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This second edition of Diagnostic Pathology: Thoracic will hopefully fulfill the need for

a well-illustrated text on this topic that can help the busy practitioner and student of
pathology obtain the most significant information on the various entities covered by
this volume in a thorough and efficient manner. We were enormously gratified by the
warm and favorable reception of the first edition and are hoping that this new edition
will fulfill the expectations of our readers and maintain the high standards that we tried
to attain in the first edition. A few minor changes have been introduced in the format of
the book, including an increase in the number of overallillustrations per chapter. A few
additional chapters dealing with newly described or emerging entities have also been
added. All chapters have been updated to incorporate the advances that have taken
place since the first edition of the book, as well as to provide updated references for the
various topics.

As in the previous edition, we have endeavored to present a balanced perspective on the
treatment of the various topics. Asin all fields of scholarly inquiry, there may be areasin
which opinions may differ among experts and for which concepts and the understanding
of the lesions are still in evolution. An unintended bias is inevitable under such circum-
stances; we have attempted to be as balanced as possible in the presentation of the
material and to consider all opinions and perspectives on controversial topics. In many
areas, however, the opinions and statements contained herein reflect the opinions and
the experience of the authors. We hope that the present volume will continue to assist
practicing surgical pathologists, as well as pathology residents and fellows in training, to
obtain the information that will help them resolve problems in thoracic pathology during
their routine signout of cases.

Once again, we would like to thank the production team at Amirsys-Elsevier for their
patience and support as well as Elizabeth Hammond, MD and Paula Woodward, MD for
their support and for allowing us to work on this second edition.
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Cartilaginous Hamartoma

KEY FACTS
TERMINOLOGY e |nvagination of respiratory epithelium
e Benign mesenchymoma TOP DIFFERENTIAL DIAGNOSES
CLINICAL ISSUES e Bronchial chondromas
e Intrapulmonary coin lesion of variable size o Do not show invaginations of respiratory epithelium

Central or peripheral tumor o May be associated with other conditions, such as gastric
smooth muscle tumors
e Pleomorphic adenoma
o Shows presence of epithelial component that

[ )
e Complete surgical resection
e Excellent prognosis

MACROSCOPIC immunophenotypically is myoepithelial
e Well-circumscribed lesion o Pleomorphic adenomain lung rarely will show mature
e Firm with mucoid and cartilaginous areas cartilage
e Usually single lesion o Also lacks presence of invaginations of respiratory
e Rarely hamartomas may present as multiple epithelium
intrapulmonary lesions e Chondrosarcoma
MICROSCOPIC o Will display more cellular atypia

o Does not have admixture of adipose tissue

* Mature cartilage (focal atypia may be present) o Lacks presence of invaginations of respiratory epithelium

e Mature adipose tissue

Macroscopic Features Cartilage and Adipose Tissue

T

(Left) Gross photograph shows
a well-circumscribed
intrapulmonary tumor, slightly
lobulated with a cartilaginous
appearance. These features
are classic for cartilaginous
hamartoma (CH). (Right) CH
shows areas of well-formed
cartilage 53] adipose tissue
[2] and invaginated
respiratory epithelium
These features are
characteristic of hamartoma.

(Left) Pulmonary hamartoma
shows epithelial invagination,
which is 1 of the most
common features associated
with hamartoma. (Right) High-
power magnification of the
chondroid component in a -
pulmonary hamartoma depicts |
areas of myxoid and hyaline
change with some nuclear
atypia.




Cartilaginous Hamartoma

TERMINOLOGY
Abbreviations
e (Cartilaginous hamartoma (CH)
Synonyms
e Benign mesenchymoma
Definitions
e Benign mesenchymal tumor of lung

ETIOLOGY/PATHOGENESIS

Pathogenesis

e |tis not clear whether CH represents true tumor or
hamartomatous lesion
o Thus, both terms, benign mesenchymoma and
hamartoma, have been used interchangeably

CLINICAL ISSUES

Presentation

e Intraparenchymal coin lesions of variable size
o Represent ~90% of cases

e Central lesions
o Represent ~ 10% of cases

Treatment
e Surgical approaches
o Complete surgical resection
Prognosis
e Excellent prognosis; cured by simple excision

MACROSCOPIC

General Features

Well-circumscribed lesion

Firm with mucoid and cartilaginous areas
Usually solitary

Rarely hamartomas may present as multiple
intrapulmonary lesions

MICROSCOPIC

Histologic Features
e Mature cartilage

e Adipose tissue

e Myxoid stroma

Immunohistochemistry

e |nvaginations of respiratory epithelium

DIFFERENTIAL DIAGNOSIS

Bronchial Chondroma

e Does not show invaginations of respiratory epithelium

e Branchial chondroma rarely will show additional adipose
tissue

e May be associated with other conditions, such as gastric
smooth muscle tumors

Pleomorphic Adenoma

e Shows presence of epithelial component that
immunophenotypically is myoepithelial

e Pleomorphic adenoma in lung rarely shows mature
cartilage

e Also lacks presence of invaginations of respiratory
epithelium

Chondrosarcoma, Primary or Metastatic

e Displays more cellular atypia

e Does not have admixture of adipose tissue

e Lacks presence of invaginations of respiratory epithelium
[ ]

Some cases of chondrosarcomas may arise from preexisting

hamartomas
e In cases of metastatic disease, clinical history is most
important feature

Bronchial Lipomas

e Almost exclusively composed of adipose tissue

e Lipomas do not display areas of cartilage

e Great majority of lipomas are in central location, whereas
hamartomas are more common in periphery

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Chondromyxoid tumor with invaginations of respiratory
epithelium

Mature cartilage

Areas of ossification may be present

Presence of adipose tissue

Well-circumscribed tumor lesion

SELECTED REFERENCES

1. Lio E etal: Giant pulmonary chondroid hamartoma: imaging and pathology
correlation of a rare tumor demonstrated with bone scintigraphy and 18F-
FDG PET/CT. Clin Nucl Med. 40(1):79-81, 2015
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Antibody Reactivity Staining Pattern Comment

CK-PAN Positive Cytoplasmic In invaginated respiratory epithelium
S100 Positive Nuclear Chondroid component

EMA Positive Cell membrane Respiratory epithelium

SOX9 Positive Nuclear Cartilage

Desmin Positive Cytoplasmic In muscle component

Vimentin Positive Cytoplasmic

CD34 Positive Cytoplasmic In vessels and adipose tissue




Cartilaginous Hamartoma

c
o)
c
5 Myxoid Changes Invaginated Respiratory Epithelium
o5 (Left) Peripheral areas of a CH Hipl g TR N R Al 7
= show extensive myxoid
Lmu changes 2> and inflammatory
[=% infiltrate B3. The sole
8 presence of cartilage should
z raise the suspicion of
(o)) pulmonary hamartoma.
= (Right) CH shows slight
|

lobulation separated by
invaginated respiratory
epithelium. Note that there is
not well-formed cartilage but
rather myxoid change.

ge and Adipose Tissue

(Left) CH is shown with [ : : :
different components in which |* .

the tumor shows
predominantly mature
cartilage 53] areas of adipose
tissue [2] and entrapped
epithelial elements 3] These
are the classic features of a
hamartoma. (Right) High-
power maghnification shows a
myxoid area in a pulmonary
hamartoma. Note the spindle
cell proliferation in a myxoid
background. Similar features
may be seen in other
mesenchymal tumors.

Mature Adipose Tissue

(Left) Pulmonary hamartoma g e : A L e o “é
shows extensive areas of E : RO i 7 R ]
muscle differentiation [2] with
entrapped alveolar structures
= In some unusual cases, the
presence of muscle may be
more extensive with only focal
areas of cartilage. (Right)
High-power view shows the
adipose tissue component in a
pulmonary hamartoma. Note
the presence of mature
adipose tissue with areas of
myxoid change [ similar to
that seen in true lipomatous
tumors.




Cartilaginous Hamartoma

Cartilage and Adipose Tissue

(Left) Pulmonary hamartoma
shows the typical features of
| mature cartilaginous 5 and
adipose tissue [2] These 2
components may be seen in
different proportions. (Right)
Mature cartilage and
compressed lung parenchyma
may also be present in CH. In
this case, the cartilaginous
component is rather minimal,
while the lesion displays more
prominent epithelial
{ invaginations with associated
myxoid change in the stroma.
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(Left) High-power view shows
the cartilaginous component
in a pulmonary hamartoma.
Note the absence of nuclear
atypia or mitotic activity,
which is useful in separating
these lesions from other
malignant cartilaginous
tumors. (Right) CH shows
areas in which the respiratory
epithelium shows
inflammatory changes and
lymphoid hyperplasia Note
the presence of myxoid areas
with an inflammatory reaction
B

ear Atypia in Epithelium

(Left) Closer view shows the
entrapped epithelial
component of a CH with focal
hyperplastic changes [=] The
epithelial component
associated with pulmonary
hamartomas does not show
any cellular atypia or
dysplastic changes. (Right)
Entrapped epithelial
structures represent alveoli
admixed with focal areas of
myxoid change. These changes
by themselves are not
diagnostic of pulmonary
hamartoma, as they may be
seen in other conditions.
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Alveolar Adenoma

KEY FACTS
TERMINOLOGY o Excellent
e Benign intraparenchymal lung tumor IMAGING
ETIOLOGY/PATHOGENESIS e Solitary pulmonary mass (usually under 3 cm)
e Although etiology of this tumor is not completely MICROSCOPIC

understood, it may originate from pneumocytes well dircumscribed

CLINICAL ISSUES e Generally cystic appearance
e General features o Dilated spaces of different sizes
o Unusual occurrence e Clear acellular material within cystic areas
o Generally in adults e PAS-positive material
© Solitary pulmonary lesion TOP DIFFERENTIAL DIAGNOSES
© Cough . e Adenocarcinoma
© E‘hest pjm thni dilecti e Bronchioloalveolar carcinoma
. %_ea(srgggt er or ethnic predilection e Lymphangioma
e Glomus tumor

o Lobectomy
o Wedge resection
e Prognosis

Vascular-Like Features

(Left) Pulmonary alveolar
adenoma shows characteristic
cystic areas alternating with
more solid areas. The low
power mimics a vascular
neoplasm. (Right) Cystically
dilated areas of different sizes,
some containing fresh blood,
are shown. This feature can
easily be confused with a
hemangioma.

(Left) In some areas, the cystic
areas closely mimic a vascular
neoplasm, and they can be
confused for distended
lymphatics or other vascular
structures. Note that the
cystic structures do not
contain fluid. (Right) Alveolar
adenoma shows a more solid
proliferation in which the cells
appear to have clear
cytoplasm. Note the absence
of cellular atypia or mitotic
activity.




Alveolar Adenoma

TERMINOLOGY

Definitions
e Benign intraparenchymal lung tumor

Size

MICROSCOPIC
Histologic Features

Tumors may vary from 1-3 cm in diameter
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ETIOLOGY/PATHOGENESIS
Etiol e Well circumscribed
lology e Generally cystic appearance
e Although etiology of this tumor is not completely e Dilated spaces of different sizes
understood, it may originate from pneumocytes e Clear acellular material within cystic areas
e Dilated spaces lined by medium-sized cells with hobnail
CLINICAL ISSUES appearance
Epidemiology e Focal areas of glandular appearance
e Incidence e Alternating solid areas
o Rare tumor
o Age ANCILLARY TESTS
o Generally in adults Histochemistry
® Sex o e PAS-diastase
o No gender predilection o Reactivity: Positive
e Ethnicity
o No ethnic predilection DIFFERENTIAL DIAGNOSIS
Site Lymphangioma
e Intrapulmonary mass e Dilated lymphatic spaces
Presentation o |t vyould be unusual for lymphangioma to show cystic and
Coudh solid components
¢ tough e May show positive staining for podoplanin (D2-40), whereas
e Chest pain alveolar adenoma will be negative

e Asymptomatic

Treatment

e Surgical approaches
o Lobectomy
o Wedge resection

Prognosis
e Excellent

IMAGING

General Features
e |ocation

o Solitary pulmonary mass

MACROSCOPIC

General Features
e Tumors may be cystic and hemorrhagic

Immunohistochemistry

Glomus Tumor

Cystic and solid areas similar to alveolar adenoma
Strong positive staining for actin

DIAGNOSTIC CHECKLIST
Clinically Relevant Pathologic Features

Most patients are asymptomatic

Pathologic Interpretation Pearls

Cystic and solid areas

Acellular material within cystic spaces
PAS-positive material in cystic spaces
Absence of necrosis and mitotic activity

SELECTED REFERENCES

—

N

Staining Pattern

Hsieh MS et al: Cystic alveolar adenoma: an unusual clinical presentation of a
rare lung neoplasm. Pathology. 47(1):78-80, 2015
Yousem SA et al: Alveolar adenoma. Hum Pathol. 17(10):1066-71, 1986

Comment

Antibody Reactivity
CK-PAN Positive
EMA Positive
Surfactant Positive
TTFA1 Positive
CD34 Positive

Cytoplasmic
Cell membrane
Cytoplasmic
Nuclear

Cytoplasmic

Strong diffuse staining
Strong and diffuse
May be focal

May be focalin some cells lining cystic spaces and in some solid
areas

In stromal cells in some cases
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(Left) Alveolar adenoma

shows cystic areas [2] admixed [

with solid areas [=] Note that
the lesion is well
circumscribed. Adjacent lung
parenchyma 23] appears to be
congested. (Right) Cystically
dilated areas in this alveolar
adenoma contain clear fluid
and scattered macrophages.
The lining is flattened, and the
appearance is that of a
distended alveolar structure.

(Left) In some focal areas, the
solid component of an alveolar
adenoma may take the form
of a spindle cell proliferation
B5. However, these areas lack
nuclear atypia and mitotic
activity. (Right) Alveolar
adenoma shows alternating
areas of cystic changes and
solid cellular proliferation.
Cellular atypia and mitotic
activity are absent.

(Left) Alveolar adenoma
shows more cellular areas
admixed with cystic areas [
Interestingly, the material in
the lumina of the cystic areas

appears to be more chondroid- |

like 5] (Right) High-power
magnification of an alveolar
adenoma shows a cystic-like
areas lined by flat epithelium
likely representing
pneumocytes. Note the
absence of cellular atypia and
mitotic activity.

Alveolar Adenoma




Alveolar Adenoma

Solid and Cystic Area Subtle HPC Pattern

(Left) Alveolar adenoma

4| shows the more conventional
.| histology consisting of cystic

areas admixed with solid
areas. The cystic areas contain

| fresh blood or clear acellular

fluid. (Right) Low-power view

i shows an alveolar adenoma

mimicking a
hemangiopericytic growth
pattern. The dilated spaces [/

| can be easily confused for

vascular structures at this
magnification.

(Left) Cystically dilated areas

5 containing fresh blood

admixed with more solid
cellular proliferation are
shown. However, the cystic

{ structures []are not lined by

endothelial cells. (Right) Solid
areas of an alveolar adenoma
show a small cystically dilated
area and a subtle

hemangiopericytic

appearance. In the solid

| component =] the cells

appear to have clear cell

| cytoplasm.

(Left) Closer magnification of

|\ the solid spindle cell

component, which closely
mimics a neural tumor, is
shown. Although there are

| some pyknotic nuclei [2] there
" is no mitotic activity. (Right)
| Solid areas in an alveolar

adenoma with a clear cell
appearance are shown. Note
the absence of nuclear atypia
and mitotic activity.
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Mucous Gland Adenoma

KEY FACTS

TERMINOLOGY MACROSCOPIC
e Benign tumor characterized by exuberant enlargement of e Exophytic endobronchial tumors

normal endobronchial glands filled with mucous content e Varying tumor size from 0.8-6.0 cm

above cartilaginous plate e Well-circumscribed tumors
ETIOLOGY/PATHOGENESIS e (ystic, soft, contain jelly-like material
e Exuberant dilatation and proliferation of normal MICROSCOPIC

endobronchial glands with mucoid material in lumina e Cystic
e Enlargement of normal endobronchial glands e Tubulopapillary
CLINICAL ISSUES * Tubular cysts
e Difficulty breathing ® Epithelial, glandular o .
e Chest pain e Tumor does not extend beyond cartilaginous (bronchial)

plate
e Cough
e Hemoptysis TOP DIFFERENTIAL DIAGNOSES
e Asymptomatic e Mucoepidermoid carcinoma
e Tumoris central in endobronchial location
Dilated Bronchial Glands Exuberant Mucinous Glands

(Left) Low-power view shows
a mucous gland adenoma of
the lung with abnormal
dilatation [2] of endobronchial
glands. (Right) High-power
view of a mucous gland
adenoma shows dilated
endobronchial glands
displaying an absence of
mitotic activity or nuclear
atypia. Note the presence of
mucous material in the lumen
of the glands.

(Left) Mucous gland adenoma
shows hyperplastic changes of
the mucinous epithelium lining
normal endobronchial glands.
(Right) Mucous gland
adenoma shows cystic
changes in which the cystic
structures are lined by a
flattened epithelium. Note the
presence of of normal
endobronchial gland around
the cystic component.




Mucous Gland Adenoma

TERMINOLOGY
Synonyms
e Bronchial adenoma

Definitions

e Benign tumor characterized by exuberant enlargement of
normal endobronchial glands filled with mucous content
lying above cartilaginous plate

ETIOLOGY/PATHOGENESIS

Etiology

e Exuberant dilatation and proliferation of normal
endobronchial glands with mucoid materialin lumina

e Enlargement of normal endobronchial glands

CLINICAL ISSUES
Epidemiology
e Incidence

o Rare tumors
e Age

o May occur at any age
® Sex

o No predilection

Site

e Tumoris centralin endobronchial location
Presentation

e Cough

Hemoptysis

Chest pain

Difficulty breathing
Asymptomatic

Treatment
e Surgical approaches
o Conservative surgical excision
Prognosis
e Excellent prognosis

IMAGING

General Features
e Usually centrally located neoplasm

MACROSCOPIC

General Features

e Exophytic endobronchial tumor

e Varying tumor size from 0.8-6.0 cm
e Well circumscribed

e (ystic, soft, contain jelly-like material

MICROSCOPIC

Histologic Features

e Tumor does not extend beyond cartilaginous (bronchial)
plate

e Lining bronchial epithelium usually within normal limits

e Dilated normal glandular structures

Hyperplasia of mucous glandular lining
Inflammatory component

Squamous metaplasia

Focal areas of fibrosis with entrapped glandular structures
may be seen

Solid small glandular component

Lack of mitotic activity

Necrosis is unusual

Lack of nuclear atypia

Cystic changes in which cyst may be lined by
o Flattened epithelium

o Mucous epithelium
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Predominant Pattern/Injury Type
e (ystic

Tubulopapillary

Tubular cysts

Mucous cells

Hyperplastic changes

Predominant Cell/Compartment Type

e Epithelial, glandular
e Mucinous

DIFFERENTIAL DIAGNOSIS

Mucoepidermoid Carcinoma

e Invades beyond cartilaginous (bronchial) plate into adjacent
lung parenchyma

e May share some histopathological features with mucous
gland adenomas

e Presence of glandular proliferation of different sizes is
more in favor of mucus gland adenoma

Adenocarcinoma
e Nuclear pleomorphism, mitotic activity are features of
adenocarcinoma
o Inbronchial adenomas, abnormal dilatation of normal
endobronchial glands
o Glandular proliferation is of different-sized glands
o Mixture of seromucinous and dilated glandular
structures is more in keeping with adenoma

Adenosquamous Carcinoma

e Unequivocal areas of adenocarcinoma must be present

e Unequivocal areas of squamous cell carcinoma must be
present

e Lack of nuclear atypia &/or mitotic activity

Pleomorphic Adenoma (Mixed Tumor)
e Mixed tumor usually will show combination of other
elements
o Cartilage
o Plasmacytoid cellular proliferation
o Chondromyxoid matrix

Hyalinizing Clear Cell Carcinoma

e Hyalinizing clear cell carcinoma (HCCC) shows extensive
areas of hyalinization

e Predominant feature in HCCC is presence of sheets of clear
cells

e HCCC lack presence of mucous glands




Mucous Gland Adenoma

Immunohistochemistry

Antibody
CK-PAN

Comment
Diffuse

Reactivity
Positive

Staining Pattern
Cytoplasmic

Lung: Neoplasms, Benign

CK-LMW-NOS Positive Cytoplasmic

EMA/MUC1 Positive Cell membrane Diffuse

CEA-M Positive Cytoplasmic Diffuse

TTF-1 Positive Nuclear

NAPSIN-A Positive Cytoplasmic In focal areas

p63 Positive Nuclear In squamous component
p40 Positive Nuclear In squamous component
CK5/6 Positive Cytoplasmic In squamous component
CK7 Positive Cytoplasmic

CDX-2 Negative

CK20 Negative

CD117 Negative

DOG1 Negative

Ki-67 Negative

Histochemical Features of Mucous Gland Adenoma

Stain Result Location

Mucicarmine Positive In columnar cells
D-PAS Positive In columnar cells
PAS Positive In acinar cells

Molecular Features

FISH Result
&57& /0$/ translocation

Negative

Epithelial-Myoepithelial Carcinoma
e Epithelial-myoepithelial carcinoma (EMC) characteristically

3. Fishbein GA et al: Primary salivary duct carcinoma of the lung, mucin-rich
will show presence of 2 layers of cells, epithelial and variant. Hum Pathol. 47(1):150-6, 2016
myoepithelial 4. HuoZetal:Primary pulmonary mucoepidermoid carcinoma:
histopathological and molecular genetic studies of 26 cases. PLoS One.
e EMC lacks presence of mucous glands 10(11):20143169, 2015
L] may Show presence of sheets oI clear cells 5. Karpathiou G et al: Pulmonary mucus gland adenomas: are they always ol
EMC h f sheets of cl ll hi : Pul land ad hey al f
endobronchial localization? Case Rep Pathol. 2013:239173,2013
6. ZhuF etal: Primary salivary gland-type lung cancer: clinicopathological
DIAGNOSTIC CHECKLIST analysis of 88 cases from China. J Thorac Oncol. 8(12):1578-84, 2013
Clinica [[y Relevant Pa thologic Features 7. Couraud S etal: Bronchial'mucous gland adenoma revealed following acute
) pneumonia. Interact Cardiovasc Thorac Surg. 14(3):347-9, 2012
o Chest films should show well-demarcated centrally located 8.  Milenkovi¢ B et al: Mucous gland adenoma simulating bronchial asthma:
tumor with no invasion into adjacent lung parenchyma case report and literature review. J Asthma. 44(9):789-93, 2007
9. Méjean-Lebreton F et al: [Benign salivary gland-type tumors of the bronchus:
°
Gross appearance expression of high molecular weight cytokeratins.] Ann Pathol. 26(1):30-4,
Pathologic Interpretation Pearls 2006 ‘ _
. . . . 10.  Morini F et al: Bronchial adenoma: an unusual cause of recurrent pneumnonia
e Tumor confined between bronchial epithelium and in childhood. Ann Thorac Surg. 76(6):2085-7, 2003
bronchial cartilage 11, Kwon JW et al: Mucous gland adenoma of the bronchus: CT findings in two
e Proliferation of mucous glands patients. J Comput Assist Tomogr. 23(5):758-60, 1999
L . 12. England DM et al: Truly benign "bronchial adenoma". Report of 10 cases of
e Lack of mitotic activity mucous gland adenoma with immunohistochemical and ultrastructural
e May show combination of solid and cystic areas findings. Am J Surg Pathol. 19(8):887-99, 1995
13. Dickstein PJ et al: Bronchial mucous gland adenoma presenting as
bronchogenic cyst. Pediatr Pulmonol. 16(6):370-4, 1993
SELECTED REFERENCES 14. Pass HI: Bronchial adenoma. Ann Thorac Surg. 52(5):1201-3, 1991

1. ChoJetal 18F-FDG PET/CT of bronchial mucous gland adenoma. Clin Nucl
Med. 41(2):e1189, 2016

Falk N et al: Primary pulmonary salivary gland-type tumors: a review and
update. Adv Anat Pathol. 23(1):13-23,2016



Mucous Gland Adenoma

Tumor Does Not Extend Beyond Cartilage Proliferation of Endobronchial Glands

T T st
r."a

(Left) Mucous gland adenoma
shows a characteristic cystic
growth pattern admixed with
more solid areas. Note that
the tumor does not penetrate
beyond the cartilaginous
(bronchial) plate = (Right)
Mucous gland adenoma is
shown with cystically dilated
glands The tumor also
displays areas of solid
proliferation adjacent to the
dilated glands 3] All these
changes represent
enlargement of normal
bronchial structures.
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(Left) Mucous gland adenoma
is shown with small cystically
dilated glands lined by
squamous epithelium. More
| dilated glands are also present
{ [ This low-power view may
\ also be seen in cases of low-
%/ | grade bronchial
| mucoepidermoid carcinoma.
(Right) Mucous gland
| adenoma shows a range of
dilated glandular structures.
# Some glands are dilated with
flattened epithelium
whereas other glands are
compressed and appear to be
9 within normal limits =]

(Left) Low-power view of a
mucous gland adenoma shows
a proliferation of glandular
structures []embedded in a
spindle cell stroma > This

4 particular pattern may also be
seen in salivary gland-type

1 tumors of the lung. (Right)

| Mucous gland adenoma is

| shown with dilated glands

| lined by flattened epithelium.
Inside the glands, there is
mucous secretion. The glands

| are separated by bands of

| collagenous tissue.




Mucous Gland Adenoma

Proliferation of Mucous Glands Seromucinous Component

T = .

(Left) Mucous gland adenoma
shows dilated glands
containing mucoid material in
their lumina and lined by
mucinous epithelium. This
pattern may be confused with
mucinous adenocarcinoma.
(Right) Mucous gland
adenoma shows dilated glands |
admixed with solid glandular
proliferation. The solid
glandular component
represents an exuberant
proliferation of serous
endobronchial glands. No
mitotic activity or nuclear
atypia is present.
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(Left) Mucous gland adenoma
shows dilated hyperplastic
mucous glands [2] adjacent to
small glands =] One of the
characteristics of mucous :
gland adenoma is the presence |
of different-sized glandular
structures. (Right) High-power
view shows mucinous
glandular proliferation in a
mucous gland adenoma. Note
the different sizes, absence of
nuclear atypia, and mitotic
activity. Similar features may
be seen in mucinous
adenocarcinomas.

(Left) Some mucous gland
adenomas may show an
extensive inflammatory
reaction. Two types of glands
are seen: 1 lined by flattened
epithelium 5> and the other
by mucinous epithelium [=]
separated by fibroconnective
tissue with an inflammatory
reaction [ (Right) Mucous
gland adenoma shows a solid
growth pattern. This feature is
unusual; however, one can still
see the outline of some small
glands [2] that have coalesced
to form this solid pattern.




Mucous Gland Adenoma

(Right) Higher magnification
of the "solid" component of a
mucous gland adenoma shows
a proliferation of small glands,
some of them showing easily
identifiable mucinous
epithelium.
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Centrally Located Tumor 2
(Left) Mucous gland adenoma )

shows a tumor that is limited -8
between the bronchial o

epithelium and the g

cartilaginous plate. The tumor o

| shows a solid component. w

D)
=%

Q
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) (Left) Mucous gland adenoma
%4 is shown composed of

I prominent mucinous glands
separated by thin fibrous
| strands and an inflammatory
! | component. (Right) Mucous
.| gland adenoma shows
| mucinous glands embedded in
“| a prominent inflammatory
background, predominantly
composed of plasma cells.

(Left) The glandular
proliferation in a mucous
gland adenoma may show a
more solid appearance with
small glands lined by 1 layer of
epithelial cells. Some of the
glands contain an acellular
material in the lumen. (Right)
In other areas, the cystic
changes may be more
prominent and lined by a
flattened epithelium and

| separated by a fibrous stromal
tissue. Some of these

| structures still have an
acellular material in their
lumina.




