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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.
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Aim and Scope

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.



Preface

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
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Bronchial 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 (P<)

Department of Pathology and Laboratory Medicine, David Geffen
School of Medicine at UCLA, Los Angeles, CA, USA

e-mail: gfishbein@mednet.ucla.edu

© Springer Nature Switzerland AG 2022

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

H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_1&domain=pdf
mailto:gfishbein@mednet.ucla.edu
https://doi.org/10.1007/978-3-031-14402-8_1

A. Kassardjian and G. A. Fishbein

. z
' . -
" AL
0 = - -
. %% L - - -
- i
. -
~ . e 5
. > - .
- ap e
. .y
. .
L e
Ly
! T .
. PR .
. Non B
& i ¥
\ 5 o
A s -
.
- . =
g T e ek

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.
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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
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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].
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Pulmonary 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

S. Liou - 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

© Springer Nature Switzerland AG 2022

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

(e ' >,

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

indeterminate, fine-needle aspiration or core biopsy can with smooth-to-lobulated borders and a signature composi-
assist and obviate the need for surgical intervention. tion of nodular “popcorn” calcifications and adipose tissue
Consistent with their benign nature, pulmonary hamartomas  [8] (Fig. 2.2). While the presence of calcifications is helpful
are slow-growing, well-circumscribed, and solitary on radio-  for radiologic diagnosis, in practice they are present in only
logic imaging. The lesions appear as heterogeneous nodules  10-30% of cases [3, 9].



2 Pulmonary Hamartoma Versus Chondroid Neoplasms

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

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

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.
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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. (¢) and (d) are two foci of an inci-

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

Parenchymal Endobronchial
Predominant hamartomas (n = 142) hamartomas (n = 12)
tissue type (%) (%)
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,

dentally found hamartoma showing mature hyaline cartilage with
entrapped respiratory epithelium

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].

References

1. Umashankar T, Devadas AK, Ravichandra G, Yaranal PJ. Pulmonary
hamartoma: cytological study of a case and literature review. J
Cytol. 2012;29(4):261-3.

2. Ge F, Tong F, Li Z. Diagnosis and treatment of pulmonary hamarto-
mas. Chin Med J. 1998;13:61-2.

3. Van den Bosch JM, Wagenaar SS, Corrin B, et al. Mesenchymoma
of the lung (so called hamartoma): a review of 154 parenchymal
and endobronchial cases. Thorax. 1987;42:790-3.

4. Cosio BG, Villena V, Echave-Sustaeta J, et al. Endobronchial ham-
artoma. Chest. 2002;122:202-5.

5. Basile A, Gregoris A, Antoci B, et al. Malignant change in a benign
pulmonary hamartoma. Thorax. 1989;44:232-3.

6. Siegelman SS, Zerhouni EA, Leo FP, et al. CT of the solitary pul-
monary nodule. Am J Roentgenol. 1980;135:1-13.

7. Madewell JE, Feigin DS. Benign tumours of the lung. Semin
Roentgenol. 1977;12:175-86.

8. Gleeson T, Thiessen R, Hannigan A, et al. Pulmonary hamartomas:
CT pixel analysis for fat attenuation using radiologic-pathologic
correlation. ] Med Imaging Radiat Oncol. 2013;57:534-43.

9. Whyte RI, Donington JS. Hamartomas of the lung. Semin Thorac
Cardiovasc Surg. 2003;15:301-4.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pelosi G, Rosai J, Viale G. Immunoreactivity for sex steroid hor-
mone receptors in pulmonary hamartomas. Am J Surg Pathol.
2006;30:819-217.

. Dal Cin P, Kools P, De Jonge I, et al. Rearrangement of 12q14-15 in

pulmonary chondroid hamartoma. Genes Chromosomes Cancer.
1993;8:131-3.

Fletcher JA, Longtine J, Wallace K, et al. Cytogenetic and histo-
logic findings in 17 pulmonary chondroid hamartomas: evidence
for a pathogenetic relationship with lipomas and leiomyomas.
Genes Chromosomes Cancer. 1995;12:220-3.

Kazmierczak B, Wanschura S, Rosigkeit J, et al. Molecular char-
acterization of 12q14-15 rearrangements in three pulmonary chon-
droid hamartomas. Cancer Res. 1995;55:2497-9.

von Ahsen I, Rogalla P, Bullerdiek J. Expression patterns of the
LPP-HMGA?2 fusion transcript in pulmonary chondroid hamarto-
mas with t(3;12)(q27 approximately 28;q14 approximately 15).
Cancer Genet Cytogenet. 2005;163:68-70.

Carney JA. Carney triad: a syndrome featuring paraganglionic,
adrenocortical, and possibly other endocrine tumors. J Clin
Endocrinol Metab. 2009;94:3656-62.

Rodriguez FJ, Aubrey MC, Tazelaar HD, et al. Pulmonary chon-
droma: a tumor associated with Carney triad and different from pul-
monary hamartoma. Am J Surg Pathol. 2007;31:1844-53.

Travis WD, et al. WHO classification of tumours of the lung, pleura,
thymus and heart. 4th ed. Lyon: IARC; 2015.

Shah ND, Diwanji SR. Primary chondrosarcoma of the lung with
cutaneous and skeletal metastases. Singap Med J. 2007;48(7):e196-9.
Rees GM. Primary chondrosarcoma of lung. Thorax.
1970;25(3):366-71.

Kim MJ, Cho KJ, Ayala AG, Ro JY. Chondrosarcoma: with updates
on molecular genetics. Sarcoma. 2011;2011:405437.

Eefting D, Schrage YM, Geirnaerdt MJ, Le Cessie S, Taminiau AH,
Bovee JV, et al. Assessment of interobserver variability and histo-
logic parameters to improve reliability in classification and grading
of central cartilaginous tumors. Am J Surg Pathol. 2009;33(1):50-7.



