow if damaged by tissue processing for culture or when the 
diagnosis of fungal infection was not suspected and thus tis-
sue was not submitted for culture.
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55Primary Pulmonary Arterial 
Hypertension Versus Secondary 
Pulmonary Hypertension

Jose G. Mantilla

 Case Presentation

A 46-year-old nonsmoker man presents with a 10-year his-
tory of progressive dyspnea on exertion with an accelerated 
decline in the most recent months. At the time of evalua-
tion, his activity is limited, and he requires supplementary 
oxygen at night. On physical examination, he appears ill, 
with bilateral edema of his legs. His oxygen saturation at 
rest is 80%. Auscultation demonstrates a systolic murmur. 
Echocardiogram shows a severely increased mean pres-
sure in his pulmonary artery (109–114  mmHg; normal 
8–20  mmHg). Pulmonary function testing, however, was 

normal. A chest computed tomography (CT) scan demon-
strates enlarged and tortuous pulmonary arteries, and subtle 
mosaic attenuation of the lung parenchyma, with no signifi-
cant interstitial fibrosis (Fig. 55.1).

Given the patient’s clinical decline, he received a bilateral 
lung transplant. Histologic examination of the explanted 
lungs demonstrates marked arterial medial hypertrophy, con-
centric intimal thickening, and conspicuous plexiform and 
dilation lesions (Fig.  55.2). No parenchymal lung disease 
was identified. The overall histologic findings, in the absence 
of additional pulmonary disease, support the diagnosis of 
pulmonary arterial hypertension.
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Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA
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Fig. 55.1 CT features of pulmonary arterial hypertension. (a) Severe enlargement of the main pulmonary arteries. (b) Thickening and tortuosity 
of the distal arteries (arrow), as well as right ventricular enlargement. Notice the absence of significant underlying parenchymal lung disease
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a b

c d

Fig. 55.2 Histologic changes in pulmonary arterial hypertension. (a) 
Typical changes of PAH include the concentric intimal hyperplasia, 
plexiform lesions, and dilatation lesions (H&E, 100×). (b) High-power 
view of a small artery with prominent concentrically intimal thickening 
(H&E, 200×). (c) High-power view of a plexiform lesion. These lesions 

are typically located adjacent to arteries and composed of proliferating 
vessels with a capillary-like architecture (H&E, 200×). (d) Dilatation 
lesions are characterized by aneurysm-like dilated arteries, usually 
located adjacent to plexiform lesions and/or thickened arteries. They 
can be associated with pulmonary hemorrhage (H&E, 100×)

 Pathologic Diagnosis: Idiopathic Pulmonary 
Arterial Hypertension

 What Is Pulmonary Hypertension?

Pulmonary hypertension is a heterogeneous clinical syn-
drome, defined by an elevated mean pulmonary artery pres-
sure (≥25 mmHg), and measured at rest during right heart 
catheterization [1]. Clinical manifestations are nonspecific 
mostly related to right ventricular dysfunction. These typi-
cally include dyspnea on exertion, fatigue, weakness, angina, 
and syncope. In clinically severe disease, these symptoms 
may be seen at rest [1].

 Which Etiologies Are Associated 
with Pulmonary Hypertension?

Pulmonary hypertension is a heterogeneous clinical syn-
drome with varied etiologies, which have been separated in 
five different groups by the World Health Organization [2] to 
include the following:

 1. Pulmonary arterial hypertension: This includes idiopathic 
pulmonary arterial hypertension (IPAH), familial pulmonary 
hypertension (FPAH), and other etiologies discussed below.

 2. Left heart disease: This group includes left ventricular 
diastolic and/or systolic dysfunction, valvular disease, 
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and other cardiomyopathies. This is the most common 
etiology of pulmonary hypertension, which is seen in 
60–70% of patients with heart failure, as well as a large 
proportion of patients with valvular disease [3].

 3. Lung disease and/or hypoxia: This group includes multi-
ple pulmonary conditions, including chronic obstructive 
pulmonary disease (COPD), interstitial lung disease, 
sleep-disordered breathing, alveolar hypoventilation dis-
orders, chronic exposure to high altitude, and develop-
mental lung diseases.

 4. Chronic thromboembolic pulmonary hypertension
 5. Unclear/multifactorial mechanisms: These include pul-

monary hypertension secondary to hematologic malig-
nancies; metabolic disease (e.g., Gaucher’s disease, 
glycogen storage diseases); systemic diseases, such as 
sarcoidosis and lymphangioleiomyomatosis; and other 
causes, such as fibrosing mediastinitis or obstruction of 
the pulmonary vasculature by tumors.

 What Do We Understand About the Causes 
of Primary Pulmonary Arterial Hypertension?

Primary pulmonary arterial hypertension (PAH) is rare, with 
an estimated prevalence of 7–22 cases per million adults 
[3–5]. The causes of PAH can be varied, including idiopathic 
(IPAH), in a proportion ranging from 39% to 92% [4–7] of 
cases, familial disease (FPAH) in 4–5% [4–7], drug-related 
in 2–9.5% [4–6], and associated with collagen vascular dis-
ease in up to 8% [8]. Other causes include portal hyperten-
sion, left-to-right circulatory shunts, and in association with 
human immunodeficiency virus (HIV).

Mutations in multiple different genes have been impli-
cated in FPAH, the most common of which is the bone mor-
phogenetic protein receptor type 2 (BMPR2). Heterozygous 
mutations in this gene have been described in 50–70% of 
cases of FPAH, with an autosomal dominant pattern of inher-
itance, and in 10–40% of cases of IPAH [9]. Patients with 
mutations in this gene have shown to have a younger age at 
presentation and more severe disease, compared to patients 
without it [10]. Other genes less commonly implicated in 
FPAH include KCNK3 encoding TASK-1 potassium channel 
[11] and ABCC8 encoding the SUR1-a KATP channel subunit 
[12]. Mutations in other genes associated with PAH include 
ACVRL1, ENG, CAV1, and TBX4 [13].

The connective tissue diseases associated with PAH 
include most commonly systemic sclerosis, where PAH has 
been described in 10–12% of patients [8, 14, 15], as well as 
systemic lupus erythematosus [8, 16], Sjögren syndrome 
[17], and rarely in dermatomyositis and rheumatoid arthritis 
[14]. These patients have been shown to have worse clinical 
outcomes compared to those with IPAH [18].

Lastly, multiple drugs have been associated with the 
development of PAH, including cocaine, anorexigens such as 
aminorex, fenfluramine, benfluorex, and amphetamines, che-
motherapeutic agents like dasatinib, and interferon alpha and 
beta [19, 20].

 How Can Radiologic Studies Be Used 
to Diagnose and Classify Pulmonary 
Hypertension?

Although direct measuring of the main pulmonary artery 
pressure through right cardiac catheterization remains the 
gold standard in the diagnosis of pulmonary hypertension 
[1], multiple noninvasive techniques have been used to diag-
nose and classify pulmonary hypertension. Among these 
modalities, transthoracic echocardiography is widely used as 
an initial screening and evaluation method as well as to eval-
uate potential associated heart disease [1, 21].

CT imaging is useful, given the capacity to detect, in 
addition to pulmonary vascular changes, subjacent paren-
chymal lung disease (e.g., interstitial fibrosis, emphysema), 
or other intrathoracic lesions, allowing the identification of 
underlying etiologies [22]. Lastly, ventilation/perfusion 
(V/Q) scans are considered the preferred method for evalua-
tion of chronic thromboembolic pulmonary hypertension, 
given its higher sensitivity to detect perfusion defects associ-
ated with thrombosis [1, 23].

Typical changes of pulmonary hypertension on routine 
chest X-rays include right atrial and right ventricular enlarge-
ment, as well as enlarged central pulmonary arteries with 
attenuation of the peripheral vasculature [24].

CT imaging typically demonstrates an increase in the 
diameter of pulmonary arteries compared to their neighbor-
ing airways. In this setting, a pulmonary trunk diameter 
equal or greater than 2.8 cm has a sensitivity of 69–87% and 
specificity of 89–100% in the diagnosis of pulmonary hyper-
tension. An increase in the artery to bronchus ratio in at least 
three lobes has also been demonstrated to be a reliable diag-
nostic indicator of pulmonary hypertension [24]. Ground- 
glass opacities, with a predominantly centrilobular pattern, 
have also been described in up to 40% of patients with PAH 
[22].

 Can Histologic Findings Help Distinguish 
Between Primary and Secondary Pulmonary 
Hypertension?

Some common histologic features are present in pulmonary 
hypertension, regardless of etiology. These include arterial 
intimal thickening, medial hypertrophy, pulmonary arterial 
dilation and atheromas, as well as right ventricular hypertro-
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phy [25]. Findings more specific to pulmonary arterial 
hypertension comprise a spectrum of lesions that involve 
arteries, including concentric laminar intimal thickening, 
plexiform lesions, dilation lesions, arteritis, and fibrinoid 
necrosis (typically associated with severe disease) [25–27]. 
The morphologic features of these lesions are characterized 
in Fig. 55.2.

In the case of chronic thromboembolic pulmonary hyper-
tension, the presence of complex lesions similar to those 
seen in PAH, including plexiform lesions, has been described 
in areas proximal to the thrombi [28, 29]. However, the pres-
ence of multiple intravascular thrombi with recanalization 
can help exclude primary causes of pulmonary 
hypertension.

In cases of pulmonary hypertension secondary to paren-
chymal diseases, it should be possible to identify the under-
lying disease in association with non-specific vascular 
changes, while primary cases of PAH often have no associ-
ated parenchymal disease. However, it is worth considering 
that PAH in the setting of collagen vascular disease can be 
accompanied by interstitial fibrosis in a subset of patients 
[8]. Ultimately, a thorough clinical and pathologic correla-
tion is fundamental in the distinction between PAH and pul-
monary hypertension secondary to other causes.
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56Pulmonary Capillary Hemangiomatosis 
Versus Congestion

Jose G. Mantilla

 Case Presentation

A 50-year-old woman with a remote history of systemic 
lupus erythematosus presented with a 20-year history of pro-
gressively worsening dyspnea on exertion, associated with 
hypoxemia and a markedly decreased DLCO.  An initial 
transthoracic echocardiogram demonstrated an elevated pul-
monary artery pressure (90  mmHg), while CT imaging 
showed enlarged pulmonary arteries and diffuse patchy 
mosaic attenuation throughout the lungs (Fig. 56.1).