Endobronchial Lipoma

c KEY FACTS

o)

c

. TERMINOLOGY e Spindle cells

g e Synonym: Lipomatous hamartoma * Myxoid changes. o

@ e Definition: Benign mesenchymal neoplasm composed ® Absence of atypia or mitotic figures

=t exclusively of mature adipose tissue TOP DIFFERENTIAL DIAGNOSES

o

% CLINICAL ISSUES e Hamartoma

o e Cough o Usually has presence of cartilage

= e Shortness of breath o Usually has invaginations of respiratory epithelium

= e Obstructive pneumonia e Mixed tumor (pleomorphic adenoma)
e Lipomas are more commonly seen as bronchial tumors o Usually has epithelial component

o May also have chondromyxoid areas

MACROSCOPIC e Angiomyolipoma

e Well circumscribed o Commonly associated with tuberous sclerosis

e Softand yellowish o Shows presence of vessels and smooth muscle

e Polypoid tumor obstructing bronchial lumen proliferation

e Variable size: 1-5 cm in diameter o Immunohistochemical studies using HMB-45 and actin-
MICROSCOPIC sm will be useful

e Mature adipose tissue

Macroscopic Features Endobronchial Tumor
."_H._

(Left) Gross photograph shows
an endobronchial lipoma B.
Note the presence of a yellow
tumor mass obstructing the
main pulmonary airway.
(Right) Hematoxylin & eosin
low-power view shows an
endobronchial lipoma. Note
the presence of extensive
areas of mature adipose tissue

=)
Adipose and Collagenous Tissue Mature Adipose Tissue
(Left) Closer view at an T o A D . v ~ . j A
endobronchial lipoma shows ¥ o R T3 e i SRV 4
collagen deposition and . o 2 ;’ & e " {r =2
mature adipose tissue. No IR W) e \ : 5T g b g S,
cellular atypia or mitotic o b T . . s e o
figures are present. (Right) (N a i .7
Endobronchial lipoma shows b 252 . ” ¢ ?,-_r_ A
mature adipose tissue without | 2 ] ~~ ) g/ : ‘a
any atypical features. \ - g N N ™ iy
However, tumors with some Tt P V)
. P ¥
atypia have also been 7P, Tm v iy
described. The majority of o s Y an { YR,
cases show mature adipose B - < N S AN
tissue. : . - yf' ¥
& LK { W 3
* ) i Y s {‘ T 4
S S e
v - | o S -




Endobronchial Lipoma

TERMINOLOGY
Synonyms
e Lipomatous hamartoma, fibrolipoma
Definitions

e Benign mesenchymal neoplasm composed exclusively of
mature adipose tissue

ETIOLOGY/PATHOGENESIS

Etiology

e These tumors are of unknown etiology
e Bronchial lipomas have been associated with obesity

CLINICAL ISSUES

Epidemiology
e Incidence

o Bronchial lipomas are unusual tumors
e Age

o Lipomas are more common in adults
® Sex

o No sex predilection has been observed

Site
e Endobronchial location

Presentation

Cough

Shortness of breath
Dyspnea

Hemoptysis
Obstructive pneumonia
Asymptomatic

Treatment

e Surgical approaches
o Lobectomy

Prognosis

e Excellent

MACROSCOPIC

General Features

Well circumscribed

Soft

Yellowish

Polypoid tumor obstructing bronchial lumen

Size
e Variable size between 1-5 cm in diameter

MICROSCOPIC

Histologic Features

Mature adipose tissue

Spindle cells

Myxoid changes

Absence of atypia or mitotic figures

Predominant Pattern/Injury Type
e Uniform

Predominant Cell/Compartment Type
e Adipose

DIFFERENTIAL DIAGNOSIS

Hamartoma

e Usually has presence of cartilage
e Usually has invaginations of respiratory epithelium
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Mixed Tumor (Pleomorphic Adenoma)

e Usually has epithelial component

e May also have chondromyxoid areas

e Extensive areas of adipose tissue are not common in mixed
tumors

Metastatic Liposarcoma

e Liposarcomas more commonly metastasize to lung
parenchyma and not to endobronchial areas

e History of liposarcoma will aid in diagnosis

e Displays more cellular atypia

Angiomyolipoma

e Most angiomyolipomas in lung are not in endobronchial
location

e Commonly associated with tuberous sclerosis

e Shows presence of vessels and smooth muscle proliferation

e Immunohistochemical studies using HMB-45 and actin-sm
will be useful

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (Gross appearance

Pathologic Interpretation Pearls

e Mature adipose tissue
e Lack of atypical features
e Absence of cartilaginous component

SELECTED REFERENCES

1. Nussbaumer-Ochsner Y et al: Endobronchial lipoma mimicking bronchial
carcinoid tumour. Thorax. 70(8):809, 2015

2. Sarioglu N et al: An unexpected cause of hemoptysis: endobronchial
lipomatous hamartoma. Med Arch. 68(1):65-6, 2014

3. Boland JM et al: Endobronchial lipomatous tumors: clinicopathologic
analysis of 12 cases with molecular cytogenetic evidence supporting
classification as "lipoma". Am J Surg Pathol. 37(11):1715-21, 2013

4. Oury Bah M et al: [Endobronchial lipoma: imaging findings. A case report.]
Rev Pneumol Clin. 65(1):36-9, 2009

5. Pollefliet C et al: Endobronchial lipomas: rare benign lung tumors, two case
reports. J Thorac Oncol. 4(5):658-60, 2009

6. Filosso PL et al: Hemoptysis caused by an endobronchial lipoma. J Thorac
Cardiovasc Surg. 135(4):954-5, 2008

7. Basoglu A et al: Endobronchial lipoma: a rare cause of bronchial occlusion.
Interact Cardiovasc Thorac Surg. 3(2):263-4, 2004

8. Muraoka M et al: Endobronchial lipoma: review of 64 cases reported in
Japan. Chest. 123(1):293-6, 2003

9. De Abajo C et al: [Endobronchial lipomas. Apropos of 4 cases.] Rev Pneumol
clin. 52(6):373-7, 1996

10. Moran CA et al: Endobronchial lipomas: a clinicopathologic study of four
cases. Mod Pathol. 7(2):212-4, 1994

11. PengRL et al: Endobronchial lipoma associated with lipomatosis. AJR Am J
Roentgenol. 158(1):210-1, 1992

12. Nataf P et al: [Endobronchial lipomas. Apropos of 16 cases.] Rev Pneumol
clin. 45(5):203-5, 1989

13. Schraufnagel DE et al: Endobronchial lipoma. Chest. 75(1):97-9, 1979
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(Left) Endobronchial lipoma
shows mature adipose tissue
and entrapped endobronchial
glands Note that the
respiratory epithelium is
within normal limits, and
normal endobronchial glands
are present. (Right)
Endobronchial lipoma shows
inflammatory changes
underneath the respiratory
epithelium = Essentially,
there appears to be a
cambium-like layer between
normal structures and the
tumor.

(Left) High-power view shows
an endobronchial lipoma with
entrapped endobronchial
glands ] Some glands are
serous and others are
mucinous; however, the tumor
does not involve or destroy
normal endobronchial
structures. (Right)
Endobronchial lipoma shows
areas of chronic inflammation
2] admixed with the adipose
tissue. Inflammatory changes
in endobronchial lipomas are
usually focal and not
prominent.

(Left) Areas of hemorrhage,
although unusual, can be seen
in some cases of
endobronchial lipomas. In this
case, there is an extensive
area of hemorrhage =]
adjacent to more conventional
lipomatous areas =] (Right)
Endobronchial lipoma shows
adipose tissue with more
myxoid changes and mild
inflammation. The presence of
myxoid changes should not be
interpreted as atypical
changes. Myxoid changes are
invariably seen in these cases,
at least focally.

Endobronchial Lipoma

Preservation of Endobronchial Glands

Inflammatory Changes
~~ _ T




Endobronchial Lipoma

Ectatic Vessels

) (Left) Prominent myxoid
changes and vascular
proliferation are shown in an
endobronchial lipoma. In this
high-power view, the tumor
does not display any
cytological atypia. (Right)
Higher power view shows an

1 endobronchial lipoma with
prominent myxoid changes.

| Pure myxoid endobronchial
lipomas are rare; the majority
of cases will display the
presence of mature adipose
tissue like that seen in lipomas
of soft tissues.
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(Left) In some cases of

| endobronchial lipoma, the
fibrous component [2] may be
more prominent. This feature
has been used in the past as
the basis for the term
fibrolipoma. (Right) /n some
other cases, the lipomatous
component is associated not
only with the fibrous

| component [2] but also with
numerous mucinophages 5>

Atrophic Glands

(Left) Endobronchial
fibrolipoma shows a focal area
with a residual atrophic
endobronchial gland [2] The

| adjacent areas show more
conventional features of
fibrolipoma. (Right) /n some
cases of endobronchial
lipomas, the tumor may also

| show areas of spindle cellular

| proliferation [=]similar to that
described in spindle cell
lipomas of soft tissues.




Pulmonary Adenofibroma/Adenomyoma

- KEY FACTS
2
c
o TERMINOLOGY e Club-shaped papillae resemble papillary structures similar
5 e Pulmonary fibroadenoma, adenofibromatous hamartoma to those of miillerian adenofibromas of female genital tract
E adenomyomatous hamart’oma, fibroleiomyomatous ' e Papillary structures contain spindle cells in stroma with
~ hamartoma bland cytologic appearance devoid of mitoses or nuclear
9 e Benign, hamartomatous, intrapulmonary fibroblastic or pleomorphism , o
z myofibroblastic proliferation that entraps glands in its e Epithelium lining gland-like spaces and papillae is bland and
o growth devoid of cytologic atypia
= e Spindle cell stromal component is made up of bland spindle
= CLINICAL ISSUES cells with no mitotic activity or nuclear pleomorphism

° Intr.aparen.chyrr?atous, well-circumscribed nodule ANCILLARY TESTS

e Solitary coin lesion o o ) i - )

e Incidental finding on routine chest x-rays e Epithelial cells lining papillae stain positive for cytokeratins

and EMA

MACROSCOPIC o Spindle cells stain positive for vimentin or may be positive

e Well circumscribed but unencapsulated for vimentin and SMA

e Usually small (1-2 cm in greatest diameter) o Spindle cells are negative for CD34 and Bcl-2

e Epithelial cells lining papillae show nuclear positivity for
MICROSCOPIC TTE-A

e |Low-power view characterized by club-shaped papillary
structures lined by layer of simple cuboidal epithelium

Club-Like Papilla

(Left) Scanning magnification (T R B i s o T
of pulmonary adenofibroma e o > 4
shows club-like papillae lined
by a single layer of simple,
cuboidal epithelium. The cores
of the papillae contain a bland
spindle cell population. (Right)
High magnification of club-like
papilla in pulmonary
adenofibroma shows a single
layer of cuboidal epithelial
cells in the periphery and a
bland spindle cell population
in the cores embedded in
collagenous stroma.

(Left) Higher magnification of
the papillary structures in
pulmonary adenofibroma
shows a sparse, bland-
appearing population of
fibroblastic spindle cells
devoid of cytologic atypia.
(Right) Most cases of
pulmonary adenofibroma are
vimentin-only tumors. The
spindle cells in the stroma
usually react only with
vimentin antibodies and are
negative for the majority of
other markers, in particular
SMA, CD34, and S100 protein.
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Pulmonary Adenofibroma/Adenomyoma

TERMINOLOGY
Synonyms
e Pulmonary fibroadenoma, adenofibromatous hamartoma,
adenomyomatous hamartoma, fibroleiomyomatous
hamartoma
Definitions

e Benign, hamartomatous, intrapulmonary fibroblastic or
myofibroblastic proliferation that entraps glands in its
growth

ETIOLOGY/PATHOGENESIS

Developmental Anomaly
e Hamartomatous origin most commonly postulated

Pathogenesis

e May also represent benign neoplastic stromal proliferation
that entraps normal respiratory structures in its growth

CLINICAL ISSUES
Site
e |ntraparenchymatous, well-circumscribed nodule
Presentation
e Solitary coin lesion
e Incidental finding on routine chest x-rays
Prognosis
e Benign tumor, cured by simple surgical excision

IMAGING
CT Findings
e Well-circumscribed small intraparenchymatous lesion

MACROSCOPIC

General Features

e Well-circumscribed but unencapsulated firm, rubbery tissue
e Homogeneous, tan-pink cut surface

Size
e Usually small (1-2 cm in greatest diameter)

MICROSCOPIC

Histologic Features

e Low-power view characterized by club-shaped papillary
structures lined by layer of simple cuboidal epithelium

e Club-shaped papillae resemble papillary structures similar
to those of millerian adenofibromas of female genital tract

e Papillary structures contain spindle cells in stroma with
bland, cytologic appearance devoid of mitoses or nuclear
pleomorphism

e Lining of papillary structures can also be composed of tall
columnar epithelium

e Occasional gland-like spaces can be seen scattered within
lesion

Cytologic Features

e Epithelium lining gland-like spaces and papillae is bland and
devoid of cytologic atypia

e Spindle cell stromal component is made up of bland spindle
cells with no mitotic activity or nuclear pleomorphism

e Spindle stromal cells may show fascicular pattern of growth
with areas of stromal hyalinization or myxoid change

ANCILLARY TESTS

Immunohistochemistry

e Epithelial cells lining papillae stain positive for cytokeratins
and EMA

o Spindle cells stain positive for vimentin or may be positive
for vimentin, SMA, and desmin

e Spindle cells are negative for 100, CD34, and Bcl-2

DIFFERENTIAL DIAGNOSIS

Cartilaginous Hamartoma

e Prominent mature cartilaginous component present
e Absence of significant spindle cell stromal component

Intrapulmonary Solitary Fibrous Tumor

e Intrapulmonary solitary fibrous tumor (SFT) may also
contain entrapped gland-like spaces at periphery of lesion

e Formation of club-like papillary structures is not feature of
SFT

e Tumor cellsin SFT are positive for CD34 and Bcl-2

Biphasic Pulmonary Blastoma

e Glandular component displays more primitive appearance
that resembles respiratory epithelium during weeks 8-10 of
gestation

e Stromal spindle cell component is poorly differentiated and
resembles sarcoma with high mitotic index

e May show areas of hemorrhage and necrosis

Pulmonary Carcinosarcoma

e Epithelial component in carcinosarcoma is frankly
malignant (adenocarcinoma or squamous cell carcinoma)

e Stromal component in carcinosarcoma is frankly malignant
with nuclear pleomorphism and high mitotic activity

e Stromal component may show smooth muscle, adipose,
vascular, cartilaginous, osseous, or neural differentiation

Metastases of Sarcomas to Lung

e Metastatic sarcomas often entrap epithelial structures at
their periphery, simulating adenofibroma

e Distribution of entrapped epithelial elements is at edges,
not widespread and haphazard as in adenofibroma

e Spindle cell component in metastatic sarcoma is usually
high grade and atypical

e (Clinical history may be helpful by alerting pathologist to
previous tumor at another location

SELECTED REFERENCES

1. Kumar R et al: Pulmonary adenofibroma: clinicopathological study of 3 cases
of a rare benign lung lesion and review of the literature. Ann Diagn Pathol.
18(4):238-43, 2014

2. SusterSetal: Pulmonary adenofibroma: report of two cases of an unusual
type of hamartomatous lesion of the lung. Histopathology. 23(6):547-51,
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3. Gorelkin L: Fibroleiomyomatous hamartoma: a rare benign pulmonary "coin
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(Left) Scanning magnification
of pulmonary adenofibroma
shows club-like papillae with
sparse spindle cell population
set against a collagenous
stroma. The appearance is
reminiscent of mdillerian-
derived adenofibromas of the
ovaries. (Right) High
magnification of pulmonary
adenofibroma shows club-like
papilla lined by a single layer
of bland-appearing, cuboidal
epithelial cells devoid of
cytologic atypia. The central
core of the papilla contains a
sparse, bland-appearing
spindle cell population.

(Left) Pulmonary
adenofibroma shows small,
entrapped, gland-like spaces
embedded in the stroma deep
within the tumor and
surrounded by a bland-
appearing fibroblastic spindle
cell proliferation. (Right) High
magnification of pulmonary
adenofibroma shows a focal
area of stromal hyalinization.
Notice the branching
glandular lumen
surrounded by a dense spindle
cell population in the
surrounding stroma. Cases like
this can closely resemble
solitary fibrous tumors of the
lung.

(Left) CK-PAN in pulmonary
adenofibroma decorates the
tumor cells lining the abortive
papilla 1 Notice the
complete lack of reactivity of
the bland spindle cells seen in
the underlying stroma. (Right)
Immunohistochemical staining
for vimentin intermediate
filaments in pulmonary
adenofibroma shows strong
positive staining of spindle
cells in the stroma. Notice the
negative staining of the
epithelial cells lining the
papillary structures.

Pulmonary Adenofibroma/Adenomyoma

Club-Like Papillae Club-Like Papilla: Higher Power
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Pulmonary Adenofibroma/Adenomyoma

Papillary Architecture Short Club-Like Papillae

*3) (Left) Scanning magnification
of pulmonary adenomyoma
shows club-like papillary
structures lined by a single
layer of epithelial cells
containing a cellular spindle
stromal proliferation. (Right)
High magnification of
pulmonary adenomyoma
| shows small abortive papillae
lined by a single layer of small,
bland-appearing cuboidal
epithelial cells 3] The
underlying stroma contains a
spindle cell proliferation
characterized by spindle cells
| with oval nuclei and abundant
| eosinophilic cytoplasm.
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A (Left) Scanning magnification
of pulmonary adenomyoma

| shows small, complex papillary
| projections into a lumen lined
|| byasingle layer of simple
columnar epithelium. The
stroma underneath this area

y | shows a dense population of
bland-appearing spindle cells
| with abundant eosinophilic

| cytoplasm =] (Right) High
magnification of stromal
component in pulmonary
adenomyoma shows fascicles
of bland-appearing spindle
cells with abundant

| eosinophilic cytoplasm devoid
| of mitotic activity.

) (Left) /mmunohistochemical
staining of the stromal
component of pulmonary
" adenomyoma for SMA shows
| diffuse positivity in the spindle
cells. (Right)
Immunohistochemical staining
of pulmonary adenomyoma
shows strong positivity of
| spindle cells in the stroma for

| desmin intermediate
| filaments. Notice the absence
| of immunohistochemical
reactivity for this antibody in
.| the thin layer of tall columnar
"4 epithelial cells lining the

‘. papillae.
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Intrapulmonary Solitary Fibrous Tumor

KEY FACTS

CLINICAL ISSUES

e Cough, chest pain, dyspnea, and clubbing of fingers

e Majority of tumors (90%) are benign and cured by complete
excision

e ~ 10% behave aggressively [malignant solitary fibrous
tumor (SFT)] and can lead to death of patient

MACROSCOPIC

e Generally well-circumscribed but unencapsulated
intraparenchymatous masses
e Rubbery, whorled, tan-white cut surface

MICROSCOPIC

e Variation of growth patterns, including fascicular, storiform,
hemangiopericytic, herringbone, wavy neural, and
angiofibromatous

e Frequent admixture of cellular areas with hypocellular
areas of stromal sclerosis

(Left) Gross appearance of an
intrapulmonary solitary
fibrous tumor shows a large,
fleshy, bosselated tumor mass
located within lung
parenchyma expanding the
pleura. (Right) Characteristic
histologic appearance of an
intrapulmonary solitary
fibrous tumor shows parallel
arrays of rope-like collagen
flanked by small, bland-
appearing spindle cells.

(Left) Higher magnification in
intrapulmonary solitary
fibrous tumor shows a bland-
appearing population of
spindle cells with dense
nuclear chromatin and
absence of cytologic atypia.
(Right) Immunohistochemical
stain for STAT6 in
intrapulmonary solitary
fibrous tumor shows strong
nuclear positivity in the
spindle tumor cells.

e Rope-like, linear pattern of stromal sclerosis is highly
characteristic

e Tumors may often entrap benign bronchial structures and
airspaces at lesion periphery, simulating biphasic neoplasm

e Marked increase in cellularity and nuclear pleomorphism in
cases undergoing malignant transformation

e Increased mitotic activity (> 3 per 10 HPF) in malignant
cases

ANCILLARY TESTS

e Spindle cells are positive for CD34, Bcl-2, CD99, and
vimentin

e Negative for cytokeratins, EMA, S100 protein, muscle
markers, and melanoma-associated markers

e Immunostaining for STAT6 is currently preferred method
for establishing diagnosis, which recognizes 1$% -67$7
gene fusion that characterizes this tumor

Rope-Like Pattern of Sclerosis
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Intrapulmonary Solitary Fibrous Tumor

TERMINOLOGY

Abbreviations
e Solitary fibrous tumor (SFT)

Definitions

e Primary intrapulmonary neoplastic proliferation of dendritic
fibroblasts

CLINICAL ISSUES
Presentation
e Cough, chest pain, dyspnea, and clubbing of fingers
Treatment
e Complete surgical excision (lobectomy) is favored approach

Prognosis

e Majority of tumors (90%) are benign and cured by complete
excision

e ~ 10% behave aggressively (malignant SFT) and can lead to
death of patient

MACROSCOPIC

General Features

e Generally well-circumscribed but unencapsulated
intraparenchymatous masses

e Rubbery, whorled, tan-white cut surface

MICROSCOPIC

Histologic Features

e Benign SFT
o Variegation of growth patterns, including fascicular,
storiform, hemangiopericytic, herringbone, wavy neural,
and angiofibromatous
o Frequent admixture of cellular areas with hypocellular
areas of stromal sclerosis
o Rope-like linear pattern of stromal sclerosis is highly
characteristic
o Tumors may often entrap benign, bronchial structures
and airspaces at lesion periphery, simulating biphasic
neoplasm
e Malignant SFT
o Poor circumscription and foci of infiltration of lung
parenchyma and bronchial structures
o Marked increase in cellularity and nuclear pleomorphism
o Increased mitotic activity (> 3 per 10 HPF)
o Presence of frequent atypical mitoses and
multinucleated tumor cells
o Fodi of tumor cell necrosis and vascular invasion

Cytologic Features

e Composed of small spindle cells without cytologic atypia in
majority of cases

e Spindle cells can show wavy nuclei simulating peripheral
nerve sheath tumors

e (Cases with prominent stromal sclerosis can show small,
round hyperchromatic nuclei devoid of cytoplasmic rims

e Cases can be highly cellular with uniform cell population
simulating growth pattern of synovial sarcoma

e Malignant cases show atypical cells with enlarged nuclei,
prominent nucleoli, and increased mitotic activity

e Multinucleated cells of varying types may be observed in
benign and malignant cases

ANCILLARY TESTS

Immunohistochemistry

e Spindle cells are positive for CD34, Bcl-2, CD99, and
vimentin

e Negative for cytokeratins, EMA, S100 protein, muscle
markers, and melanoma-associated markers

e Immunostaining for STAT6 is currently preferred method
for establishing the diagnosis, which recognizes 1$ % -
67%7 gene fusion that characterizes this tumor
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DIFFERENTIAL DIAGNOSIS

Synovial Sarcoma

e Spindle cells are atypical with variable mitotic activity and
very uniform appearance

e Very scant vascularity and absence of stromal fibrosis

e Tumor cells are positive for cytokeratins and EMA and
negative for CD34

e Characterized by distinctive cytogenetic translocation
(X;18) in > 85% of cases

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Histologic findings do not always correlate with prognosis
o Some cases can metastasize and behave aggressively
despite benign-appearing histologic features
o Some cases with atypical morphologic features may
behave in indolent fashion

Pathologic Interpretation Pearls

e Variation of histologic growth patterns (e.g., fascicular,
herringbone, storiform, hemangiopericytic, etc.) is
frequently observed

e Alternating cellular and sclerotic areas are characteristic
and often present

e High vascularity with prominent vessels with patent lumina
is always seen

e Hemangiopericytic growth pattern is very common

e "Hemangiopericytoma of lung" is synonymous with
intrapulmonary SFT

e Increased cellularity, atypia, necrosis, and high mitotic
activity are associated with aggressive or malignant
behavior

SELECTED REFERENCES

1. Guseva NV et al: The NAB2-STAT6 gene fusion in solitary fibrous tumor can
be reliably detected by anchored multiplexed PCR for targeted next-
generation sequencing. Cancer Genet. 209(7-8):303-12, 2016

2. Huang SCetal: The clinicopathological significance of NAB2-STAT6 gene
fusions in 52 cases of intrathoracic solitary fibrous tumors. Cancer Med.
5(2):159-68, 2016

3. RaoNetal: Intrapulmonary solitary fibrous tumors: clinicopathologic and
immunohistochemical study of 24 cases. Am J Surg Pathol. 37(2):155-66,
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4. KoukiHS et al: Solitary fibrous tumor of the lung. Gen Thorac Cardiovasc
Surg. 56(5):249-51, 2008
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(Left) Scanning magnification
of an intrapulmonary solitary
fibrous tumor shows a well-
circumscribed but
unencapsulated spindle cell
proliferation [Bsharply
separated from the
surrounding lung parenchyma.
(Right) Higher magnification
of an intrapulmonary solitary
fibrous tumor shows a bland
spindle cell proliferation
surrounded by abundant
collagenous stroma. The
spindle cells display a vague
storiform pattern reminiscent
of "fibrohistiocytic" tumors.

(Left) A fascicular proliferation
of spindle cells is seen in this
intrapulmonary solitary
fibrous tumor. The spindle
cells are separated from one
another by abundant
collagenous matrix. (Right)
Higher magnification of an
intrapulmonary solitary
fibrous tumor shows a bland-
appearing population of cells
lined by parallel linear strands
of hyalinized, keloidal collagen
adopting a rope-like
configuration. This
arrangement of interstitial
collagen is highly distinctive
for this tumor.

(Left) Intrapulmonary solitary
fibrous tumor shows a small-
caliber vessel with prominent
perivascular hyalinization. A
dense vascular network with
prominent perivascular
hyalinization is a common
feature seen in these tumors.
(Right) High magnification of
an intrapulmonary solitary
fibrous tumor shows a bland-
appearing population of
spindle cells. The spindle cells
display elongated nuclei with

Intrapulmonary Solitary Fibrous Tumor

Tumor

a dense chromatin pattern and | *

scant rim of cytoplasm. No
nucleoli or mitotic figures are
seen.

a\.l\ki =3

Bland-Appearing Spindle Cell Population

w . M
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Intrapulmonary Solitary Fibrous Tumor

Entrapment of Airspaces in Solitary Hypercellular Area in Solitary Fibrous
Fibrous Tumor Tumor

(Left) Scanning magnification
of an intrapulmonary solitary
fibrous tumor shows

- entrapment of glandular

structures and airspaces at the
periphery of the tumor mass
resulting in an
adenofibromatous
appearance. (Right)

|\ Alternating hypercellular 5>/

and hypocellular areas are
seen in this example of an
intrapulmonary solitary
fibrous tumor. Variegation in
cellularity and in growth
patterns is a hallmark of a
solitary fibrous tumor and is
often encountered in these

| neoplasms.

(Left) Increased cellularity
with a prominent herringbone

#°| pattern can often be seen in
intrapulmonary solitary

fibrous tumors and does not

| necessarily correlate with
| more aggressive behavior.
| Such tumors can be mistaken

for synovial sarcoma and
malignant peripheral nerve

¥ sheath tumors. (Right)

-4 Prominent hemangiopericytic

growth pattern is seen in this

“| intrapulmonary solitary

fibrous tumor characterized by
numerous small-caliber vessels
with patent lumina.

(Left) Spindle cells with wavy
nuclei closely reminiscent of
schwannian neoplasms are
seen in this example of an
intrapulmonary solitary
fibrous tumor. Application of
immunohistochemical stains
will be necessary in such cases
to rule out a peripheral nerve
sheath tumor. (Right)
Extensive stromal
collagenization is displayed by
this intrapulmonary solitary

| fibrous tumor. The collagen

bands are seen to compress
and distort the nuclear

“..| morphology, producing small

round dots.
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(Left) High magnification of
the sclerotic area in an
intrapulmonary solitary
fibrous tumor shows a stellate
cell with a large,
hyperchromatic nucleus and
slender dendritic cytoplasmic
prolongations [2] that course
along connective tissue planes
and connect with neighboring
cells. (Right) High
magnification of the sclerotic
area in an intrapulmonary
solitary fibrous tumor shows
multiple stellate dendritic cells
[=]and a multinucleated cell
in the center of the field B>

(Left) Immunohistochemical
staining of intrapulmonary
solitary fibrous tumor with
STAT6 shows numerous
positive nuclei. This is
currently the preferred
antibody for establishing the
diagnosis of solitary fibrous
tumor. (Right)
Immunohistochemical staining
for CD34 antigen in an
intrapulmonary solitary
fibrous tumor shows strong
positivity in the spindle cells.
This marker can be positive in
up to 75% of cases of benign
solitary fibrous tumors.

(Left) Strong

immunohistochemical staining 1}

of the spindle cells for Bcl-2
antibody is seen in this
intrapulmonary solitary
fibrous tumor. This marker is
extremely sensitive (almost
100%) but nonspecific for
these tumors. (Right)
Immunohistochemical staining
of spindle cells in an
intrapulmonary solitary
fibrous tumor for CD99 shows
a positive reaction in the
tumor cells. This is another
helpful (although nonspecific)
marker for the diagnosis of
these tumors.

Intrapulmonary Solitary Fibrous Tumor

Stellate Cell in Solitary Fibrous Tumor

L \ ':
| It . Z .
g - @

Multinucleated Cell in Solitary Fibrous
Tumor

Y2

Tumor

Tumor
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Intrapulmonary Solitary Fibrous Tumor

Herringbone Pattern in Solitary Fibrous Tumor Cell Necrosis in Solitary Fibrous
Tumor

Abnormal Mitosis in Solitary Fibrous
Tumor

) (Left) Malignant

intrapulmonary solitary
fibrous tumor shows fascicles
of spindle cells with a
herringbone pattern and
numerous (> 3 per 10 HPF)
mitoses. Identification of other

) | areas displaying the
| conventional features of

solitary fibrous tumor are
necessary for diagnosis.
(Right) Extensive area of
tumor cell necrosis [ is seen
in this malignant
intrapulmonary solitary
fibrous tumor. Tumor cell
necrosis correlates with
aggressive behavior in these
tumors.

(Left) Alternating areas of
hyper- and hypocellularity are

| seen in this example of an

intrapulmonary solitary
fibrous tumor. Tumors with
these features can appear
indistinguishable from
malignant peripheral nerve
sheath tumors; electron
microscopy and
immunohistochemical stains
will be of aid in arriving at a
definitive diagnosis. (Right)
Higher magnification from an
intrapulmonary malignant
solitary fibrous tumor shows
an abnormal mitotic figure

(Left) High magnification of a
metastasis of an
intrapulmonary malignant
solitary fibrous tumor shows
bizarre and pleomorphic
tumor cells B3] The original
tumor in the lung did not
display this degree of cytologic
atypia; however, the tumor
metastasized widely after 5
years leading to the death of
the patient. (Right) A wreath-
like multinucleated and
atypical giant cell is seen in
this example of malignant
solitary fibrous tumor.
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Intrapulmonary Solitary Fibrous Tumor

Nuclear Pleomorphism in Malignant
Solitary Fibrous Tumor

(Left) Scanning magnification (7. - Rk AT 20 R T A e I - T ;t T E
of an intrapulmonary ; ) § R = A kA
malignant solitary fibrous
tumor shows a dense
population of large,
pleomorphic tumor cells
embedded in abundant
connective tissue stroma. The
histologic appearance of this
tumor is indistinguishable
from that of a pleomorphic
high-grade sarcoma. (Right)
Higher magnification of an
intrapulmonary malignant
solitary fibrous tumor shows
sheets of large epithelioid cells
embedded in abundant
collagenous stroma.
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(Left) Morphology of the
tumor cells in an
intrapulmonary malignant
solitary fibrous tumor shows
large multinucleated cells with
bizarre nuclei, prominent and
often multiple large,
eosinophilic nucleoli, and an
abundant rim of eosinophilic
cytoplasm. (Right) High
magnification of an
intrapulmonary malignant
solitary fibrous tumor shows
an abnormal tripolar mitosis
3] Up to 3 normal mitoses
can be seen in benign tumors,
but abnormal mitoses should
be worrisome for malignancy.