®

Check for
updates

Reactive Type Il Pneumocyte
Hyperplasia Versus Adenocarcinoma

Jiging 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 x 4.8 x 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 x 1.2 x 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
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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
IT 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) 200x; (b) 400x

Fig. 3.2 Frozen sections. (a) Fibrinoid necrosis and eosinophilic appearance at 40x magnification. (b) Type II pneumocyte proliferation with
atypia at 400x
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Fig. 3.3 Permanent H&E sections. (a) Geographic necrosis at 200x. (b) Small arteries with marked intimal hyperplasia and organizing thrombus
at 400x

Fig. 3.4 (a) and (b) Reactive type Il pneumocyte hyperplasia away reactive endothelial cells, and inflammatory infiltrate. (f) TTF-1 immu-
from the necrotic area. (¢) and (d) Proliferating type Il pneumocytes  nostain showed type II pneumocyte positivity highlighting maintained
with cytological atypia adjacent to the necrotic areas. Reactive ciliated ~ alveolar architecture. Original magnification, H&E (a—d) 400x; (e)
bronchiolar epithelium (¢) and squamous metaplasia (d). (e) Alveolar  200x; THC (f) 200x

architecture was maintained with thickened septa, reactive fibroblasts,
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Fig. 3.5 Metastatic carcinoma in the brain at original magnification,
400x

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

Differentiation Features of Reactive Type ll
Pneumocyte Hyperplasia and Adenocarcinoma

Reactive Type Il 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. 3.8¢c) [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. (¢) Bronchiolar metaplasia. (d) Squamous metaplasia. Original magnification 400x

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

Size
CT

Cytomorphology

Architecture

Underlying acute
injury and
background stroma

Axillary studies
pS3
EGFR mutations

Reactive type II pneumocyte
hyperplasia
Any size

Mass lesion

Uniformly enlarged nuclei; non-
hyperchromatic, single prominent
nucleoli; regular nuclear membrane;
nonoverlapping nuclei; low N/C ratio;
and maintained apical-basal polarity
Lepidic pattern; no nuclear
stratification, no papillary,
micropapillary, or solid pattern

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

Usually negative

Negative

Invasive adenocarcinoma
Any size

Mass lesion

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

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

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

May be positive

May be positive

Atypical
adenomatous
hyperplasia
<0.5cm

Undetectable/
ground glass
Nuclear
enlargement;
features in between
reactive and
neoplastic

Lepidic pattern

May have mildly
thickened fibrotic
septa

May be positive
May be positive

Adenocarcinoma in
situ

> (0.5 cm but

<3.0 cm
Ground-glass mass
lesion

Similar to invasive
adenocarcinoma

Lepidic pattern

May have mildly
thickened fibrotic
septa

May be positive
May be positive



Fig.3.7 (a) and (b) Type II pneumocyte hyperplasia in pneumothorax,
respectively. Type II pneumocyte hyperplasia in lipogranuloma (¢) 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) 100x; (b, ¢, d, and h) 400x

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

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].

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) 100x; (b, ¢, d, e, and h) 400x

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



3 Reactive Type Il Pneumocyte Hyperplasia Versus Adenocarcinoma

19

(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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Atypical 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 x 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 x 1.8 x 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.

C. M. Chandler (<) - H. Xu
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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]. Asitis
aresult 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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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

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
CAMS.2 and AE1/AE3), and CEA as well as other markers
of Clara cell and/or type II pneumocyte differentiation such
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(100x and 200x, respectively, hematoxylin and eosin), (c) severe atypia
(200x%, 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

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].
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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 (100x and 400x,
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

Channel
of Martin

wall is replaced by roneeenny
metaplastic columnar to W"
cuboidal, ciliated respiratory-
type epithelium (pink)
Terminal
Bronchiole
Respiratory
Bronchiole
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Adenocarcinoma 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 1b. 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 x 2.5 x 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 x 2.5 x 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.
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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 11
pneumocyte differentiation, whereas the mucinous type typi-
cally shows differentiation toward distal bronchiolar glandu-

27

H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_5

5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_5&domain=pdf
mailto:ricciott@uw.edu
https://doi.org/10.1007/978-3-031-14402-8_5

M. Perrone and R. W. Ricciotti

'4- t‘c‘;\'

= P ieva

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-

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, ROSI1, and Her?2.

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 x 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

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

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 x 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 x 1.1 x 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 (20x) view showing
a well-circumscribed, roughly circular area that appears more baso-
philic than the background alveolar parenchyma. (¢) Medium-power

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].

(100x) 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
(400x) 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

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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Invasive 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.

6

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].

—

Fig.6.2 CT imaging shows a 24 x 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

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

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
S-year survival upwards of 90%, whereas micropapillary-
and solid-predominant adenocarcinomas have a 5-year sur-
vival of 67-70% [9, 11, 12].

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

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 NTRKI. 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 smokKers 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

Table 6.1 Diagnostic criteria for lung adenocarcinoma

Adenocarcinoma in situ

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 (AlS) 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].

(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 >5 mm invasion
focus
Pleural, lymphatic, or vascular Never Never Possible
invasion
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-

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

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-



S. Liou and G. A. Fishbein

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

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
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H&E, 100x%. (b) Tumor cells show strong and diffuse nuclear positivity
on TTF-1 immunohistochemical stain. (¢) 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. 200x

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/pl6Ink4
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-, ROSI-, 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
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Case Presentation entiated carcinoma favoring large-cell neuroendocrine
carcinoma (LCNEC).
A 65-year-old man with a past medical history of smoking The subsequent lobectomy from the right upper lobe con-

presents with persistent dyspnea and cough. His chest com- tains similar malignant cells with predominantly organoid
puted tomography (CT) scan shows a 3.7 cm right upper lobe  architecture and notable necrosis (Fig. 8.1a). High-power exam-
lung mass. The core-needle biopsy demonstrates solid nests  ination shows a large cell size, fine chromatin, variably promi-
and rosette-like malignant cells with finely granular chroma- nent nucleoli, scant-to-moderate amount of eosinophilic and
tin, moderate amount of eosinophilic cytoplasm, and brisk  granular cytoplasm, and numerous mitotic figures (Fig. 8.1b).
mitotic activity. Immunohistochemical stains are positive for ~Malignant cells are diffusely positive for TTF-1, synaptophysin,
TTF-1 and show focal positivity for synaptophysin, chromo- and CD56 with focal positivity for chromogranin. Ki-67 label-
granin, and CD56. The biopsy is diagnosed as poorly differ- 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, 200x). (b) High power showing neuroendocrine nuclear features along
with prominent nucleoli and numerous mitotic figures (arrows) (H&E, 400x)
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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]. Alarge 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
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Fig. 8.2 (a) Solid predominant adenocarcinoma mimicking an organoid growth pattern with areas of necrosis (H&E, 200x). (b) Higher power,
however, shows prominent nucleoli and abundant cytoplasm with lack of characteristic neuroendocrine nuclear features (H&E, 400x)
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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].