Initial treatment with pulmonary vasodilators showed no 
clinical improvement, and the patient ultimately received a 
lung transplant. Histologic examination of the explanted 
lungs demonstrated patchy areas of capillary proliferation, 
highlighted by a CD34 immunohistochemical stain 
(Fig.  56.2). These changes were accompanied by intimal 
thickening and medial hyperplasia of the pulmonary arteri-
oles and focal chronic alveolar hemorrhage. Her final patho-
logic diagnosis was pulmonary capillary hemangiomatosis.
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Fig. 56.1 CT imaging of a patient with pulmonary capillary heman-
giomatosis, demonstrating bilateral patchy ground-glass opacities and 
enlargement of the main pulmonary artery, consistent with history of 
pulmonary hypertension
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a b

Fig. 56.2 Histologic appearance of pulmonary capillary hemangioma-
tosis, consisting of patchy areas of proliferating capillary vessels in the 
lung interstitium, forming multiple layers (a, b, H&E, 100× and 200×). 

The capillary endothelium is highlighted by a CD34 immunohisto-
chemical stain (insert, IHC DAB, 100×)

 Pathologic Diagnosis: Pulmonary Capillary 
Hemangiomatosis

 What Is Pulmonary Capillary 
Hemangiomatosis?

Pulmonary capillary hemangiomatosis (PCH) is a rare and 
poorly understood cause of primary pulmonary hypertension 
[1]. Clinically, PCH presents with similar clinical symptoms 
as pulmonary arterial hypertension (PAH). It is commonly 
associated with hemoptysis and hemorrhagic pleural effu-
sions [2] and often has an aggressive clinical course with 
limited response to medical therapy. Given the absence of 
adequate medical therapy, these patients often require lung 
or lung-heart transplantation.

Although the etiology of PCH has not been well defined, 
it has been observed in multiple settings, including pulmo-
nary veno-occlusive disease (PVOD) [3], autoimmune dis-
eases such systemic lupus erythematosus [4] and CREST 
syndrome [5], chemical exposures [2], and rare familial 
cases [6–8].

There is a significant overlap between PCH and PVOD, 
which has led to the consideration that these two entities rep-
resent different histologic findings of the same disease pro-
cess. This is supported by the multiple similarities seen in the 
genetic, clinical, radiologic, and histologic presentation of 
these entities [2, 3].

On the other hand, PCH has also been postulated to repre-
sent a nonspecific reactive process in the setting of pulmonary 
hypertension [3], given the fact histologic findings of PCH 
have been reported in association with other entities such as 

autoimmune disease, hereditary hemorrhagic telangiectasia 
[9], and in the setting of congenital heart defects [10].

 Are There Imaging Features Specific for PCH?

The typical imaging findings of PCH and PVOD are similar 
and not entirely specific; these include vascular signs of pul-
monary hypertension, such as enlargement of the pulmonary 
arteries and right ventricular hypertrophy. Characteristic 
parenchymal findings include septal (Kerley B) lines and 
ground-glass opacities with diffuse, geographic, mosaic, 
perihilar, patchy, or centrilobular patterns [11–13]. Other 
findings described include enlarged mediastinal lymph nodes 
and pleural and/or pericardial effusions [11, 12].

 How Can PCH be Histologically Distinguished 
from Vascular Congestion?

Histologically, PCH is characterized by the proliferation of 
capillary vessels involving the pulmonary interstitium, with 
at least two layers in thickness. This proliferation has a typi-
cally patchy distribution with well-defined nodules visible at 
low magnification [2]. At higher magnification, this capillary 
proliferation can infiltrate larger bronchial and vascular 
structures and, in rare cases, pleura and/or pericardium, and 
mediastinal lymph nodes [2].

PCH can histologically mimic vascular congestion, par-
ticularly in small specimens. However, the findings in PCH 
are typically patchy, and capillary proliferation is at least two 
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Fig. 56.3 Pulmonary vascular congestion in a patient with acute pneu-
monia. In comparison to pulmonary capillary hemangiomatosis, vascu-
lar congestion typically involves the entirety of the affected lobe, and 
the capillary vessels, although prominent, are only one layer in thick-
ness (H&E, 200×)

layers in thickness [2]. Other histologic changes that may be 
seen in PCH include secondary changes of pulmonary hyper-
tension and features also seen in PVOD, such as venous 
obstruction (described in 80% of cases of PCH), interlobular 
septal fibrosis (seen in 100% of cases), and a mild lympho-
cytic inflammatory infiltrate (seen in 71% of cases) [3].

On the other hand, vascular congestion is a diffuse reac-
tive process, consisting of dilatation of preexisting alveolar 
capillaries, rather than a proliferative process. Histologically, 
it consists of a single layer of dilated alveolar capillaries, 
which do not extend into larger bronchial and/or vascular 
structures (Fig. 56.3).

 Are Genetic/Molecular Findings Useful 
in the Diagnosis and Treatment of PCH?

Biallelic mutations in EIF2AK4have been described in a 
number of cases of hereditary PCH, including both familial 
and sporadic cases; the former are characterized by an auto-
somal recessive pattern of inheritance [6, 14]. Mutations in 
this gene have also been described in patients with clinical 
diagnoses of PVOD and pulmonary arterial hypertension 
(PAH) [15, 16].

Current European guidelines for the diagnosis of pulmo-
nary hypertension suggest that detection of biallelic EIF2AK4 
mutations is sufficient to establish a diagnosis of PVOD/
PCH without the need for biopsy confirmation [17].

EIF2AK4 (formerly GCN2) encodes for a protein involved 
in adaptation to amino acid restriction, with its activation 

leading to increased angiogenesis via downstream VEGF 
expression [18]. This mechanism may explain the abnormal 
capillary proliferation in the setting of activating mutations 
in this gene.

 What Are the Treatment Modalities Available 
for PCH?

Unfortunately, no effective medical therapy is currently 
available in the treatment of PCH, and lung transplant (or 
heart-lung transplant in cases with secondary heart failure) 
remains the only viable option in patients with advanced pul-
monary hypertension due to this condition [2, 19].

The use of vasodilators typically indicated for pulmonary 
arterial hypertension (PAH) can lead to fatal pulmonary 
edema in patients with PCH and/or PVOD, and, therefore, 
these are contraindicated in this situation [11, 20]. This seri-
ous implication highlights the importance of an accurate 
diagnosis prior to initiation of therapy.
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57Pulmonary Veno-Occlusive Disease 
Versus Pulmonary Arterial 
Hypertension

Omer Abdelaziz Mohammed Saeed and Chen Zhang

 Case Presentation

A 65-year-old female presents with worsening dyspnea and 
chest pain for approximately 2  years. She denies cough, 
hemoptysis, fever, wheeze, or weight loss. She has a history 
of smoking and has been diagnosed as chronic obstructive 
lung disease with pulmonary hypertension. Physical exami-
nation shows a mildly stressed woman with clear ausculta-
tion in bilateral lungs. Chest X-ray shows patchy bilateral 
airway opacities and multiple foci of consolidation consis-
tent with multifocal pneumonia. Her chest computed tomog-
raphy (CT) scan shows diffuse emphysematous changes and 
nodularity that are thought to represent resolving airway dis-
ease (Fig.  57.1). Her pulmonary function test shows mild 
expiratory airflow obstruction and mild restriction with FVC 
2.81 (75%), FEV1 1.97 (68%), and FEV1/FVC 70 (91%). 
Her cardiac catheterization shows moderate pulmonary 
hypertension with a mean pulmonary artery pressure (mPAP) 
of 33 mmHg, elevated pulmonary vascular resistance, and no 
response to vasodilator therapy. Her left ventricular systolic 
function is normal. Echocardiography shows moderate right 
ventricular dilatation and right atrial dilatation. A left upper 
and lower lobe video-assisted thoracoscopic surgery (VATS) 
wedge biopsy is performed for a definitive diagnosis.

Microscopic examination of the lung wedge biopsies at 
low magnification shows preserved alveolar lung architec-
ture with mild emphysematous change and focal fibrous 
thickening of interlobular septa and pleura (Fig.  57.2a). 
Patchy areas of alveolar septal capillary congestion are seen. 

Higher magnification examination of the fibrous areas within 
the interlobular septa and pleura reveals narrowing and 
occlusion of the lumens of small veins by intimal fibrous 
proliferation (Fig. 57.2b). In some areas, the occluded veins 
are barely visible within the interlobular connective tissue 
but are highlighted with elastic stain (Fig. 57.2c). Mild arte-
rial hypertension is also present. Secondary capillary con-
gestion and dilated lymphatics are also seen.
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Fig. 57.1 Imaging features of pulmonary veno-occlusive disease 
(PVOD). Chest CT image shows diffuse emphysematous changes and 
bilateral patchy ground-glass opacities and nodularity
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 Diagnosis: Pulmonary Veno-Occlusive 
Disease (PVOD)

 What Is the Definition and Epidemiology 
of Pulmonary Veno-Occlusive Disease (PVOD) 
and How Do They Differ from Pulmonary 
Arterial Hypertension (PAH)?

Pulmonary hypertension (PH) is clinically defined as an 
increased mPAP of 25 mmHg or more at rest as assessed by 
right heart catheterization [1, 2]. PH is classified into five 
groups based on shared clinical features and management [1, 
3, 4]. Group 1 includes PAH, with all its subcategories, 
PVOD and persistent PH of the newborn; group 2 is PH sec-
ondary to heart diseases; group 3 includes PH secondary to 
lung disease or hypoxia; group 4 is chronic thromboembolic 
PH; and group 5 includes PH with unclear multifactorial eti-
ology [1, 3]. Despite being on the same group as PAH, PVOD 
has a special designation within this group referred to as 
group 1′ [5].