(Left) Higher magnification of
an intrapulmonary malignant
solitary fibrous tumor shows a
binucleated cell with
prominent "owl-eyed"
eosinophilic nucleoli
resembling a Reed-Sternberg
cell B> (Right) Bizarre
mononuclear cells with large,
hyperchromatic nuclei are
seen in this example of an
intrapulmonary malignant
solitary fibrous tumor. Tumors
with these features will
require extensive sampling to
identify areas with more
conventional features of
solitary fibrous tumors.
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Intrapulmonary Solitary Fibrous Tumor

| (Left) Scanning magnification
| of an intrapulmonary

{ malignant solitary fibrous
tumor shows dense fascicles of
atypical spindle cells
containing multiple scattered
pleomorphic and atypical
nuclei. The histologic
appearance of this tumor is

| essentially that of a high-

- grade fibrosarcoma. (Right)

| Higher magnification of an
intrapulmonary malignant

| solitary fibrous tumor shows
fascicles of atypical spindle
cells with scattered mitoses.

| Notice the abnormal mitotic
figure B>,
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Bizarre Nuclear Forms Perivascular Cuffing by Tumor Cells

-
-
-

[y T D T R 4] (Left) Higher magnification of
. e iy S el an intrapulmonary malignant
solitary fibrous tumor shows
atypical spindle cells with
numerous mitoses (3 mitoses
[2in this HPF). Also notice the
bizarre nucleus in the large,
atypical cell in the center of
the field B>l (Right) Malignant
intrapulmonary solitary
fibrous tumor shows an
atypical cell population
containing scattered bizarre
tumor cells with perivascular
condensation 3> embedded in
an abundant myxoid matrix.

Myxoid Stroma in Malignant Solitary
Fibrous Tumor
VTR

(Left) Malignant
intrapulmonary solitary
fibrous tumor with prominent
myxoid stroma shows a highly
cellular area containing
atypical spindle cells admixed
with larger, bizarre cells with
hyperchromatic nuclei and
numerous mitoses. (Right)
Higher magnification of a
malignant intrapulmonary
solitary fibrous tumor shows
detail of the atypical cells.
Notice that the large cell in
the center 5> has abnormal
mitosis and a sunburst
chromatin pattern.



https://t.me/ebookers

c
2
[=
[
(aa]
u
=
(%]
L
a
o
7
z
iy
c
=]
|

TERMINOLOGY
e Synonyms: Glomangioma, glomic tumor

CLINICAL ISSUES

e Cough

e Shortness of breath

e Asymptomatic

IMAGING

e Coin lesion in intrapulmonary location

e Central tumor obstructing bronchial lumen
MICROSCOPIC

e Solid and homogeneous cellular proliferation
e Ectatic blood vessels

e Cellular proliferation with clear cytoplasm mimicking fried

egg appearance
e Mitotic figures are absent
e Necrosis and hemorrhage are absent

Well-Demarcated Tumor

(Left) Low-power view of a AT e

primary pulmonary glomus
tumor shows a well-defined
tumor mass replacing normal
lung parenchyma. (Right)
Glomus tumor is shown
obliterating normal lung
parenchyma; however,
pulmonary airway is not
involved by the tumor, which
appears compressed by the
tumor.

(Left) High-power view of a
primary pulmonary glomus
tumor shows ectatic blood
vessels 3] and a cellular
proliferation composed of
medium-sized cells with clear
and eosinophilic cytoplasm.
(Right) Pulmonary glomus
tumor shows a solid
homogeneous proliferation
composed of rather small cells |,
with eosinophilic cytoplasm.
Note the absence of mitotic
activity.

Glomus Tumor

KEY FACTS

ANCILLARY TESTS

e Immunohistochemical stain for actin is positive in these
tumors

TOP DIFFERENTIAL DIAGNOSES

e Glomangiosarcoma
o Mitotic figures and cellular pleomorphism are most
important features to separate from glomangioma
® | eiomyoma
o Rarely displays prominent ectatic blood vessels with
edema of wall
o Both tumors may show similar immunohistochemical
profile
o Tumor cells are mostly oval or spindled
e (Carcinoma
o Displays more cellular atypia and mitotic activity
o Shows positive staining for epithelial markers

Uninvolved Airway
P
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Glomus Tumor

TERMINOLOGY
Synonyms
e Glomangioma, glomic tumor

Definitions
e Benign tumor with smooth muscle differentiation

ETIOLOGY/PATHOGENESIS

Etiology

e Glomus tumors are believed to originate from glomus body
e Debated whether it represents true tumor or hyperplasia

CLINICAL ISSUES
Epidemiology
e Incidence

o Veryrare tumorin lung
e Age

o Cases reported have been in adults
® Sex

o No sex predilection
Presentation
e Cough
e Shortness of breath
e Asymptomatic
Treatment
e Surgical approaches

o Complete surgical resection
Prognosis
e Excellent

IMAGING

General Features

e Coin lesion in intrapulmonary location
e Central tumor obstructing bronchial lumen

MACROSCOPIC

General Features

e Well-circumscribed tumor embedded in lung parenchyma
e White to tan in color without hemorrhage &/or necrosis

Immunohistochemistry

Antibody Reactivity

Vimentin Positive Cytoplasmic
Actin-sm Positive Cytoplasmic
Desmin Positive Cytoplasmic
NSE Positive Cytoplasmic
LEU-7 Positive Cytoplasmic
CD34 Positive Cytoplasmic
CK-PAN Negative

Staining Pattern

Size
e May vary from 1-5 cm in diameter

MICROSCOPIC

Histologic Features

e Well-circumscribed tumor nodule

e Solid and homogeneous cellular proliferation

e FEctatic blood vessels

e Cellular proliferation with clear cytoplasm mimicking fried
egg appearance

Hemangiopericytic pattern

Mucohyaline changes

Mitotic figures are absent

Necrosis and hemorrhage are absent

DIFFERENTIAL DIAGNOSIS

Glomangiosarcoma

e Mitotic figures and cellular pleomorphism are most
important features to separate from glomangioma

e Areas of necrosis and sclerosis may be present

e Infocal areas, more conventional areas of glomangioma are
commonly seen

Leiomyoma

e Shows more spindle cellular proliferation

e Rarely displays prominent ectatic blood vessels

e Both tumors may show similar immunohistochemical
phenotype

Tumor cells are mostly oval or spindled

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Cellular proliferation with clear cell changes admixed with
ectatic blood vessels

e Monotonous appearance of tumor cells with fried egg
appearance

SELECTED REFERENCES

1. Cunningham JD et al: Case report of malignant pulmonary parenchymal
glomus tumor: imaging features and review of the literature. Clin Imaging.
40(1):144-7,2016

2. ChoilH et al: Two cases of glomus tumor arising in large airway: well
organized radiologic, macroscopic and microscopic findings. Tuberc Respir
Dis (Seoul). 76(1):34-7,2014

3. Koss MN etal: Primary pulmonary glomus tumor: a clinicopathologic and
immunohistochemical study of two cases. Mod Pathol. 11(3):253-8, 1998

Comment

In some cases
In some cases
In some cases

In some cases
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(Left) Low-power view of a
pulmonary glomus tumor
shows the well-defined border
of the tumor. Note that the
tumor is not encapsulated,
and, in addition, the tumor
shows a rather homogeneous
cellular proliferation with
dilated spaces [2]. (Right)
Pulmonary glomus tumor
shows classic appearance of a
cellular proliferation
alternating with numerous
ectatic blood vessels
giving an appearance of a
vascular neoplasm.

(Left) The vesselsin a
pulmonary glomus tumor
show prominent edematous
changes in the walls =] Some
of the vessels are compressed
and difficult to recognize as
vascular structures 2> (Right)
In other areas, a glomus tumor
in the lung shows a
predominantly solid growth
pattern with inconspicuous
blood vessels 5] The
uniformity and bland cytologic
appearance of the tumor cell
population are clues for
correct diagnosis.

(Left) Pulmonary glomus
tumor with an extensive
edematous 53] component
distends the alveolar spaces.
Still, one is able to recognize a
dilated vascular structure [=3]
and cluster of tumor cells [2]
(Right) High-power view shows
the edematous component of
a pulmonary glomus tumor.
Although an unusual feature,
extensive edematous 2> areas
may be seen in which the
neoplastic cells can be easily
missed (2]

Glomus Tumor
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Prominent Clear Cells

Glomus Tumor

Nuclear Atypia

Glomus: Glomangiosarcoma

(Left) High-power view of a
pulmonary glomus tumor
shows a cellular proliferation
composed of medium-sized
cells with clear cytoplasm and
fried egg appearance. Note
the absence of nuclear atypia
or mitotic activity. (Right)
High-power view of a more
solid area of a glomus tumor

shows medium-sized cells with

eosinophilic cytoplasm. The
round uniform cells with
centrally placed dark nuclei
are quite distinctive for this
tumor.

(Left) Glomangiosarcoma
shows a more haphazard
growth pattern with
infiltrative borders. In this
case, the tumor is in a central
location growing in lobules of
different sizes [2] adjacent to
a bronchus. (Right) Pulmonary
glomangiosarcoma shows
prominent nuclear atypia and
multinucleated cells 3] These
cytologic features are not seen
in the benign counterpart of a
glomus tumor.

(Left) Pulmonary
glomangiosarcoma shows
transitional areas with a
benign glomus tumor [=]
developing into a malignant
glomus tumor
(glomangiosarcoma) This

feature may be helpfulin

order to properly classify the
tumor as glomangiosarcoma.
(Right) Smooth muscle actin
immunohistochemical stain
shows a strong positive
reaction in the glomus
component and scattered
positive cells in the
glomangiosarcomatous
component.
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Intrapulmonary Thymoma

TERMINOLOGY

e Primary thymic epithelial neoplasm arising from
embryologically displaced elements within lung

CLINICAL ISSUES

e Intraparenchymatous location within lung parenchyma;
central and peripheral

e Incidental finding on chest x-ray in 50% of patients

MACROSCOPIC

e Well-circumscribed tumor surrounded by normal lung
parenchyma

e Gray-white, homogeneous cut surface

e May show areas of hemorrhage and cystic degeneration

MICROSCOPIC

e Well-circumscribed cellular proliferation showing various
admixtures of epithelial cells and lymphocytes
o Lymphocyte-rich thymoma (WHO types B1-B2)
o Epithelial-rich thymoma (WHO type B3)

Lymphocyte-Rich Intrapulmonary

KEY FACTS

o Spindle cell thymoma (WHO types A and AB)

e Epithelial cells in intrapulmonary thymomas are bland with
minimal atypia

e Tumor cells are intimately admixed with small T
lymphocytes in varying proportions

ANCILLARY TESTS

e Neoplastic epithelial cells show positive cytoplasmic
staining for cytokeratins (AE1/AE3, CAM5.2, CK19)

e Neoplastic epithelial cells show strong nuclear positivity for
p63

e Lymphocytes stain asimmature T lymphoblasts (CD1a, CD3,
TdT, and CD99 positive)

e Spindle cells are negative for mesenchymal markers of
differentiation (5100 protein, SMA, desmin, CD34)

e Spindle cells may stain positive for calretinin and Bcl-2

Intrapulmonary Thymoma: Higher

(Left) Scanning magnification
of an intrapulmonary
thymoma shows a well-
circumscribed nodule
composed of densely packed
small lymphocytes [3]
separated from the lung
parenchyma by a band of
connective tissue. (Right)
Higher magnification of an
intrapulmonary thymoma
shows a characteristic biphasic
population of cells with
numerous small T lymphocytes
and scattered larger epithelial
cells with vesicular nuclei 5>
corresponding to a
lymphocyte-rich (WHO B1)
thymoma.

(Left) This intrapulmonary
nodule is composed of sheets
of large epithelioid cells
containing very few scattered
small lymphocytes
corresponding to an atypical
(WHO B3) thymoma. (Right)
Higher magnification from
intrapulmonary atypical
thymoma (WHO B3) shows a
variable population of
epithelial cells with enlarged,
irregular nuclei with a dense
chromatin pattern and
scattered small lymphocytes.

Magnification

s fa
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Intrapulmonary Thymoma

TERMINOLOGY

Definitions

e Primary thymic epithelial neoplasm arising from
embryologically displaced elements within lung

CLINICAL ISSUES

Presentation

e Cough, chest pain
e Incidental finding on chest x-ray in 50% of patients

Prognosis
e Most cases cured with simple surgical excision

IMAGING

General Features

e Location

o Well-circumscribed intraparenchymatous mass
e Size

o 0.5-10.0 cm in greatest dimension

CT Findings
e Absence of mediastinal involvement on CT scans

MACROSCOPIC

General Features

e Well-circumscribed tumor surrounded by normal lung
parenchyma

MICROSCOPIC

Histologic Features

e Well-circumscribed cellular proliferation showing variable
admixture of epithelial cells and lymphocytes
e Lymphocyte-rich thymoma (WHO types B1-B2)

o Sheets of small lymphocytes admixed with scattered,
large, pale epithelial cells with large vesicular nuclei with
prominent nucleoli

o Areas of "medullary” differentiation (lighter areas within
sheets of small lymphocytes)

o Dilated perivascular spaces

o Lobules separated by bands of fibrous tissue on scanning
magnification

e Epithelial-rich thymoma (WHO type B3)

o Sheets of large epithelioid cells with large nuclei showing
prominent chromatin pattern and nucleoli

o Sparse population of scattered small lymphocytes
admixed with epithelial cells

o Epithelial cells show sharp cell borders with areas of early
or abortive squamous differentiation

o Abundant perivascular spaces

e Spindle cell thymoma (WHO types A and AB)

o Sheets of oval to spindle cells with minimal or no
cytologic atypia or mitotic activity

o Spindle cells may adopt fascicular, storiform,
herringbone, or hemangiopericytic growth pattern

o Sparse population of small lymphocytes admixed with
spindle cells

o Spindle cells may be seen surrounding occasional gland-
like spaces

Cytologic Features

e Epithelial cells in most intrapulmonary thymomas are bland
with minimal atypia

e Tumor cells are intimately admixed with small T
lymphocytes in varying proportions

ANCILLARY TESTS

Immunohistochemistry

e Neoplastic epithelial cells show positive cytoplasmic
staining for cytokeratins (AE1/AE3, CAM5.2, CK19)

e Neoplastic epithelial cells show strong nuclear positivity for
p63

e Lymphocytes stain as immature T lymphoblasts (CD1a, TdT,
and CD99 positive)

e Spindle cells are negative for mesenchymal markers of
differentiation (5100 protein, SMA, desmin, CD34)
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DIFFERENTIAL DIAGNOSIS

Lymphoblastic Lymphoma

e Sheets of lymphocytes with starry-sky appearance can be
seen in both

e Positivity of small lymphocytes for TdT, CD3, and CD99 can
be seenin both

e Lymphoma will be negative for cytokeratin stains

e Molecular studies will not show any gene rearrangements
of T-cell receptors in thymoma

Well-Differentiated Squamous Cell Carcinoma

e Squamous cell carcinoma shows more prominent
keratinization and cytologic atypia

e Lymphocytesin squamous cell carcinoma are of B-cell type
rather than T lymphocytes

e Lobulation and perivascular spaces favor thymoma over
squamous cell carcinoma

Sarcomatoid (Spindle Cell) Carcinoma

e Usually shows more pronounced cytologic atypia and
mitotic activity than spindle cell thymoma

e |acksimmature T-lymphocytic component

e Negative for p63

Intrapulmonary Solitary Fibrous Tumor

(Hemangiopericytoma)

e Prominent hemangiopericytic growth pattern can be seen
in both

e Tumor cells are negative for cytokeratin stains and p63 and
positive for CD34, Bcl-2 and STAT6

SELECTED REFERENCES

1. IshibashiF et al: Differential diagnosis of primary intrapulmonary thymoma: a
report of two cases. Surg Case Rep. 1(1):56, 2015

2. Myers PO et al: Primary intrapulmonary thymoma: a systematic review. Eur J
Surg Oncol. 33(10):1137-41, 2007

3. Moran CA et al: Primary intrapulmonary thymoma. A clinicopathologic and
immunohistochemical study of eight cases. Am J Surg Pathol. 19(3):304-12,
1995
James CL et al: Intrapulmonary thymoma. Histopathology. 21(2):175-7, 1992

5. Fukayama M et al: Pulmonary and pleural thymoma. Diagnostic application
of lymphocyte markers to the thymoma of unusual site. Am J Clin Pathol.
89(5):617-21,1988
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(Left) Scanning magnification
of intrapulmonary thymoma
of lymphocyte-rich type (WHO
B1) shows a dense population
of small lymphoid cells sharply
separated from the
surrounding lung parenchyma
by a thin fibrous capsule
(Right) Higher magnification
of an intrapulmonary
lymphocyte-rich thymoma
shows a large cell with a
vesicular nucleus and
prominent eosinophilic
nucleolus 53] corresponding to
a neoplastic thymic epithelial
cell. Notice the large number
of surrounding small
lymphocytes.

(Left) Example of an
intrapulmonary thymoma of
lymphoepithelial type (WHO
B2) shows an approximately
even admixture of small
lymphocytes and neoplastic
thymic epithelial cells. (Right)
Immunohistochemical staining
of a lymphocyte-rich
intrapulmonary thymoma for
cytokeratin AE1/AE3 shows
scattered keratin(+) (dark
brown) cells corresponding to
the neoplastic thymic
epithelial cells. Notice the
abundance of nonreactive
small lymphocytes in the
background.

(Left) Intrapulmonary spindle
cell thymoma is composed of
cells with slender nuclei with a
scattered chromatin pattern
and a scant rim of amphophilic
cytoplasm. Notice the absence
of small lymphocytes,
cytologic atypia, or mitotic
activity. (Right)
Immunohistochemical staining
of an intrapulmonary spindle
cell thymoma for p63 antigen
shows nuclear positivity in the
spindle cells. p63 is a sensitive
(although nonspecific) marker
for thymic epithelial cells.

Intrapulmonary Thymoma

Lymphocyte-Rich Intrapulmonary
Thymoma

Thymic Epithelial Cells

-

AE1/AE3 Cytokeratin Immunostaining
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Intrapulmonary Atypical Thymoma

Intrapulmonary Thymoma

Lobulation in Atypical Thymoma
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(Left) Scanning magnification

! of an intrapulmonary atypical
| thymoma (WHO B3) shows
sheets of large epithelioid cells

separated from the

1 surrounding lung parenchyma.
1 (Right) /ntrapulmonary
| atypical thymoma shows

striking lobulation with large
nodules of epithelial cells
separated by broad bands of

2| fibrous connective tissue.

Preservation of the lobular

| architecture is one of the
organotypical features of the
| thymus that distinguishes

| atypical thymoma (WHO B3).

(Left) High magnification of an
intrapulmonary atypical
thymoma shows sheets of
round to polygonal epithelial
cells with round to oval nuclei
surrounded by an ample rim of
eosinophilic cytoplasm with
sharp cell borders. The sharp
cell borders give the tumor a
distinctive squamoid
appearance. (Right)
Immunohistochemical staining
of intrapulmonary atypical
thymama with p63 antibody
shows strong nuclear positivity
of the tumor cells for this
marker.

(Left) Immunohistochemical
staining of intrapulmonary
atypical thymoma with broad-
spectrum keratin (AE1/AE3)
shows strong cytoplasmic
positivity of the tumor cells.
(Right) Immunohistochemical
staining of intrapulmonary
atypical thymoma with CD1a
shows a few scattered positive
small lymphocytes in the
background. The
demonstration of CD1a or TdT
(+) immature T lymphoblasts
admixed with the epithelial
cells supports the thymic
derivation of the tumor.
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Pulmonary Paraganglioma

KEY FACTS
TERMINOLOGY e Large round cells with abundant clear cytoplasm
e Primary neuroendocrine lung neoplasm derived from e Elongated cells with spindle nuclei and abundant cytoplasm
ectopic paraganglionic elements e Oncocytic cells with abundant granular eosinophilic
cytoplasm
CLINICAL ISSUES e Foci containing cells with macronuclei or bizarre nuclei but
e Extremely rare tumor in pulmonary location devoid of mitotic activity are common
Solitary, peripheral coin lesion ANCILLARY TESTS

Central, endobronchial lesion o .
Middle-aged adults (40-50 years) e Strong positivity of tumor cells for neuroendocrine-

associated markers, including chromogranin,
synaptophysin, and CD56

Endobronchial lesion may present with obstructive

symptoms .
e Majority of reported cases have been benign ° Sr1] gs(,)t(;) sustentacular cells are seen surrounding tumor cell
WICROSCOPIC DIAGNOSTIC CHECKLIST

e Principal feature is endocrine or organoid growth pattern

e Most common pattern of growth is discrete nests of tumor
cells separated by fibrovascular septa (zellballen pattern)

e Large round or polygonal cells with abundant eosinophilic
cytoplasm

e Histologic features are notoriously unreliable for predicting
biologic behavior

Pulmonary Paraganglioma Zellballen Pattern
(Left) Scanning magnification ARSEED T s Y : s o
of pulmonary paraganglioma oA L e
shows characteristic 5
neuroendocrine architecture
(zellballen pattern) of these
tumors composed of discrete
"nests" of epithelioid cells.
(Right) Higher magnification
of pulmonary paraganglioma
shows a population of tumor
cells with round nuclei and a
stippled chromatin pattern
that is surrounded by an
ample rim of eosinophilic
cytoplasm.

(Left) Higher magnification of
pulmonary paraganglioma
shows one of the distinctive
features of this tumor: Cells
with enlarged, hyperchromatic
nuclei with prominent nucleoli. |
In the absence of associated
mitotic activity, this is
regarded as an example of
endocrine atypia. (Right)
Immunohistochemical stain
for chromogranin-A in
pulmonary paraganglioma
shows cytoplasmic positivity
of the tumor cells.
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Pulmonary Paraganglioma

TERMINOLOGY
Synonyms
e Pulmonary chemodectoma, extraadrenal paraganglioma

Definitions

e Primary neuroendocrine lung neoplasm derived from
ectopic paraganglionic elements

CLINICAL ISSUES

Epidemiology
e Incidence

o Extremely rare tumor in pulmonary location
e Age

o Middle-aged adults (40-50 years)
e Sex

o Male predominance

Presentation

e Solitary, peripheral coin lesion

e Central, endobronchial lesion

e Endocrine symptoms (hypertension, increased serum
norepinephrine, Cushing syndrome)

e Endobronchial lesion may present with obstructive
symptoms (cough, wheezing, dyspnea)

Treatment
e Surgical excision

Prognosis
e Majority of reported cases have been benign

MACROSCOPIC

General Features

e Well-circumscribed intraparenchymatous nodule
e Smooth, well-circumscribed endobronchial lesion

MICROSCOPIC

Histologic Features

e Principal feature is endocrine or organoid growth pattern

e Most common pattern of growth is discrete nests of tumor
cells separated by fibrovascular septa (zellballen pattern)

e Rare cases may show prominent stromal sclerosis

e Foci of necrosis or vascular invasion are only rarely
encountered

e Stroma may be very vascularized with large, ectatic vessels

e Trabecular, microacinar, or ribbon-like growth patterns are
distinctively rare in paraganglioma

Cytologic Features

e Large, round or polygonal cells with abundant eosinophilic
cytoplasm

e Large, round cells with abundant clear cytoplasm

e Elongated cells with spindle nuclei and abundant cytoplasm

e Oncocytic cells with abundant granular eosinophilic
cytoplasm

e Cell nuclei are generally small and contain inconspicuous
nucleoli

e Foci containing cells with macronuclei or bizarre nuclei but
devoid of mitotic activity are common

e Mitoses are rare and usually normal

e Intranuclear cytoplasmic inclusions ("pseudoinclusions”) can
be occasionally identified

e Large cells with abundant cytoplasm and large nuclei
resembling ganglion cells can also be occasionally seen

ANCILLARY TESTS

Frozen Sections

e |Immersion of fresh tissue in Bouin fixative or other picric
acid-containing solution will characteristically turn specimen
brown
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Immunohistochemistry

e Strong positivity of tumor cells for neuroendocrine-
associated markers, including chromogranin,
synaptophysin, and CD56

e 5100 protein-positive sustentacular cells are seen
surrounding tumor cell nests

e Tumor cells contain neurofilament-type intermediate
filaments, but these may be difficult to demonstrate by
immunohistochemistry

e Other peptides that may be expressed by tumor cells
include ACTH, VIP, leu- or met-enkephalins, and calcitonin

Electron Microscopy
e Large cells containing abundant cytoplasmic dense-core
neurosecretory granules

o Dense-core granules are characterized by eccentric halos
imparting them with blister-like appearance

DIFFERENTIAL DIAGNOSIS

Well-Differentiated Neuroendocrine Carcinoma
(Carcinoid Tumor)

e Tumor cells are universally positive for cytokeratins

e S100(+) sustentacular cells may also be present in carcinoid
tumors

e Microacinar, trabecular, or ribbon-like growth patterns
favor diagnosis of carcinoid tumor

Metastatic Paraganglioma to Lung

e Rare event; clinical history of previous tumor is only reliable
means for making this diagnosis

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Histologic features are notoriously unreliable for predicting
biologic behavior

e Diagnosis of malignancy is established based on
documentation of metastases

e Most common differential diagnosis is with pulmonary
"carcinoid" tumor

SELECTED REFERENCES

1. Huang X et al: Primary pulmonary paraganglioma: a case report and review
of literature. Medicine (Baltimore). 94(31):e1271,2015

2. Shibahara J et al: Primary pulmonary paraganglioma: report of a functioning
case with immunohistochemical and ultrastructural study. Am J Surg Pathol.
28(6):825-9, 2004

3. Cerilli LA et al: Neuroendocrine neoplasms of the lung. Am J Clin Pathol. 116
Suppl:S65-96, 2001
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Pulmonary Paraganglioma

(Left) Organoid growth
pattern is the most typical
appearance of a pulmonary
paraganglioma and is
characterized by well-defined
nests of relatively uniform
tumor cells surrounded by
delicate fibrovascular septa
(zellballen pattern). (Right) A
more diffuse, sheet-like y i
growth pattern can R M
occasionally be observed in P ﬁ%@;‘a
pulmonary paraganglioma and [« % = A
is caused by the confluence of N
the nests of tumor cells. Other
areas in the same tumor,
however, display the
characteristic zellballen
pattern.
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(Left) Stromal sclerosis is
another feature that may
sometimes be observed in
pulmonary paraganglioma. It
is characterized by heavy
deposits of dense collagen in
the stroma surrounding the
nests of tumor cells. (Right)
Higher magnification of
pulmonary paraganglioma
with stromal sclerosis shows
heavy deposits of hyalinized
collagen circumscribing
residual islands of tumor cells.
The tumor cells in such cases
tend to become distorted and
often adopt an oval or
spindled appearance.

(Left) Perivascular targetoid
arrangement of tumor cells
may be seen in pulmonary
paraganglioma. The tumor
cells tend to become arranged
concentrically around the
lumen of the vessel walls and
to aggregate in small clusters
that are separated by
collagenized stroma. (Right)
Perivascular hyalinization and
stromal sclerosis are other
features that can be observed
focally in many
paragangliomas as an
expression of degenerative or
involuting changes within the
tumor.
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Pulmonary Paraganglioma

Nucleomegaly

(Left) Characteristic histology
of pulmonary paraganglioma
shows cells with round nuclei
showing a dispersed
chromatin pattern surrounded

4 by an ample rim of granular,
| eosinophilic cytoplasm. (Right)

High magnification of

| pulmonary paraganglioma

shows nucleomegaly, with a
few markedly enlarged,
hyperchromatic nuclei. The
presence of these atypical
nuclei in the absence of
significant or abnormal
mitotic activity has no
prognostic significance.

(Left) An isolated mitotic

| figure is seen in the center of

the field B1in this pulmonary
paraganglioma. Rare mitoses

“~| can be observed in otherwise

benign paragangliomas, and
this feature does not
necessarily correlate with a
more aggressive clinical
behavior. (Right)
Chromogranin stain in
pulmonary paraganglioma
shows diffuse cytoplasmic

1 positivity. Unlike other

"neuroendocrine” neoplasms,

i paragangliomas are almost
| always negative for

cytokeratin stains.

(Left) Immunohistochemical
staining of pulmonary
paraganglioma for S100

| protein shows a network of

"sustentacular"” S100(+) tumor

‘& cells surrounding the tumor

cell "nests." (Right)
Ultrastructural appearance of
a tumor cell in pulmonary
paraganglioma shows multiple
membrane-bound, dense-core
neurosecretory cytoplasmic
granules. Notice the blister-
like appearance of the

| granules caused by retraction

of the membranes and
eccentric location of the dense
cores.
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Pulmonary Meningioma

KEY FACTS
TERMINOLOGY e Whorled pattern
e Primary intrapulmonary meningothelial neoplasm o Spindle cells arranged in subtle storiform pattern
CLINICAL ISSUES ANCILLARY TESTS
e Cough e EMA
e Asymptomatic e Vimentin
e Lobectomy o CK-PAN
e Wedge excision in small tumors o (D34
e Good prognosis in conventional cases e TTF-1
e Aggressive behavior in malignant tumors TOP DIFFERENTIAL DIAGNOSES

MACROSCOPIC

e \/arying tumor size: 1-6 cm
e Well circumscribed
MICROSCOPIC

e Spindle (fibrous meningioma)
e Meningothelial (transitional meningioma)
e Presence of psammoma bodies

Well-differentiated neuroendocrine carcinoma (carcinoid)
Malignant meningioma

Meningothelial-like nodule

Meningotheliomatosis

Solitary fibrous tumor

Spindle cell thymoma

Well-Circumscribed Tumor
S Uk

(Left) Hematoxylin & eosin
section shows a well-
circumscribed
intraparenchymal tumor
replacing the normal lung
parenchyma. (Right)
Meningioma shows
conventional transitional
areas and spindle cell areas.
Note the presence of dilated
ectatic and sclerotic blood
vessels.