Fig. 8.3 LCNEC with TTF-1 (a), synaptophysin (b), and chromogranin (c¢) positivity (400x)
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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)

*Napsin 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 STK/11,
KRAS, and KEAP1-NFE2L2. Interestingly, STK11 and KRAS
mutations were found to be mutually exclusive with RBI 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,
301

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 ROSI 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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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. 9.2¢).
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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, 400x). Immunohistochemical

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-

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

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. 9.2¢). 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, ANp63, 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. ROSI 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, KEAPI, MLL2, HLA-A, NFE2L2, NOTCHI, RBI,
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
DDR?2 (discoidin domain receptor tyrosine kinase 2) and
FGFR1 (fibroblast growth factor 1) amplification [18].
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Invasive 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
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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

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. 10.2¢).

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. 10.2 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, 20x. (b) A higher-
magnification view of the neoplastic epithelium consisting of columnar

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

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, AKT]I,
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 —lymphoplasmacytic infiltrates. H&E, 100x. (b) The tumor is composed
tumor (CMPT) of the lung. Courtesy of Dr. Wenjuan Yu, Department of  of ciliated cells, mucous cells, and basal cells. H&E, 200x. (¢) p63 is
Pathology, Affiliated Hospital of Qingdao University, China. (a) The positive in the continuous layer of basal cells (100x). (d) TTF-1 high-
tumor exhibits tubulopapillary growth pattern associated with chronic  lights the basal cells, mucous cells, and ciliated cells (100x)
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Table 10.1 Difference between invasive mucinous adenocarcinoma

(IMA) and ciliated muconodular papillary tumor (CMPT)

IMA CMPT

Clinical Cough, mucous sputum Asymptomatic

presentation

Incidence Rare Extremely rare

Radiology Large areas of ground- Solitary peripheral
glass opacity with or small lung nodule with
without consolidation; an average diameter of
commonly multifocal 1 cm

Histology

Growth Predominantly lepidic, Glandular, papillary,

pattern mixed with papillary, tubulopapillary
micropapillary patterns

Stromal +/— =

invasion

Basal cells No Yes

Ciliated cells No Yes

Mucinous Yes Yes

cells

Extracellular ~ Present Present

mucus

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
PAXS 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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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
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Fig. 11.1 Gross photograph demonstrating a polypoid exophytic
endobronchial mass (scale bar = 1 cm)

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
MAML?2 (11g21) gene. The background lung parenchyma
showed post-obstructive pneumonia. Mediastinal lymph
nodes were negative for metastases.
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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, 20x). The tumor has abundant mucin-filled cysts and an intervening solid component (b, 100x)

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,

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

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

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 | 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 MUCS5AC. 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 CRTCI(MECTI)-MAML?2
[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 MAML?2 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 MAML?2 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

MAML?2 gene rearrangement TTF-1 and/or napsin-A
positivity

MEC mucoepidermoid carcinoma, CIS carcinoma in situ

Do | 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 MAML?2 rearrangement
should be performed. If positive, a diagnosis of bronchopul-
monary mucoepidermoid carcinoma can be confidently
rendered.
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Case Presentation 1

A 7l1-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 x 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 x 1.4 cm,

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 (D<)

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

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 AEI/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 T2aNOMO.
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Fig. 12.1 Large-cell neuroendocrine carcinoma. (a) Large and small ~ matin. H&E, 200x. (d) Tumor nests with rosette (arrow). H&E, 400x.
tumor nests with peripheral nuclear palisading and central comedo-like ~ Tumor positive for neuroendocrine markers CD56 (b), highlighting the
necrosis. H&E, 100x. (¢) Focal areas of cytoplasmic clearing are seen.  cell membrane, chromogranin (d), and synaptophysin (f) in the cyto-
The nuclei of neoplastic cells in both areas have similar vesicular chro-  plasm. IHC 100x
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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 x 1.0 cm, which was larger than previous imaging stud-
ies. A wedge resection revealed a 1.1 x 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

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, 100x. (b) Focal areas con-

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.

tain rhabdoid cells and neutrophils. H&E, 200x. (¢) Tumor cells have
vesicular chromatin and prominent nucleoli. H&E, 400x. (d) Tumor
cells are positive for cytokeratin AE1/AE3. IHC 200x
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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 ITHC 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 TTFl 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 THC
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 ROSI 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 THC
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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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 x 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
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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 (INSMI) 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

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 40x
magnification

Fig. 13.2 LCNEC showing diffuse nuclear positivity for INSM1. IHC
100x magnification

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/KEAP] alterations) and “type
II LCNEC” (with bi-allelic TP53 and RBI 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].
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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

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 200x 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 200x magnification

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 Inmunohistochemical 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
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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 itis 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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Atypical Carcinoid Tumor Versus 1 4
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 x 4.7 x 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 x 4.5 x 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

Fig. 14.1 CT image of atypical carcinoid. A well-circumscribed mass
is shown in the right middle lobe near the base
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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
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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
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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 mm? The tumor cells are positive for chromo-
granin, synaptophysin, and CD56 with a Ki-67 proliferation
index focally up to 5% (Fig. 14.4).
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nucleoli. Mitotic rate is about four mitoses per 2 mm? (b). Focal necro-
sis (¢) and nuclear atypia (d) are identified. H&E 100x magnification
(a, ¢) and 200x magnification (b, d)
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Fig. 14.4 Immunohistochemical profile of atypical carcinoid tumor. The tumor cells are positive for chromogranin (a), synaptophysin (b), and
CD56 (¢) with a Ki-67 proliferation index focally up to 5% (d). IHC 100x 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 mm?) 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-
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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 2mm?) 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, PSIPI, ARIDIA, and EIFIAX [15]. TCs and also
ACs demonstrate allelic imbalance in the 11q13 region of
MENI gene [16]. MENI 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 RBI 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.
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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
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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 40x magnification (a) and 200x magnifica-
tion (b)

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 mm? with an average of 75 mitoses per 2 mm?) [1].
LCNEC:s 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 mm? 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
FGFRI 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 RBI or TP53
alterations, instead harboring mutations of STK/11, KRAS, or
KEAPI mutations, similar to NSCLCs [20, 21].