PVOD is a rare type of PH that develops as a result of 
pulmonary venous pathology [5, 6]. Under the current clas-
sification (fifth world symposium on PH, 2013), PVOD and 
pulmonary capillary hemangiomatosis are considered to be 
on the spectrum of the same disease [4]. Although the true 
incidence of PVOD is difficult to estimate because many 
cases are misclassified as PAH, it thought to be around 0.1–
0.2 case per million person in the general population [6]. 
PVOD affects both males and females equally and involves 
ages from 2 months to the seventh decade [6].

PAH is a chronic disease diagnosed by the presence of PH 
plus low pulmonary artery wedge pressure <15 mmHg, pul-
monary vascular resistance >3 woods unit and the absence of 
lung disease or thromboembolic phenomenon [7]. The inci-
dence of PAH ranges from 15 to 50 cases per million people 
in the general population [7]. PAH tends to affect young 
adults with female predominance [8].

 What Is the Etiology and Clinical Presentation 
of PVOD and How Do They Differ from PAH?

Most cases of PVOD are sporadic and idiopathic, but there are 
cases reported linking to several risk factors including chemo-
therapy, occupational exposure to chlorinated solvents, smok-
ing, and autoimmunity [5]. Rare familial cases of PVOD have 
been reported. PAH can be classified according to etiology 
into idiopathic, heritable, drug- and toxin-induced, and PAH 
associated with HIV, connective tissue disease, portal hyper-
tension, congenital heart disease, or schistosomiasis [4].

PAH and PVOD share similar clinical features. Both pres-
ent clinically as slowly progressive dyspnea and fatigue, 
starting as exertional and then progress to at rest and finally 
complicated by symptoms of right-sided heart failure [5, 6]. 

a

b

c

Fig. 57.2 Histological features of PVOD. (a) Low-magnification pho-
tomicrograph showing emphysematous changes, focal fibrous thicken-
ing of interlobular septa and pleura (arrows), and areas of capillary 
congestion within the alveolar septa (left upper) (H&E, original magni-
fication, ×20). (b) Higher magnification of the fibrous area within the 
interlobular septum demonstrates narrowing and occlusion of the 
lumens of small veins by intimal fibrous proliferation (H&E, original 
magnification ×100). (c) Elastic stain of the same area in b demonstrat-
ing a single major elastic layer of the occluded vein (VVG, original 
magnification ×100)
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Many patients present with milder symptoms resembling 
respiratory infections that progress despite antibiotics ther-
apy [6, 9]. Both PAH and PVOD patients may show mild 
obstructive and/or restrictive changes on pulmonary function 
tests. Cardiac catheterization demonstrates increased mPAP 
but has no value in differentiating PVOD from PAH. Certain 
clinical findings are thought to favor the diagnosis of PVOD 
including low transfer coefficient of carbon monoxide, oxy-
gen desaturation after exertion, and pulmonary edema after 
vasodilation therapy [5, 10]; however, there is considerable 
overlap in the clinical presentation of PAH and PVOD.

 Do PVOD and PAH Look Differently 
on Radiographic Imaging?

The classical PVOD case shows up in high-resolution CT as 
centrilobular ground-grass opacities, thickening of interlobu-
lar septa, and mediastinal lymphadenopathy [5]. Other find-
ings such as multiple small nodules and pleural effusion can 
be noted [1, 6]. PAH on the other hand shows pulmonary 
artery dilatation with decrease of peripheral vasculature, oli-
gemic (hypovolemia) lungs, and depending on the severity 
might show right atrial and ventricular dilatation [1]. However, 
the radiographic appearance of PAH and PVOD might over-
lap, with approximately one third of the cases of PAH show 
ground-glass opacities characteristic of PVOD [11].

 What Are the Pathological Features of PVOD 
and PAH? What Are the Similarities 
and Differences?

Given the similar clinical presentation and overlapping 
radiological findings, lung wedge biopsy is considered the 
most reliable way telling these two entities apart (Table 57.1).

The pathologic hallmark of PVOD is diffuse involvement 
of pulmonary venules and veins with fibrosis resulting subto-
tal or total occlusion [5, 6, 12]. The intima of involved 
venules and small veins shows significant thickening with 
loose edematous or sclerotic fibrous tissue resulting in 
venous occlusion. The findings are often subtle, and the 
fibrotic occluded veins may be overlooked as nonspecific 
scarring within the interlobular septa (Fig. 57.2a, b). Elastic 
stain is especially useful in this situation to highlight the 
residual elastic layer of the occluded veins (Fig. 57.2c). The 
media may become arterialized with increased elastic fibers 
which sometimes have a characteristic calcium deposition 
[6, 12]. This calcium might elicit foreign body giant cell 
reaction which is a helpful diagnostic clue. Hemosiderin 

deposition in macrophages and pneumocytes is frequently 
seen [6]. Secondary capillary congestion and/or proliferation 
indistinguishable from pulmonary capillary hemangiomato-
sis can be noted [5].

As the names imply, PAH differs from PVOD in that the 
pathology affects the arterial side of the pulmonary circula-
tion. Characteristically in PAH, the intima of smaller pulmo-
nary arteries show cellular or fibrotic, eccentric, or concentric 
thickening resulting in vascular narrowing or occlusion [13]. 
A more peculiar intimal pathology seen in severe PAH usu-
ally near arterial branching points is the plexiform lesions 
which are formed by proliferation of endothelial cells result-
ing in the formation of multiple vascular channels [12, 13]. 
Another intimal lesion also seen in severe PAH and com-
monly in close association with plexiform lesions is vascular 
dilatation or angiomatoid lesions. The media and adventitia 
are significantly thickened in PAH with notable inflamma-
tory cuff in the adventitia seen more pronounced in certain 
subtypes of PAH [13].

Differentiating PVOD from PAH in lung biopsy isn’t 
always straightforward since some venous changes can be 
seen in cases of idiopathic PAH, while some arterial changes 
can be seen in PVOD [14]. Generally, the presence of sec-
ondary pulmonary capillary congestions and/or hemosiderin- 
laden macrophages hints on PVOD, whereas plexiform 
lesion and/or angiomatoid lesions happen almost exclusively 
in severe PAH. An elastic stain is always helpful to identify 
lesions and to differentiate between arteries and veins (two 
elastic layers in the former and one in the latter). However, 
arterialization of veins may occur during PVOD, and elastic 
stain will show double layers of elastin, mimicking arteries. 
In this situation, the venous nature of the vessels can only be 
confirmed by their interlobular septal/pleural location rather 
than next to an airway within a bronchovascular bundle.

Table 57.1 Comparison of histological features of pulmonary veno- 
occlusive disease (PVOD) and pulmonary arterial hypertension (PAH)

PVOD PAH
Location of the 
lesional vessels

Within the 
interlobular septa 
and subpleural

Within bronchovascular 
bundles, next to 
bronchioles

Fibrous occlusions 
of veins

+ −

Capillary congestion + −
Hemosiderin-laden 
macrophages

Common Uncommon

Arterial intimal/
medial hyperplasia

+/− +

Muscularization of 
arterioles

− +

Plexiform/
angiomatoid lesions

− + (in severe form)

57 Pulmonary Veno-Occlusive Disease Versus Pulmonary Arterial Hypertension
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 What Are the Genetic/Molecular Findings 
of PVOD and How Is It Different from Those 
Seen in PAH?

Biallelic mutations in translation initiation factor 2 alpha 
kinase 4 (EIF2AK4) are seen in all familial cases of PVOD 
and in approximately 25% of sporadic ones [1, 5, 14]. In the 
familial cases, the mutations are thought to be inherited in a 
recessive manner [14]. These mutations, however, are seen 
rarely in ~2.2% of the cases diagnosed clinically and/or clini-
copathologically as idiopathic PAH [10]. Whether these cases 
were clinically misclassified as PAH remains to be seen [10].

Mutations involving the bone morphogenic protein recep-
tor 2 (BMPR2) are found in approximately 75% of the famil-
ial PAH cases and 25% of the sporadic ones [14]. Other rare 
mutations were also described in cases of PAH including 
mutations in the Activin A type II receptor like kinase 1 
(ALK1/ACVRL1), Endoglin (ENG), and potassium voltage- 
gated channel, shaker-related subfamily, and member 5 
(KCNA5) [1, 15].

 What Are the Treatment Modalities 
and Prognosis for PVOD and PAH?

Unlike PAH, there is currently no targeted therapy that can be 
used in PVOD [5]. Life-threatening pulmonary edema may 
occur following the initiation of PAH therapy on patients with 
PVOD. Lung transplantation remains the only proven therapy 
to prolong survival in cases of PVOD [5]. The management of 
patients with PAH is complex and involves complex combina-
tion of supportive and targeted therapy [1]. The targeted thera-
pies are usually directed toward three pathways involved in the 
pathogenesis of PAH, namely, prostacyclin, endothelin 1, and 
nitric oxide (NO) pathway [1, 5, 7]. Examples of such treat-
ments include epoprostenol and selexipag (prostacyclin path-
way), bosentan (endothelin pathway), and sildenafil (NO 
pathway) [7]. PVOD has a poor prognosis compared to 
PAH.  The disease has a relentless progressive course with 
mortality rate reaching up to 72% within 1  year [16]. The 
meantime from diagnosis to either lung transplant or death 
was reported in one study to be 24.4 months [17]. PAH sur-
vival has shown great improvement over the years [5]. 
According to one of the largest studies of PAH patients, the 
5-year survival rate is approximately 57% [18].
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58Lymphangioleiomyomatosis Versus 
Benign Metastasizing Leiomyoma

Jose G. Mantilla

 Case Presentation

A 39-year-old woman with no history of smoking presented 
to the pulmonary clinic complaining of dyspnea on exertion. 
Initial pulmonary function tests demonstrated a severely 
decreased FEV1, FEV1/FVC ratio, and DLCO, indicating a 
combination of obstructive and restrictive disease. Chest 
computed tomography (CT) demonstrated multiple evenly 
distributed thin-walled cysts and scattered ground-glass 
opacities (Fig. 58.1).