(Left) Meningioma shows a
spindle cell proliferation. Note
the absence of nuclear atypia
and mitotic activity. Several
dilated sclerotic blood vessels
are also present &3. (Right)
Predominantly spindle cell
meningioma is shown with
only focal areas of round _
(transitional) meningioma. The : e 1y
tumor lacks nuclear atypia and P4\, 25, 1\
mitotic activity. , in
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Pulmonary Meningioma

TERMINOLOGY

Definitions
e Primary intrapulmonary meningothelial neoplasm

ETIOLOGY/PATHOGENESIS

Etiology

e Previous meningothelial-like nodules

e |n cases where pulmonary meningioma is associated with
other small lesions of same histology

e Pluripotential cells

e Cells capable of undergoing differentiation toward
meningothelial cells

e Heterotopic embryonic rests

e Possible ectopic neuroectodermal tissue in lung

CLINICAL ISSUES
Epidemiology
e Incidence
o Primary pulmonary meningiomas are exceedingly rare
o Only few short series of cases have been reported
o Age
o More common in adults
e Sex
o No gender predilection for pulmonary meningiomas

Presentation

e Asymptomatic

e Cough

e Chest pain

e Shortness of breath

Treatment

e Surgical approaches
o Lobectomy
o Wedge excision in small tumors

Prognosis

e Generally excellent prognosis
e Aggressive behavior in malignant tumors

MACROSCOPIC

General Features

e \/arying tumor size: 1-6 cm
e Well-circumscribed tumor
e Cutsurface is white and homogeneous

MICROSCOPIC

Histologic Features

Presence of psammoma bodies

Whorled pattern of growth

Spindle cells arranged in subtle storiform pattern

Focal areas with presence of foamy macrophages
Mixture of meningothelial "transitional” and spindle cells
Absence of mitotic activity

Necrosis in cases of malignant meningioma

Increased mitotic activity in malignant meningioma
Nuclear atypia and intranuclear inclusions in cases of
malignant meningioma

Predominant Pattern/Injury Type

e Whorled
e Spindle cells

Predominant Cell/Compartment Type

e Meningothelial
e Spindle

DIFFERENTIAL DIAGNOSIS

Well-Differentiated Neuroendocrine Carcinoma

(Carcinoid)

e Usually does not show characteristic whorled pattern

e Presence of psammoma bodies would be unusual for
carcinoid tumors

e Presence of mixed histologies of spindle and transitional
cells is not characteristic of carcinoid tumors

e Meningiomas are negative for neuroendocrine markers,
whereas carcinoid tumors are positive
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Malignant Meningioma

e Increased mitotic activity &/or presence of necrosis and
hemorrhage

e Nuclear atypia and intranuclear inclusions are common

e Similar immunophenotype as conventional pulmonary
meningioma

Meningothelial-Like Nodule

e Usually < 5 mm and may represent incidental finding

e Histology of both lesions is similar

e Similar immunophenotype as conventional pulmonary
meningioma

Meningotheliomatosis

e Characterized by multiple small tumors

e Tumor nodules are < 5 cm in diameter

e Similar immunophenotype as conventional pulmonary
meningioma

Solitary Fibrous Tumor

e Would not show strong positivity for EMA
e STAT6 and CD34 are commonly positive

Spindle Cell Thymoma

e Thymomas are usually positive for keratin

e Thymomas are usually negative for EMA

e Spindle cell thymomas may still show scattered
lymphocytes

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

Whorled pattern

Spindle cell pattern

Mixed spindle and transitional pattern
Psammoma bodies

Lack of mitotic activity

Lack of necrosis

Usually tumor < 3 cm in diameter
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Lung: Neoplasms, Benign

Pulmonary Meningioma

Immunohistochemistry

Antibody Reactivity Staining Pattern

EMA/MUC1 Positive Cell membrane
CK-PAN Positive Cytoplasmic
TTF-1 Positive Nuclear

ER Positive Nuclear

PR Negative

Vimentin Positive

CK5/6 Negative

STAT6 Negative

p40 Negative

p63 Negative

S100 Negative

CD31 Negative

CD34 Negative

(-catenin Negative

Bcl-2 Negative

pax-8 Negative

Ki-67 Positive Nuclear

Histochemical Features

Comment
Diffuse
Focalin few cases
In some cases

In some cases

May show focal positive staining in fibrous meningiomas

Varies from scattered positive cells to > 5% in cases of
malignant meningioma

Stain Result

PAS Negative
PAS-D Negative
Mucicarmine Negative

Molecular Features

GRADING

Malignant Meningioma

e Presence of increased mitotic activity &/or necrosis and
hemorrhage

SELECTED REFERENCES
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3. ChiarelliM et al: An incidental pulmonary meningioma revealing an
intracranial meningioma: primary or secondary lesion? Ann Thorac Surg.
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4. Weissferdt A et al: Pleuropulmonary meningothelial proliferations: evidence
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Pulmonary Meningioma

Transitional Meningioma

B TV A ; (Left) Hematoxylin & eosin

: : section shows a vague nested

pattern separated in some
areas by fibrocollagenous
tissue. The tumor shows a
homogeneous growth pattern
without areas of necrosis or
hemorrhage. (Right)
| Hematoxylin & eosin section
*/ shows a characteristic
| whorled pattern of growth.
Tumor cells are separated in
small nests by thin
fibrocollagenous tissue. The
cellular proliferation is fairly
homogeneous. Areas of
necrosis are absent.
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Presence of Collagen
* % A

Small Vessel Proliferation

pries, o =

(Left) This pulmonary
meningioma shows extensive
areas of collagenization
which can be misinterpreted
as true mesenchymal
neoplasms. Such areas are
uncommon and are more
often seen in fibrous
meningiomas. (Right)
Hematoxylin & eosin section
shows a more prominent

spindle cell component with a
| proliferation of small ectatic
vessels This growth
pattern may suggest a true
mesenchymal tumor. Still,
nuclear atypia and mitotic
activity are absent.

Y (Left) Hematoxylin & eosin
L1 section shows a characteristic
whorled pattern with the
presence of psammoma bodies
[Zltoward the periphery of
i the tumor. In some cases, the
| presence of these
calcifications may be focal or
numerous. (Right)
% Hematoxylin & eosin section
"_ shows a high-power view of an
| intrapulmonary meningioma
with a homogeneous growth
« pattern composed of rather

1 small oval cells. Note the
| absence of mitotic activity or
4 nuclear pleomorphism.
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Pulmonary Meningioma

(Left) Hematoxylin & eosin
section shows a fibrous
meningioma composed of
spindle cells arranged in a
vague storiform pattern. In
some focal areas, it is still
possible to identify
transitional areas [3] (Right)
Hematoxylin & eosin section
shows a fibrous meningioma
composed of spindle cells
admixed with collagen fibers.
Note the absence of nuclear
atypia or mitotic activity. Still,
in some areas, a hint of more
conventional transitional
areas is visible =
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(Left) Hematoxylin & eosin
section shows a fibrous
meningioma with focal areas
of transitional meningioma
and a characteristic whorled
pattern [=] The pattern is
reminiscent of a neural tumor.
(Right) Hematoxylin & eosin
section shows a high-power
view of a fibrous meningioma
displaying a pattern
reminiscent of a neural tumor.
The cellular proliferation is
homogeneous and lacks
mitotic activity and nuclear
atypia.

(Left) Pulmonary meningioma
with a spindle cell
proliferation is admixed with
inflammatory reaction
composed mainly of
lymphocytes [2] These
features may be misleading
for an inflammatory reaction;
however, more conventional
areas [3/are also present.
(Right) H&E toward the
periphery of a fibrous
meningioma shows more
conventional areas of
transitional meningioma with
the presence of psammoma
bodies [=] These areas are
classic for the diagnosis of
pulmonary meningioma.
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Pulmonary Meningioma

(Left) Meningioma shows
extensive areas of

4 fibroconnective tissue. The

tumor cells dissect the

| collagenous tissue. In this

| field, there is no nuclear atypia
| or mitotic activity. (Right)

| Malignant meningioma shows
| transitional meningioma areas

admixed with areas of clear
cell change. However, no
mitotic activity or nuclear

| atypia is present.

(Left) Malignant meningioma
shows mixed areas of
transitional meningioma and a
clear cell component. The

._ clear cell component shows

mild nuclear atypia. Mitosis is
not present. (Right) Malignant
meningioma shows prominent

“| clear cell changes. There is

mild to moderate nuclear

| atypia, but mitotic activity is

not present.

(Left) Malignant meningioma
shows areas of rosette-like
formation and neurophil-like
areas. Note some cells with

intranuclear inclusions B and

mild nuclear atypia. (Right)
Malignant meningioma shows
a proliferation of cells with

»| nuclear atypia, intranuclear

inclusion, and mitotic activity
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Minute Pulmonary Meningothelial-Like Nodule

e Lesions may be microscopic (1-2 mm) or measure up to 1

c KEY FACTS

2

c

e ETIOLOGY/PATHOGENESIS MICROSCOPIC

ﬂé" e Believed to arise from rests displaced in lung during e |ll-defined, focal accumulation of oval or epithelioid cells in

2 embryogenesis pulmonary interstitium

= e Distributed interstitially alongside small veins e Oval or epithelioid cells tend to focally adopt whorled

) e Often found in association with pulmonary thromboemboli appearance

pd

5 CLINICAL ISSUES T

= \ cmin diameter

3 ® Usually asymptomatic o ‘ - e Lesions may be seen in close proximity of vessels

e Can present with diffuse, symptomatic, bilateral interstitial e Cells are oval or epithelioid and surrounded by ample rim of
lung infiltrates (diffuse pulmonary meningotheliomatosis) eosinophilic cytoplasm with indistinct cell borders

® Lesions most often represent incidental finding of no e Cells contain small, centrally placed nuclei devoid of mitotic
clinical significance activity

e Foundincidentally in lungs resected for other reasons, e Nuclei may contain intranuclear cytoplasmic inclusions
particularly lung adenocarcinoma

IMAGING ANCILLARY TESTS

o ) i e Tumor cells are positive for vimentin and EMA

° Can.present as randomly distributed micronodules on thin- e Cells contain long, branching, interdigitating cytoplasmic

section CT cell processes joined by numerous desmosomes
Spindle Cell Nodule
(Left) Scanning magnification (s & oo
of a minute pulmonary

meningothelial-like nodule
shows well-circumscribed
proliferation of epithelioid
cells that are sharply
separated from the
surrounding lung parenchyma &
3] (Right) High magnification
of a minute pulmonary :
meningothelial-like nodule
shows clusters and islands of
round to oval cells with
abundant eosinophilic
cytoplasm displaying
characteristic whorling effect
1=,

(Left) Higher magnification of
a minute pulmonary
meningothelial-like nodule of
the lung shows a solid cluster
of cells with a concentric
arrangement. The cells are
devoid of cytologic atypia.
(Right) Higher magnification
of a minute pulmonary
meningothelial-like nodule of
the lung shows cells with
round to oval nuclei with
indistinct cytoplasm that
contain numerous clear
intranuclear cytoplasmic
pseudoinclusions.
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Minute Pulmonary Meningothelial-Like Nodule

TERMINOLOGY
Abbreviations
e Minute pulmonary meningothelial-like nodule (MMN)
Synonyms
e Minute pulmonary chemodectoma
Definitions

e Small, intrapulmonary nodules composed of cells bearing
histologic, immunohistochemical, and ultrastructural
features of meningothelial cells

ETIOLOGY/PATHOGENESIS

Developmental Anomaly

e Believed to arise from rests displaced in lung during
embryogenesis

e Distributed interstitially alongside small veins

e Often found in association with pulmonary thromboemboli

Pathogenesis

e May result from clonal expansion as shown by amplification
of X-linked human androgen receptor gene (HUMARA
assay)

CLINICAL ISSUES

Presentation

e Usually asymptomatic

e Foundincidentally in lungs resected for other reasons,
particularly lung adenocarcinoma

e May present with progressive shortness of breath

e (Can present with diffuse, symptomatic, bilateral interstitial
lung infiltrates (diffuse pulmonary meningotheliomatosis)

IMAGING
CT Findings

e (Can present as randomly distributed micronodules on thin-
section CT

MACROSCOPIC
General Features
e Usually incidental microscopic finding
Size
e 1-3mm
e Inrare instances, may reach up to 1 cmin greatest diameter

MICROSCOPIC

Histologic Features

o |ll-defined, focal accumulation of oval or epithelioid cells in
pulmonary interstitium

e Oval or epithelioid cells tend to focally adopt whorled
appearance

e Lesions may be microscopic (1-3 mm) or measure up to 1
cm in diameter

e Lesions may be seenin close proximity of vessels

Cytologic Features

e Cells are oval or epithelioid and surrounded by ample rim of
eosinophilic cytoplasm with indistinct cell borders

e Cells contain small, centrally placed nuclei devoid of mitotic
activity
e Nuclei may contain intranuclear cytoplasmic inclusions

ANCILLARY TESTS

Immunohistochemistry

e Tumor cells are positive for vimentin and EMA

e Tumor cells may also react with antibodies to progesterone
receptors

e Tumor cells are generally negative for neuroendocrine
markers, S100 protein, cytokeratins, and other
differentiation markers

Electron Microscopy

e Cells contain long, branching, interdigitating cytoplasmic
cell processes joined by numerous desmosomes
e Cells contain no evidence of neurosecretory granules

Mutational Analysis

e |oss of heterozygosity affecting up to 3 genomic loci has
been demonstrated in up to 25% of single case reports

e Loss of heterozygosity affecting multiple loci (> 7) has been
demonstrated in cases with multiple disseminated lesions

DIFFERENTIAL DIAGNOSIS

Neuroendocrine Pulmonary "Tumorlet"

e Cells tend to be round with "salt and pepper" nuclear
chromatin pattern

e Does not display whorling pattern of growth

e Cells positive for chromogranin and synaptophysin and
negative for EMA

Lymphangioleiomyomatosis

e Spindle cells usually have rim of clear cytoplasm

e Spindle cells usually line walls of dilated cysts

e Spindle cells positive for HMB-45 and negative for EMA

Metastatic Carcinoma

e Usually shows striking lymphangitic rather than interstitial
distribution

e Marked cytologic atypia, nuclear pleomorphism, and
mitotic activity

e Strong cytokeratin positivity

SELECTED REFERENCES

1. Weissferdt A et al: Pleuropulmonary meningothelial proliferations: evidence
for a common histogenesis. Am J Surg Pathol. 39(12):1673-8, 2015

2. Mizutani E et al: Minute pulmonary meningothelial-like nodules:
clinicopathologic analysis of 121 patients. Hum Pathol. 40(5):678-82, 2009

3. SusterS et al: Diffuse pulmonary meningotheliomatosis. Am J Surg Pathol.
31(4):624-31,2007

4. lonescu DN et al: Pulmonary meningothelial-like nodules: a genotypic
comparison with meningiomas. Am J Surg Pathol. 28(2):207-14, 2004

5. Kuroki M et al: Minute pulmonary meningothelial-like nodules: high-
resolution computed tomography and pathologic correlations. J Thorac
Imaging. 17(3):227-9, 2002

6.  Sellami D et al: Minute pulmonary meningothelial-like nodules: thin-section
CT appearance. J Comput Assist Tomogr. 25(2):311-3, 2001

7. NihoSetal: Immunohistochemical and clonal analysis of minute pulmonary
meningothelial-like nodules. Hum Pathol. 30(4):425-9, 1999
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Minute Pulmonary Meningothelial-Like Nodule

Minute Meningothelial Nodule

e e

(Left) Scanning magnification
of a minute pulmonary
meningothelial-like nodule
shows a discrete, well-
circumscribed area of
consolidation adjacent to a
small bronchiole that is
sharply delineated from
surrounding pulmonary
parenchyma 3. (Right) Higher
magnification of a minute
pulmonary meningothelial-like
nodule shows a cluster of oval
epithelioid cells with an
indistinct rim of eosinophilic
cytoplasm adopting a
concentric arrangement
("whorling") of the tumor
cells.

lusters
(Left) Minute pulmonary a4
meningothelial-like nodule .
shows thickening of alveolar
septa by the proliferating
meningothelial cells with
compression of the airspaces
and cuffing of small vessels by
tumor cells. (Right) Higher
magnification of a minute
pulmonary meningothelial-like
nodule shows small clusters of
oval cells with abundant
eosinophilic cytoplasm located
in the interstitium of the
alveolar septa. The cells
closely resemble the pia-
arachnoid cells in the brain.

Perivascular Distribution

e ; T

(Left) Minute pulmonary
meningothelial-like nodule
shows distinct perivascular
distribution with concentric
arrangement of the
meningothelial cells around
the lumen of a dilated,
medium-sized blood vessel.
(Right) Diffuse pulmonary
meningotheliomatosis shows
multiple small, discrete
nodules composed of clusters
of meningothelial cells
scattered throughout the lung
parenchyma 2] The lesions in
this condition are usually
diffuse, bilateral, and
symptomatic.
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Minute Pulmonary Meningothelial-Like Nodule

(Left) Minute pulmonary
meningothelial-like nodule
shows small aggregates of
uniform, oval to spindle cells.
The cells in these nodules are
indistinguishable from those
| seen in intracranial

| meningiomas. (Right) Higher
magnification of a minute
pulmonary meningothelial-like
nodule shows cells with oval
nuclei and a dense chromatin
pattern surrounded by an

| indistinct rim of eosinophilic
cytoplasm. Occasional
intranuclear cytoplasmic
inclusions are seen [=]
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(Left) High magnification
shows an isolated focus of a
minute pulmonary
meningothelial-like lesion
involving the alveolar wall 5]
The cluster of meningothelial
cells is minute and composed

1 of about a dozen cells that

. form a tight cluster that
expands and dilates the
alveolar septum. (Right)
Immunohistochemical staining
of a minute pulmonary
meningothelial-like nodule
shows a continuous layer of
cytokeratin-positive alveolar
cells lining collapsed alveolar
1 walls.

| (Left) Immunohistochemical

¢| staining of a minute

«| pulmonary meningothelial-like
nodule for EMA shows positive
staining of alveolar cells lining
the airspaces as well as strong
positivity of the spindle and

| oval cells lying within the
interstitium for this antibody
> (Right)
Immunohistochemical staining
of a small pulmonary

N meningothelial-like nodule

| shows strong, positive

| cytoplasmic staining of the
clusters of meningothelial

| cells with vimentin antibodies.
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Granular Cell Tumor

KEY FACTS

TERMINOLOGY

e Granular cell tumor (GCT)
o Benign neoplasm composed of medium-sized cells with
prominent granular cytoplasm
o Malignant counterpart shows similar histology but with
nuclear atypia and mitotic activity
e Synonym: Myoblastoma

ETIOLOGY/PATHOGENESIS

e More recently suggested as neural origin for these tumors
o Still no universal agreement
e Uncertain histogenesis

CLINICAL ISSUES

e Complete surgical resection
e Excellent prognosis in benign cases
e Malignant GCT behaves aggressively
e Common symptoms include

o Cough

Bronchial Granular Cell Tumor

(Left) Low-power view shows %,

a granular cell tumor growing
in an endobronchial location.
Note the homogeneous
pattern of growth. (Right)
High-power view of a granular
cell tumor shows the
characteristic granular
cytoplasm with a small round
nucleus. No necrosis or mitotic
activity is present.

(Left) Granular cell tumor of (a7 ™
the lung shows areas in which f :
the tumor cells (granular cells) ‘
appear to interface with
normal lung parenchyma.
Note that the tumor appears
not well demarcated or
encapsulated. (Right) High-
power view of a granular cell
tumor shows cells with

nuclei. The tumor lacks mitotic E
activity or significant nuclear
atypia.

Tumor Merging With Lung Par

Dyspnea

Hemoptysis

Wheezing

Patients may also be asymptomatic

MACROSCOPIC

e Central tumor, often endobronchial
e Size of tumors varies from 1-5 cm in diameter

TOP DIFFERENTIAL DIAGNOSES

e Melanoma
o HMB-45 and Melan-A are negative in GCT
e Neurogenic sarcoma
e Carcinoma
o Carcinomas generally show positive staining for
epithelial markers (keratins, EMA), whereas GCTs are
negative
e Neuroendocrine carcinoma (carcinoid tumor)

O O O

[e]

Residual Endobronchial Glands
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Granular Cell Tumor

TERMINOLOGY
Abbreviations
e Granular cell tumor (GCT)
Synonyms
e Myoblastoma
Definitions

e Benign neoplasm composed of medium-sized cells with
prominent granular cytoplasm

e Malignant counterpart shows similar histology but with
nuclear atypia and mitotic activity

ETIOLOGY/PATHOGENESIS

Etiology

e Uncertain histogenesis
o Recently, neural origin has been suggested

CLINICAL ISSUES

Presentation

e Cough
Dyspnea
Hemoptysis
Wheezing
Asymptomatic

MACROSCOPIC

General Features

Central tumor, often endobronchial

Tumors are firm and tan in color

Size of tumors varies from 1-5 cm in diameter

Polypoid tumor obstructing airway

Coin lesion, less common

Necrosis &/or hemorrhage are signs of aggressive behavior

MICROSCOPIC

Histologic Features

e In benign tumors
o Medium-sized cells

Immunohistochemistry

Antibody Reactivity

S100 Positive Cytoplasmic
NSE Positive Cytoplasmic
Actin-sm Positive Cytoplasmic
LEU-7 Positive Cytoplasmic
Cathespin-B Positive Cytoplasmic
Vimentin Positive Cytoplasmic
Chymotrypsin Positive Cytoplasmic
CD68 Positive Cytoplasmic
CK-PAN Negative

Desmin Negative

Staining Pattern

o Small nuclei with inconspicuous nucleoli

o Absence of mitotic activity

o Absence of hemorrhage or necrosis

o Infiltration in peribronchial lymph nodes may be seen
e In malignant tumors

o Necrosis and hemorrhage are commonly seen

o Medium-sized cells with round nuclei and prominent

nucleoli
o Mitotic figures commonly encountered
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DIFFERENTIAL DIAGNOSIS

Melanoma

e Cellular pleomorphism is more common in melanomas
e HMB-45 and Melan-A negative in GCT

Acinic Cell Carcinoma

e Acinic cell carcinoma (ACC) is positive for keratin
e PAS s strongly positive in ACC
e ACC shows negative staining for S100 protein

Bronchial Neuroendocrine Carcinoma (Carcinoid
Tumor)

e Neuroendocrine (NE) neoplasms will show positive staining
for NE markers
o Chromogranin (+)
o Synaptophysin (+)
o CD56(+)
e GCT will show strong cytoplasmic staining for S100 protein

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Cytoplasmic features

e Mitotic rate

Pathologic Interpretation Pearls

e Granular cellular proliferation with absence of mitotic
activity and nuclear atypia

SELECTED REFERENCES

1. Deavers M et al: Granular cell tumors of the lung. Clinicopathologic study of
20 cases. Am J Surg Pathol. 19(6):627-35, 1995

Comment

Strong

Although positive, it is not specific

May be positive, thus notion of muscle origin
Variable intensity

In some cases

Although positive, it is not specific

In some cases with variable staining intensity
Moderate staining in some cases
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Granular Cell Tumor

Small Granular Cell Tumor

(Left) Granular cell tumor is
seen with small clusters of
tumor cells just beneath the
respiratory epithelium. No
epithelial component is
present in the tumor. (Right)
Granular cell tumor is growing
focally in a polypoid fashion.
Still, one can identify intact
respiratory epithelium 53 and
also some uninvolved
bronchial glands B2 scattered
among the tumor.

Granular Cell Tumor Sparing Normal
Glands

(Left) Granular cell tumor of i
the lung shows a mixture of
normal endobronchial glands
and granular cells [2] It is
important to note that the
tumor does not destroy the
normal endobronchial glands.
(Right) Extensive areas of
hemorrhage and islands of
granular cell tumor are shown.
The appearance is that of a
neuroid neoplasm, and the
cells have light eosinophilic to
clear cytoplasm.

Bone

(Left) Granular cell tumor is
seen growing in cords
dissecting strands of
fibroconnective tissue. In
addition, focal metaplastic
bone formation is present [=]
(Right) Granular cell tumor
shows perineural involvement
This feature is unusual and
should not be considered a
feature of malignancy. Notice
that the cellular proliferation
does not show features of
atypia.

Polypoid Granular Cell Tumor

Granular Cell Tumor With Areas of
Hemorrhage
TP,

Granular Cell Tumor With Neural
Involvement
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Granular Cell Tumor

=
Granular Cell Tumor With Squamous Granular Cell Tumor With Inflammatory 5
Metaplasia Reaction Q
. (Left) Granular cell tumor is %
shown growing along 2
bronchial glands with YR
squamous metaplasia 3] One g
important feature of a o
granular cell tumor is the w
pattern of growth with L
sparing of the bronchial fr=y
2

glands. (Right) Granular cell
tumor shows focal
inflammatory changes. In
general, inflammatory
changes are not common in
granular cell tumors. Most
granular cell tumors are fairly
uniform tumors with a
monotonous, homogeneous
appearance.

Granular Cell Tumor With Nodal Granular Cell Tumor With Nodal
Involvement Involvement

(Left) /ll-defined granular cell
tumor is shown growing
adjacent to lymphoid tissue
31 Granular cell tumors
characteristically are not
encapsulated and many times
have infiltrative borders.
(Right) Closer view shows a
granular cell tumor infiltrating
a lymph node. This feature,
although rare, occurs in some
otherwise benign cases due to
the ill-defined borders of the
tumor. Note the presence of
anthracotic pigment in the
lymph node B3.

Malignant Granular Cell Tumor Mitosis in Malignant Granular Cell Tumor

=y - X, T ST
Q_ L 11 [Tl Sl ¥

(Left) Malignant granular cell
tumor shows extensive areas
of necrosis 5] The presence of
necrosis is generally a sign of
aggressiveness. In addition,
such a feature should prompt
a closer examination of the
cellular proliferation. (Right)
Hematoxylin & eosin staining
shows a malignant granular
cell tumor in which the
cytologic atypia is marked. In
addition, mitotic figures are
easily identifiable B3 These
features are the ones that
separate benign from
malignant tumors.
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Sclerosing Hemangioma (Pneumocytoma)

TERMINOLOGY
e Pneumocytoma

ETIOLOGY/PATHOGENESIS

e Tumor appears to have pneumocytic differentiation, yet
histogenesis remains unclear

CLINICAL ISSUES

e Incidence
o More common among women
o Tumor is more common in 4th and 5th decades of life

MACROSCOPIC

e Well circumscribed but not encapsulated
o More often peripheral tumor
o Rarely central tumor

MICROSCOPIC
e Biphasic
e Solid

Macroscopic Features

(Left) Gross photograph of
sclerosing hemangioma (SH)
shows a well-circumscribed
intrapulmonary tumor mass
B3, The tumor has been
bisected and shows a fleshy,
focally hemorrhagic surface.
(Right) SH shows dilated
vascular spaces EX filled with
blood, giving the appearance
of a true vascular tumor.

(Left) SH (pneumocytoma) of
the lung shows a pattern that
can be easily confused for a
vascular neoplasm of the lung. §
The fibrocollagen has split
giving the impression of
vascular channels. (Right) SH
(pneumocytoma) shows more
typical papillary areas with
subtle sclerotic changes.