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

LCNECSs 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].
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Fig. 14.6 Immunohistochemical profile of large-cell neuroendocrine
carcinoma. The tumor cells are positive for chromogranin (a) and syn-
aptophysin (b) with a high Ki-67 proliferation index (>50%) (c¢). IHC
100x magnification (a—c)
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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-
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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 CDS56
(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: 40x
magnification with insert 400x 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, 100x 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 mm?) [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 RBI [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 mm?
[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: 100x magnification with insert 400x magnification

have MENI mutations and loss of 11q [17]. Other molecular
alterations described include mutations in PSIPI, ARIDIA,
and EIF1AX. In contrast to SCLC, TP53 and RBI 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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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, 100x
magnification
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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
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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

(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. 16.4 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

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: 100x and b, H&E: 200x)

Fig. 16.3 Immunohistochemical (IHC) stains show that the neoplastic cells are diffusely positive for Cam5.2 (a), chromogranin (b), synaptophy-
sin (¢), and Ki67 (d). IHC: 200x
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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: 200x and b, H&E: 400x)

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].
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Fig. 16.6 Neuroendocrine cells are usually unapparent, and the histologic findings of neuroendocrine cell hyperplasia (NECH) can be subtle (a,
H&E: 200x), but can be highlighted with synaptophysin (b, IHC: 200x) 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

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: 200x). 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: 200x)

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 mm? (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].



16 Typical Versus Atypical Carcinoid and Diffuse Idiopathic Neuroendocrine Cell Hyperplasia Versus Carcinoid Tumorlets 93

Fig. 16.8 Atypical carcinoid with focal necrosis (a, H&E: 400x) and/
or increased mitotic activity with >2 mitoses/2 mm? (b, H&E: 400x,
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 mm? 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.

M

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)
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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
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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 (MPMN:s) is rendered (Fig. 17.1).

Fig. 17.1 Tissue section of MPMN showing whorled clusters of bland
cells with ovoid nuclei and eosinophilic cytoplasm (H&E 200x)
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Pathologic Diagnosis: Minute Pulmonary
Meningothelial-Like Nodules (MPMNs)

What Are MPMNSs 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,

Fig. 17.2 (a) Low-power view of MPMN showing a well-circumscribed nodule (H&E 40x). (b) High power shows whorled nests of cells with

bland nuclei and eosinophilic cytoplasm (H&E 400x)

tures such as finely stippled chromatin and scant cytoplasm. This lesion

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

also lacks mitotic figures and necrosis (H&E 400x)
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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
MPMN:Ss, 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. 17.5¢ 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.

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

Table 17.1 Summary of stains differentiating MPMN from tumorlet

MPMN Tumorlet
Synaptophysin, chromogranin - +
Keratin - +

TTF1 - e
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Fig. 17.5 MPMN showing positivity for (a) EMA and (b) vimentin and negativity for (¢) synaptophysin and (d) chromogranin (200x). (Figure
courtesy of Haodong Xu, MD, PhD, University of Washington Medical Center, Department of Laboratory Medicine and Pathology, Seattle, WA)
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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
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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 PAXS8, 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 PAXS
(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. 18.2 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: 200x. The salpingo-
oophorectomy resection specimen dating back ten years to the current
presentation had a similar morphology
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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

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

H&E: 100x (a) and 400x (b).

carcinoma.

endometrioid
Immunohistochemical stains show that the neoplastic cells are positive
for TTF-1 (c) and PAXS (d). THC: 200x

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].
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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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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 T2ZNOMO
high-grade urothelial carcinoma, diagnosed 2 years ago.
Recent follow-up chest computed tomography (CT) showed
aright 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

X . ) K Fig. 19.1 Chest CT showing a subpleural spiculated nodule (a) with
carcinoma, and metastatic tonsillar squamous cell carci-  pypermetabolism 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.
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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) 100x and (b) 400x)
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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 ¢ IHC 200x), and they are negative for p16 (d IHC, 200x)
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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 [l, 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

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

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].
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Fig. 19.5 Invasive squamous cell carcinoma of the lung is associated  in situ with pleomorphic squamous cells with increased nuclear-to-
with carcinoma in situ. (a) Squamous cell carcinoma in situ in a bron-  cytoplasmic ratios and mitotic figure. (¢) Nearby invasive squamous
chiole characterized by thickened, stratified squamous epithelium with  cell carcinoma. H&E, (a) 100x; (b) 400x; (c) 200x

disorganized, crowded, and atypical cells. (b) Squamous cell carcinoma
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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 Iung. 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 PAXS, sup-
porting thymic origin. CD117 and CD5 were also positive.
These findings were ultimately -classified as thymic
carcinoma.
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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 pm

Fig.20.4 Immunohistologic evaluation of the thymic mass. (a) CD117
(cKit) demonstrates patchy membrane staining. (b) CD5 demonstrates
diffuse membrane staining. (¢) PAX8 demonstrates diffuse nuclear represents 200 pm

staining, consistent with thymic origin. (d) p40 demonstrates diffuse
nuclear staining, consistent with squamous differentiation. Scale bar
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Fig. 20.4 (continued)

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).

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 Any, sixth decade Predominantly >65 years
presentation most common
Signs and Asymptomatic or Variable: May include
symptoms mediastinal progressive shortness of
compression: Chest  breath, cough, chest pain/
pain, cough, shortness pressure, hoarseness,
of breath hemoptysis; occasionally
asymptomatic
Environmental No association with ~ Tobacco smoke
factors tobacco smoke or

other environmental
factors

SCC squamous cell carcinoma

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-
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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 pm

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-

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 pm

weight cytokeratins (e.g., CK5/6), p63, and p40. However,
the majority of thymic epithelial neoplasms, including thy-
mic squamous cell carcinoma, also express PAXS8. 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,

Table 20.2 Comparison of immunophenotype of thymic carcinoma
and lung squamous cell carcinoma [1-4]

Immunohistochemistry Thymic carcinoma Lung SCC
PAXS Positive (75%) Negative
CD5 Positive (74%) Negative
CDI117 Positive (84%) Negative
p63 Positive Positive
p40 Positive Positive
CK5/6 Positive Positive

SCC squamous cell carcinoma

Table 20.3 Comparison of imaging features of thymic carcinoma and
lung squamous cell carcinomas [5-9]