A diagnostic wedge biopsy demonstrated multiple thin- 
walled cysts and nodules composed of spindle cells with 

bland nuclear features and abundant eosinophilic cytoplasm 
(Fig. 58.2a). No features of overt malignancy were identi-
fied. Immunohistochemical stains show that the lesional 
cells are diffusely positive for estrogen receptor, desmin, 
smooth muscle actin (Fig. 58.2b), and variably for HMB45 
(Fig. 58.2c).

After an initial diagnosis, the patient received medical 
therapy with limited response. Her condition progressively 
worsened until she received a bilateral lung transplant, with 
subsequent improvement of her symptoms. The explanted 
lungs show diffused thin cysts distributed throughout the 
entirety of the lungs (Fig. 58.3).
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Fig. 58.1 Imaging features of lymphangioleiomyomatosis (LAM). LAM is typically characterized by the presence of multiple thin-walled lung 
cysts in a homogeneous distribution, as well as associated mediastinal lymphadenopathy. (a) Axial view; (b) coronal view
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a

b c

Fig. 58.2 Histologic features of LAM. These lesions are typically composed of cysts with a lymphangitic distribution, composed of cytologically 
bland myoid cells (a), which express smooth muscle actin (b) and variably HMB-45 (c) (H&E, IHC DAB, 200×)
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Fig. 58.3 Gross pathologic appearance of LAM. Notice the presence 
of multiple thin-walled cysts distributed throughout the entirety of the 
lung

 Pathologic Diagnosis: 
Lymphangioleiomyomatosis

 What Are the Clinical and Prognostic Features 
of LAM and How Do They Differ from Benign 
Metastasizing Leiomyoma (BML)?

In the setting of multiple lung lesions with smooth muscle 
differentiation, arising in women of reproductive age, impor-
tant diagnostic considerations include LAM and benign 
metastasizing leiomyoma.

LAM is a rare disease which typically presents as multi-
ple thin-walled cystic lesions that replace the lung paren-
chyma and are clinically associated with dyspnea, 
spontaneous pneumothorax, and ultimately respiratory fail-
ure requiring continuous supplemental oxygen and trans-
plantation [1–3]. Involvement of venous and lymphatic 
vessels can lead to other less common clinical manifesta-
tions, such as hemoptysis, pulmonary hypertension, and chy-
lothorax [1, 2]. Extrapulmonary lymphangioleiomyomas are 
common, being seen in 19–34% of patients and can often 
appear in lymph nodes, retroperitoneum, or abdominal and 
pelvic organs [1, 4, 5].

LAM can be present sporadically, or in the setting of 
tuberous sclerosis, and patients affected with the latter tend to 
present symptoms at an earlier age [6]. Given this association, 
it is worth noting that angiomyolipomas of other organs can 

be present in up to 90% of patients with LAM and history of 
tuberous sclerosis, as well as in 30–40% of sporadic forms [1, 
7, 8], including bilateral lesions in 13% of all cases [1].

On the other hand, BML is typically detected as asymp-
tomatic pulmonary nodules in women. A history of prior sur-
gery for uterine leiomyomas has been reported in more than 
90% of cases, sometimes decades before the detection of 
pulmonary nodules [9, 10]. These lesions can be solitary or 
multiple and are not typically associated with respiratory 
symptoms. BML are known to be responsive to hormonal 
therapy and decrease in size after menopause [11].

 How Can Radiologic Studies be Used 
to Distinguish LAM from BML?

Multiple air-filled, thin-walled cysts of variable size are 
identifiable in nearly 100% of cases of LAM when evaluated 
with high-resolution CT imaging (Fig. 58.1) [12, 13]. These 
cysts are typically distributed throughout the entirety of the 
lung parenchyma, without associated air trapping. Other 
common pulmonary findings include reticulated opacities 
[14], pneumothorax [13, 14], increased lung volumes, and 
pleural effusions. Associated cystic lymphangiomas are also 
seen in the abdomen and/or retroperitoneum in up to 20% of 
patients [13]. Other extrapulmonary findings described 
include lymphadenopathy and iliac or retroperitoneal lym-
phatic vessel dilation [5].

BML typically presents radiologically as solid, well- 
circumscribed masses which are typically hypointense on 
T1- and T2-weighted MRI [15]; however, cystic degenera-
tion can be present in a minority of cases [10, 16]. These 
lesions can be solitary or multiple, have varying sizes, and 
appear in extrapulmonary sites, including lymph nodes and 
spine [15, 17], among others (Fig. 58.4).

 What Are the Pathologic Features of LAM 
and BML? How Can Immunohistochemistry 
be Used to Distinguish These Two Entities?

Histologically, LAM typically consists of solid nodules and 
cysts composed of cytologically bland spindled to epitheli-
oid perivascular cells (PEC), which surround lymphatic 
structures in a peribronchial, septal, and subpleural distribu-
tion [1, 18]. Immunohistochemically, the neoplastic cells 
typically express smooth muscle actin and HMB45  in the 
vast majority of cases, with variable staining intensity [19, 
20]. Nuclear expression of estrogen and progesterone recep-
tor has also been demonstrated in most cases, with PR being 
typically expressed in a greater proportion and intensity [19–
21]. In addition, immunoreactivity for beta-catenin in a 
membranous and cytoplasmic staining pattern has also been 
described in a majority of cases [19]. Immunohistochemical 
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a b

Fig. 58.4 On CT imaging, BML usually demonstrates solid nodules of varying sizes. (a) Axial view; (b) coronal view

staining for S100 is typically negative. More recently, over-
expression of PD-L1 has been described in few cases of 
LAM, suggesting the potential opportunity for targeted ther-
apy with checkpoint inhibitors [22] (Fig. 58.5).

On the other hand, BML typically consists of solid nod-
ules in a peribronchovascular distribution [10]. These are 
composed of intersecting fascicles of smooth muscle cells 
with no prominent cytologic atypia or mitotic activity [10, 
11, 16, 17, 23]. Immunohistochemical stains typically dem-
onstrate diffuse expression of markers of smooth muscle dif-
ferentiation, including desmin, actin, and caldesmon. Strong 
nuclear expression of estrogen and progesterone receptors 
has been reported in a majority of cases [17, 23]. 
Immunohistochemistry studies for HMB-45 and other mela-
nocytic markers are invariably negative (Fig. 58.6).

 Are Genetic/Molecular Findings Useful 
in the Diagnosis and Treatment of LAM?

Approximately 85–90% of cases of LAM are associated 
with somatic or germline mutations in TSC1 or TSC2 [6]. 

The proteins normally encoded by these two genes, tuberin 
and hamartin, have an inactivating effect on mTOR, which 
functions as a promoter of cell division. Therefore, inactivat-
ing mutations in these genes are associated with increased 
mTOR activity and the subsequent development of neo-
plasms [24]. Based on these observations, the use of mTOR 
inhibitors, such as sirolimus, has been effective in the medi-
cal treatment of LAM and associated with reduction of 
symptoms and improvement of pulmonary function [7, 
24–26].

 Are BML Genetically Similar to Their Uterine 
Counterparts? Are These Truly Metastatic?

Massively parallel sequencing and copy number alteration 
studies comparing pulmonary BML with their uterine coun-
terparts have demonstrated the presence of identical somatic 
mutations as well as similar patterns of copy number 
 alterations in paired uterine and pulmonary lesions demon-
strating the same clonal origin for these [27–29].
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Fig. 58.5 Histologic findings in LAM can be subtle. Notice the presence of myoid cells within the cyst lining (H&E, 100×). In these, expression 
of HMB-45 can be only focal. Nuclear expression of progesterone receptor can often be helpful for identifying the lesional cells (IHC DAB, 100×)
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Fig. 58.6 Histologic features of BML. Notice the well-circumscribed smooth muscle proliferation, containing entrapped lung parenchyma (H&E, 
40×). Nuclear expression of estrogen and progesterone receptors is typically present (IHC DAB, 100×)
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59Diffuse Pulmonary Lymphangiomatosis 
Versus Lymphangioleiomyomatosis

Jose G. Mantilla

 Case Presentation

A 26-year-old woman presented to the emergency room after 
a motor vehicle collision. Chest computed tomography (CT) 
performed at that time demonstrated a large pleural effusion, 
associated with a right upper lobe mass. A wedge excision 
and pleural decortication demonstrated multiple subpleural 
and septal lesions composed of prominent, variably dilated 
and anastomosing lymphatic channels, associated with fibro-
sis and patchy lymphocytic infiltrates.

On follow-up, the patient had progressive dyspnea asso-
ciated with restrictive lung disease. Chest CT studies dem-
onstrated bilateral ground-glass opacities, septal and pleural 
thickening, and recurrent chylous pleural and pericardial 

effusions (Fig. 59.1). Four years after the initial diagnosis, 
the patient had a pregnancy during which her pulmonary 
function severely deteriorated, requiring a cesarean section 
at 29 weeks. Postoperatively, her respiratory status contin-
ued to worsen, ultimately leading to respiratory failure and 
death.

Autopsy revealed markedly enlarged lungs bilaterally, 
with extensive areas of pleural scarring. Other findings 
included marked ascites and additional lesions composed of 
similarly arranged lymphatic vessels involving the lungs 
(Fig. 59.2a–c), as well as the mediastinal and retroperitoneal 
soft tissues (Fig. 59.2d).

Her cause of death was attributed to respiratory failure 
due to diffuse pulmonary lymphangiomatosis.

J. G. Mantilla (*) 
Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA
e-mail: mantilla@uw.edu

a b

Fig. 59.1 CT imaging findings of diffuse pulmonary lymphangiomatosis commonly include extensive peribronchial/perivascular thickening, 
scattered ground-glass opacities, and pleural and pericardial effusion. (a) Axial view; (b) coronal view
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a b

c d

Fig. 59.2 (a, b) Histologic features of diffuse pulmonary lymphangi-
omatosis include multiple lesions composed of variably dilated lym-
phatics with a lymphangitic distribution, accompanied by fibrosis and 
variable lymphocytic aggregates (H&E, 40×). (c) The lesional vessels 

are lined by cytologically bland lymphatic endothelium (H&E, 200×). 
(d) Extrapulmonary lesions may be seen in DPL; in this particular case 
in the retroperitoneum, it is associated with lymph nodes (H&E, 40×)

 Final Diagnosis: Diffuse Pulmonary 
Lymphangiomatosis

 What Are the Clinical Features of Diffuse 
Pulmonary Lymphangiomatosis (DPL) 
and How Do They Differ 
from Lymphangioleiomyomatosis (LAM)?