KEY FACTS

Papillary

Sclerotic

Hemorrhagic

Combination of patterns more often present in same
tumor

TOP DIFFERENTIAL DIAGNOSES

e Papillary carcinoma
o Sclerosing hemangioma (SH) lacks nuclear atypia &/or
increased mitotic activity
o Presence of biphasic cellular population characteristic of
SH
e Mesothelioma
o SHis positive for TTF-1, while mesotheliomas are
negative
o SHis generally intraparenchymal tumor rather than
pleural based
o Keratin 5/6 is generally negative in SH

Hemorrhagic Areas

Papillary Areas
"J-v,:. ‘;‘{r z =
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Sclerosing Hemangioma (Pneumocytoma)

TERMINOLOGY
Abbreviations
e Sclerosing hemangioma (SH)
Synonyms
e Pneumocytoma
Definitions
e Benign neoplasm of pneumocyte derivation

ETIOLOGY/PATHOGENESIS

Histogenesis

e Tumor appears to have pneumocytic differentiation, yet
histogenesis remains unclear

CLINICAL ISSUES

Epidemiology
e Incidence

o Tumor of rare occurrence
o Age

o 4th or 5th decade of life
® Sex

o More common among women

Presentation

e Asymptomatic
Cough

Chest pain
Hemoptysis

Treatment
e Surgical approaches

o Complete surgical resection
Prognosis

e Excellent
e In unusual cases, tumor metastasizes to lymph nodes

IMAGING

General Features

e Well-demarcated, single intrapulmonary mass
o More common peripheral tumor
e Unusual cases may present with > 1 pulmonary mass

MACROSCOPIC

General Features

e Well circumscribed but not encapsulated
o More often peripheral tumor; rarely central location
o Tumors with > 1 single tumor mass have been described,
but they are rare
Size
e 1-8 cmin diameter

MICROSCOPIC

Histologic Features

e Solid
e Papillary

Sclerotic

Hemorrhagic

Calcifications

Multinucleated giant cell may be present

Mitotic activity is unusual

Combination of patterns often present in same tumor

Cytologic Features

e Small cells with hobnail nuclei lining papillary structures
e Monotonous population of round/polygonal cells with clear
cytoplasm in solid areas

DIFFERENTIAL DIAGNOSIS

Papillary Carcinoma

e Marked nuclear atypia &/or increased mitotic activity

e Presence of biphasic cellular population is characteristic of
SH

e Carcinoma and SH show positive staining for similar
markers, including keratin and TTF-1

e Increased proliferative activity (1T Ki-67 stain)

Mesothelioma

e Would be unusual for mesothelioma to present with
intrapulmonary mass

e Generally negative for TTF-1

e SH may show different growth patterns in same tumor

e (alretinin and CK5/6 are usually negative in SH and positive
in mesotheliomas

Inflammatory Pseudotumor

e Usually shows presence of prominent inflammatory
component based on plasma cells

o Generally negative for TTF-1

e Presence of dual cell population seen in SH is not presentin
inflammatory pseudotumor (IPT)

e ALK1 may be seen positive in IPT and negative in SH

Metastatic Papillary Carcinoma of Thyroid

e Both thyroid carcinoma and SH show positive staining for
TTF-1

e SHis negative for thyroglobulin, while thyroid carcinoma is
positive

e History of thyroid neoplasm or thyroid mass is very helpful

Adenocarcinoma

e SHand adenocarcinoma may show positive staining for TTF-
1 and NAPSIN-A

e Adenocarcinoma will show more glandular pattern

e Adenocarcinoma may show more nuclear atypia and
mitotic activity

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Biphasic cellular proliferation composed of cuboidal cells
and stromal (pale) cells

SELECTED REFERENCES

1. Kim MK et al: Bone metastasis in pulmonary sclerosing hemangioma. Korean
JIntern Med. 30(6):928-30, 2015

2. Shin Sy et al: Pulmonary sclerosing pneumocytoma of the lung: CT
characteristics in a large series of a tertiary referral center. Medicine
(Baltimore). 94(4):e498, 2015
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Lung: Neoplasms, Benign

Sclerosing Hemangioma (Pneumocytoma)

Immunohistochemistry

Antibody Reactivity

Staining Pattern

EMA/MUC1 Positive Cytoplasmic

TTF-1 Positive Nuclear

NAPSIN-A Positive Cytoplasmic

[-catenin Positive Cell membrane and
cytoplasm

CK-PAN Positive Cytoplasmic

CK-LMW-NOS Positive Cytoplasmic

CK7 Positive Cytoplasmic

SURFACTANT Positive Cytoplasmic

Clara cell antigen Positive Cytoplasmic

5100 Positive Cytoplasmic

CEA-M Positive Cytoplasmic

p40 Positive Nuclear

p63 Positive Nuclear

CD31 Negative

CD34 Negative

ERG Negative

Desmin Negative

Calretinin Negative

CK5/6 Negative

Actin-sm Negative

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Ultrastructural Features

Papillary Areas
Pneumocytes type Il

Lamellated surfactant bodies

Microvilli

Desmosomes

Basal lamina

Clara cell differentiation may be present

Dense granules of lysosomal or lamellar appearance

3. XuHMetal:Arare case of pulmonary sclerosing hemagioma with lymph
node metastasis and review of the literature. Int J Clin Exp Pathol. 8(7):8619-
23,2015

4. Lin XY etal: In pulmonary sclerosing hemangioma expression of 3-catenin,
Axin, and C-myc differs between the two cell types. Virchows Arch.
461(1):59-65, 2012

5. Kalhor N et al: So-called sclerosing hemangioma of lung: current concept.
Ann Diagn Pathol. 14(1):60-7, 2010

6. Khoury JD et al: Cystic sclerosing haemangioma of the lung. Histopathology.
43(3):239-43,2003

A

Comment
Stromal and cuboidal cells

Stromal and cuboidal cells
Stromal cells
Stromal and cuboidal

Weak and focal in stromal cells

Usually negative or weakly positive in stromal cells
Usually negative in stromal cells

Cuboidal cells

Cuboidal cells

In some cases

In some cases

In cuboidal cells in some cases

In cuboidal cells in some cases

May show focal staining in some cases

May show focal positivity

Negative

Negative

Stromal Areas
Microvillus process

Numerous lysosomes

Devouassoux-Shisheboran M et al: A clinicopathologic study of 100 cases of
pulmonary sclerosing hemangioma with immunohistochemical studies: TTF-
1is expressed in both round and surface cells, suggesting an origin from
primitive respiratory epithelium. Am J Surg Pathol. 24(7):906-16, 2000
Moran CA et al: Sclerosing hemangioma of the lung. Granulomatous variant.
Arch Pathol Lab Med. 118(10):1028-30, 1994

Katzenstein AL et al: Sclerosing hemangioma of the lung: a clinicopathologic
study of 51 cases. Am J Surg Pathol. 4(4):343-56, 1980

Kennedy A: "Sclerosing haemangioma" of the lung: an alternative view of its
development. J Clin Pathol. 26(10):792-9, 1973

. Liebow AA et al: Sclerosing hemangioma (histiocytoma, xanthoma) of the

lung. Cancer. 9(1):53-75, 1956
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Sclerosing Hemangioma (Pneumocytoma)

(Left) SH shows a prominent
papillary growth pattern,
giving the appearance of a
true papillary neoplasm. This
feature may be extensive in
some cases; however, it would
be unusual for SH to
exclusively have this pattern
of growth. (Right) Solid
cellular proliferation is shown
with only focal ectatic vessels
and areas of sclerosis 5> Most
cases of SH will display a
combination of different
growth patterns.
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(Left) SH shows prominent
sclerotic changes with dilated
vascular spaces. Note the
presence of a more subtle
cellular proliferation 3. This
histological feature may make
the diagnosis of SH more
difficult. (Right) SH shows a
combination of hemorrhagic
areas 3> mimicking a vascular
tumor, focal sclerotic areas
and solid cellular
proliferation

(Left) SH shows a prominent
solid cellular proliferation
with focal entrapment of
adipose tissue B3. There is no
evidence of necrosis, nuclear
atypia, &/or mitotic activity.
(Right) SH shows the 2 classic
types of cells: Low cuboidal in
the surface B and the so-
called pale or stromal cells,
which are round to oval B3.
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Sclerosing Hemangioma (Pneumocytoma)

growth pattern with only focal
dilated vascular spaces.
Usually, SH will show a
combination of at least 2
different growth patterns.

c
o)
c
= Psammoma Body Solid Growth Pattern
75 (Left) SH shows a vague AT AR T R PTY S ; f .
= papillary growth pattern | . :
Lmu admixed with hemorrhagic
[=% areas. A single psammoma
8 body is also present B.
z (Right) SH shows a solid
5
c
=)
|

Cuboidal Cells

(Left) SH shows extensive
areas of sclerosis admixed
with solid stromal cells. Note
the presence of dilated, "true”
vessels [ (Right) In this SH,
prominent surface low
cuboidal cells lining the
papillary infolding Bl are
shown. The stromal or pale
cells are not prominent and
are embedded in the sclerotic
areas.

(Left) SH shows prominent
multinucleated giant cells
and adjacent inflammatory
reaction, giving the
appearance of a
granulomatous process. These
features are unusual in SH.
(Right) A lymph node is shown
with metastatic SH. Although
this tumor is considered
benign, some unusual cases
will metastasize to hilar lymph
nodes.
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Sclerosing Hemangioma (Pneumocytoma)

bun

Calcifications Subtle Spindle Cell Areas

(Left) SH (pneumocytoma)
shows central calcification in a
papillary area. Sclerotic areas
are also present. (Right) SH
(pneumocytoma) shows areas
with some sclerosis in which
the solid cellular proliferation
has some spindle cells
features.
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Dual Cellular Proliferation

L TEwee g o TR (Left) SH (pneumocytoma)

A ol shows merging of prominent
sclerotic areas with a more
solid cellular component. The
cellular proliferation is very
homogeneous. (Right) SH
(pneumocytoma) shows more
classic areas of a dual
population of cuboidal and
stromal cells.

(Left) Immunohistochemical
stain for pan keratin outlines
the epithelial component of
the tumor. (Right)
Immunohistochemical staining
for TTF-1 shows strong
nuclear staining in the
epithelial component of the
tumor, predominantly in the
cuboidal cells.
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Clear Cell Sugar Tumor (PEComa)

KEY FACTS

TERMINOLOGY
e Benign intrapulmonary neoplasm with prominent clear cells

ETIOLOGY/PATHOGENESIS
e Myomelanocytic differentiation (PEComa)

CLINICAL ISSUES

e Although tumor is more common in adults, it has been
reported in children

e No gender predilection

e Asymptomatic

e Complete surgical resection is treatment of choice

MACROSCOPIC

e Peripheral tumor
e 1-7 cmin diameter

MICROSCOPIC

e Sheets of clear cells with dilated vascular spaces
e Absence of mitotic activity

(Left) Gross photograph shows
a well-circumscribed
intrapulmonary clear cell
sugar tumor =] The cut
surface is homogeneous and
light tan. (Right) Clear cell
sugar tumor of the lung shows
a clear cell proliferation
replacing lung parenchyma.
Note the adjacent airway is
not involved by the neoplasm.

Ectatic Vessels

e Absence of necrosis

ANCILLARY TESTS

e Periodic acid-Schiff
o Reactivity: Positive

e Positive immunohistochemical stains
o HMB-45
o CD34

TOP DIFFERENTIAL DIAGNOSES

e (lear cell carcinoma, primary or metastatic
o Sugar tumor is negative for epithelial markers
o Sugar tumor lacks nuclear atypia &/or mitotic activity

DIAGNOSTIC CHECKLIST

e (lear cells with abundant dilated vascular vessels mimicking
hemangiopericytoma

Uninvolved Airway

&

e

(Left) Clear cell sugar tumor of (~#.5
the lung shows the :
characteristic dilated vascular
structures, which impart a
subtle hemangiopericytoma
pattern to these tumors. Note
the lack of cellular atypia and
mitotic activity. (Right) Sugar
tumor is seen with prominent
clear cell proliferation. Note
the absence of cellular atypia,
necrosis, and mitotic activity.



https://t.me/ebookers

Clear Cell Sugar Tumor (PEComa)

o c
TERMINOLOGY e 1-7 cmin diameter 2
Synonyms MICROSCOPIC ~
o
e Clear cell tumor Histologic Features i
Definitions e Sheets of clear cells with dilated vascular spaces g
e Benign intrapulmonary neoplasm with prominent clear cells e Absence of nuclear atypia 4
o Isolated malignant cases have been reported e Absence of necrosis &/or hemorrhage P

e Absence of mitotic activity lg

ETIOLOGY/PATHOGENESIS e Occasionally cells may adopt spindle cell appearance =)
Etiology ANCILLARY TESTS

e Recently sugar tumor has been regarded as part of family

of tumors designated as PEComas Histochemistry
e Myomelanocytic differentiation e Periodic acid-Schiff
o Reactivity: Positive
CLINICAL ISSUES o Staining pattern: Cytoplasmic

Presentation
e Asymptomatic

DIFFERENTIAL DIAGNOSIS
Clear Cell Carcinoma, Primary or Metastatic

e Fever
e Anemia e Renal cell carcinoma
e Hemoptysis (rarely) o History of, or presence of, renal tumor
e History of tuberous sclerosis o Will display more cytologic atypia and mitotic figures
. o Will show positive staining for epithelial markers (keratin,
Prognosis
EMA)
e Excellent
o Not enough experience with cases reported as DIAGNOSTIC CHECKLIST
malignant

Pathologic Interpretation Pearls

MACROSCOPIC e Clear cells with abundant dilated vascular vessels,
mimicking hemangiopericytoma

General Features

e Peripheral tumor SELECTED REFERENCES

o Well C|rc.um.scr|bed, but not encapsulated 1. ChenYBetal: Clear cell tumor of the lung: a retrospective analysis. Am J
e Tan to pinkin color Med Sci. 347(1):50-3, 2014

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment

CD34 Positive Cytoplasmic It may be only focal

5100 Positive Cytoplasmic Some cases may be negative

CD1a Positive Cytoplasmic Good number of cases are negative
HMB-45 Positive Cytoplasmic In cytoplasm of clear cells but may be negative in spindle cells
HMB-50 Positive Cytoplasmic Focal positivity in some cases

NSE Positive Cytoplasmic Not specific for clear cell tumors
FXIIA Positive Cytoplasmic In some cases but not specific
cathepsin-B Positive Cytoplasmic In some cases but not specific
CK-PAN Negative

EMA/MUC1 Negative

Histochemical Features

Stain Result Comment
PAS Positive Glycogen content
PAS-D Negative Negative for intracellular mucin

Mucicarmine Negative Negative for intracellular mucin
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Clear Cell Sugar Tumor (PEComa)

Chest Film Solid Proliferation

(Left) Radiograph shows a
well-defined intrapulmonary
mass = (so-called coin lesion).
(Right) Sugar tumor shows a
homogeneous cellular
proliferation composed of
cells with light eosinophilic or
clear cytoplasm. Note the
absence of necrosis &/or
hemorrhage. The tumor cell
population is quite
monotonous and grows
forming solid sheets of cells.
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(Left) Sugar tumor shows
round cells with clear
cytoplasm admixed with
spindle cells with a vague
storiform pattern This
pattern may be confused for a
mesenchymal neoplasm.
(Right) Hematoxylin and eosin
shows a sugar tumor with
focal areas of hemorrhage
toward the periphery of the
tumor. Uninvolved lung
parenchyma is still present 5>
These areas do not represent
tumor hemorrhage, but rather
ectatic vascular spaces with
pools of red cells.

Absence of Nuclear Atypia
(Left) Clear cell tumor is seen (% ; e : e, R Dy,
with prominent ectatic vessels, | L b g7, i
possibly mimicking a vascular
tumor. However, even at this
magnification, one can
appreciate the presence of
cells with clear cytoplasm.
(Right) Hematoxylin and eosin
shows a higher magnification
of the clear cell proliferation
around an ectatic blood vessel.
The tumor does not show
cellular atypia or mitotic
activity. A discrete vascular
network is present.

i
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Clear Cell Sugar Tumor (PEComa)

Neuroid Appearance

.| (Left) Clear cell proliferation

| with ganglion-like cells [ =]
gives the appearance of a
% neuroid neoplasm. These

-+ | features, although not very
| conspicuous, are often seen in
many cases. (Right)
‘| Hematoxylin and eosin shows
| numerous ganglion-like cells
‘i and fewer cells with clear
") cytoplasm and a fibrillary-like
- 4 background. This appearance

‘4 can be mistaken for a neural
~| tumor.
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(Left) Image shows a sugar
tumor with clear cell
proliferation. Note the
presence of a mitotic figure

In a few cases, occasional
mitotic figures may be
observed; however, that is not
a common feature. (Right)
Hematoxylin and eosin shows
a sugar tumor with focal areas
of calcifications admixed with
clear and spindle cells. This
pattern can be easily confused
¥ for a true vascular tumor, such
‘| as aglomus tumor.

. (Left) Clear cell tumor is seen
.| with a prominent nested
<1 pattern resembling a
neuroendocrine neoplasm. In
small biopsies, the use of
immunohistochemistry to
properly rule out a
-4 neuroendocrine tumor needs
to be done. (Right) Clear cell
tumor is seen with numerous
| so-called spider cells, which
/| are another feature of sugar
5 tumors. In addition, this

8 pattern may be seen in
W paragangliomas, thus the need
o 2 | for a careful evaluation.



https://t.me/ebookers

Ciliated Muconodular Papillary Tumor

- KEY FACTS
i)l
c
e TERMINOLOGY e Tumors penetrated by bronchovascular bundles or
g e Benign peripheral lung nodule composed of ciliated msdmm-saed muscular. arteries
@ columnar cells, mucous cells, and basal cell proliferation * C'l'a.ted columnar cells line surface of glandular and
LDU_ papillary structures
o CLINICAL ISSUES e Continuous layer of basal cells present in outer layer of
% e Small, peripheral lung nodule 1 cm in average diameter glands/papillae
o e Mostly asymptomatic; discovered on routine radiographs e Mucous cells seen interspersed with other elements
s e Mostly middle-aged and elderly patients e Relative amount or proportion of various cellular elements
= e Indolent behavior; excellent prognosis may vary from case to case
IMAGING e Complete absence of cytologic atypia, nuclear

) ) ) o pleomorphism, mitotic activity, or necrosis
e Small, peripheral, solid or partly solid nodules with irregular e Mucin may occasional infiltrate adjacent parenchyma,

contours suggesting invasive process
MICROSCOPIC ANCILLARY TESTS
e Glandular or papillary proliferation of epithelial cells e p40/p63 highlights basal cell layer
showing admixture of ciliated columnar cell, mucous cells, e %5$) 9 (mutation

and basal cells
e Periphery of lesions contains copious amounts of
inspissated mucus filling alveoli

e $.7 mutation

Scanning Magnification

(Left) Scanning magnification
of ciliated muconodular
papillary tumor of the lung
shows a relatively well-
circumscribed, but
unencapsulated, cellular
proliferation with focal
papillary architecture and
abundant mucin deposition.
(Right) Higher magnification
of ciliated muconodular
papillary tumor of the lung
shows well-developed
papillary architecture
surrounded by extracellular
mucous pools.

Ciliated Columnar Cells

(Left) Higher magnification of
a papillary structure in ciliated
muconodular papillary tumor
of the lung shows a mixed cell
composition, with mucinous
cells, tall columnar cells lining
the papilla, and a continuous
layer of basaloid cells
underlying the papillary
structures. (Right) Higher
magnification from a papilla in
ciliated muconodular papillary
tumor of the lung shows an
outer layer of tall columnar
cells with prominent cilia
supported by a layer of
basaloid cells.



https://t.me/ebookers

Ciliated Muconodular Papillary Tumor

TERMINOLOGY

Definitions

e Benign peripheral lung nodule composed of ciliated
columnar cells, mucous cells, and basal cell proliferation

ETIOLOGY/PATHOGENESIS

Probable Benign Neoplastic Proliferation

e %5%) 9 (driver mutation
e $.7 mutation

CLINICAL ISSUES

Presentation

Small, peripheral lung nodule 1 cm in average diameter
Mostly asymptomatic; discovered on routine radiographs
Rarely may present with cough

Mostly middle-aged and elderly patients

Treatment
e Surgical excision

Prognosis
e Indolent behavior; excellent prognosis

IMAGING
CT Findings
e Small, peripheral, solid or partly solid nodules with irregular
contours

e Often misinterpreted as adenocarcinoma due to peripheral
location and irregular contour

MACROSCOPIC

General Features

e Soft, well-circumscribed, gray-white nodule with mucinous
or gelatinous cut surface

MICROSCOPIC

Histologic Features

e Glandular or papillary proliferation of epithelial cells
showing admixture of ciliated columnar cell, mucous cells,
and basal cells

e Periphery of lesions contains copious amounts of
inspissated mucus filling alveoli

e Tumors are penetrated by bronchovascular bundles or
medium-sized muscular arteries

e Mucin may occasional infiltrate adjacent parenchyma,
suggesting invasive process

Cytologic Features

e Ciliated columnar cells line surface of glandular and
papillary structures

e Continuous layer of basal cells present in outer layer of
glands/papillae

e Mucous cells are seen interspersed with other elements

e Relative amount or proportion of various cellular elements
may vary from case to case

e Complete absence of cytologic atypia, nuclear
pleomorphism, mitotic activity, or necrosis

ANCILLARY TESTS

Immunohistochemistry

e p40/p63 highlights basal cell layer

e Ciliated cells focally positive for MUC5AC

e Rare chromogranin/synaptophysin positives cells present
admixed with basal cells

Next Generation Sequencing

e %5%$) 9 ( mutation
e $.7 mutation

DIFFERENTIAL DIAGNOSIS

Mucinous Adenocarcinoma

e |ack ciliated cells and continuous basal cell layer
e Display more marked nuclear atypia and mitotic activity

Mucoepidermoid Carcinoma

e Contain intermediate (squamous) cells and lack basal cell
layer or cilia

e Central location associated with bronchus rather than
peripheral

Bronchiolar Metaplasia

e Does not cause major architectural distortion of lung
parenchyma

e Incidental microscopic finding not visualized on CT scans

e Does not usually form discrete, macroscopically visible
lesion

Colloid Carcinoma

e Lacks ciliated columnar cells and continuous basal cell layer
e Shows single cells or small clusters of neoplastic epithelial
cells floating in mucin

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Admixture of 3 cell elements: Ciliated columnar cells,
mucous cells, and basal cells

Pathologic Interpretation Pearls

o |dentification of ciliated cells key to establishing benign
nature and distinguishing from adenocarcinoma

e |dentification of continuous basal cell layer with p40/p63
stains helpful for differential diagnosis

SELECTED REFERENCES

1. Ishikawa M et al: Ciliated muconodular papillary tumor of the lung: report of
five cases. J Surg Case Rep. 2016(8), 2016

2. LiuLetal Ciliated muconodular papillary tumors of the lung can occurin
Western patients and show mutations in BRAF and AKT1. Am J Surg Pathol.
ePub, 2016

3. Kamata T et al: Ciliated muconodular papillary tumors of the lung: a
clinicopathologic analysis of 10 cases. Am J Surg Pathol. 39(6):753-60, 2015

4.  Chuang HW et al: Ciliated muconodular papillary tumor of the lung: a newly
defined peripheral pulmonary tumor with conspicuous mucin pool
mimicking colloid adenocarcinoma: a case report and review of literature.
Pathol Int. 64(7):352-7,2014

5. HataY etal: Ciliated muconodular papillary tumor of the lung: a newly
defined low-grade malignant tumor with CT findings reminiscent of
adenocarcinoma. Jpn J Clin Oncol. 43(2):205-7, 2013

-
c
5

il
Z
)
o

=
a7}
%]
3

&2
w
)
=

@
5



https://t.me/ebookers

Epithelial Neoplasms

Overview of Malignant Epithelial Neoplasms of Lung 74
Adenocarcinoma 76
Bronchioloalveolar Carcinoma 88
Mucinous (“Colloid”) Carcinoma 94
Signet Ring Cell Carcinoma 102
Endometrioid-Like Carcinoma 108
Squamous Cell Carcinoma 114
Spindle Cell (Sarcomatoid) Carcinoma 122
Lymphoepithelioma-Like Carcinoma 128
Poorly Differentiated Squamous Carcinoma, Small Cell Variant 134
Large Cell (Anaplastic) Carcinoma 140
Pleomorphic Carcinoma 148
Neuroendocrine Carcinoma (Including Small Cell Carcinoma) 154
Carcinosarcoma 166
Pulmonary Blastoma 172

Salivary Gland-Type Tumors

Adenoid Cystic Carcinoma 178
Mucoepidermoid Carcinoma 186
Epithelial-Myoepithelial Carcinoma 192
Acinic Cell Carcinoma 198
Mixed Tumor 206
Myoepithelial Carcinoma of Lung 212
Mesenchymal Neoplasms
Intrapulmonary Synovial Sarcoma 216
Leiomyosarcoma 222
Neurogenic Sarcoma (Malignant Peripheral Nerve Sheath Tumor) 228
Osteosarcoma 232
Chondrosarcoma 236
Epithelioid Hemangioendothelioma 240
Angiosarcoma 246
Kaposi Sarcoma 250

Pulmonary Artery Sarcoma 254
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Lymphoproliferative Disorders

Pulmonary BALT Hyperplasia 258
Pulmonary BALT Lymphoma 262
Diffuse Large Cell Lymphoma 268
Hodgkin Lymphoma 276
Plasmacytoma 280
Lymphomatoid Granulomatosis 284

Other Rare Tumors and Benign Pseudotumoral Conditions

Ganglioneuroblastoma 290
Bronchial Malignant Melanoma 294
Inflammatory Pseudotumor 298
IgG4 Sclerosing Lung Disease 304
Juvenile Xanthogranuloma 308
Hyalinizing Granuloma 312
Amyloid Tumor 316
Metastatic/Dendriform Calcification 320
Lipoid Pneumonia (Paraffinoma) 324
Placental Transmogrification 328
Rosai-Dorfman Disease 332
Angiolymphoid Hyperplasia With Eosinophilia 336
Atypical Adenomatous Hyperplasia 340
Lymphangioleiomyomatosis 342

Capillary Hemangiomatosis 346
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Overview of Malignant Epithelial Neoplasms of Lung

TERMINOLOGY

Definitions
e Neoplastic process showing histological,

immunohistochemical, or ultrastructural evidence of
epithelial differentiation

Principles of Classification
e (lassification of lung carcinoma, which constitutes vast
majority of primary lung cancers, based on clinical
implications
o Small cell carcinoma (SCC)
— Rapidly growing tumors that have metastasized early
and widely to distant organs at time of initial diagnosis
— Respond well to chemo- and radiotherapy
— Generally not considered good surgical candidates
o Non-small cell lung carcinoma (NSCLC)
— Tends to be slower growing and of lesser stage at
time of diagnosis
— Whenin lower stages (I-I), considered good surgical
candidates
e Histopathologic classification of lung cancer according to
lines of differentiation
o Bronchogenic carcinoma
Squamous cell carcinoma
Adenocarcinoma
Large cell/anaplastic carcinoma
— Neuroendocrine carcinoma (carcinoid, atypical
carcinoid, and SCC)
o Bronchial gland (salivary-type) tumors
— Adenoid cystic carcinoma
— Mucoepidermoid carcinoma
— Epimyoepithelial carcinoma
o Mixed epithelial-mesenchymal tumors
— (Carcinosarcoma
— Pulmonary blastoma

(Left) Poorly differentiated
non-small cell carcinoma of

atypical cells with large nuclei ¥
and prominent nucleoli and
without evidence of glandular
or squamous differentiation.
(Right) Immunohistochemical
staining for cytokeratin
AE1/AE3 in poorly
differentiated non-small cell
carcinoma of the lung shows
strong positivity of the tumor
cells for this antibody.