Imaging
features ~ Thymic carcinoma Lung SCC
Mass Anterior mediastinum Main/lobar bronchus or
location peripheral
Imaging  Solid mass with irregular ~ Solid mass; may have
features  thymic borders; may have  necrotic areas
necrotic or cystic areas
Local May invade other Invasion of bronchi and

mediastinal structures,
including the lung

invasion pleura most common; may

extend to mediastinum

SCC squamous cell carcinoma

PIK3CA, KEAPI, MLL2, HLA-A, NFE2L2, NOTCHI, and
RBI1 [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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Pulmonary Epithelioid
Hemangioendothelioma Versus

21

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-

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. (¢) Tumor cells with
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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 21.2ab).
Immunohistochemistry revealed strong nuclear reactivity
with CAMTAL (Fig. 21.2¢c, d) as well as expression of CD34
and ERG (not shown), whereas TTF1, AE1/AE3, and p40
were negative.
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ample eosinophilic cytoplasm growing in cords and clusters. (d) Many
cells contain intracytoplasmic vacuoles/lumina with erythrocytes
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Fig.21.1 (continued)

Fig. 21.2 (a) Tumor is present along the pleural surface and (b) as  pleural surface. (d) Higher power shows the strong nuclear CAMTA1
hyalinized, eosinophilic nodules within the lung parenchyma. (¢) expression
Immunohistochemistry for CAMTAL is diffusely positive along the
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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 WWTRI-CAMTA1
gene fusion [4-7] in >90% of cases and, less commonly,
YAPI-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—) [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, FLIl, 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
CAMTAI1, the surrogate antibody for the WWTRI-
CAMTAI fusion, is useful to separate EHE from its mim-
ics [13]. Nuclear TFE3 expression is seen in a subset of
cases with YAPI-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 WWTRI-
CAMTAI fusion. Three fusion-transcript variants have
been described: exon 3 or 4 of WWTRI fused to either
exon 8 or exon 9 of CAMTAI. The fusion gene encodes a
putative transcription factor which places CAMTAI under
the control of the WWTRI promoter resulting in overex-
pression of the C-terminus of CAMTAI culminating in
dysregulation of downstream events [4-7]. A subset of
cases, often associated with vasoformation and younger
age at presentation, harbors YAPI-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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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-

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

ETRIC 1| | 2
T

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

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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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) WWTRI-CAMTAI or YAPI-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 CAMTAL1 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
CAMTAL1 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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Fig. 21.5 (a) PEHE growing in an alveolar filling pattern with epithelioid or (b) spindled cells within (¢) 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 CAMTAL and also shows loss of nuclear expression of
INI1 (SMARCBI1) 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 YAPI-TFE3 gene fusions instead of WWTRI-CAMTAI like this PEHE shown here. (b)
Immunohistochemistry is positive for ERG. (¢c) CAMTALI is negative; however, (d) TFE3 is diffusely positive
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Fig. 21.7 (a) PEHE with YAPI-TFE3 gene rearrangement often shows more prominent vasoformation. (b) TFE3 immunohistochemistry shows
strong nuclear staining
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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
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the cell block. The atypical epithelioid cells (Fig. 22.2a,
b) are positive for multiple mesothelial markers (CKS5,
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, CKS5, 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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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

_las-

Fig. 22.2 Cytopathology and immunocytochemistry of epithelioid results show that atypical epithelioid cells and background scattered
malignant mesothelioma. (a, b) Pleural fluid cytology with Pap smear  single cells are positive for CKS5 (¢), D2-40 (d), WT-1 (e), calretinin
and a section from the cell block demonstrate cohesive clusters of atypi-  (variably) (f), and MOC-31 (g) with loss of nuclear staining for BAP-1
cal epithelioid cells with a moderate amount of cytoplasm and round-  (h). IHC: 200x

to-ovoid nuclei with prominent nucleoli (100x). (c—f) Immunostaining
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Fig. 22.2 (continued)



132 A. Bandhlish and H. Xu

Fig. 22.3 Histology and immunohistochemistry of epithelioid malig- ~ show that the malignant epithelioid cells are positive for AE1/AE3 (b),
nant mesothelioma. (a) Malignant epithelioid cells arranged in nests ~ CKS (¢), D2-40 (d), calretinin (e), WT-1 (f), and MOC-31 (g), and they
and sheets infiltrating in the fibrous tissue without involvement of the  are negative for m-CEA (h), TTF-1 (i), and p40 (j). IHC: 100x
adjacent lung parenchyma (40x). Immunohistochemical staining results
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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 CDKNZ2A 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. BAPI1 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]. BAPI 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 pl6 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 THC
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 CDKNZ2A 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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Pleomorphic Carcinoma Versus 2 3
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 x 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. 23.2¢c, 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 x 6.1 x 4.3 cm friable, tan-yellow, fleshy mass with foci
of hemorrhage and necrosis (Fig. 23.3a). Microscopically, spindle and giant tumor cells were positive for pan-
the tumor showed a mixture of spindle and giant tumor cells  cytokeratin and TTF-1. Visceral pleural invasion was present
(Fig. 23.3b, c¢). A small focus of adenocarcinoma (5%) was and confirmed by Elastica-van Gieson (EVG) stain. One of
present (Fig. 23.3d). Similar to the prior biopsy, both the the hilar lymph nodes showed tumor metastasis.

Fig. 23.1 CT image of a large mass in the left upper lobe of the lung
with pleural involvement

M. K Baine
Department of Pathology and Laboratory Medicine, Memorial
Sloan Kettering Cancer Center, New York, NY, USA

G. Cai - X. Zhang (P<)

Department of Pathology, Yale University School of Medicine,
New Haven, CT, USA

e-mail: xuchen.zhang @yale.edu

© Springer Nature Switzerland AG 2022 137
H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_23


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_23&domain=pdf
mailto:xuchen.zhang@yale.edu
https://doi.org/10.1007/978-3-031-14402-8_23

138 M. K Baine et al.

Fig.23.2 Histology and immunohistochemistry of pleomorphic carci-  200x). (¢) Both spindle and giant cells are positive for pan-cytokeratin
noma. (a and b) Histologic sections of the left upper lobe mass biopsy ~ (IHC, 200x). (d) Both spindle and giant cells are positive for TTF-1
show that the tumor consists of mainly spindle cells admixed with large ~ (IHC, 200x)

pleomorphic/giant cells (hematoxylin and eosin, H & E; a, 100x; b,
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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 &

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”

E; 100x). (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,
200x). (d) Histologic section showing a focus of adenocarcinoma
admixed with malignant spindle cells (d, H & E, 200x)

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.