Diffuse pulmonary lymphangiomatosis (DPL) is a rare con-
dition characterized by diffuse prominence of lymphatic ves-
sels within the lung parenchyma (lymphangiomas) [1]. It 
typically arises in children and young adults, with no signifi-
cant difference between sexes [1, 2]. Rare cases of DPL have 
been reported in middle-aged adults [3, 4]. DPL is a typically 
aggressive disease which presents with a wide variety of 
clinical manifestations; these range from mild wheezing and 

productive cough to severe respiratory failure associated 
with infiltrative disease and recurrent pleural effusions [1]. 
The content of the expectoration and pleural effusion are 
often chylous [1, 2]. DPL is often associated with other lym-
phatic abnormalities and involvement of other organs in up 
to 75% of cases [5]. The clinical prognosis of DPL is poor, 
and death by respiratory failure is common [2, 6, 7].

On the other hand, LAM shows a marked preference for 
women of reproductive age. Somewhat similarly to DPL, 
LAM typically presents with dyspnea, spontaneous pneumo-
thorax, and ultimately respiratory failure. Involvement of 
venous and lymphatic vessels can lead to other less common 
clinical manifestations, such as hemoptysis, pulmonary 
hypertension, and chylothorax [8–10]. This entity is also dis-
cussed in Chap. 58 (Lymphangioleiomyomatosis versus 
Benign Metastasizing Leiomyoma).
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 How Can Radiologic Studies be Used 
to Distinguish DPL from LAM?

The most common radiologic manifestations of DPL are dis-
tinctive, although not entirely specific. The most CT findings 
are smooth septal and peribronchovascular thickening and 
diffusely increased attenuation of mediastinal fat. Other 
common findings include bilateral patchy ground-glass 
opacities, pleural and pericardial effusion, pleural thicken-
ing, and lymphadenopathy [6, 11]. Representative CT images 
are seen in Fig. 59.1.

In contrast, the CT imaging appearance of LAM typically 
consists of multiple air-filled cysts of variable size, distrib-
uted throughout the entirety of the lung parenchyma 
(Fig. 59.3). Other common pulmonary findings include retic-
ulated opacities, pneumothorax, increased lung volumes, and 
pleural effusions [12–14].

 What Are the Pathologic Features of DPL 
and LAM? How Can Immunohistochemistry 
be Used to Distinguish These Two Entities?

DPL is histologically characterized by the presence of com-
plex anastomosing thin-walled lymphatic vessels, which are 
present throughout the lung parenchyma and pleura, with a 
subpleural, septal, and peribronchovascular distribution 
(Fig.  59.2a, b). The lesional vessels are lined by cytologi-
cally bland endothelial cells (Fig. 59.2c) and may be associ-
ated with fibrosis and increased hemosiderin-laden 
macrophages. True infiltration of the lung parenchyma is 
usually not seen in DPL [5, 7, 15].

On the other hand, LAM is characterized by the presence 
of solid nodules or multiple cysts throughout the lung paren-
chyma, lined by cytologically bland spindled to epithelioid 
perivascular cells (PEC) (Fig.  59.4). These lesions show a 
similar anatomic distribution to lymphangiomatosis, given 
their close association with lymphatic structures, with a peri-
bronchial, septal, and subpleural location [8, 16].

Immunohistochemical stains can be useful to further dif-
ferentiate DPL from LAM, since the latter has a characteris-
tic immunophenotype, with expression of smooth muscle 
actin, HMB45 (Fig.  59.4), and estrogen and progesterone 
receptors (Fig.  59.4) (PR more commonly than ER) in a 
majority of cases [17–19]. In addition, immunoreactivity for 
β-catenin in a membranous and cytoplasmic pattern has been 
described in a majority of cases of LAM [17].

 What Other Lesions Should I Consider 
in the Differential Diagnosis of DPL?

Other lymphatic vascular lesions may be histologically 
difficult to distinguish from DPL. These include solitary 
lymphangiomas and lymphangiectasis. The former consist 
of solitary, typically well-circumscribed lesions composed 
of abundant lymphatic vessels, lined by cytologically 
bland endothelial cells, and containing lymph within their 
lumen. These lesions may be solid or cystic, with capillary 
and/or cavernous architecture, and are commonly associ-
ated with prominent lymphoid aggregates [5]. In small 
biopsies, and in the absence of clinical and imaging cor-
relation, these lesions may be histologically indistinguish-
able from DPL.

a b

Fig. 59.3 CT imaging findings of lymphangioleiomyomatosis are 
typically characterized by the variable presence of thin-walled pulmo-
nary cysts, without a predilection for a specific region, and often distrib-

uted in a homogeneous manner throughout the lungs. (a) Axial view; 
(b) coronal view
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a

b c

Fig. 59.4 Histologic findings in LAM. (a) Notice the presence of myoid cells within the cyst lining (H&E, 100×), which show focal expression 
of (b) HMB-45 and (c) variable progesterone receptor (PR) (IHC DAB, 100×)
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60Intralobar Versus Extralobar Pulmonary 
Sequestration

Jose G. Mantilla

 Case Presentation

A 44-year-old woman was referred to the thoracic surgery 
service with a history of recurrent pneumonia. She reports 
having approximately one episode per year. Imaging studies 
demonstrate an intrapulmonary homogenous hypodensity, 
containing dilated airways that are not connected to the tra-
cheobronchial tree, and a large feeding vessel arising from 
the thoracic aorta (Fig. 60.1).

Given the presence of symptoms, the lesion was resected. 
Histologic examination demonstrates lung parenchyma with 
dilated airways and marked mixed inflammation (Fig. 60.2). 
The vasculature within the lesion has pronounced intimal 
thickening and medial hyperplasia. No features of neoplasm 
were identified. Two years following the resection of her 
lesion, the patient has been asymptomatic, with no further 
episodes of pneumonia.

J. G. Mantilla (*) 
Department of Laboratory Medicine and Pathology, University of 
Washington Medical Center, Seattle, WA, USA
e-mail: mantilla@uw.edu

a b

Fig. 60.1 (a, b) CT imaging findings in intralobar sequestration (yel-
low arrow). The entirety of the lesion consists of a homogeneous area 
of hypodensity with smooth contours, containing a large feeding vessel 

arising from the thoracic aorta (red arrowhead). A distinct pleural enve-
lope is not identified
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a b

Fig. 60.2 Histologic features of intralobar pulmonary sequestration 
include lung parenchyma with dilated airway remnants (arrow) and 
prominent arterial blood vessels (arrowhead) (a, H&E, 40×). There is 

extensive neutrophilic inflammation associated with airway remnants, 
consistent with the patient’s history of recurrent pneumonia (b, H&E, 
100×)

 Pathologic Diagnosis: Intralobar Pulmonary 
Sequestration

 What Is Pulmonary Sequestration?

Pulmonary sequestrations are the second most common mal-
formation of the respiratory system. They consist of portions 
of the lung that have no direct communication with the bron-
chial tree, irrigated by an aberrant systemic artery [1, 2]. The 
venous drainage of these lesions may be connected to the 
systemic or pulmonary circulation [1, 3].

Based on their pleural covering, pulmonary sequestra-
tions are classified as intralobar, which are contained within 
the pleura and contiguous with the main mass of the lung, 
and extralobar, which have their own pleural covering, and 
are anatomically separate from the lung [1]. The clinical and 
radiologic manifestations of intralobar and extralobar 
sequestration typically differ, as discussed below.

 How Do the Clinical Findings of Intralobar 
and Extralobar Pulmonary Sequestration 
Differ?

Intralobar sequestrations are the most common form of 
sequestration in both children and adults, representing up to 
84% across all ages [2]. When clinically apparent, symptoms 
typically appear after 2 years of age. The most common pre-
sentation in children is recurrent pneumonia, seen in up to 
71% of cases [1, 4]. Other less common clinical manifesta-
tions include hemoptysis, hemothorax, pneumothorax, and, 
rarely, cardiac failure [1].

On the other hand, most extralobar sequestrations are 
detected in the first months of life. They have a distinct male 
predominance [1] and are associated with other congenital 
malformations in up to 65% of cases [1, 5]; these most com-
monly include diaphragmatic abnormalities and other con-
genital lung lesions [1, 5]. Clinical manifestations typically 
include respiratory distress, cyanosis, and feeding difficul-
ties. These lesions may also present in utero, in association 
with polyhydramnios or fetal hydrops [6].

Of the cases of pulmonary sequestration detected in 
adults, the vast majority are intralobar [7–9]. Adult patients 
were asymptomatic in 10–47% of cases [7–9], while the 
most common reported clinical manifestations include 
cough (34–85%), hemoptysis (9–29%), and fever (16–
25%). Infections have also been commonly reported in 
association with intralobar pulmonary sequestration in 
adults, in 16–48% of patients [7, 8]. The organisms most 
commonly isolated include Aspergillus sp. and 
Pseudomonas aeruginosa [8, 9]. Given that extralobar 
sequestrations have a separate pleural envelope, recurrent 
pneumonia is less common [4, 7].

 How Do the Radiologic Findings of Intralobar 
and Extralobar Pulmonary Sequestration 
Differ?

Distinction between intralobar and extralobar sequestration 
relies mainly on imaging findings. Intralobar sequestrations 
share a common pleural envelope with the lung [10]. They 
can have multiple associated radiologic manifestations, 
including areas of consolidation, air-fluid levels, or cystic 
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Fig. 60.3 CT imaging findings in extralobar sequestration. Notice the 
presence of a discrete pleural envelope surrounding the lesion (red 
arrowhead), as well as the discrete feeding vessel penetrating the lesion 
(yellow arrow)

change. In their periphery, they may be accompanied by an 
area of overinflation [11].