EPIDEMIOLOGY
Age Range
e 40-70years of age

Gender
e More common in men (M:F = 3:1)

Incidence

e Lung cancer is one of most common malignant neoplasms
worldwide

e Lung cancer accounts for ~ 12% of all new cancers and 18%
of all cancer deaths

e Areas of highest incidence and mortality include Europe,
North America, Australia, and South America

e Certain populations are at increased risk (African
Americans, Maoris in New Zealand)

ETIOLOGY/PATHOGENESIS

Pathogenesis
e Tobacco smoke is major predisposing factor for
development of lung cancer
o Smokers experience 8-15x increased risk for developing
lung cancer than nonsmokers
o Risk is directly proportional to number of cigarettes
smoked per day and duration of smoking
e QOccupational exposure is also strongly associated with
development of lung cancer
o Asbestos exposure is associated with increased risk for
development of lung cancer
o lonizing radiation exposure is another factor involved in
development of lung cancer
o Urban air pollution is risk factor for lung cancer with
excess risk in order of 50%

CLINICAL IMPLICATIONS
Clinical Presentation

e Progressive shortness of breath
e Cough
e Chest pain
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Overview of Malignant Epithelial Neoplasms of Lung

Hemoptysis

Pleural effusion

Paraneoplastic symptoms

o Ectopic secretion of peptide hormones: ACTH, ADH, etc.

o Neurologic symptoms: Sensory abnormalities,
autoimmune neuropathies, encephalomyelitis

o Eaton-Lambert myasthenic syndrome

o Hypercalcemia due to production of parathormone-like
substance associated with squamous cell carcinoma

o Clubbing of fingers (hypertrophic pulmonary
osteoarthropathy)

o Carcinoid syndrome due to serotonin production by
neuroendocrine carcinomas

MICROSCOPIC

General Features

Histologic examination remains mainstay of classification
and diagnosis
Bronchogenic carcinoma is characterized by recapitulating
normal structures of tracheobronchial tree
o Adenocarcinomas form glands and may be well,
moderately, and poorly differentiated
— Subtypes of adenocarcinoma include acinar, papillary,
solid, signet ring, bronchoalveolar, mucinous,
cribriform, fetal, and clear cell type
o Squamous cell carcinoma recapitulates pavemented
epithelium of squamous mucosa and may be well to
poorly differentiated
— Subtypes include keratinizing, papillary, small cell,
lymphoepithelioma-like, basaloid, spindle
(sarcomatoid), and clear cell
o Large cell/anaplastic carcinomas are poorly
differentiated tumors without evidence of squamous or
glandular differentiation
— Subtypes include pleomorphic, anaplastic, clear cell,
giant cell, inflammatory, sarcomatoid, and rhabdoid
o Neuroendocrine carcinomas show evidence of
neuroendocrine differentiation by histology,
immunohistochemistry, or ultrastructurally
— Subtypes include well differentiated (carcinoid),
moderately differentiated (atypical carcinoid), and
poorly differentiated (SCC)

Immunohistochemical Features

Markers associated with lung adenocarcinoma include TTF-
1, napsin-A, CK7, CEA, and MOC-31

Markers associated with squamous cell carcinoma include
CK7, CK5/6, MOC-31, p40, and p63

Markers associated with neuroendocrine carcinomas
include CK7, chromogranin, synaptophysin, CD56, and
CD57

Ultrastructural Features

Organelles associated with adenocarcinomas include
zymogen granules, microvilli, and intracellular lumina
Organelles associated with squamous cell carcinomas
include tonofilaments and well-developed desmosome-
type intercellular junctions

Organelles associated with neuroendocrine neoplasms
include dense-core, membrane-bound neurosecretory
intracytoplasmic granules

Genetic and Molecular Alterations

e Genetic changes frequent in all major histologic types

o 73 mutations are detected in up to 50% of NSCLC and
in over 70% of SCC

o Inactivation of pathway encoding retinoblastoma gene,
5% (13q11), leading to loss of Rb protein expression

o Loss of heterozygosity (LOH) on chromosome 3p is
detectable in up to 80% of NSCLC and SCC

o Hypermethylation of cyclin-dependent kinase inhibitor
pl16isseenin up to 50% of all lung cancers

o LOH of fragile histidine triad () +, 7) gene on chromosome
3p14.2 occurs in 40-70% of all lung cancers

e Genetic changes specific for some histologic types

o .5%$6 mutation (12p21) is found in 30-50% of all lung
adenocarcinomas

o Amplification of 0< & (8g21-23) is common in small cell
neuroendocrine carcinomas

o (*)5mutations are presentin NSCLC
- 67. (LKB1)mutations occur more commonly in lung

adenocarcinoma and large cell carcinoma

o $/.gene rearrangements leadingto (0/ $/.fusion

have been detected preferentially in adenocarcinomas

SELECTED REFERENCES

1. Sholl LM: The molecular pathology of lung cancer. Surg Pathol Clin. 9(3):353-
78,2016

2. ZhangN et al: The EGFR pathway is involved in the regulation of PD-L1
expression via the IL-6/JAK/STAT3 signaling pathway in EGFR-mutated non-
small cell lung cancer. Int J Oncol. ePub, 2016

3. Lim EH et al: Using whole genome amplification (WGA) of low-volume
biopsies to assess the prognostic role of EGFR, KRAS, p53, and CMET
mutations in advanced-stage non-small cell lung cancer (NSCLC). J Thorac
Oncol. 4(1):12-21, 2009

4. Alberg AJ et al: Epidemiology of lung cancer: ACCP evidence-based clinical
practice guidelines (2nd edition). Chest. 132(3 Suppl):29S-55S, 2007

5. Jemal Aetal: Cancer statistics, 2007. CA Cancer J Clin. 57(1):43-66, 2007

6. PanH etal: Loss of heterozygosity patterns provide fingerprints for genetic
heterogeneity in multistep cancer progression of tobacco smoke-induced
non-small cell lung cancer. Cancer Res. 65(5):1664-9, 2005

7. Shigematsu H et al: Clinical and biological features associated with epidermal
growth factor receptor gene mutations in lung cancers. J Natl Cancer Inst.
97(5):339-46, 2005

8.  Sanchez-Cespedes M et al: Chromosomal alterations in lung
adenocarcinoma from smokers and nonsmokers. Cancer Res. 61(4):1309-13,
2001

9. GealyR et al: Comparison of mutations in the p53 and K-ras genes in lung
carcinomas from smoking and nonsmoking women. Cancer Epidemiol
Biomarkers Prev. 8(4 Pt 1):297-302, 1999
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Adenocarcinoma

KEY FACTS
TERMINOLOGY e Papillary
e Malignant epithelial neoplasm with glandular ANCILLARY TESTS
differentiation

e Molecular analysis

ETIOLOGY/PATHOGENESIS o (*)5(exons 18,19, 20,21)
e Close association with tobacco smoking o (0/ -$/.fusion gene
o .5%$6
CLINICAL ISSUES o 526
e Cough
e Weight loss TOP DIFFERENTIAL DIAGNOSES
e Chest pain e Adenocarcinoma from extrathoracic origin

Atypical adenomatous hyperplasia

Adenoid cystic carcinoma

Fetal adenocarcinoma (monophasic pulmonary blastoma)
Papillary carcinoma of thyroid origin

e Difficulty breathing

MACROSCOPIC

e Peripheral or central tumors

e Varying size from 0.6 cmto > 10 cm
MICROSCOPIC

e Acinar
e Solid

Intrapulmonary Adenocarcinoma Adenocarcinoma

(Left) Gross photograph shows
a peripherally located lung
adenocarcinoma. The mass is
relatively well demarcated but
not encapsulated. It is tan and
nodular. (Right) Well-
differentiated
adenocarcinoma destroying
normal lung parenchyma is
shown. Note the contrast with
normal lung parenchyma 2>

(Left) Adenocarcinoma shows
a glandular proliferation with
glands of different sizes. In
addition, the tumor displays
compressed glandular
component &3 in some areas.
(Right) Adenocarcinoma shows
a typical glandular
component. Note that the
malignant glands B2 are
adjacent to inflammatory cells
=>4
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Adenocarcinoma

TERMINOLOGY

Definitions

e Malignant epithelial neoplasm with glandular
differentiation

ETIOLOGY/PATHOGENESIS

Environmental Exposure

e Close association with tobacco use
e Probably associated with some environmental hazards
e Probably some genetic predisposition

Etiology
e Tumor probably originates from endobronchial glands

CLINICAL ISSUES
Epidemiology
e |ncidence
o In last decade, adenocarcinomas have become more
prevalent than any other nonsmall cell carcinoma
o Currently is most common nonsmall cell carcinoma
o Age
o More common in adults
o Adenocarcinomas are more common in 6th and 7th
decades of life
o Some cases may occur in younger patients
o Unusual cases may occur in children

Presentation

Cough

Weight loss
Difficulty breathing
Chest pain

Cushing syndrome
Superior vena cava syndrome
Pancoast syndrome
Hemoptysis
Hoarseness
Asymptomatic

Treatment

e Surgical approaches
o Segmentectomy, lobectomy, pneumonectomy
— Depending on the pathological stage
— Depending on location of tumor
e Adjuvant therapy
o Chemotherapy, radiation therapy, or both
— Depending on pathological stage
— Depending on performing status of patient
o Depending on results of molecular analysis,
chemotherapy will vary

Prognosis

e Depends on stage at time of diagnosis

e Patients with carcinomas positive for (*)5 mutation may
have better prognosis

e |tisalso possible that tumors with better differentiated
histology have more favorable outcome

e |t may also be related to other pulmonary function factors
as well as other medical conditions

MACROSCOPIC

General Features

e Peripheral or central tumors
o Tumors may show necrosis &/or hemorrhage
o Homogeneous tan surface
o Well circumscribed but not encapsulated

Sections to Be Submitted

e Tumorin relation to pleural surface
o Pleuralinvolvement crucial for staging tumors < 3 cmin
size
o Asmany lymph nodes as possible
— Location of lymph node is highly important and
determines N1 and N2 disease
o Bronchial margin, as needed
o Parenchymal margin, as needed
o Nonneoplastic lung parenchyma

Size
e Varying size from 0.6 cmto>10cm

MICROSCOPIC

Histologic Features
e Malignant glandular component

Predominant Pattern/Injury Type
e Acinar

e Solid

e Papillary
e Mixed

e Oncocytic

Predominant Cell/Compartment Type
e Epithelial

True Papillary Carcinoma

e Should be composed of at least 75% true papillae with
fibrovascular cores

e This particular pattern is believed to be more aggressive

e Lymph node metastases in this pattern are commonly seen

e TTF-1(+) and thyroglobulin (-)

Papillary Carcinoma With Morular Component

e Similar criteria to true papillary carcinoma

e Presence of morular component in alveolar spaces

e "Morules" are of different sizes and always in intraalveolar

location

TTF-1(+) and thyroglobulin ()

Micropapillary Carcinoma

e Composed of small micropapillae without fibrovascular
cords

e This pattern is often seen in combination with true papillary
carcinoma

e TTF-1(+) and thyroglobulin (-)

Hepatoid Adenocarcinoma

e Composed of cords of neoplastic cells resembling hepatic
parenchyma

e This pattern is commonly placed among large cell
carcinomas of lung
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Adenocarcinoma

e TTF-1 may show focal positive staining

Warthin-Like Adenocarcinoma

e Prominent lymphoid component similar to tumors in
salivary gland

e Some cases of mucoepidermoid carcinoma may also display

similar features

e Glandular proliferation with cells producing mucin
embedded in inflammatory background

e TTF-1 may show positive staining

Adenomatoid Tumor-Like Adenocarcinoma

e Bland appearance similar to true adenomatoid tumor

e |nsome cases, can be confused with so-called alveolar
adenoma

e TTF-1and CK7 (+)

ANCILLARY TESTS

Histochemistry
e Mucicarmine

o Reactivity: Positive

o Staining Pattern: Cytoplasmic
e PAS-diastase

o Reactivity: Positive

o Staining Pattern: Cytoplasmic
EGFR by Fluorescent In Situ Hybridization
e Analysis of exons 18, 19, 20, and 21
e Other molecular analysis

o .5%$6,%$/.,526

DIFFERENTIAL DIAGNOSIS

Adenocarcinoma From Extrathoracic Origin

e Immunohistochemistry positive for TTF-1; CK7 would favor

lung origin in vast majority of cases

Atypical Adenomatous Hyperplasia

e Lesion <0.5cmin diameter
e Shares similar histological features with bronchoalveolar
carcinoma

Adenoid Cystic Carcinoma
e Shows characteristic double layer-forming glands

e Immunohistochemical studies show myoepithelial
differentiation

Fetal Adenocarcinoma (Monophasic Pulmonary

Blastoma)

e Presence of morules and embryonic-type glandular
structures

e Presence of cytoplasmic mucin content in favor of
adenocarcinoma

Papillary Carcinoma of Thyroid Origin

e Histologically tumors with papillary pattern may show
similar histological features

e Positive TTF-1 and negative staining for thyroglobulin
favors primary lung cancer

Oncocytic Carcinoma of Extrathoracic Origin

e Use of full panel of immunohistochemical stains and
appropriate clinical history are highly important

DIAGNOSTIC CHECKLIST
Pathologic Interpretation Pearls

e Size of lesion will separate carcinoma from atypical
adenomatous hyperplasia
e (Cases designated as AAH are under 5 mm in diameter
GRADING
Low Grade
o Well-differentiated adenocarcinoma composed of easily
identifiable glandular structures and arranged in back-to-
back arrangement
e Absence of necrosis, increased mitotic activity, and nuclear
atypia
e Glandular tumoral structures may be separated by
extensive areas of collagenization
Intermediate Grade
e Moderately differentiated adenocarcinoma composed of
identifiable glands
e Tumor may show more nuclear atypia and mitotic activity
e Glandular structures may show more disarray
High Grade
e Poorly differentiated adenocarcinoma may show solid
areas with T mitotic activity and nuclear atypia
e Necrosis and hemorrhage may be present
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Adenocarcinoma

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment

c
@
%
CEA-M Positive Cytoplasmic '8_
TTF-1 Positive Nuclear Often negative in mucinous tumors @
CD15 Positive Cytoplasmic Often negative in poorly differentiated tumors _é
MOC-31 Positive Cytoplasmic Some mesotheliomas may show focal positive staining 5
TAG72 Positive Cytoplasmic L§
CK-PAN Positive Cytoplasmic =
CK7 Positive Cytoplasmic ‘;
CK20 Positive Cytoplasmic Positive in some pulmonary adenocarcinomas 5
SURFACTANT Positive Cytoplasmic Negative in many cases of primary lung origin =
EMA Positive Cellmembrane =
CDX-2 Positive Mainly in mucinous tumors
EpCAM/BER-EP4/CD326 | Positive Cellmembrane Some mesotheliomas are positive
D2-40 Negative Positive in some cases
WT1 Positive Nuclear In ~30-40% of cases
Calretinin Negative Positive in some cases
p40 Negative
p63 Positive Nuclear In ~25% of cases
CK5/6 Positive Cytoplasmic In ~ 5-10% of cases
NAPSIN-A Positive Cell membrane Positive in most well-differentiated tumors
PRP Negative
Mammaglobin Negative
ERP Negative Some lung adenocarcinomas may be positive
met Positive Cell membrane In some cases
PTEN Positive Cell membrane and In some cases
cytoplasm

Molecular Biology

FISH

(*)5 Associated with ~ 25% of cases
.5%6 Associated with ~ 25% of cases
526 Associated with ~ 5% of cases
(0/ -$./ fusion gene Associated with ~ 5% of cases
3,. &$ (PI3K) Associated with < 5% of cases

Histochemical Features

Stain Result
PAS May be focally positive
PAS-D Positive in majority of cases
Mucicarmine Positive in majority of cases
17. Amin MB et al: Micropapillary component in lung adenocarcinoma: a 20. Rosado-de-Christenson ML et al: Bronchogenic carcinoma: radiologic-
distinctive histologic feature with possible prognostic significance. Am J Surg pathologic correlation. Radiographics. 14(2):429-46; quiz 447-8, 1994
Pathol. 26(3):358-64, 2002 21. Haque AK: Pathology of carcinoma of lung: an update on current concepts. J
18. Arnould L et al: Hepatoid adenocarcinoma of the lung: report of a case of an Thorac Imaging. 7(1):9-20, 1991
unusual alpha-fetoprotein-producing lung tumor. Am J Surg Pathol. 22. Ishikura H et al: Hepatoid adenocarcinoma: a distinctive histological subtype
21(9):1113-8,1997 of alpha-fetoprotein-producing lung carcinoma. Virchows Arch A Pathol
19. Silver SA et al: True papillary carcinoma of the lung: a distinct Anat Histopathol. 417(1):73-80, 1990

clinicopathologic entity. Am J Surg Pathol. 21(1):43-51, 1997
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Adenocarcinoma

Inflammatory Reaction Necrosis

S

(Left) Adenocarcinoma shows
extensive areas of scarring
and inflammatory reaction.
Note the presence of a cluster
of malignant cells
embedded in extensive areas
of collagenization. (Right)
Adenocarcinoma is seen with
malignant glands [2] floating
in areas of extensive necrosis.
No residual lung parenchyma
is present.

Acinar Pattern

(Left) Adenocarcinoma with
an acinar pattern of growth is
shown. The neoplastic
glandular proliferation is
composed of glands of
different sizes in a back-to-
back arrangement. (Right)
Adenocarcinoma in which a
nonmucinous component
merges with a mucinous
component shows cystic
changes, while the
nonmucinous component
reveals a more acinar
component.

Glandular Component Cuboidal Epithelium

(Left) Adenocarcinoma
predominantly shows a
nonmucinous type of
glandular epithelium. In focal
areas, a nonmucinous type of
glandular proliferation merges
with glands composed of a
mucinous type of epithelium.
This component may often be
rather subtle. (Right) High-
power view of a well-
differentiated
adenocarcinoma is composed
of malignant glands with low
cuboidal epithelium.
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Adenocarcinoma

Necrosis and Incomplete Glands

TR A .

(Left) High-power view shows
a well-differentiated
adenocarcinoma with an
acinar growth pattern. The
glands are irregular with
nuclear atypia and scattered
mitotic figures. (Right)
Adenocarcinoma with
prominent inflammatory
changes 53] is shown. These
changes may be very extensive
or may form abscess areas
within the tumor.
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(Left) Well-differentiated
adenocarcinoma with an
acinar growth pattern is
composed of a small glandular
proliferation of different sizes.
The glands are arranged in a
haphazard pattern with
fibrotic and inflammatory
reaction. (Right) Moderately
differentiated
adenocarcinoma displays
easily recognizable glandular
structures of different sizes.
The glands are separated by
an inflammatory reaction.
Some of the glands are
collapsed and show more
nuclear atypia.

(Left) Moderately
differentiated
adenocarcinoma shows the
malignant glandular
proliferation admixed with
areas of fibrosis and
inflammatory reaction. (Right)
High-power view shows a
moderately differentiated
adenocarcinoma revealing
glandular structures with
more nuclear atypia and
mitotic activity. The glands
have a vague enteric type of
differentiation, mimicking a
metastasis from colonic origin.
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(Left) Adenocarcinoma with
comedo-like necrosis 2> and
acinar pattern [2]is shown.
The pattern has a vague
neuroendocrine morphology,
while in some areas, it shows
conventional glandular
differentiation. (Right)
Intermediate-power view of a
poorly differentiated
adenocarcinoma with vague
glandular formation 5] is
shown. The presence of
glandular differentiation in
some poorly differentiated
adenocarcinomas may be
focal.

(Left) Poorly differentiated
adenocarcinoma with only
focal glandular differentiation
[Z>]is shown. Most of the
tumor has a predominantly
solid growth pattern. (Right)
Adenocarcinoma with the
presence of numerous
multinucleated giant cells [2]
is shown. Note the presence of
atypical bizarre mitotic figures

(Left) Gross photograph shows
an adenocarcinoma grossly
involving the pleural surface.
This feature is highly
important in tumors < 3 cm in
order to properly establish a
pathological stage. (Right)
Adenocarcinoma [=]involving
the pleural surface is shown.
This particular feature is
highly important in tumors < 3
c¢m in which pleural
involvement will upgrade the
pathologic staging of the
tumor to a higher level (T2).

Adenocarcinoma



https://t.me/ebookers

Adenocarcinoma

\ (Left) An unusual pattern of
growth in adenocarcinoma is
shown. This pattern mimics an
adenomatoid tumor due to the
1 presence of bland, cystic-like
areas admixed with cords of
malignant cells. (Right)

| Adenomatoid-like
adenocarcinoma of the lung is
1 shown. Note the presence of
cystic-like areas admixed with
more solid groups of

| neoplastic cells =]

Absence of Marked Nuclear Atypia

(Left) High-power view shows
an adenomatoid tumor-like
adenocarcinoma. The cells
have a bland appearance with
absence of marked nuclear

“1 atypia and mitotic activity.

{ (Right) High-power view shows
an adenomatoid tumor-like
adenocarcinoma. Note the
presence of a more glandular
component, nuclear atypia,
and rare mitotic figures [=]
These areas are more in
keeping with a garden variety
adenocarcinoma.

Central Adenocarcinoma

(Left) Gross photograph shows
centrally located pulmonary
adenocarcinoma. The tumor is
| tan with irregular borders
involving the airway. (Right)
Low-power view shows a
central adenocarcinoma with
prominent papillary features.
True papillary carcinoma of
the lung should be composed
of at least a 75% papillary
component.
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Adenocarcinoma

Optically Clear Nuclei
(Left) True papillary carcinoma [ &&= &+ & MR 7
of the lung is shown. Note the
predominant papillary pattern
of growth of this neoplasm. In
such a tumor, one may
consider the possibility of
metastatic papillary
neoplasms of extrathoracic
origin, such as thyroid [
carcinoma. (Right) High-power |
view shows a true papillary
carcinoma of the lung; note
the presence of true papillae.
The nuclear characteristics of
this tumor may mimic those
seen in thyroid carcinomas.
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(Left) High-power
magnification shows a
papillary carcinoma of the
lung with numerous
psammoma bodies (=] similar
to those seen in papillary
thyroid carcinomas. (Right)
Micropapillary
adenocarcinoma of the lung is
shown. Note the presence of
the micropapillae filling the
alveolar spaces, most of them
without any connection to the
alveolar lining.

(Left) High-power view shows
a micropapillary
adenocarcinoma of the lung.
Note that the micropapillae
filling the alveolar spaces are
devoid of fibrovascular cord,
contrary to true papillae.
(Right) Pulmonary papillary
adenocarcinoma shows the
presence of a "morular”
component floating in the I
alveolar spaces 53] This tumor f
has been designated as
papillary adenocarcinoma
with a morular component.




Adenocarcinoma

Intraalveolar Morules TTF-1 Immunostain

(Left) High-magnification view
shows a papillary
adenocarcinoma with morular
component. Note the presence
of the "morules" 3] within the
alveolar spaces in contrast to
those seen in monophasic
blastomas, which are in the
interstitium at the base of the
glands. (Right)
Immunohistochemical stain
for TTF-1 with strong nuclear
staining in the "morular”
component of the tumor is
shown. Note that adjacent
neoplastic glands are also
positive.
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(Left) Adenocarcinoma of the
lung with a Warthin-like
appearance is shown. The
tumor is centrally located and
exhibits the presence of a
marked inflammatory reaction
B2 intraluminal exudate B3,
and germinal centers B=2.
(Right) Intermediate
magnification shows the
Warthin-like appearance of
this pulmonary
adenocarcinoma of the lung.
Note the separation between
the malignant component B3
and the inflammatory reaction
=

(Left) High-power view shows
a Warthin-like
adenocarcinoma of the lung in
which the epithelial malignant
component exhibits features
more in keeping with a
conventional adenocarcinoma.
Note that the adjacent areas
have an inflammatory
exudate. (Right) High-power
view of the neoplastic
glandular elements is
composed of tall columnar
epithelium and nuclei
displaced toward the luminal
surface. An adjacent
inflammatory component is
present.




Adenocarcinoma

Hepatoid Pattern Fat Droplet-Like Areas
(Left) Solid sheets of : g‘* e
neoplastic cells of a hepatoid
adenocarcinoma of the lung
are shown. The tumor is
essentially composed of
neoplastic cells mimicking
hepatic parenchyma. Note the
presence of "empty spaces”
mimicking fat droplets [
(Right) Intermediate-power
view shows a hepatoid
adenocarcinoma of the lung.
The sheets of neoplastic cells
admixed with fat, droplet-like
areas B2 impart a hepatic-like
look to this neoplasm.
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Hyaline Globules Intracellular Hyaline Globules

(Left) Hepatoid . £
adenocarcinoma of the lung
with numerous intra- and
extracellular hyaline globules
is shown. Still, the tumor
forms glandular structures.
(Right) High-power view shows
a hepatoid adenocarcinoma of
the lung, revealing neoplastic
cells with moderate amounts
of eosinophilic cytoplasm,
round nuclei, and some cells
with prominent nucleoli. Also
note the presence of hyaline
globules.

(Left) Primary pulmonary
adenocarcinoma in which FISH
studies were available is
shown. It is important to note
that there is not a particular
histopathologic growth
pattern that can be correlated
with mutational analysis.
(Right) Fluorescent in situ
hybridization shows gene
amplification of the
characteristic EGFR mutation
in a pulmonary
adenocarcinoma .




Adenocarcinoma

bun

Necrotic Tumor Extensive Necrosis

(Left) Pulmonary
adenocarcinoma shows areas
of necrosis B admixed with
tumoral areas B3. The tumor
areas are easily identified, and
the presence of necrosis does
not pose a problem in the
diagnosis. (Right) Pulmonary
adenocarcinoma shows
extensive and predominant
areas of necrosis. Note 2
important features: Viable
tumor B3 and ghost tumoral
areas E3.
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(Left) Adenocarcinoma shows
dilated malignant glandular
structures in a fibrous
collagenous stroma with
inflammatory cells. (Right)
Adenocarcinoma shows
abundant necrotic debris
within the glandular
structures which may lead
to consider the glands as
reactive.

Malignant Epithelium Ciliated Epithelium
T AT e L : : !P‘ S (Left) Closer magnification at
- the glandular structures shows
. ; abnormal epithelium,
incomplete glandular

formation, and different sizes
of glandular elements. (Right)
Adenocarcinoma shows
ciliated epithelium in the
malignant gland BS. This type
of epithelium is rarely present
in malignant glands in
pulmonary adenocarcinomas.
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Bronchioloalveolar Carcinoma

KEY FACTS

TERMINOLOGY

e Bronchioloalveolar cell carcinoma (BAC)

o Adenocarcinoma with BAC pattern and no evidence of
stromal, vascular, or pleural invasion

o Current definition is that of in situ adenocarcinoma

o Definition of in situ adenocarcinoma has been
questioned as it does not have meaningful statistical
significance when compared to conventional
adenocarcinomas T1NOMO

o Overall survival of TINOMO adenocarcinomas appear to
be similar regardless of growth pattern

ETIOLOGY/PATHOGENESIS
e BAC appears not to be associated with tobacco smoking

TOP DIFFERENTIAL DIAGNOSES

e Atypical adenomatous hyperplasia
o Tumor nodule of < 0.5 cm in greatest dimension
e Metastatic adenocarcinoma

(Left) Nodular (nonmucinous)
pattern of bronchioloalveolar
cell carcinoma (BAC) is shown.
The tumor is in a subpleural
location without pleural (3] or
interstitial involvement.
(Right) Adenocarcinoma is
shown in which the alveolar
walls are lined by cells
displaying more nuclear
atypia. However, the tumor
cells do not show mitotic
activity.

o Good clinical history and physical examination

o Immunohistochemical studies may be helpfulin
determining primary site

Invasive adenocarcinoma

o By definition, BAC is tumor with no lymphatic, pleural, or
interstitial invasion

o Complete examination of tumor required to rule out
invasion

o Presence of lymph node involvement rules out diagnosis
of BAC

o Presence of pleural invasion upgrades TNM status to T2

o Role of multifocallity needs to be carefully considered

Interpretation of cytology and biopsy specimens should be

carefully evaluated

Interpretation of intraoperative consultation should be

carefully evaluated

(Left) Adenocarcinoma is seen
composed of cellular
proliferation lining the
alveolar walls. The cells are
low to flat cuboidal with
pyknotic nuclei and an
absence of mitotic activity or
nuclear atypia. Note the lack
of interstitial involvement.
(Right) Carcinoma with mild
nuclear atypia and no invasion
into the interstitium is shown.
The tumor cells lined the
alveolar walls.




Bronchioloalveolar Carcinoma

TERMINOLOGY

Abbreviations
e Bronchioloalveolar cell carcinoma (BAC)

Synonyms

e |nsitu adenocarcinoma, well-differentiated
adenocarcinoma, bronchioloalveolar carcinoma,
adenocarcinoma with bronchioloalveolar pattern,
adenocarcinoma with lepidic pattern

Definitions

e Well-differentiated adenocarcinoma
o Lesion with relatively bland cytologic features that arises
in periphery of lung and spreads along walls of distal air
spaces
o Subset of adenocarcinoma common and distinctive
enough to warrant separation from other subtypes
e Adenocarcinoma with bronchioloalveolar pattern
o No evidence of stromal, vascular, or pleural invasion
o Essentially, current definition is similar to that of in situ
adenocarcinoma
e More recent reports have questioned definition of in situ
adenocarcinoma as prognosis of TINOMO appears to be
similar to all adenocarcinomas without meaningful
statistical significance among these tumors

ETIOLOGY/PATHOGENESIS

Environmental Exposure
e BAC appears not to be associated with tobacco use

CLINICAL ISSUES
Epidemiology
e Incidence
o Incidence of true BAC is not high and may represent <
10% of all carcinomas of lung
e Age
o Tumor can occur at any age
Presentation
e Cough
Chest pain

Shortness of breath
Bronchorrhea

Treatment

e Surgical approaches
o Wedge resection, lobectomy, or pneumonectomy
— Should be based on clinical grounds rather than
pathological growth pattern
— Since initial approach is surgical biopsy, decision on
final surgical approach is surgical/clinical decision

Prognosis

e Ascurrently defined, BAC tumors < 2 cm expected to do
well
o Recent reports state that staging at time of diagnosis
plays more important role than growth pattern
o Current management of TINOMO adenocarcinomas is
surgical resection and staging regardless of growth
pattern

o Diagnosis of in situ adenocarcinoma should be seen with
circumspection as may be misleading; does not have real
value in diagnosis of these tumors

e In multifocal tumors, prognosis may not be as good
e More recent reports state that staging at time of diagnosis
is more important than growth pattern

MACROSCOPIC

General Features

e Localized tumor mass: Usually < 3 cm in diameter
e Multinodular pattern: Extensive areas of lung parenchyma
are involved in miliary fashion
o Even though pattern is that of BAC, currently this
neoplasm is considered adenocarcinoma
e Diffuse pattern: No distinct tumor mass or nodule is
present
o Lung parenchyma appears congested, mimicking lobar
pneumonia
o Size of tumor is crucial in assigning specific diagnostic
category
o Tumors >3 cm are currently regarded as
adenocarcinomas despite BAC growth pattern

MICROSCOPIC

Histologic Features
e Conventional type
o Tumor cells are small and dark with hyperchromatic
nuclei and scant cytoplasm
o Tumor cells display prominent hobnail appearance and
are devoid of nucleoli or mitotic figures
e Mucinous type
o Tumor cells are tall, columnar, and contain abundant
mucinous cytoplasm

Predominant Pattern/Injury Type

e Circumscribed
e Mucinous
e Diffuse

DIFFERENTIAL DIAGNOSIS

Atypical Adenomatous Hyperplasia

e Tumor nodule < 0.5 cm in greatest dimension

e Histology very similar to BAC

Pulmonary Invasive Adenocarcinoma

e BAC lacks presence of vascular, lymphatic, pleural, or
interstitial involvement by tumor cells

Metastatic Adenocarcinoma

e History of previous adenocarcinoma is important
e Use of immunohistochemical stains plays important role in
determining origin of carcinoma

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Noninvasive pattern

e Diagnosis of BAC cannot be achieved in biopsy specimens

e Histopathological examination of entire tumor is required
for diagnosis of BAC
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Lung: Neoplasms, Malignant, Primary

Bronchioloalveolar Carcinoma

Immunohistochemistry

Antibody

Reactivity

KERATIN-LMW Positive Cytoplasmic
CEA-M Positive Cytoplasmic
CK7 Positive Cytoplasmic
TTF-1 Positive Nuclear
NAPSIN-A Positive Cytoplasmic
Surfactant Positive Cytoplasmic
p63 Positive Nuclear
CK20 Negative

CDX-2 Negative

GCDFP-15 Negative

CK5/6 Negative

p40 Negative

Desmocollin-3 Negative

Histochemical Features

Stain

PAS

PAS-D

Mucicarmine

Molecular Findings

FISH
(*)5

.5%6

Lymph node sampling is required to properly rule out
metastatic disease

Pathologic Interpretation Pearls

e Extensive pools of mucin

e Alveolar wall lined by neoplastic cells

e Absence of pleural invasion

e Absence of interstitial invasion

SELECTED REFERENCES

1. Kadota K et al: Prognostic significance of adenocarcinoma in situ, minimally
invasive adenocarcinoma, and nonmucinous lepidic predominant invasive
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Pathol. 38(4):448-60, 2014

2. Weissferdt A et al: Reclassification of early stage pulmonary
adenocarcinoma and its consequences. J Thorac Dis. 6(Suppl 5):5581-8, 2014

3. Weissferdt A et al: Pulmonary adenocarcinoma TINOMO and its
classification. Semin Diagn Pathol. 31(4):260-4, 2014
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gene alterations. Lung Cancer. 81(3):371-6, 2013

5. Weissferdt A et al: Early-stage pulmonary adenocarcinoma (T1NOMO): a
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Staining Pattern

Result

Comment

Helpfulin both mucinous and nonmucinous tumors

In some mucinous cases, stain may be negative

Focal in rare cases

May show focal positive staining in tumor cells in some cases

May show focal positive staining in tumor cells in some
mucinous tumors

Focal positivity may be seen

Positive in mucinous tumors

Positive in mucinous tumors

R
Positive in many cases

Positive in some cases

15.
16.
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cancer/american thoracic society/european respiratory society international
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Bronchioloalveolar Carcinoma

BAC/Lepidic Growth Pattern

(Left) BAC (in situ
adenocarcinoma) highlights
the absence of pleural

| involvement by the tumor =
This is an important criterion
| for the diagnosis of BAC.