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,

200x). (b) Histologic sections show a pleomorphic carcinoma with
malignant spindle cells admixed with squamous cell carcinoma (b, H
& E, 200x)
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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, 200x), malignant
spindle cells in a storiform pattern with hyperchromatic nuclei and

Small biopsies with foci of spindle cells are generally insuf-
ficient for the diagnosis. Rare cases may show prominent
inflammatory stroma (Fig. 23.5¢), 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

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

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,

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%, HER?2 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].
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irregular, single, and multiple nuclei (a, H & E, 200x). (b)
Immunohistochemistry of giant cell carcinoma shows that the malig-
nant giant cells are positive for pan-cytokeratin (b, IHC, 400x)

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, thabdomyosarcoma 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
MM s 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 THC 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
alsobe 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 THC 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 BRCAl-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 pl/6INK4A detected by fluores-
cence in situ hybridization (FISH) and/or loss of BAPI1
expression detected by IHC are the features that help distin-
guish pleural MMs from reactive mesothelial proliferations.
BAPI1 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 p/6INK4A 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 p/6INK4A in some MMs, allow-
ing MTAP loss by IHC to serve as a surrogate marker of
p16INK4A deletion. Recently, a combination of MTAP and
BAPI loss detected by IHC was shown to detect MM with a
higher sensitivity than BAP1 IHC alone or 9p21/pl16INK4A
FISH alone [19]. Although these markers are excellent in dif-
ferentiating pleural MMs from reactive mesothelial prolifer-
ations, they, especially pl/6INK4A FISH and MTAP THC, 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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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 x 13.6 x 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, MARTI, desmin, CD34, EMA,
CAMS5.2, and caldesmon). He underwent surgical resection
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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 x 6.5 cm x 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, CAMS.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.

147

H. Xu et al. (eds.), Practical Lung Pathology, Practical Anatomic Pathology, https://doi.org/10.1007/978-3-031-14402-8_24


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-14402-8_24&domain=pdf
mailto:amir.qorbani@ucsf.edu
mailto:GFishbein@mednet.ucla.edu
mailto:SDNelson@mednet.ucla.edu
https://doi.org/10.1007/978-3-031-14402-8_24

148

A. Qorbani et al.

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

Fig.24.2 Imaging study of the thorax. CT scan (a, axial plane; ¢, coro-
nal plane) shows a 15 x 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

(PPUPS). Autops Case Rep. 2019 Aug 22;9(3):¢2019110. doi: 10.4322/
acr.2019.110. PMID: 31528627; PMCID: PMC6709651 [1]

uptake. Reprinted from Qorbani A, Nelson SD. Primary pulmonary
undifferentiated pleomorphic sarcoma (PPUPS). Auops Case Rep.
2019 Aug 22:9(3):2019110. doi: 10.4322/acr.2019.110. PMID:
31528627; PMCID: PMC6709651 [1]
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Fig. 24.3 CT-guided biopsy showed a poorly differentiated malignant
epithelioid neoplasm (magnification 100x)

Fig. 24.4 Gross examination of the lung mass resection.
17.5 cm x 6.5 cm x 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, 30x); (b) neoplastic cells with adjacent normal lung paren-
chyma (H&E, 140x); (c¢) undifferentiated pleomorphic sarcoma with
areas of necrosis (H&E, 100x); (d) pleomorphic cells with a high

mitotic activity, atypical mitoses, chronic inflammatory cell infiltrate,
and focal necrosis (H&E, 125x). Reprinted from Qorbani A, Nelson
SD. Primary pulmonary undifferentiated pleomorphic sarcoma
(PPUPS). Autops Case Rep. 2019 Aug 22;9(3):¢2019110. doi: 10.4322/
acr.2019.110. PMID: 31528627; PMCID: PMC6709651 [1]



24 Primary Sarcoma (Unclassified) Versus Sarcomatoid Mesothelioma/Carcinoma 151

Fig. 24.6 Photomicrographs of the tumor. Immunohistochemistry =~ morphic sarcoma (PPUPS). Autops Case Rep. 2019 Aug
studies show no line of differentiation (magnification 100x). Reprinted ~ 22;9(3):€2019110. doi: 10.4322/acr.2019.110. PMID: 31528627,
from Qorbani A, Nelson SD. Primary pulmonary undifferentiated pleo- ~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 al-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
Sarcomatoid carcinoma (SC)

Sarcomatoid mesothelioma
Angiomatoid fibrous
histiocytoma (AFH)
Synovial sarcoma (SS)

Epithelioid sarcoma (ES)

Dedifferentiated liposarcoma
(DDLPS)

Anaplastic large-cell lymphoma
(ALCL)

Inflammatory myofibroblastic
tumor (IMT)

Ewing sarcoma

Melanoma

Malignant peripheral nerve
sheath tumors (MPNST)
Solitary fibrous tumor (SFT)
Leiomyosarcoma (LMS)
Rhabdomyosarcoma (RMS)
Angiosarcoma

Kaposi sarcoma

Epithelioid
hemangioendothelioma (EHE)
Alveolar soft part sarcoma
(ASPS)

Perivascular epithelioid cell
tumor (PEComa)

Reprinted from “Qorbani A, Nelson SD. Primary pulmonary undifferentiated pleomorphic sarcoma (PPUPS). Autops Case Rep. 2019 Aug

IHC

P63, P40, pankeratin, TTF1, epithelial
markers (MOC31, BerEP4, BGS8, B72.3,
monoclonal CEA)

WT1, CK5/6, D2-40, calretinin
Desmin+/—, CD68+/—, EMA+/—

TLE]1, keratin, EMA, S100+/—, CD56,
CD?99, calretinin+/—

Loss INI, EMA+, keratin+/—, CD34+/—
MDM2, CDK4, SMA+/—, desmin+/—

CD45+, CD30+, ALK+/—
ALK+/—, SMA+/—, desmin+/—

FLI1+, CD99+

S$100+, SOX10, Melan A/MART1, MITF,
tyrosinase

S100+/—, GFAP+/—. CD34+/—

STAT6, CD34, BCL2, CD99

SMA, desmin, caldesmon

Desmin, myogenin, MyoD1

Vascular markers (CD31, CD34, FLI1,
ERG), keratin + in epithelioid
angiosarcoma

HHVS8 (LANA), vascular markers,
lymphatic markers (D2-40, LYVEI,
Prox1)