Extralobar sequestrations are usually found in the lower 
lobes, adjacent to the diaphragm. However, extralobar 
sequestrations have been described in the mediastinum, para-
vertebral region, and abdomen, among others [6, 11]. In con-
trast to intralobar sequestrations, these lesions have a distinct 
pleural envelope, which separates them from the lung 
(Fig. 60.3).

In both intralobar and extralobar sequestrations, the 
anomalous blood supply can sometimes be identified on CT 
imaging. These anomalous vessels most commonly originate 
from the thoracic aorta (Fig. 60.3) [4].

 What Are the Histologic Findings 
of Pulmonary Sequestration?

Uncomplicated pulmonary sequestrations histologically con-
sist of lung parenchyma containing muscular arterial vessels, 
which may show hypertensive changes [6, 10]. Remnants of 

bronchial structures may also be identified. In the case of 
extralobar lesions, a mesothelial lining may be visible [6]. 
In contrast, intralobar sequestrations are contiguous with the 
adjacent lung parenchyma and may sharply abut it or dif-
fusely blend with it [10].

As infectious complications develop, additional histo-
logic changes may be present. These can include fibrosis, 
prominent inflammation, and cystic degeneration [10].
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Index

A
Acute allograft rejection, 228
Acute cellular rejection, 228
Acute eosinophilic pneumonia (AEP), 306–309
Acute inflammatory infiltration, 18
Adenocarcinoma, 13, 184
Adenocarcinoma in situ (AIS), 104

vs. atypical adenomatous hyperplasia, 30
clinical presentation, 27
definition, 30
diagnosis, 27
differential diagnosis, 13
gross examination, 27
histologic examination, 27, 28
imaging studies, 27
vs. invasive adenocarcinoma, 34
non-mucinous, 27
prognosis, 28

Airway inflammation (lymphocytic bronchiolitis/bronchitis), 228
Anaplastic large cell lymphoma (ALCL), 222
Anti-neutrophilic cytoplasmic antibodies (ANCA), 300, 301
Aspergillus spp., 329, 331–334
Atypical adenomatous hyperplasia (AAH), 23, 104

vs. AIS, 30
clinical presentation, 28
definition, 30
diagnosis, 29
genetics of, 29
gross examination, 28
histology, 28, 29
imaging, 28, 29
vs. peribronchiolar metaplasia (PBM)

case presentation, 21
microscopic features, 22–24
pathologic features, 22
radiographic features, 22

in right lower lobe, 21
Atypical carcinoid (AC) tumor, 92

clinical features, 77, 78, 87
definition, 77
differential diagnosis, 78
with focal necrosis, 92
genetic and molecular alterations, 78
gross features, 75
imaging findings, 75
immunohistochemical profile, 76, 77, 86
morphologic features, 76, 86
pathologic features, 78
precursor lesion, 78
prognostic feature, 92
radiographic features, 78

vs. SCLC, 86
survival rate, 87

Atypical large epithelioid cytology, 184
Atypical teratoid/rhabdoid tumor, 183

B
BAP1 (BRCA- associated protein 1) immunomarker, 134
B-cell clonality, 214
Benign metastasizing leiomyoma (BML)

clinical and prognostic features, 351
immunohistochemistry, 351, 352
pathologic features, 351, 352
patient history, 349
radiologic studies, 351

Blastomyces, 319, 321, 322
Bone morphogenetic protein receptor type 2 (BMPR2), 339
Bronchial squamous cell papilloma

differential diagnosis, 4
vs. squamous cell carcinoma

clinical symptoms, 4–6
diagnostic considerations, 4
epidemiology, 5, 6
radiographic, 5
viral infection, 5

Bronchiolar metaplasia, 16, 17
Bronchiolar neuroendocrine cell hyperplasia, 78
Bronchiolitis obliterans-organizing pneumonia (BOOP), 296
Bronchoalveolar lavage (BAL), 275, 306
Bronchopulmonary mucoepidermoid carcinoma, 62, 63
Bronchoscopy, 3

C
Carcinoid tumorlets

histological sections, 94
imaging findings, 94

Carcinoid tumors
atypical, 92
clinical presentation, 92
definition, 91
gross pathologic appearance, 89
histological sections, 89, 92
imaging findings, 89
immunohistochemical (IHC) stains, 89, 92
morphologic features, 93
typical, 92

Cardiac (atrial) myxoma, 190
CDKN2A, 134
Centrilobular nodules, 289
Chimeric antigen receptor (CAR) T-cell therapy, 221
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Chondroid neoplasms vs. pulmonary hamartomas, 9, 10
Chondromas, 9
Chronic eosinophilic pneumonia (CEP), 307–309

clinical presentation, 260
diagnostic criteria, 260
differential diagnosis, 262
histologic sections, 259
imaging findings, 259
pathogenesis, 261
pathologic finding, 261
prognosis, 260
radiographic features, 261

Chronic obstructive pulmonary disease (COPD), 63
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granulomatosis with polyangiitis (EGPA)
Ciliated muconodular papillary tumor (CMPT)

clinical and prognostic features, 56, 57
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Cisplatinum-based chemotherapy, 109
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D
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Desmoplastic mesothelioma, 143
Desmoplastic type stroma, 18, 19
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EGFR gene mutation, 55
EIF2AK4 mutations, 343
Endometrioid adenocarcinoma, 101
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clinical features, 307
definition, 307
vs. GPA, 309
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lung, 307
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definition, 305
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patient history, 305

Epithelial dysplasia, 4
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diagnostic lung wedge biopsy, 173
differential diagnosis, 177
histologic and immunophenotypic features, 175
immunohistochemistry, 173
prognosis of, 175
radiologic features, 175
treatment, 175

Epithelioid hemangioendothelioma (EHE), 177, 190
case presentation, 119
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clinical and radiologic considerations, 121
definition, 121
differential diagnosis, 122–124
epidemiologic factors, 121
genetics of, 121
histologic and immunophenotypic features, 121
macroscopic features, 121
prognosis of, 122

Epithelioid malignant mesothelioma
vs. adenocarcinoma

epithelial markers, 134
mesothelial markers, 134

cytopathology, 129
electron microscopic features, 135
histology, 129
imaging findings, 129
immunocytochemistry, 129
vs. metastatic adenocarcinoma, 135
vs. reactive mesothelial cells, 134

Epithelioid melanoma, 170
Epithelioid sarcoma (ES), 123

ancillary test, 183
conventional (classic) type, 181
differential diagnosis, 182–184
gross examination, 181
histologic sections, 179
histology, 182
imaging findings, 179
immunohistochemistry studies, 179, 182
molecular testing, 183
proximal type, 181
small left pneumothorax and multiple bilateral micronodules, 179

Erdheim-Chester disease (ECD)
characteristics of chest HRCT, 199
clinical features, 201
histologic section, 199
histopathologic features, 201
imaging studies, 201
immunohistochemical stains, 199
molecular testing, 201, 202
pathological diagnosis, 199
vs. reactive histiocytes, 201

Extra-adrenal paragangliomas, 9
Extranodal marginal zone lymphoma of mucosal associated lymphoid 

tissue (MALT lymphoma)
clinical presentation, 203
definition, 203
differential diagnosis, 204
vs. follicular bronchiolitis, 205, 206
histologic feature, 203, 204
imaging features, 205
immunophenotypic feature, 204
prognostic feature, 203

F
Familial pulmonary hypertension (FPAH), 339
FFPE, 333
Fibroblastic foci, 236
Fibroelastotic scar-like stroma, 18, 19
Flexor pollicis brevis muscle, 179
Fluorescence in situ hybridization (FISH) studies, 55
Follicular bronchiolitis (FB)

challenges, 285

clinical presentation, 205, 282, 283
definition, 204
histologic features, 205, 284, 285
imaging features, 205
vs. MALT lymphoma, 205, 206
pathology, 283
prognosis, 205, 286
radiographic findings, 283

G
Gastric stromal tumors, 9
GATA-3, 134
Giant cell carcinoma

histology, 141
immunohistochemistry, 141

Glomerulonephritis, 301
Granulocyte-macrophage colony-stimulating factor  

(GM-CSF), 278
Granulomatosis with polyangiitis (GPA), 217

classification, 300
clinical presentation, 300, 301
definition, 300
diagnosis, 301
gross findings, 301
histopathologic findings, 301, 302
imaging findings, 301
patient history, 299, 300
pulmonary infections, 302, 303

Granulomatous pulmonary inflammation, 314
Ground glass opacity (GGO) nodules, 21

H
High-grade mucoepidermoid carcinoma, 63
High-resolution computed tomography (HRCT), 71
Histoplasma capsulatum, 324, 327
Histoplasma spp., 319–322
HIV, 324, 327
Homeodomain-containing transcription factor, 53
Honeycombing, definition of, 236
Human papilloma virus (HPV), 3

viral cytopathic effect, 4
Hyalohyphomycosis, 333, 334
Hypersensitivity pneumonitis (HP)

clinical presentation, 240
diagnostic transbronchial cryobiopsies, 239
gross pathologic, 242
histologic findings, 243
imaging findings, 239
laboratory tests, 244
radiographic studies, 241
source/antigens, 240, 241
vs. UIP, 240–244

I
Idiopathic pulmonary arterial hypertension. See Pulmonary 

hypertension
Idiopathic pulmonary fibrosis (IPF), 241

clinical diagnosis, 249
prognosis, 249

IgG4+ plasma cells, 272
ratio, 269
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IgG4-related lung disease
clinical features, 270
definitive diagnosis, 269
differential diagnosis, 269
elevated serum IgG4, 272
gross examination, 267
histologic criteria, 267–270
IgG4 plasma cell ratio, 269
IgG4+ plasma cells, 272
imaging features, 267, 270
immunohistochemical criteria, 267–269
non-necrotizing or necrotizing vasculitis, 272
obliterative phlebitis, 272
organizing abscess, 269
vs. plasma cell granuloma, 271
pleura, 273
vs. pulmonary Langerhans cell histiocytosis, 271, 272
resection specimen, 269