! (Right) BAC (in situ

| adenocarcinoma)

| demonstrates

{ bronchioloalveolar

| proliferation with an absence
of tumor cells in the

| interstitium [
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Breakdown of Alveolar Structures

A

(Left) Adenocarcinoma shows
7/ the typical low-power features
"¢| of an adenocarcinoma
growing along the alveolar
walls. There is little interstitial
tissue present. (Right)
Adenocarcinoma is shown in
{ which the malignant cells are
lining the alveolar wall and
separated by a large vessel.
Note that there is no vascular
| invasion.

(Left) Adenocarcinoma shows
collections of alveolar
macrophages within the
lumen of the distended
alveolar spaces lined by tumor
cells. (Right) Adenocarcinoma
with BAC/lepidic growth
pattern B shows transitional
| areas of tumor with benign
alveolated lung parenchyma




Bronchioloalveolar Carcinoma

(Left) Mucinous
adenocarcinoma with
BAC/lepidic growth pattern
shows tightly packed nests of
tumor cells separated by think
interstitium. (Right) Mucinous
adenocarcinoma with
BAC/lepidic growth pattern
shows malignant cells lining
the alveolar lining. There is
virtually no interstitium, and
the neoplastic cells follow the
normal architecture of the
lung.
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(Left) Adjacent areas of
normal lung parenchyma are
shown in a mucinous
adenocarcinoma with
BAC/lepidic growth pattern.
The alveoli are filled with fluid
and numerous floating
macrophages =] (Right)
Pneumonic pattern of BAC in
which the alveoli are filled
with edematous fluid is
shown, with only focal areas
of alveoli replaced by
mucinous epithelium

(Left) Higher magnification
shows the pneumonic variant
of BAC. Note the presence of
mucinous epithelium replacing
the alveolar lining (=, (Right)
Mucinous type of epithelium is
shown replacing the alveolar
lining. The mucinous
epithelium is composed of
columnar cells with nuclei
displaced toward the base. No
cellular atypia or mitotic
activity is present.
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Mucinous Carcinoma

Bronchioloalveolar Carcinoma

(Left) Adenocarcinoma with
BAC/lepidic growth pattern

| shows alveolar walls lined by
2| columnar type of epithelium

adjacent to areas of normal
alveolar structures. (Right)
BAC shows a lepidic growth

o pattern. Note the absence of

tumor infiltrating the

| interstitium. However,

absence of pleural invasion

| must also be excluded for this

diagnosis.

(Left) Adenocarcinoma shows
a classic pattern of
BAC/lepidic growth. Note the

\| presence of neoplastic cells

Mucinous Epithelium With Minimal Atypia

lining the alveolar wall [=]
Still, one is able to follow the
"normal” architecture of the
lung parenchyma. (Right)
High-power view of a
mucinous adenocarcinoma
with BAC/lepidic growth

_ # pattern shows tumor

composed of columnar
epithelium and little

| intervening stroma.

(Left) Adenocarcinoma with
BAC/lepidic growth pattern
shows minimal nuclear atypia.
The tumor generally does not
show marked atypia or
increased mitotic activity.
(Right) Higher magnification
of a mucinous
adenocarcinoma with
BAC/lepidic growth pattern
shows mild nuclear atypia and
absence of mitotic activity.
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Mucinous ("Colloid") Carcinoma

TERMINOLOGY
Synonyms

e Mucinous cystadenoma, mucinous cystic tumor,
multilocular cystic carcinoma, mucinous cystic tumor of
borderline malignancy

Definitions
e Epithelial neoplasm with extensive mucin production

CLINICAL ISSUES

Epidemiology
e |ncidence

o Pure colloid carcinomas of lung are rare
e Age

o Colloid carcinomas are more common in adult patients
e Sex

o No predilection

Presentation

e Cough

Chest pain
Shortness of breath
Asymptomatic

Treatment

e Surgical approaches
o Lobectomy
o Segmentectomy
o Wedge resection

Prognosis

e Depends on staging at time of diagnosis

e OftentumorisT1, NO, MO

e Metastatic disease has been described
o Brain, bone, lymph nodes

MACROSCOPIC

General Features

o Well-defined tumor mass
e Mucoid consistency
e (Cystic changes may be present

Size
e Varies from 1 cmto>10cm

MICROSCOPIC

Histologic Features

Extensive areas of mucin deposition

Alveolar wall lined with mucinous epithelium

Single cells or clusters of cells are seen floating in mucin
Microscopic cystic changes

Pools of mucin with focal cells present

Absent inflammatory changes

Subpleural location

Predominant Pattern/Injury Type

e Mucinous

Predominant Cell/Compartment Type
e Epithelial

DIFFERENTIAL DIAGNOSIS

Metastatic Mucinous Carcinoma of Extrathoracic

Origin

e (Clinical history of or clinical evaluation for colonic, ovarian,
breast, or urachal carcinoma will be important

e Immunohistochemical studies important in determining
primary site

e Some immunohistochemical features may be shared by
some tumors

Bronchioloalveolar Carcinoma, Mucinous Variant

e In bronchioloalveolar carcinoma (BAQ), lepidic growth
pattern is characteristic feature in which alveolar lining is
substituted by mucinous type of epithelium

e Tumor size will lead to specific subclassification when BAC
is considered

e BAC commonly will diffusely involve entire lung or
extensive areas of it

e Immunohistochemical features of BAC and colloid
carcinoma may be similar

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (Gross appearance

Pathologic Interpretation Pearls

e Extensive mucin
e Alveolar wall lined with mucinous epithelium

GRADING

Colloid Carcinoma

e Considered low-grade malignant neoplasm

e Behavior determined by pathological staging at time of
diagnosis

e OftentumorisT1, NO, MO

SELECTED REFERENCES

1. Kamata T et al: Mucinous micropapillary pattern in lung adenocarcinomas: a
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3. Cruz-Rico G et al: Diagnosis of EML4-ALK translocation with FISH,
immunohistochemistry, and real-time polymerase chain reaction in patients
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4.  FuSetal: Detection of EML4-ALK fusion gene in Chinese non-small cell lung
cancer by using a sensitive quantitative real-time reverse transcriptase PCR
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5. GelesAetal: Pulmonary mucinous adenocarcinomas: architectural patterns
in correlation with genetic changes, prognosis and survival. Virchows Arch.
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Mucinous ("Colloid") Carcinoma

>
E Immunohistochemistry
é_'_ Antibody Reactivity Staining Pattern Comment
J:CU TTF-1 Positive Nuclear May be negative in many cases
51 CK7 Positive Cytoplasmic Staining may be as strong as in solid adenocarcinomas
g CEA-M Positive Cytoplasmic
o5 CK-PAN Positive Cytoplasmic
E CK20 Negative May be positive in fair number of cases
LQU_ CDX-2 Negative May be positive in some colloid carcinomas
§ GCDFP-15 Negative
Py PR Negative
§ ER Negative
pax-8 Negative
GATA3 Negative
GCDFP-15 Negative
NAPSIN-A Negative
Chromogranin-A Negative
Synaptophysin Negative
CK5/6 Negative
p40 Negative
p63 Negative
PTEN Negative
Surfactant-A Negative

Histochemical Features

Stain Result Comment

PAS Negative

PAS-D Positive Alsoinintracellular and extracellular areas
Mucicarmine Strongly positive Inintracellular as well as extracellular areas

Molecular Features

FISH Result
(*)5 Usually negative
$/. Usually negative
526 Usually negative
.5%$6 Usually negative
%59%) Negative
0(7 Negative
12. Weissferdt A et al: Well-differentiated adenocarcinoma-bronchioloalveolar 19. Jayaram G et al: Mucinous carcinoma (colloid carcinoma) of the lung
carcinoma-in situ adenocarcinoma: a conundrum. Adv Anat Pathol. diagnosed by fine needle aspiration cytology: a case report. Malays J Pathol.
20(5):347-51,2013 25(1):63-8, 2003
13. Bacha D et al: A pulmonary mucinous cystic tumour of borderline 20. Moran CA: Mucin-rich tumors of the lung. Adv Anat Pathol. 2(5):299-305,
malignancy. Pathologica. 100(3):189-91, 2008 1995
14. Maeda R et al: Primary pulmonary mucinous (colloid) adenocarcinoma. Gen 21. Moran CA et al: Mucinous (so-called colloid) carcinomas of lung. Mod Pathol.
Thorac Cardiovasc Surg. 56(4):195-8, 2008 5(6):634-8, 1992
15. Moran CA: Pulmonary adenocarcinoma: the expanding spectrum of 22. Graeme-Cook F et al: Pulmonary mucinous cystic tumors of borderline
histologic variants. Arch Pathol Lab Med. 130(7):958-62, 2006 malignancy. Hum Pathol. 22(2):185-90, 1991

16. Turlt H et al: Primary pulmonary mucinous adenocarcinoma in a 15-year-old
boy. Eur J Cardiothorac Surg. 29(5):851-3, 2006

17. Brownlee NA et al: Mucinous (colloid) adenocarcinoma of the lung. Arch
Pathol Lab Med. 129(1):121-2, 2005

18. Okimasa S et al: Mucinous (colloid) adenocarcinoma. Jpn J Thorac Cardiovasc
Surg. 53(6):305-8, 2005




Cystic Area

Mucinous ("Colloid") Carcinoma

Breakdown of Alveolar Walls
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Malignant Mucinous Epithelium

A (Left) In this lung parenchyma
replaced by mucoid material,
note the cyst-like appearance
of the tumor destroying
normal alveolar parenchyma.
This feature can be incorrectly
assumed to indicate a benign
cystadenoma. (Right)
Extensive mucoid material
destroys normal alveolated
parenchyma. Note that the
alveolar wall is being replaced
by mucinous epithelium 53]

(Left) Alveolated parenchyma
is destroyed by large amounts
of mucoid material. Note the
focal areas in which the
alveolar walls remain intact;
they are lined by mucinous
epithelium =] (Right) Several
areas in which the alveolar
wall is being replaced by a
mucinous type of epithelium
[=] are shown. However, 1
important feature is the
breakdown of alveolar walls

2 with partial replacement by

| mucinous epithelium.

NV

.-

(Left) Cystic areas are seen in
which there is an obvious
mucinous epithelial lining. In
addition, there are adjacent
areas of fibrosis with
inflammatory changes. (Right)
Closer view shows the
mucinous type of epithelium
of a cystic structure containing
large amounts of mucinous
| material. In addition, there are
many pigmented macrophages
whose appearance
| contrasts with that of the
mucinous cells.
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Mucinous ("Colloid") Carcinoma

Malignant Epithelium Large Cystic Areas
: =y . ] ey S (Left) Hematoxylin & eosin

i S = ; 3 | stain shows only a focus of
mucinous type of epithelium
53] Extensive mucinous
material is also present. The
appearance may mimic a
metastasis from
gastrointestinal origin. (Right)
Hematoxylin & eosin stain
shows a cystic tumor with
normal-appearing adjacent
lung parenchyma. This
appearance may give a false
impression of bronchiectasis;
however, note the presence of
the mucinous type of
epithelium B>
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(Left) Hematoxylin & eosin
stain shows colloid carcinoma
that is predominantly cystic,
not the presence of cystic
structures with extensive
mucinous deposition. Note the
presence of mucinous type of
epithelium in 1 of the upper
cysts 5> (Right) Hematoxylin
& eosin stain shows extensive
mucinous component with
areas with prominent
mucinous epithelium This
feature may be found only
focally in these tumors.

Single Malignant Cell Signet Ring-Like Cells

e =

(Left) Hematoxylin & eosin
stain shows only extensive
mucinous deposition.

However, one can still see the
presence of single neoplastic
cells I (Right) Hematoxylin &
eosin stain shows a closer view
of single neoplastic cells
floating in pools of mucin
This feature alone may also be
seen in cases of signet ring cell
carcinomas of the lung or in
metastatic mucinous
carcinomas from extrathoracic
origin.
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(Left) Hematoxylin & eosin
stain shows focal transitional
areas of colloid carcinoma
with more conventional areas
of solid adenocarcinoma
This feature is seen in only a
minority of cases of colloid
carcinomas. (Right)
Hematoxylin & eosin stain
shows extensive areas of
mucoid material with many
mucinophages =] No
neoplastic cells are present in
this area. This feature may be
misinterpreted as a pneumonic
process.

(Left) Hematoxylin & eosin
stain shows a single cluster of
neoplastic cells 3 floating in
extensive areas of mucin. In
some cases, this is a common
occurrence. (Right)
Hematoxylin & eosin stain
shows a focus of neoplastic
cells [2]in association with
many mucinophages 5> In
cases in which one is not sure
of the epithelial nature of the
cellular proliferation, the use
of immunohistochemical
studies is helpful.

(Left) Hematoxylin & eosin
stain shows a predominantly
cystic tumor with extensive
areas of mucin and only a
focal area of the mucinous
type of epithelium 5> This
feature has also been
misinterpreted as a mucinous
cystadenoma. (Right)
Hematoxylin & eosin stain
shows a predominantly cystic
tumor in which only a focal
area of a cystic wall is lined by
mucinous type of epithelium
B3] This feature is the one that
has been used to also call
these tumors "cystic mucinous
tumors.”

Mucinous ("Colloid") Carcinoma




Mucinous ("Colloid") Carcinoma

Cluster of Malignant Cells

(Left) Colloid carcinoma shows
extensive colloid component

| filling alveolar spaces.
However, in some areas, the
alveolated structures are still
preserved. No malignant
epithelium is present here.
(Right) Colloid carcinoma
shows only focal areas of
malignant epithelium
embedded in pools of mucin.
Adjacent pigmented alveolar
macrophages are also present.
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Keratin 7 Immunostain

= T3

A

(Left) Colloid carcinoma shows
more obvious mucinous
epithelium lining a cyst-like
structure. The alveolar lung
parenchyma is replaced by the
mucin lakes. (Right) Colloid
carcinoma shows a strong
positive reaction in the

! mucinous epithelium for

k- - | keratin7.

CDX-2 Immunostain
ARG SRR ¥ ; L P, (Left) Colloid carcinoma shows
Sy ool i ; positive nuclear staining for
CDX-2. This stain is commonly
seen positive in this type of
tumor. (Right) Colloid
carcinoma shows positive
nuclear staining for TTF-1. This
positive stain may be only
focal in these tumors.
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Signet Ring Cell Carcinoma

KEY FACTS

TERMINOLOGY

e Synonym: Adenocarcinoma with signet ring cells
e Definition
o Non-small cell carcinoma with signet ring cells similar to
those described in gastrointestinal tract

CLINICAL ISSUES
e Symptoms
Chest pain
Shortness of breath
Weight loss
Cough
Dyspnea
e Treatment
o Lobectomy
o Chemotherapy &/or radiation depending on clinical
setting
o Depends on molecular findings
e Prognosis

O O O O ©O

Macroscopic Features

(Left) Gross photograph shows
a signet ring cell carcinoma.
The mass is well defined but
not encapsulated. The surface
is tan and fairly homogeneous.
(Right) Normal lung
parenchyma is replaced by
islands of tumor cells arranged
in a glandular and acinar
pattern. Note the cell
composition made of cells
with abundant clear
cytoplasm.

(Left) Signet ring cell
carcinoma of the lung shows a
classic acinar growth pattern
with numerous malignant cells
(=] floating in a mucoid
material. (Right) Signet ring
cell adenocarcinoma of the
lung shows a cellular
neoplastic proliferation
composed of rather large cells
with ample cytoplasm and
nuclei displaced toward the W
periphery. Note the absence of | ="
mitotic activity. L

o Aggressive behavior

MACROSCOPIC

e 1to>5cmingreatest dimension
e May have central or peripheral location

MICROSCOPIC

e Tumor should be at least 75% signet cell component
e Predominant pattern/injury type

o Acinar

o Diffuse

TOP DIFFERENTIAL DIAGNOSES

e Metastatic signet ring cell carcinoma
o Gastrointestinal, breast, and ovarian origin
e Colloid carcinoma of lung
o Extensive mucinous "colloid" component
o Only focal areas of signet ring cell component
o May share similar immunohistochemical findings




Signet Ring Cell Carcinoma

TERMINOLOGY
Synonyms
e Adenocarcinoma with signet ring cells

Definitions

e Non-small cell carcinoma (adenocarcinoma) with signet ring
cells similar to those described in gastrointestinal tract

e Tumoris composed predominantly by signet ring cells, ~
75% or more

ETIOLOGY/PATHOGENESIS

Etiology

e Signetring cell carcinoma appears to be closely related to
bronchial cell-type adenocarcinoma

e Bronchial glands may be site of origin for these tumors

CLINICAL ISSUES
Epidemiology
e Incidence
o Primary signet ring cell carcinomas of lung are rare
o No definitive data on epidemiology of this tumor
e Age
o Individuals between 30-70 years old
o Like conventional adenocarcinomas, signet ring cell
carcinomas are more common in 6th and 7th decades of
life
e Sex
o No gender predilection

Site
e No apparent predilection for any side or any lung segment

Presentation

Chest pain
Shortness of breath
Cough

Weight loss
Dyspnea
Hoarseness
General malaise

Treatment

e Surgical approaches
o Lobectomy
e Adjuvant therapy
o Chemotherapy and radiation therapy depending on
clinical and pathological staging
o May also depend on results of molecular studies
Prognosis

e Aggressive behavior

IMAGING

General Features
e Intrapulmonary mass of varying sizes

MACROSCOPIC

General Features
e 1to>5cmingreatest dimension

e May have central or peripheral location
e Soft consistency, light tan, + hemorrhage &/or necrosis

MICROSCOPIC
Histologic Features
e Tumor should be at least 75% signet cell component

Predominant Pattern/Injury Type

e Acinar
e Diffuse

Predominant Cell/Compartment Type
e Epithelial
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DIFFERENTIAL DIAGNOSIS

Metastatic Signet Ring Cell Carcinoma
e Gastrointestinal, breast, and ovarian origin
o Use of immunohistochemical stains is highly important in
determining primary site
o Current of previous clinical history is highly relevant

"Colloid" Carcinoma of Lung

Presence of signet ring cells may be only focal
Extensive areas of mucinous "colloid" component
May share similar immunohistochemical features
May share similar molecular findings

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Signet ring cell component
e Presence of mucin
e Single cells or acinar arrangement

SELECTED REFERENCES

1. Alese OB et al: Anaplastic lymphoma kinase (ALK) gene alteration in signet
ring cell carcinoma of the gastrointestinal tract. Ther Adv Med Oncol.
7(2):56-62, 2015

2. ChoilH et al: Analysis of histologic features suspecting anaplastic lymphoma
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3. Hao YQ et al: Primary signet-ring cell carcinoma of the lung treated with
crizotinib: a case report. Oncol Lett. 9(5):2205-2207, 2015

4.  ParejaF et al: Cytomorphological features of ALK-positive lung
adenocarcinomas: psammoma bodies and signet ring cells. Cancer
Cytopathol. 123(3):162-70, 2015

5. QuY etal The clinicopathological significance of ALK rearrangements and
KRAS and EGFR mutations in primary pulmonary mucinous adenocarcinoma.
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Lung: Neoplasms, Malignant, Primary

Antibody Reactivity Staining Pattern Comment

Signet Ring Cell Carcinoma

Immunohistochemistry

CK8/18/CAM5.2 Positive Cytoplasmic Strong reaction in majority of cases
CK7 Positive Cytoplasmic Strong reaction in majority of cases
TTF-1 Positive Nuclear May be focalin some cases
NAPSIN-A Positive Cytoplasmic Focally and weakly
TAG72 Positive Cytoplasmic
EpCAM/BER-EP4/CD326 | Positive Cell membrane and

cytoplasm
CEA-M Positive Cytoplasmic Strong reaction in majority of cases
CD15 Positive Cytoplasmic May show only focal positivity
EMA Positive Cell membrane May be weak positive reaction
CK20 Negative Focal positive staining may be seen in some cases
CDX-2 Negative
GCDFP-15 Negative
ERP Negative
PRP Negative
Mammaglobin Negative
CK5/6 Negative
p63 Negative
p40 Negative
Chromogranin-A Negative
Synaptophysin Negative
CD56 Negative
Desmocollin-3 Negative

Histochemical Features

Stain Result

PAS Focal areas containing intracellular glycogen
PAS-D Positive reaction for intracellular mucin
Mucicarmine Strong positive reaction for intracellular mucin

Molecular Features

FISH A

(*)5 May be positive in some cases
$/. May be positive in some cases
.5$6 May be positive in some cases
526 May be positive in some cases
%59%) May be positive in some cases

3,. &% May be positive in some cases



Edema-Like Areas

Signet Ring Cell Carcinoma

Fibrous Septa

(Left) Signet ring cell
carcinoma destroys normal
lung parenchyma with
extensive areas of
proteinaceous fluid filling
some of the alveolar spaces. In
addition, clusters of neoplastic
cells are also present and fill
alveolar spaces =], (Right)
Neoplastic cellular
proliferation of round to oval
cells is shown with clear
cytoplasm and small nuclei in
signet ring cell carcinoma of
the lung. Fibrous collagen
bands separate acini of
neoplastic cells.

(Left) Clusters of neoplastic
cells fill alveolar spaces (3] in
signet ring cell carcinoma of
the lung. Note the presence of
extensive areas of
proteinaceous fluid filling the
alveolar spaces 2>, (Right)
Signet ring cell carcinoma is
shown with a predominantly
solid growth pattern.
However, even at this
magnification, one can still
identify signet ring cells.

(Left) High-power view shows
a solid component of a signet

ring cell carcinoma of the lung.

Note the presence of
numerous signet ring cells =]
admixed with more
conventional neoplastic cells.
(Right) High-power view of a
signet ring cell carcinoma is
shown. Note the presence of
the classic morphological
features of signet ring cells,
essentially round to oval cells,
clear cytoplasm, and nuclei
displaced toward the
periphery 3],
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Signet Ring Cell Carcinoma

Glandular and Acinar Pattern Nodular Pattern

(Left) Signet ring cell
carcinoma is shown with
acinar growth pattern and
extensive areas of
hyalinization. In some areas,
neoplastic acini are dissecting
the fibrocollagenous tissue
(Right) Signet ring cell
carcinoma is shown with a
nodular type of growth
pattern. The nodules are
separated by extensive areas
of fibrocollagenous stroma,
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permeation.

(Left) High-power view shows
a signet ring cell carcinoma
with retraction artifact from
areas of fibrocollagenous
stroma. This type of extensive
collagenization is rather
unusual in signet ring cell
carcinomas. (Right) Signet ring
cell carcinoma with diffuse
growth pattern is seen
adjacent to normal
submucosal glands 5>

(Left) Low-power
magnification of lymph node is
shown with metastatic signet
ring cell carcinoma 2] The
tumor is destroying extensive
areas of nodal normal
architecture. (Right) High-
power view shows the
neoplastic cells infiltrating
nodal tissue. Note the
presence of the preserved
signet ring cell morphology at
this metastatic site




Signet Ring Cell Carcinoma
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Well-Circumscribed Tumor Pneumonic-Like Pattern

X% " S R

(Left) Signet ring cell
adenocarcinoma of the lung
shows clear demarcation of
tumor B3 and normal lung
parenchyma E=. The tumor is
not encapsulated but it is well
demarcated. (Right) Signet
ring cell adenocarcinoma
shows extensive areas in
which the neoplastic cellular
proliferation is filling alveolar
spaces in a manner similar to a
pneumonic process.
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(Left) In focal areas, the
presence of edematous areas
admixed with macrophages
could pose a problem with
interpretation. However, note
the presence of more atypical
cells filling the alveolar spaces
B3 (Right) Higher
magnification shows the
neoplastic cells filling the
alveolar spaces. The cells are
large with eccentric nuclei and
ample cytoplasm,; however, no
mitotic activity is identifiable.

Floating Intraalveolar Tumor

LT + s (Left) A common occurrence in
1 # . signet ring cell

adenocarcinomas of the lung
is to identify the presence of
neoplastic cells floating in
intraalveolar spaces. Note the
presence of cellular atypia and
signet ring cells. (Right)
Mucicarmine stain shows
strong presence of
intracellular mucin. This is a
common histochemical
reaction that is easily
identifiable in these tumors.




Endometrioid-Like Carcinoma

KEY FACTS

TERMINOLOGY o Lacks morular component between glandular structures
e Malignant epithelial neoplasms with Features mimicking o Lacks primitive glands that recapitulate lung
secretory endometrium development of ~ weeks 11-16

o Shows intracellular mucin, while blastoma lacks it

CLINICAL ISSUES e Metastatic endometrioid adenocarcinoma from
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e Symptoms gynecologic primary
o Cough o Differential diagnosis more important in female patients
o Dyspnea o Clinical history &/or complete physical examination -
o Hemoptysis correct interpretation
o Chest pain o Use of immunohistochemical stains may help in some
e Prognosis cases
o Depends on clinical and pathological stage e Metastatic prostatic adenocarcinoma
e Treatment options o Differential diagnosis more important in male patients
o Lobectomy or pneumonectomy o Clinical history &/or clinical evaluation of possible
o Radiation &/or chemotherapy depending on clinical prostatic neoplasm is of utmost importance
stage o Use of immunohistochemical stains will lead to proper
interpretation

TOP DIFFERENTIAL DIAGNOSES
e Pulmonary blastoma: Endometrioid adenocarcinoma

Macroscopic Features Well-Demarcated Tumor

(Left) Gross photograph of an
endometrioid-like carcinoma
of the lung shows a well-
circumscribed but not
encapsulated mass. The tumor
is light tan and slightly
lobulated. (Right)
Endometrioid adenocarcinoma
shows a malignant glandular
proliferation destroying lung
parenchyma. Note the tumor
mass is well circumscribed and
a rim of normal lung
parenchyma is present

Mild Cellular Atypia

(Left) Endometrioid B Y Y i) et SO - B R
adenocarcinoma of the lung 3 4 : .. .
shows a classic growth pattern " <
of back-to-back glandular b
proliferation with very
discrete fibroconnective tissue
separating the malignant
glands. (Right) Closer view of
an endometrioid
adenocarcinoma of the lung
shows malignant glands
composed of cells with clear
cytoplasm, round nuclei with
loss of polarity, and mild
nuclear atypia.




Endometrioid-Like Carcinoma

TERMINOLOGY
Synonyms
e Endometrioid adenocarcinoma

Definitions

e Malignant epithelial neoplasms that mimic secretory
endometrium

e Non-small cell carcinoma

e Adenocarcinoma

CLINICAL ISSUES

Presentation

Cough
Hemoptysis
Dyspnea

Chest pain
Hoarseness
General malaise
Weight loss

Treatment

e Surgical approaches
o Lobectomy or pneumonectomy

e Adjuvant therapy
o Radiation or chemotherapy depending on clinical stage
o Depending on molecular findings

Prognosis

e Depends on clinical and pathological stage
e Depends on possible targeted therapy

IMAGING

General Features

e Intrapulmonary mass of variable size
e No specific lung or lung segment

MACROSCOPIC

General Features

e Tumor mass is light tan to brown

e From 1cmto> 10 cmin greatest diameter
e Hemorrhage or necrosis may be seen

e Tumor may be central or peripheral

MICROSCOPIC

Histologic Features

e Glands composed of cells with clear cytoplasm mimicking
secretory phase of endometrium

Back-to-back glandular growth pattern

Absence of morular component

Neoplastic cells with intracellular mucin

Intracellular mucin

Necrosis and hemorrhage are common

Low mitotic count

Predominant Pattern/Injury Type
e Glandular

Predominant Cell/Compartment Type
e Epithelial, glandular

DIFFERENTIAL DIAGNOSIS

Pulmonary Blastoma

e Endometrioid adenocarcinoma
o Lacks morular component between glandular structures
o Lacks primitive glands that recapitulate lung
development of ~ weeks 11-16
o Shows intracellular mucin, while blastoma lacks it

Metastatic Endometrioid Adenocarcinoma From

Gynecologic Primary

e Differential diagnosis more important in female patients

e Clinical history &/or complete physical examination are of
utmost importance

e Use of immunohistochemical stains may help in some cases

e TTF-1 may be positive in small number of primary
endometrial adenocarcinomas

Metastatic Prostatic Adenocarcinoma

e Differential diagnosis more important in male patients

e Clinical history &/or clinical evaluation of possible prostatic
tumor is of utmost importance

e Use of immunohistochemical stains will help in defining
primary site

e TTF-1is generally negative in prostatic adenocarcinomas

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Metastatic distribution

Pathologic Interpretation Pearls

e Malignant glands similar to those seen in menstrual phase
of secretory endometrium

e Back-to-back glandular proliferation

e Presence of intracellular mucin

e Absence of morules

SELECTED REFERENCES

1. ErTKetal Increase EGFR mutations detection rate in lung adenocarcinoma
by real-time PCR screening followed by direct sequencing. Appl
Immunohistochem Mol Morphol. 23(5):343-8, 2015

2. RenaudSetal: Prognostic value of the KRAS G12V mutation in 841 surgically
resected Caucasian lung adenocarcinoma cases. Br J Cancer. 113(8):1206-15,
2015

3. LongoM etal: Fetal adenocarcinoma of the lung in a 25-year-old woman. J
Thorac Oncol. 3(4):441-3,2008

4. SiamiK et al: Thyroid transcription factor-1 expression in endometrial and
endocervical adenocarcinomas. Am J Surg Pathol. 31(11):1759-63, 2007

5. Adluri RK et al: Pulmonary blastoma-a rare tumor with variable
presentation. Eur J Cardiothorac Surg. 29(2):236-9, 2006

6. Harada T et al: Pulmonary blastoma within bronchioloalveolar cell
carcinoma. Respirology. 11(3):339-42, 2006

7.  Steinhauer JR et al: 'Secretory endometrioid-like' adenocarcinoma of the
lung. Histopathology. 47(2):219-20, 2005
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Endometrioid-Like Carcinoma

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment
TTF1

Positive Nuclear Some cases of uterine adenocarcinoma may also show positive

nuclear staining

Lung: Neoplasms, Malignant, Primary

NAPSIN-A Positive Cytoplasmic

KERATIN-LMW Positive Cytoplasmic In glandular structures

CD15 Positive Cytoplasmic

MOC-31 Positive Cytoplasmic In glandular component
EpCAM/BER-EP4/CD326 | Positive Cell membrane

CK7 Positive Cytoplasmic Strongly positive

CEA-M Positive Cytoplasmic

TAG72 Positive Cytoplasmic May show weak positive reaction

CD10 Positive Cytoplasmic In some cases

WT1 Positive Nuclear May be positive or negative

CA125 Negative May be positive in some lung adenocarcinomas
ER Negative Focal weak positive staining may be seen
GATA3 Negative

[-catenin Negative

PTEN Negative

PR Negative

p63 Negative May show focal positivity in some cases
p40 Negative

Desmocollin-3 Negative

Chromogranin-A Negative

Synaptophysin Negative

CD56 Negative May show focal staining in some cases
CK20 Negative

CDX-2 Negative

p16 Negative

pax-8 Negative

PAP Negative

PSA Negative

Histochemical Features

Stain Result Comment

PAS Positive In cells containing glycogen
D-PAS Positive Intracellular mucin
Mucicarmine Positive Intracellular mucin

Molecular Features

FISH Result

(*)5 Positive in some cases

.5%$6 Positive in some cases

$/. May be positive in some cases
526 May be positive in some cases
%5%) May be positive in some cases

3,. &$ May be positive in some cases




Endometrioid-Like Carcinoma

Destruction of Lung Parenchyma Intraluminal Mucoid Material

Extensive Necrosis

Focal Fibrotic Areas

(Left) Endometrioid
adenocarcinoma of the lung
shows a malignant glandular
proliferation. Even at this
magnification, it is possible to
observe the clear cytoplasm.
(Right) Closer view of the
malignant glandular
component shows focal areas
in which the glands contain
intraluminal mucinous
material B3, while most of the
glands have an empty lumen.