Vascular markers, TFE3+/—, keratin +/—

TFE3, desmin+/—

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

Molecular

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

Inactivation of CDKN2A at 9p21 on PCR
EWSRI-CREB1, EWSR1-ATFI, or FUS-ATF1 fusion

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

SMARCBI (INI1) gene alterations on (22q11)

Ring and giant marker chromosomes derived from
amplification of 12q13-15 (variable amplification of MDM2,
SAS, CDK4, HMGA?2)

TCR gene rearrangement, rearrangement of 2p23 (ALK)

Rearrangement of 2p23 (ALK)

t(11;22) and other translocations involving EWSR1 gene
BRAF, ARID2, BAP1, GNAQ, HRAS, KIT, NF1, NRAS, and
PTEN mutations

Complex

NAB2-STAT6 fusion

Complex

Complex

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

KSHV/HHV8 with PCR

WWTrl-CAMTAI1 fusion, YAP1-TFE]1 fusion
der(17)t(X;17)(p11.2;q25) translocation (ASPSCR1-TFE3

fusion)
TSC2 mutations, TFE3 gene fusions

22:9(3):¢2019110. 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 aretrospective 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 pl16 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, BGE, 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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Synovial 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.

H. Zhu (24)
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Fig.25.1 CT scan showed a large pleural-based mass in the left upper
lobe

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 SY7T gene, confirming the diagnosis of
synovial sarcoma.
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Fig. 25.2 (a) A densely cellular area of the mass with associated hem-
orrhage (100x). (b) Large hemorrhagic cyst-like area between the pari-
etal and visceral pleura. Lung alveoli were visible at the left side of the
image (20x). (¢) Higher-power view of a hypercellular area of monoto-

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-

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

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).

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

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.

cell tumors (100x). (¢) Calcification and ossification are important mor-
phologic clues for SS (40x). (d) Mitotic figures are typically easy to
identify (400x)
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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)

Fig. 25.4 (a) Morphologic features of solitary fibrous tumor, including
prominent “staghorn” vessels (20x) and (b) “patternless” architecture
with variable collagen deposition (100x). (¢) Features of aggressive

[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

behavior include mitotic activity >4 /10 HPFs (200x). (d) Tumor cells
are diffusely positive for STAT6 (nuclear expression) and CD34 (inset)
(200x)
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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)
(pl1; ql1) 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 MDM?2 amplifi-
cation, a hallmark of dedifferentiated liposarcoma, is useful
for appropriately classifying such tumors. Expression of
STAT®6 in this subset is likely due to amplification of the
STAT6 gene, which is located in proximity to MDM?2 and
CDK4 [15].
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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.

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, 20x. (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, 100x. (¢) 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,

400x. (d) A majority of the spindle cells stain positive with ALK immu-
nohistochemical stain. 200x

Fig. 26.3 Histological features of IMT on the resection specimen. (a)
Low magnification showing the tumor involving a cartilaginous airway
(bronchus). H&E, 20x. (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,
100x
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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-
eraledges. IMTscanbeavid 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, withspindlecellproliferationinamucopolysaccharide-
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 ROS/ 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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Metastatic 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, CAMS.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,
HMBA45, 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 100x). (b) Brisk mitotic activity was
present. Focal melanin pigment was also seen (H&E, original magnifi-
cation 400x). Immunohistochemically, melanoma cells showed diffuse

weak AEI/AE3 staining (¢) and strong CAMS.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 100x)
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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 isalso expressedin 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.
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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 100x). Clinical and morpho-

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
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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
CAMS.2 (¢) and AE1/3 (d). Melanocytic markers, as well as TTF-1 and
p40, are negative. Immunohistochemistry, original magnification 100x

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.
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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, FLIl, and ERG
(Fig. 28.2).

Fig. 28.1 (a) Malignant epithelioid neoplasm involving the pleural adipose tissue and (b) pleural surface (¢) growing in solid sheets with (d) focal
vasoformation
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Fig. 28.2 Immunohistochemistry demonstrating strong expression of (a) CD31, (b) CD34, (¢) and FLII in areas of sheetlike growth as well as
(d) ERG in vasoformative areas, supporting endothelial differentiation
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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 CAMS5.2 expression are seen in
approximately half of the cases of EAS, which is a potential
diagnostic pitfall [2, 6, 7].
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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, (¢) discohesive epithelioid

cells with prominent nuclei showing a “cracking” artifact, and (d) dense
eosinophilic cytoplasm with eccentric nuclei assuming a rhabdoid/plas-
macytoid morphology
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Fig. 28.4 (a) Pulmonary epithelioid angiosarcoma forming vascular ~ spaces (left). (d) Prominent nucleoli and a peripherally marginated
spaces within the lung parenchyma. (b) Higher power showing solid ~ chromatin pattern are common
growth of epithelioid cells. (¢) An area showing poorly formed vascular
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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,
PLCG]I, 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, PLCGI 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 PLCGI/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 (SMARCBI1) 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 INT1 (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 Adults, nonspecific Adults, smokers Adults, prior cancer
symptoms symptoms history

Tumor focality Solitary or multiple Solitary or multiple Usually solitary Often multiple masses

Histology Epithelioid cells, solid or Epithelioid cells, Variable; adenocarcinoma or  Variable epithelioid
vasoformative, intraluminal RBCS, squamous morphology
pleomorphism, mitotic chondromyxoid stroma
activity, necrosis

Immunohistochemistry + CD31, CD34, ERG, FLI1, + CD31, CD34, ERG, Positive for keratins, negative Positive for keratins,

+/— keratin expression

Molecular genetics Poorly defined; subset with

CIC abnormalities

FLI1, +/— keratin, most
CAMTAI+, subset TFE3+

WWTRI1-CAMTALI; subset
with YAP1-TFE3

for endothelial markers
(CD31, CD34, ERG, FLI1)

negative for endothelial
markers (CD31, CD34,
ERG, FLI1)

Variable; ALK, EGFR, Variable

ROS1, KRAS
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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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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 CAMS.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
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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 CAMS5.2
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. 29.6¢).
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Fig. 29.1 MRI from the right hand: expansion and diffuse signal
abnormality of the flexor pollicis brevis muscle