Inflammatory myofibroblastic tumor (IMT)
classification, 166
clinical presentation, 165
definition, 165
differential diagnosis, 165
epidemiology, 165
genetic/molecular findings, 166
histological features, 163
imaging features, 163
vs. OP, 165
pathologic features, 165
radiographic imaging, 165
treatment modalities, 166

Inflammatory pseudotumor of lung, 165. See Inflammatory 
myofibroblastic tumor (IMT)

In situ hybridization (ISH), 333
Insulinoma-associated protein 1 (INSM1), 72
Intermediate biological behavior, 165
Intimal sarcoma

clinical presentation, 187
definition, 187
differential diagnoses, 190
epidemiologic factors, 187
genetics, 189
gross macroscopic features, 187
histologic evaluation, 185, 188
imaging findings, 185
immunophenotypic features, 188
prognosis, 189
treatment, 189

Invasive fungal disease (IFD), 330, 331
Invasive lung adenocarcinoma

vs. AIS and MIA, 34
case presentation, 31
definition, 34
histopathologic features, 52

Invasive mucinous adenocarcinoma (IMA)
case presentation, 55
vs. ciliated muconodular papillary tumor, 59
clinical and prognostic features, 56
vs. colloid adenocarcinoma, 57
genetic/molecular findings, 57
histologic features, 55, 56
histological features, 57
imaging features, 55
incidence of, 56
with mixed morphologic features, 59
radiologic studies, 57

Invasive nonmucinous adenocarcinoma, 59

K
KRAS gene mutation, 55
Kulchitsky cells, 91

L
Langerhans cell histiocytosis (LCH). See Pulmonary Langerhans cell 

histiocytosis (PLCH)
Large cell (undifferentiated) carcinoma (LCC)

case history, 67
clinical and prognostic features, 68
definition, 68
diagnosis, 68
molecular genetics, 69
with null immunohistochemical features, 68
with unclear immunohistochemical features, 68

Large cell neuroendocrine carcinoma (LCNEC), 210
case history, 71
case presentation, 45, 65
clinical presentation, 79
clinical and prognostic features, 68, 69
clinicopathologic features, 71
diagnosis of, 72
disease stage, 71
gross features, 72
histological features, 68, 72
imaging findings, 71
immunohistochemical profile, 79, 80
immunohistochemical staining, 72
incidence, 71
markers, 68
molecular genetic features, 69, 72
morphologic features, 79
prognosis, 79
vs. SCLC

architectural features, 73
clinical and radiographic characteristics, 73
cytologic features, 73
immunohistochemical features, 74

vs. solid-predominant adenocarcinoma
clinicopathologic findings, 46
diagnostic pitfalls, 48
genetic differences, 48
immunohistochemical stains, 47, 48
radiologic features, 46

treatment, 79
Large cell undifferentiated carcinoma (LCUC), 210

genetic/molecular findings, 41
histologic features, 41, 42, 182
immunohistochemistry, 182
no test, 183
vs. SPA

clinical and prognostic features, 40
pathologic studies, 41
radiologic studies, 41

Left apical pneumothorax, 179
Leiomyosarcomas, 190
Lepidic, definition of, 35
Lepidic growth pattern, 18
Lung adenocarcinoma

acinar growth pattern, 35
ancillary studies, 33
clinical and prognostic features, 32
diagnostic criteria, 34
differential diagnosis, 36
histologic subtypes, 104
imaging findings, 104
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immunohistochemistry, 104
with lepidic pattern, 35, 36
markers, 33
vs. metastatic adenocarcinoma, 103
micropapillary pattern, 35, 36
mutations, 33
papillary growth patterns, 35, 36
pathologic features, 32, 33
radiologic features, 32, 33
solid growth pattern, 35
stains, 33
tumor size, 34

Lung fibrosis, 278
Lung hamartomas, 9
Lung squamous cell carcinomas

endobronchial component, 115
radiologic findings, 115
vs. thymic SCC

clinical features, 115
histology, 116
imaging features, 117
immunohistochemistry, 116, 117
metastasis, 117
molecular and cytogenetic alterations, 117

Lung transplantation, 297
Lymphadenopathy, 313
Lymphangioleiomyomatosis (LAM)

vs. BML
clinical and prognostic features, 351
diagnosis and treatment, 352
immunohistochemistry, 351, 352
pathologic features, 351, 352
patient history, 349
radiologic studies, 351
uterine counterparts, 352

vs. DPL
clinical features, 358
immunohistochemistry, 359
pathologic features, 359
radiologic studies, 359

Lymphoid follicles, 285
Lymphoid interstitial pneumonia (LIP)

challenges, 285
clinical presentation, 282
histologic features, 284
pathology, 283
prognosis, 286
radiographic findings, 283

Lymphomatoid granulomatosis (LG)
clinical presentation, 213
definition, 213
differential diagnosis, 216, 217
grading, 214, 216
vs. granulomatosis with polyangiitis, 217
histologic features, 214, 216
histopathologic evaluation, 214
imaging findings, 214
immunohistochemistry, 214
pathologic features, 214
patient history, 213
prognosis of, 214

M
Malignant mesothelioma (MM), 143
Malignant rhabdoid tumor of infancy (MRT), 183

MDM2 gene amplification, 185
Mesenchymal elements, 8
Metastatic carcinoma, 16
Metastatic high grade urothelial carcinoma

with characteristic immunohistochemical staining  
pattern, 108

clinical symptoms, 109
gross examination, 110
histologic features, 107, 110
prognosis, 109, 110
radiologic staging, 109
vs. SCC, 110
subpleural spiculated nodule, 107

Metastatic lung adenocarcinoma, 13
Metastatic melanoma, 211

clinical presentation, 169
immunohistochemical stains, 167
vs. poorly differentiated primary carcinoma, 171

immunohistochemistry, 169
molecular testing, 170
pathologic features, 169
patient care, 169

solitary large pulmonary mass, 167
Metastatic ovarian endometrioid adenocarcinoma, 101
Metastatic sarcomatoid carcinoma/melanoma, 190
Metastatic undifferentiated carcinoma of the nasopharynx, 210
Minimally invasive adenocarcinoma (MIA), 21

vs. invasive adenocarcinoma, 34
Minute pulmonary meningothelial-like nodules (MPMNs)

benign lesions, 99
central nervous system/primary pulmonary meningiomas, 99
definition, 98
diagnosis, 97
gross examination, 97
imaging findings, 97
immunohistochemical study, 97
microscopic evaluation, 98
microscopic examination, 97
vs. tumorlet, 99

Molds
clinical presentation, 330, 331
histologic features, 332
immunophenotypic features, 333
molecular features, 333
patient history, 329
radiologic features, 331
special stains, 333
zygomycosis, 333, 334

Monomorphic lymphoma (M-PTLDs), 227, 228
Mucinous cystadenocarcinoma, 57, 59
Mucinous endobronchial lesion, 64
Mucoepidermoid carcinoma (MEC)

ancillary studies, 63
clinical manifestation, 63
definition, 62
differential diagnosis, 63
endobronchial mass, 61
incidence, 62
multiple cell types, 61
polypoid mass, 61
versus pulmonary adenosquamous carcinoma, 63, 64
squamous, intermediate and mucin, 64

Mucorales, 333, 334
Multifocal lung adenocarcinoma with lepidic features, 36
Mycobacterial/fungal infection, 301–303
Mycobacterium tuberculosis, 312, 314
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N
Napsin-A, 104
Neuroendocrine cell hyperplasia (NECH), 91
Nodal or extra-thoracic metastases, 36
Non-destructive PTLDs, 227
Non-keratinizing squamous cell carcinomas, 52
Non-mucinous adenocarcinoma, 35–36
Non-small cell lung carcinomas (NSCLC), 53
Nonspecific interstitial pneumonia (NSIP)

ancillary studies, 285
challenging, 285
chest HRCT, 236
clinical presentation, 235, 256, 257, 282
definition, 255, 282
differential diagnosis, 282
gross examination, 236, 255
histologic features, 237, 256, 281, 283–285
HRCT, 281
microscopic examination, 255
pathology, 283
patient history, 281
prognosis, 286
radiographic findings, 257, 283

Non-tuberculous mycobacteria (NTM), 312, 313

O
Obliterative bronchiolitis. See Constrictive bronchiolitis (CB)
Obliterative vasculitis, 272
Obstructing left upper lobe endobronchial hamartoma, 7
Organizing abscess, 269
Organizing pneumonia (OP)

clinical syndrome, 266
definition, 165, 260, 266
diagnosis, 248
histological section, 247
histopathologic examination, 249, 266
imaging findings, 247, 266
pathological features, 165, 261
prognosis, 261
radiographic appearance, 165
typical CT findings, 249

Osseous metaplasia, 9

P
p40, 134
P63, 134
Papillae, 3, 4
Parasitic infections, 262
Peribronchiolar metaplasia (PBM), 24, 283
Periodic acid-Schiff (PAS), 275
Peripheral T-cell lymphoma, not otherwise specified (PTCL), 222, 223
Perivascular epithelioid cell tumor (PEComa), 195
Pigmented macrophages, 289
Plasma cell granuloma, 271
Pleomorphic carcinoma of the lung, 140
Plexiform lesions, 340
Pneumocystis jirovecii

clinical presentation, 324
histologic features, 324, 326, 327
laboratory tests, 327
molecular and microbiologic features, 326, 327
morphologic features, 327
patient history, 323

radiographic features, 324
special stains, 326

Pneumocyte hyperplasia, 289
Podoplanin (D2-40), 134
Polymorphic lymphoma (P-PTLDs), 227
Poorly differentiated malignant epithelioid neoplasm, 147
Poorly differentiated squamous cell carcinoma, 210

case presentation, 51, 52
histopathologic features, 52
vs. solid adenocarcinoma

immunohistochemical stains, 53
prognosis and molecular findings, 53, 54

Post-transplant lymphoproliferative disorder (PTLD)
clinical presentation, 227
definition, 226
differential diagnosis

acute allograft rejection, 228
acute cellular rejection, 228
airway inflammation, 228
EBV-associated smooth muscle tumors, 228
infections, 228

incidence, 226, 227
pathologic features

classic Hodgkin lymphoma, 228
monomorphic lymphoma, 227, 228
non-destructive PTLDs, 227
polymorphic lymphoma, 227

prognosis and management, 227
radiographic features, 227
risk of, 226
wedge resection of pulmonary mass, 225