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
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Fig. 29.2 Histologic sections of the right hand mass show a nodular
infiltrating growth pattern with areas of necrosis (a, magnification 40x),
and the tumor cells are epithelioid to spindle-shaped with round vesicu-
lar nuclei and abundant eosinophilic cytoplasm (b, magnification 200x)

Fig. 29.5 Histologic sections of the lung mass show epithelioid to
spindle cells with adjacent reactive parenchyma (magnification 100x)
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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 100x

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:

e 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].

e 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.
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Histology

e 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].

e 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
SMARCBI 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 CKI19.
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 FLLI1 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
Epithelioid sarcoma (ES)

Large-cell (undifferentiated)

carcinoma (retained)
Squamous cell carcinoma P63+, P40, CK5/6+, TTF1—
Adenocarcinoma TTF1+, napsin A+

SMARCAA4-deficient
undifferentiated tumor SOX2+
Extrarenal malignant rhabdoid
tumor

Loss of INI, EMA+, keratin+/—, CD34+/—

Molecular alteration

Translocations or loss of heterogeneity involving
SMARCBI (INI1) on (22q11)

Keratin +/—, EMA+, TTF1—, p63/p40—, INI+ = EGFR, KRAS, and TP53 mutations

TP53, CDKN2A, PTEN, PIK3CA, etc. mutations

EGFR, KRAS, and BRAF mutations and ALK gene
rearrangement

Loss of SMARCAA4, INI retained, EMA+, CK+, SMARCA4 mutations

Loss INI1, keratin+, EMA+, SALL4+, CD34- Deletion of SMARCBI1 (INI1)
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Table 29.1 (continued)

Tumors

Epithelioid malignant peripheral
nerve sheath tumor (MPNST)
Epithelioid schwannoma
Melanoma

PEComa
Granular cell tumor

Synovial sarcoma, epithelial
variant

Alveolar soft part sarcoma

Epithelioid angiosarcoma

Epithelioid hemangioendothelioma

IHC

S100+, SOX10+, GFAP+/—. CD34+/—, loss of
INI in 2/3 cases

S100+, SOX10+, CD34—, EMA—

S100 protein+, SOX10+, Melan A/MART1,
MITF, tyrosinase

SMA+, desmin+, HMB45+, MITF+, MART 1+
S100+, SOX10+, TFE3+, calretinin+, CD68+,
inhibin+, HMB45—

TLEL, keratin, EMA, S100 protein+/—, CD56+,
CD99+, calretinin+/—

TFE3+, desmin+/—

Vascular markers (CD31, FLI1, ERG, etc.),
keratin+ in half of cases, retained INI1

Vascular markers, TFE3+/—, keratin +/—

Molecular alteration
Multiple genetic alterations

Somatic NF2 gene mutations

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

TSC2 mutations, TFE3 gene fusions

N/A

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

der(17)t(X;17)(p11.2;q25) translocation (ASPSCRI1-
TFE3 fusion)

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

WWTRI1-CAMTALI fusion, YAP1-TFEI fusion
t(7;19)(q22;q13) results in SERPINE1-FOSB fusion

Pseudomyogenic EMA-—, CD34—, CD31+, ERG+, CK+, retained
hemangioendothelioma INI1
Molecular Testing

The SMARCBI1 (INI1) tumor suppressor gene, located at
22ql1, 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
SMARCBI 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
SMARCAA4-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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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-
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monary trunk with adherence to the pulmonary valvular cusp.
Gross pathologic examination revealed an occlusive, gelati-
nous mass measuring 6.0 x 2.2 x 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 MDM?2
gene amplification (Fig. 30.2). Further SNP microarray analy-
sis revealed gene amplification of PDGFRA, EGFR, DDIT3,
CDK4, MDM?2, and CCNE] as well as numerous other copy
number alterations. The patient’s postoperative course was
uneventful, and she was discharged home in stable condition.
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Fig. 30.1 (a) CT scan demonstrates a mass filling the left main pulmonary artery. (b) PET CT shows mild hypermetabolic activity. (¢) Gross
examination of the pneumonectomy specimen reveals a gelatinous mass occupying and expanding the pulmonary artery

Fig. 30.2 (a) Myxoid neoplasm filling and expanding the pulmonary  floating in myxoid stroma with perivascular condensation. (d) MDM?2
artery lumen. (b) Tumor arising from vascular intima with gene amplification is confirmed by fluorescence in situ hybridization
myxofibrosarcoma-like morphology. (¢) Pleomorphic spindle cells (FISH)
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Fig.30.2 (continued)

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-

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

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-
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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

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).

Fig. 30.5 Neoplastic cells originating from the subendothelial layer

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 MDM?2 gene amplification is a highly sensitive
and specific test [2, 3, 6, 7].



30 Intimal Sarcoma Versus Other Spindle Cell Neoplasms

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 12ql12-15 locus including CDK4,
MDM?2, and other (TSPAN31, GLII) 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].
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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 MDM?2 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 MDM?2
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. MDM?2 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 CAMTAI often
shows positive staining, representing the surrogate marker
for the most common fusion gene specific for EHE, t(1;3)
WWTRI-CAMTAI [10, 11]. A subset of EHEs has YAPI-
TFE3 rearrangements and will show nuclear positivity for
TFE3 by immunohistochemistry [12]. MDM?2 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). MDM?2 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, TTFI) or melanocytic (SOX10, S100, MARTI,
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. MDM?2 gene amplification would not be
expected in this entity [13].
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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 x 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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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 100x (a) and 200x (b, ¢, and 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 (¢ and d) is positive in both surface and round cells. [Original magnifications 200x (a, ¢) and 100x (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.
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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

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).

entrapped pneumocytes. Synaptophysin (d) and chromogranin (not
shown) are diffusely positive, confirming neuroendocrine origin.
[Original magnifications 200x (a) and 100x (b, ¢, 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
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Fig. 31.6 Lung adenocarcinomas can show many different architec-
tural patterns, including acinar (a), micropapillary (b), and papillary
(¢). The papillary pattern of adenocarcinoma superficially resembles
the papillary component of sclerosing pneumocytomas (see Fig. 31.3b),

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.

r, n. :.‘".
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but note the cytologic atypia, including prominent nucleoli, and lack of
an inner round cell population within the papillary stalks. [Original
magnification 200x (a, b, and ¢)]
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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 p/6 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 AK7/ and p-catenin
mutations, which are not commonly found in lung adeno-
carcinomas [33].
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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 FEVI/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
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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)