Primary pulmonary carcinoid vs. metastasis, 93, 177
Primary pulmonary classic Hodgkin lymphoma (PPCHL)

clinical presentation, 221
definition, 220
diagnosis, 220
differential diagnosis, 222

ALCL, 222
EBV+ DLBCL, 223
PLG, 223
PTCL, 222, 223

endobronchial biopsy, 219
pathologic features, 221
prognostic features, 221
radiographic features, 221
treatment, 221

Primary pulmonary diffuse large B-cell lymphoma  
(PPDLBCL)

clinical presentation, 208
definition, 208
differential diagnoses, 210

large cell neuroendocrine carcinoma, 210
large cell undifferentiated carcinoma, 210
metastatic melanoma, 211
metastatic undifferentiated carcinoma of the  

nasopharynx, 210
poorly differentiated squamous cell carcinoma, 210
pulmonary lymphoepithelioma-like carcinoma, 210
small cell carcinoma, 210

imaging findings, 207, 209
immunohistochemistry, 207
vs. MALT-PPL, 209
pathologic features, 209, 210
prognosis, 209
treatment, 209
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Primary pulmonary undifferentiated pleomorphic  
sarcoma (PPUPS)

chest X-Ray, 147
“fibrohistiocytic” line of differentiation, 152
gross examination, 147, 152
imaging study of thorax, 147
immunohistochemistry studies, 147
microscopic examination, 147
no test, 154
radiologic findings, 152

“Proximal-type” epithelioid sarcoma, 181
Pulmonary alveolar proteinosis (PAP)

chest computed tomography, 275
chest X-rays, 275, 278
cytological features, 275, 278
demographics and clinical symptoms, 277, 278
histologic features, 275, 278
laboratory tests, 278
prognosis, 279
secondary infections, 279
treatment, 278

Pulmonary capillary hemangiomatosis (PCH)
definition, 342
diagnosis, 343
histology, 342, 343
imaging features, 342
patient history, 341
treatment, 343

Pulmonary cartilaginous tumors, 9
Pulmonary chondromas, 9
Pulmonary edema, see Pulmonary alveolar proteinosis (PAP)
Pulmonary hamartoma, 195

vs. chondroid neoplasm, 9–11
definition, 8
differential diagnosis, 9
imaging, 8, 9
molecular and cytogenetic studies, 9
pathologic features, 9
predominant tissue type, 10
prognosis, 8
radiographic features, 8

Pulmonary hypertension (PH)
definition, 338
etiologies, 338, 339
patient history, 337
primary PAH, 339, 340
PVOD

definition and epidemiology, 346
etiology and clinical presentation, 346, 347
genetic/molecular findings, 348
pathological features, 347
radiographic imaging, 347
treatment and prognosis, 348

radiologic studies, 339
secondary PAH, 339, 340

Pulmonary Langerhans cell histiocytosis  
(PLCH), 262, 271, 272, 290

definition, 265
differential diagnosis, 265
extrapulmonary involvement, 265
histopathologic examination, 263
imaging findings, 263, 265
immunohistochemistry, 263
vs. organizing pneumonia, 266
pathologic features, 265

Pulmonary lymphoepithelioma-like carcinoma, 210
Pulmonary lymphomatoid granulomatosis (PLG). See Lymphomatoid 

granulomatosis (LG)
Pulmonary MALT lymphoma, 204
Pulmonary sarcoidosis

clinical presentation, 312, 313
granulomatous pulmonary inflammation, 314
histologic features, 313
histopathologic features, 314
Mycobacterium tuberculosis, 314
patient history, 311
radiologic features, 313
special stains and microbiologic features, 314

Pulmonary sequestrations
definition, 364
extralobar pulmonary sequestration

clinical findings, 364
radiologic findings, 364, 365

histologic findings, 365
intralobar pulmonary sequestration

clinical findings, 364
patient history, 363
radiologic findings, 364, 365

Pulmonary squamous cell carcinoma (pSCC)
classic radiologic finding, 109
clinical symptoms, 109
gross examination features, 109
histologic features, 109
mortality, 109
prognostic marker, 109

Pulmonary veno-occlusive disease (PVOD), 342, 343
definition, 346
epidemiology, 346
etiology and clinical presentation, 346, 347
genetic/molecular findings, 348
pathological features, 347
patient history, 345
radiographic imaging, 347
treatment and prognosis, 348

R
Reactive eosinophilic pleuritis, 262
Reactive inflammatory infiltrate, 201
Reactive type II pneumocyte hyperplasia

vs. adenocarcinoma, 17
ancillary studies, 19
background stroma and pattern of injury, 16
cytomorphology, 16, 18
diagnostic features, 16
secondary structures, 16

bronchiolar metaplasia, 16
differential diagnosis, 13
epithelial cells with mild atypia, 13, 14
extensive geographic necrosis with reactive  

fibrosis, 13, 15
foci of necrosis and atypical epithelial  

cells, 13, 14
lung alveoli, 16, 17
with organizing pneumonia, 17
small arteries with marked intimal hyperplasia and organizing 

thrombus, 13, 15
squamous metaplasia, 16

Reed-Sternberg cell (RS cell), 221
Reparative/reactive inflammatory process, 165
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Respiratory bronchiolitis (RB)
chest X-ray, 287
clinical presentation, 287, 288
definition, 288
diagnoses, 290
histologic features, 289, 290
HRCT, 289
immunohistochemical stains, 290
iron stains, 290
PLCH, 290
prognosis, 290
RB-ILD, 288
trichrome/elastin stains, 290

Respiratory bronchiolitis-associated interstitial lung disease (RB-ILD), 
288, 289

Right upper and lower bilobectomy, 101

S
Sarcomatoid carcinomas of the lung

clinical, radiographic and prognostic features, 139
definition, 139
differential diagnosis, 142
genetic and/or molecular features, 142
gross examination, 137, 140
histology, 140, 141
histology and immunohistochemistry, 137
immunohistochemistry, 141, 142
left upper lobe, 137
vs. malignant mesothelioma, 143, 144

epithelial markers, 143
IHC, 143
keratin markers, 144
mesothelial markers, 143
molecular markers, 144

Sarcomatoid malignant mesothelioma (SMM), 143
Sarcomatoid mesothelioma/carcinoma, 152

histology, 152
immunohistochemical markers, 154

Sclerosing pneumocytoma
differential diagnosis, 195
epidemiology, 195
epithelial cell populations, 193
gross examination, 193
histogenesis, 195
histologic sections, 193
imaging findings, 193
vs. lung adenocarcinoma

cytologic specimens or intraoperative frozen sections, 197
gross examination, 196
histological and immunohistochemical sections, 196
imaging findings, 196
molecular level, 197

Secondary pulmonary involvement by nodal classic Hodgkin 
lymphoma (SPCHL), 220

Small cell carcinoma of lung (SCLC), 210
vs. atypical carcinoids, 86
clinical and prognostic features, 85
CT, 83
definition, 85
differential diagnosis, 86
genetic and molecular alterations, 86
gross examination, 83
immunohistochemical profile, 83
morphologic features, 83
pathologic features, 86

radiographic features, 86
symptoms, 85

SMARCA4 deficient thoracic sarcomas, 177, 190
Smoking related interstitial lung disease (SR-ILD), 290
Solid pulmonary adenocarcinoma (SPA)

clinical presentation, 39
genetic/molecular findings, 41
histologic features, 39, 40
vs. LCUC

clinical and prognostic features, 40
pathologic studies, 41
radiologic studies, 41

Solitary fibrous tumor (SFT)
clinical and prognostic features, 158
immunohistochemistry and molecular testing, 161
pathologic features, 160

Solitary large pulmonary mass, 167
Spindle cell carcinoma of the lung

histology, 140
immunohistochemistry, 141

Spindle cell angiosarcomas, 190
Squamous cell carcinoma, 184

diagnosis of, 4
Squamous epithelium, 3
Squamous metaplasia, 16, 17
Squamous papilloma, 5
Stem cell transplantation, 295
Synovial sarcoma (SS)

biphasic or monophasic, 159
case presentation, 157
clinical and prognostic features, 158
immunohistochemistry and molecular testing, 160, 161
pathologic features, 159

T
Thymic squamous cell carcinoma

anterior mediastinal resection with mass, 113
extra-thoracic metastasis, 117
histologic evaluation, 113
immunohistochemical stains, 113
vs. lung SCC

clinical features, 115
histology, 116
imaging features, 117
immunohistochemistry, 116, 117
metastasis, 117
molecular and cytogenetic alterations, 117

pre-existing thymoma, 117
solid anterior mediastinal mass, 113

Thyroid transcription factor 1 (TTF-1), 104
Tissue microarrays, 53
TTF-1 antibody, 53
Tumorlets

benign lesions, 99
histology, 98, 99
immunohistochemical findings, 99

Typical carcinoid (TC), 92

U
Undifferentiated pleomorphic sarcoma (UPS)

metastatic lung, 154
vs. sarcomatoid mesothelioma/carcinoma

immunohistochemistry, 153
molecular testing, 154
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Uroplakins, 110
Usual interstitial pneumonia (UIP)

chest HRCT, 236
chest radiographs, 236
clinical course of diseases, 235
clinical presentation, 235, 240, 241
gross examination, 236
gross pathologic features, 233, 242
histologic features, 236, 237, 243, 244
histologic sections, 233
histopathologic examination, 250
imaging findings, 233
laboratory tests, 244
radiologic features, 242, 249

V
Vasculitides, 300
Video assisted thoracoscopic surgery (VATS), 293

W
Wegener granulomatosis, see Granulomatosis with polyangiitis (GPA)
WT-1, 134

Z
Zygomycosis, 331–334
Zygomycota, 331
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