(Left) Areas of necrosis =] are
present in endometrioid
adenocarcinoma; however,
extensive areas of necrosis are
not a common feature in this
type of neoplasm. (Right)
Malignant glands filled with
foamy macrophages [=] are
probably due to obstruction.
However, the basic histology
of the endometrioid-like
adenocarcinoma is still
present.

(Left) Endometrioid
adenocarcinoma shows a
malignant glandular
proliferation in which the
malignant glands are
separated by thin
fibroconnective tissue. A focal
area with more extensive
fibrosis is also present 5>
(Right) Endometrioid
adenocarcinoma shows a
malignant glandular
proliferation separated by thin
bands of fibroconnective
tissue and focal inflammatory
change 2]
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Endometrioid-Like Carcinoma

(Left) Malignant glandular
proliferation is shown in which
the glands are composed of
cells with prominent clear
cytoplasm and basally located
nuclei (2] Note the lack of
cytologic atypia or increased
mitotic activity. (Right)
Endometrioid adenocarcinoma
shows glands filled with
acellular material [22] Note
the presence of malignant
glands of different sizes and
tumor cells with clear
cytoplasm.

Malignant Glandular Proliferation

(Left) Higher magnification
view of the cellular
component of endometrioid
adenocarcinoma mimics the
secretory phase of the
menstrual endometrium.
(Right) Closer view shows
malignant glands with only
moderate nuclear atypia and
rare mitotic figures. Note the

TARPWEE " T A e T
L s, S PR g Te

absence of a morular
component.

Low Mitotic Activity Loss of Polarization of Nuclei
(Left) Higher magnification of (7. W PSR TS Sl T . "] P

the glandular component
shows basal location of the
nucleus [2]and clear
cytoplasm [ Mitotic figures
are rare. (Right) Higher
magnification of the cellular
component shows the piano
keys appearance, similar to
that described in the secretory
phase of the menstrual
endometrium.




Endometrioid-Like Carcinoma

Solid Areas Fibrosis

(Left) Endometrioid
%| adenocarcinoma shows focal
4 solid areas. However, the

| neoplastic proliferation shows
cells with clear cytoplasm and
gland-like formation. (Right)
Endometrioid adenocarcinoma
{ shows incomplete gland
formation and adjacent areas
of fibrosis with inflammatory
infiltrate.

—
c
5

=
Z
™
o

=
(o))
wn
3

2
=<
o

=
>
[a)
32

o
o
=
3
(23]
=

<

) (Left) Endometrioid
| adenocarcinoma shows a large
glandular structure with
involutional glandular changes
| as seen in intraglandular
)l formation. (Right)
"\ Endometrioid adenocarcinoma
shows a classic growth pattern
of back-to-back glandular
| proliferation. Note the

&4 presence of the epithelium
lining, the glands composed of
cells mimicking those seen in
secretory endometrium.

(Left) Endometrioid
adenocarcinoma shows
| mitotic activity B and
> | moderate nuclear atypia.

+| Adjacent gland shows
| intraglandular necrosis B3.
‘5| (Right) Endometrioid
-4 adenocarcinoma shows the
malignant glandular
| proliferation adjacent to areas
of marked inflammatory
reaction composed
predominantly of plasma cells
=
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Squamous Cell Carcinoma

KEY FACTS

TERMINOLOGY o In cases of small cell variant of squamous cell carcinoma,
e Malignant epithelial neoplasm with squamous (epidermoid) may be able toidentifyin situ squamous component

differentiation o Chromatin pattern of small cell carcinoma, salt and

pepper, not present in small cell variant of squamous cell

MACROSCOPIC carcinoma
e Central or peripheral tumors e Sarcoma
e White or light brown in color with homogeneous cut o Inspindle cell variant of squamous cell carcinoma, may

surface that may show areas of hemorrhage &/or necrosis identify residual focal areas of squamous differentiation
e Tumors may be predominantly cystic e Large cell neuroendocrine carcinoma
e Tumor size may vary from 2 cm to > 10 cm in diameter o In cases of basaloid squamous cell carcinoma, large cell
MICROSCOPIC gguroeqdocrme carcinoma may enter differential

' iagnosis

* Solid e Mucoepidermoid carcinoma
* Cy?'t'c o Will show presence of mucous secreting cells
e Spindled o Likely will not show areas of keratinization
TOP DIFFERENTIAL DIAGNOSES e Adenosquamous carcinoma

e Small cell carcinoma o By definition, areas of adenocarcinoma must be present

Well-Differentiated Squamous Cell

Squamous Cell Carcinoma

(Left) Gross photograph of
squamous cell carcinoma
(SCC) of the lung shows a
centrally located large
neoplasm. The tumor has a
soft consistency and focal
areas of necrosis &3. (Right)
Keratinizing well-
differentiated SCC is shown.
Note the presence of keratin
formation =] characteristic of
well-differentiated tumors.

Keratinization

(Left) Keratinizing SCC of the
lung shows areas mimicking
pseudoepitheliomatous
hyperplasia. Note the
infiltrative nature of the
neoplasm. (Right) Higher
magnification of a SCC shows
an area of unequivocal
keratinization BS. Adjacent
tumor cells do not show
obvious keratinization.



Squamous Cell Carcinoma

TERMINOLOGY
Synonyms
e Epidermoid carcinoma

Definitions

e Malignant epithelial neoplasm with squamous (epidermoid)
differentiation

ETIOLOGY/PATHOGENESIS

Environmental Exposure

e Associated with tobacco smoke
e Other environmental conditions may also play role

CLINICAL ISSUES

Presentation

Cough

Shortness of breath
Hemoptysis

Chest pain
Wheezing

Weight loss
Hoarseness

Treatment

e Surgical approaches
o Wedge resection
o Lobectomy
o Pneumonectomy
e Radiation
o Chemotherapy or radiation therapy

Prognosis
e Depends on stage at time of diagnosis

IMAGING

General Features
e Central or peripheral intrapulmonary mass

MACROSCOPIC

General Features

e Central or peripheral tumors

e White or light brown in color with homogeneous cut
surface

e Cutsurface may show areas of hemorrhage &/or necrosis

e Tumors may be predominantly cystic

e Tumor size may vary from 2 cm to > 10 cm in diameter

MICROSCOPIC

Histologic Features

e Keratinization
e Keratin pearls
e Intercellular bridges

Predominant Pattern/Injury Type

e Solid
e (ystic
e Spindled

Predominant Cell/Compartment Type
e Epithelial, squamous

DIFFERENTIAL DIAGNOSIS

Small Cell Carcinoma

e |n cases of small cell variant of squamous cell carcinoma,
presence of in situ squamous component will be helpful for
diagnosis

e Chromatin pattern of small cell carcinoma (salt and pepper)
not present in small cell variant of squamous cell carcinoma

e May show positive staining for neuroendocrine markers
and TTF-1

Sarcoma

e May identify residual focal areas of squamous
differentiation in spindle cell variant of squamous cell
carcinoma

e Immunohistochemical markers for mesenchymal origin may
prove useful

Large Cell Neuroendocrine Carcinoma

e In cases of basaloid squamous cell carcinoma, large cell
neuroendocrine carcinoma may enter differential diagnosis

e Basaloid squamous cell carcinoma is negative for
neuroendocrine markers

e Immunomarkers for neuroendocrine origin will show
positive staining

Mucoepidermoid Carcinoma

e Presence of myocytes is more in keeping with
mucoepidermoid carcinoma (MEC)

o | acks keratinization

e Low-grade MEC lacks marked nuclear atypia and high
mitotic activity

Adenosquamous Carcinoma

e By definition, this tumor must have areas of conventional
adenocarcinoma admixed with squamous cell carcinoma

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Presence of keratinization, keratin pearls, &/or intercellular
bridges

GRADING

Well-Differentiated Squamous Cell Carcinoma
e Tumor shows obvious keratinization, and at high-power
view, intercellular bridges are apparent
Moderately Differentiated Squamous Cell Carcinoma
e Tumors show more cellular and nuclear atypia
o Keratinization is not obvious
Poorly Differentiated Squamous Cell Carcinoma

e Sheets of tumor cells with only focal keratinization, high
mitotic activity, and prominent cellular and nuclear atypia

In Situ Squamous Cell Carcinoma
e Tumor is limited to bronchial mucosa, full thickness
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Lung: Neoplasms, Malignant, Primary

Squamous Cell Carcinoma

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment

CK5/6 Positive Cytoplasmic
p63 Positive Nuclear
KERATIN-LMW Positive Cytoplasmic
CK-PAN Positive Cytoplasmic
CK7 Positive Cytoplasmic
CK20 Negative
NAPSIN-A Negative
Vimentin Positive Cytoplasmic
CD117 Positive Cytoplasmic
p40 Positive Nuclear
Positive Cytoplasmic
met Positive Cell membrane
PD-1 Positive Cytoplasmic
TTF-1 Negative
Chromogranin-A Negative
Synaptophysin Negative
CD56 Negative
Positive Cytoplasmic

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Molecular Features

FISH/RT-qPCR
1) mutation

62; amplification
)*)5 amplification
.5$6 mutations
+0*$ expression
0 (7 amplification
(*)5

$/.

SELECTED REFERENCES

1. Eide HA et al: The MYCN-HMGA2-CDKN2A pathway in non-small cell lung
carcinoma-differences in histological subtypes. BMC Cancer. 16(1):71, 2016

2. FukazawaT et al: SOX2 suppresses CDKN1A to sustain growth of lung
squamous cell carcinoma. Sci Rep. 6:20113, 2016

3. Redig AJetal: Clinical and molecular characteristics of NF1 mutant lung
cancer. Clin Cancer Res. ePub, 2016

4.  Xie FJetal: The clinical pathological characteristics and prognosis of FGFR1
gene amplification in non-small-cell lung cancer: a meta-analysis. Onco
Targets Ther. 9:171-81,2016

5. Kayser G et al: Downregulation of MTSS1 expression is an independent
prognosticator in squamous cell carcinoma of the lung. Br J Cancer.
112(5):866-73,2015

May also be positive in mesotheliomas
May also be positive in other types of carcinomas
Not specific for squamous cell carcinoma

~50% of cases

May also be positive in nonepithelial tumors

In some cases

Desmocollin 3
c-Metin some cases
~26% of cases; PD2 in ~ 23% of cases

In some cases, focal positive nuclear staining may be seen

In some cases, may show weak focal positive staining
In some cases, may show focal weak staining
MTSS1

A
May show focal positive intracytoplasmic staining

Negative

Negative

Result
In some cases

In some cases
In some cases
Likely negative
In some cases
Likely negative
Likely negative
Likely negative

6. Kim MY et al: Clinicopathological analysis of PD-L1 and PD-L2 expression in
pulmonary squamous cell carcinoma: Comparison with tumor-infiltrating T
cells and the status of oncogenic drivers. Lung Cancer. 88(1):24-33, 2015

7. Steuer CE etal: Innovative clinical trials: The LUNG-MAP study. Clin
Pharmacol Ther. 97(5):488-91,2015

8.  Weissferdt A et al: Microcystic squamous cell carcinoma of the lung: a
clinicopathologic study of three cases. Am J Clin Pathol. 136(3):436-41,2011

9. PelosiGetal: CD117 immunoreactivity in stage | adenocarcinoma and
squamous cell carcinoma of the lung: relevance to prognosis in a subset of
adenocarcinoma patients. Mod Pathol. 17(6):711-21, 2004



mous Cell Carcinoma
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In Situ Squamous Cell Carcinoma In Situ Squamous Cell Carcinoma

(Left) In situ bronchial SCC
shows bronchial mucosa
completely replaced (full
thickness) by neoplastic cells.
Note the lack of invasion into
adjacent lung parenchyma.
(Right) Full thickness of the
bronchial mucosa replaced by
a neoplastic cellular
proliferation characteristic of
in situ SCC shows mild
inflammatory reaction
adjacent to the neoplastic
cells.
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Invasive Squamou

= : ST ma SR (Left) Predominantly in situ
24 SCCwith focal areas of
minimally invasive tumor is
shown. Tumor islands of SCC
[ are admixed with an
inflammatory reaction [2]
(Right) Moderately
differentiated SCC shows
marked keratinization. This
growth pattern is typical of
SCC. Cellular and nuclear
atypia are present.

(Left) Poorly differentiated
SCC growing in cords of
neoplastic cells is shown. Note
the presence of marked
cellular and nuclear atypia.
Mitotic figures are present.
(Right) Sheets of neoplastic
cells with focal perivascular
arrangement are seen in this
example of poorly
differentiated SCC. The tumor
shows only focal single cell
keratinization.
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(Left) Pseudoglandular

appearance of a SCC, so-called |

adenoid-like SCC. Note the
presence of glandular
structures [/ that can be
confused for adenocarcinoma.
(Right) SCC shows an adenoid-
like growth pattern. Note the
entrapped alveolar structures,
which impart a
pseudoglandular appearance

(Left) SCC shows marked cystic f

changes. At this magnification,
the tumor appears to be an in
situ carcinoma due its cystic
nature. This histological
pattern is unusual and
commonly associated with
areas of necrosis. (Right)
Cystic squamous cell
carcinoma in which there are
unequivocal areas of invasion
is shown. This particular
pattern is rather unusual in
primary lung neoplasms.

(Left) SCC shows an extensive
ameloblastoma-like pattern.
The tumor grows in a manner
similar to those tumors
occurring in the jaw. Also note
the presence of prominent
clear cell changes. (Right) SCC
shows ameloblastoma-like
growth pattern displaying
areas of keratinization and
clear cells with squamous
differentiation. Mild to
moderate cellular and nuclear
atypia are present.

Squamous Cell Carcinoma




Squamous Cell Carcinoma

Granular Cell-Like Changes Granular Cell-Like Changes

R BN I

Basaloid Squamous Cell Carcinoma

(Left) SCC shows extensive
areas of larger cells mimicking
granular cells. Note the
presence of conventional
areas of SCCZ3I transitioning
into larger cells with granular-
like changes [2]. (Right) High
magnification of SCC shows
the large granular cell-like
changes. The cells show
prominent granular
cytoplasm, similar to those in
granular cell tumors. No
mitotic activity or nuclear
atypia are present.

(Left) Moderately
differentiated SCC [=]shows
extensive areas of necrosis =]
with no viable tumor. In some
cases, the presence of viable
tumor may be only focal.
(Right) SCC shows a prominent
syringomatous-like growth
pattern. This growth pattern
mimics that of adnexal skin
tumors. This pattern is similar
to the so-called microcystic
SCC of the skin.

(Left) SCC shows a prominent
basaloid growth pattern. The
tumor displays marked cellular
atypia and areas of necrosis.
Scattered large atypical cells
= are seen admixed with the
basaloid tumor cells. (Right)
High-power view of a basaloid
SCC shows that the tumor
recapitulates the similar
growth pattern of the adnexal
basal cell carcinoma of the
skin.
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Squamous Cell Carcinoma

(Left) Higher magnification of
a basaloid SCC shows vague
squamoid differentiation and
prominent basaloid growth
with palisading of the nuclei.
Note the adjacent normal
airway =], (Right) Poorly
differentiated SCC shows a
neuroendocrine-like growth
pattern. This tumor represents
the so-called small cell variant
of SCC.
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Small Cell Variant Small Cell Variant

(Left) SCC shows features of
the so-called small cell variant
of SCC. The tumor shows a
neoplastic cellular
proliferation composed of
rather smaller cells in a
pattern that mimics small cell
carcinoma. (Right) Small cell
variant of SCC shows features
commonly associated with a
non-small cell carcinoma. Note
the presence of cells with
scant cytoplasm; however, the
presence of nucleoli is more in
keeping with a non-small cell
carcinoma.

(Left) Poorly differentiated
SCC displays extensive areas
of necrosis and clear cell
features. Single-cell
keratinization [3is present.
Areas of clear cell changes are
not pathognomonic of SCC.
(Right) The clear cell
component in SCC may be
extensive in some cases. Note
the presence of cellular and
nuclear atypia and the
presence of an admixed
inflammatory response =],




Squamous Cell Carcinoma

Pseudoglandular Component Spindle Cell Component
B

(Left) SCC shows focal areas in
which the tumor appear to be
forming glands B3. This
feature can easily be mistaken
for adenosquamous
carcinoma. (Right) SCC with
prominent spindle cell
component is shown. This
feature may also be
misinterpreted as sarcomatoid
carcinoma.
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(Left) Nonkeratinizing SCC
shows solid areas of tumor
with a subtle basaloid
appearance. (Right)
Immunohistochemical stain

| for p40 shows strong, positive
nuclear staining in a SCC.

(Left) SCC of the lung shows
nuclear positive staining for
p63. Although common in SCC,
this stain may also show
positive staining in other
neoplasms. (Right) SCC of the
lung shows cytoplasmic
staining for keratin 5/6.
Although this immunostain is
commonly seen positive in
SCGC, itis also positive in other
types of tumors
(mesothelioma).
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Spindle Cell (Sarcomatoid) Carcinoma

KEY FACTS

TERMINOLOGY

e Carcinoma with pseudosarcomatous component,
pseudosarcomatous carcinoma, spindle cell carcinoma

CLINICAL ISSUES

Cough
Chest pain
Hemoptysis
Dyspnea
Hoarseness
Weight loss

MACROSCOPIC

Central or peripheral tumors

2 to>10cmin diameter

Firm, light tan, and well circumscribed but not encapsulated
Areas of necrosis may be seen

Macroscopic Features

(Left) Gross photograph shows
an intrapulmonary large mass
that is white, firm, and well
circumscribed. The cut surface
is smooth and homogeneous.
(Right) Centrally located
spindle cell (sarcomatoid)
carcinoma shows a tumor with
solid and diffuse malignant
cellular proliferation.

(Left) Sarcomatoid (spindle
cell) carcinoma shows a
growth pattern similar to that
seen in spindle cell sarcomas.
(Right) Sarcomatoid (spindle
cell) carcinoma shows
moderate nuclear atypia and
mitotic activity B3. These
features are commonly seen in [
these tumors.

MICROSCOPIC
e Tumor composed exclusively of malignant spindle cells

ANCILLARY TESTS

e Keratin (+)

e Pneumocytic markers (-)
e Squamous cell markers (-)

TOP DIFFERENTIAL DIAGNOSES

e Pleomorphic carcinoma (PC)
o In addition to spindle cell component, PC should have
presence of multinucleated giant cells
e | eiomyosarcoma: Sarcomatoid carcinoma
o Should have negative staining for desmin, caldesmon, or
smooth muscle actin
e Malignant fibrous histiocytoma
o Absence of immunoreactivity for epithelial markers

Central Tumor




Spindle Cell (Sarcomatoid) Carcinoma

TERMINOLOGY
Synonyms

e Carcinoma with pseudosarcomatous component,
pseudosarcomatous carcinoma, spindle cell carcinoma

Definitions
e Malignant epithelial neoplasm composed exclusively of
spindle cells
e Term should be reserved for those tumors showing
o No histological areas of squamous or adenocarcinoma
o No pneumocytic or squamous differentiation by
immunohistochemistry

ETIOLOGY/PATHOGENESIS

Etiology

e Sarcomatoid carcinomas may represent poorly
differentiated squamous cell carcinomas

e InWHO 2015, grouped among "sarcomatoid" carcinomas
of lung

CLINICAL ISSUES
Epidemiology
e Incidence
o Sarcomatoid carcinomas account for small percentage of
primary lung neoplasms
e Age
o Similar to other non-small cell carcinomas
e Sex
o No gender predilection

Presentation
Cough

Chest pain
Hemoptysis
Dyspnea
Hoarseness
Weight loss
General malaise

Treatment
e Surgical approaches
o Lobectomy or pneumonectomy
e Adjuvant therapy
o Chemotherapy &/or radiation therapy
Prognosis

e Depends on stage at time of diagnosis
e Since most cases are in late stages, prognosis may not be
good

IMAGING
Radiographic Findings
e Central or peripheral lung mass

MACROSCOPIC

General Features

e Central or peripheral tumors
e 2to>10cmindiameter

e Firm, light tan, and well circumscribed but not encapsulated
e Areas of necrosis may be seen

MICROSCOPIC

Histologic Features

e Tumor composed exclusively of malignant spindle cells

e |nsome cases, focal areas of classic squamous cell
carcinoma may be seen

Predominant Pattern/Injury Type

e Sarcomatoid

Predominant Cell/Compartment Type
e Epithelial
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DIFFERENTIAL DIAGNOSIS

Pleomorphic Carcinoma

e |n addition to spindle cell component, pleomorphic
carcinoma (PC) should have presence of multinucleated
giant cells

e PCand sarcomatoid carcinoma may share similar
immunohistochemical profile

Leiomyosarcoma

e Sarcomatoid carcinomas
o Negative staining for
— Desmin
— Caldesmon
— Smooth muscle actin
— Some cases of leiomyosarcomas may show focal
positive staining for keratin

Malignant Fibrous Histiocytoma

e Absence of immunoreactivity for epithelial markers
e Insome cases of malignant fibrous histiocytoma, keratin
may show positive staining

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls
e Tumor composed exclusively of malignant spindle cells

SELECTED REFERENCES

1. Antoine M et al: [Pulmonary sarcomatoid carcinoma.] Ann Pathol. 36(1):44-
54,2016

2. ForestFetal: Histomolecular profiling of pleomorphic, spindle cell, and giant
cell carcinoma of the lung for targeted therapies. Hum Pathol. 49:99-106,
2016

3. PelosiG et al: Synergic activation upon MET and ALK co-amplification
sustains targeted therapy in sarcomatoid carcinoma, a deadly subtype of
lung cancer. J Thorac Oncol. ePub, 2016

4. GuLetal: Clinical analysis of 95 cases of pulmonary sarcomatoid carcinoma.
Biomed Pharmacother. 76:134-40, 2015

5. LinYetal: Characteristics and prognostic analysis of 69 patients with
pulmonary sarcomatoid carcinoma. Am J Clin Oncol. ePub, 2014

6. Terra SB et al: Immunohistochemical study of 36 cases of pulmonary
sarcomatoid carcinoma-sensitivity of TTF-1 is superior to napsin. Hum
Pathol. 45(2):294-302, 2014

7. VieiraTetal: Blood vessel invasion is a major feature and a factor of poor
prognosis in sarcomatoid carcinoma of the lung. Lung Cancer. 85(2):276-81,
2014

8.  Avila Martinez RJ et al: Primary pulmonary sarcomatoid carcinomas. Arch
Bronconeumol. 49(9):405-7, 2013

9. HuangSY et al: Pulmonary sarcomatoid carcinoma: a clinicopathologic study
and prognostic analysis of 51 cases. World J Surg Oncol. 11:252, 2013




Lung: Neoplasms, Malignant, Primary

Spindle Cell (Sarcomatoid) Carcinoma

Immunohistochemistry

Antibody Reactivity

KERATIN-LMW Positive Cytoplasmic
CK-PAN Positive Cytoplasmic
CK7 Positive Cytoplasmic
EMA/MUC1 Positive Cell membrane
CK5/6 Negative Not applicable
D2-40 Positive Cytoplasmic
WT1 Positive Nuclear
Vimentin Positive Cytoplasmic
CD15 Negative Not applicable
NSE Negative

Actin-sm Negative

Desmin Negative

Caldesmon Negative

MYOD1 Negative

CD31 Negative

S100 Negative

Calretinin Negative

CEA-M Negative

Chromogranin-A Negative

p63 Negative

TTF-1 Negative

p40 Negative

NAPSIN-A Negative

CK20 Negative

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Molecular Features

FISH

(*)5

$/. amplification
.5 $ 6 amplification
526

3,. &$

0(7 amplification

10. Chhatwani L et al: Adjuvant treatment of resected lung cancer. Proc Am
Thorac Soc. 6(2):194-200, 2009

11. Rossi G et al: Areevaluation of the clinical significance of histological
subtyping of non-small-cell lung carcinoma: diagnostic algorithms in the era
of personalized treatments. Int J Surg Pathol. 17(3):206-18, 2009

12. Stinchcombe TE et al: Current treatments for advanced stage non-small cell
lung cancer. Proc Am Thorac Soc. 6(2):233-41, 2009

13. RoJY etal: Sarcomatoid carcinoma of the lung. Immunohistochemical and
ultrastructural studies of 14 cases. Cancer. 69(2):376-86, 1992

Staining Pattern

Comment

Focally in some cases

Focally positive in some cases
Focally positive in some cases

Focally positive in some cases

May be focally positive in some cases

May be focally positive in some cases

Focally positive in some cases

May be focally positive in some cases

A
Negative

Negative

Negative

A
Likely negative

In some cases
In some cases
Likely negative
Likely negative

In some cases

14, MatsuiK et al: Spindle cell carcinoma of the lung. A clinicopathologic study of
three cases. Cancer. 67(9):2361-7, 1991

15. Humphrey PA et al: Pulmonary carcinomas with a sarcomatoid element: an
immunocytochemical and ultrastructural analysis. Hum Pathol. 19(2):155-65,
1988

16. Suster S et al: Spindle cell squamous carcinoma of the lung.
Immunocytochemical and ultrastructural study of a case. Histopathology.
11(8):871-8, 1987



Spindle Cell (Sarcomatoid) Carcinoma
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Residual Normal Glands

e X 3 ) (Left) Sarcomatoid carcinoma
of the lung shows a tumor
that is well circumscribed but
not encapsulated. Note that
toward the periphery there is
the presence of normal lung
parenchyma 5], (Right)
Sarcomatoid squamous cell
carcinoma shows malignant
spindle cell proliferation
composed of elongated cells
with marked nuclear atypia.
Note the presence of a
residual normal endobronchial
gland >
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(Left) Malignant spindle cell
proliferation in a sarcomatoid
squamous cell carcinoma of
the lung is admixed with an
inflammatory component
composed of lymphocytes and
plasma cells ] (Right)
Malignant spindle cell
proliferation with residual
dilated alveolar structures =]
is shown. It is important to
recognize these entrapped
structures and not interpret
them as part of the tumor,
which may lead to the
erroneous diagnosis of a
biphasic neoplasm.

Hemorrhagic Areas

(Left) Extensive presence of
abundant red cells deposited
in dilated spaces mimics a
vascular neoplasm in
sarcomatoid squamous cell
carcinoma of the lung. Note
the presence of a malignant
spindle cell component
admixed with the red cells.
(Right) Malignant spindle cell
proliferation composed of
elongated cells with atypical
nuclei and some cells with
prominent nucleoli, admixed
with red cells [2] and dilated
vascular spaces mimics a
vascular neoplasm.
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Spindle Cell (Sarcomatoid) Carcinoma

Extensive Necrosis Focal Necrosis

(Left) Dilated vascular space
E>1surrounded by malignant
spindle cells [2] and extensive
necrosis I is seen in this
sarcomatoid squamous cell
carcinoma of the lung. This
pattern can easily imitate a
vascular neoplasm. (Right)
Malignant spindle cell
proliferation without any
specific growth pattern and
focal areas of necrosis 5> is
shown. A similar feature may
be seen in other poorly
differentiated carcinomas of
the lung.

(Left) Malignant spindle cell
proliferation 5> clearly
delineated from normal lung
parenchyma (3]s seen in a
sarcomatoid squamous cell
carcinoma. However, at this
power, this growth pattern
can be confused with an
organizing pneumonia. (Right)
Sarcomatoid carcinoma shows
a neoplastic proliferation of
elongated cells ] admixed
with areas of necrosis 5> The
latter is a common feature in
these tumors.

Vascular Involvement Nuclear Atypia

(Left) Sarcomatoid carcinoma
involving and compressing
a large vessel [2]is shown.
There is vascular permeation
31 of the tumor. (Right)
Higher magnification of the
spindle cell component in a
sarcomatoid squamous cell
carcinoma of the lung shows
marked cellular and nuclear
atypia.




Spindle Cell (Sarcomatoid) Carcinoma
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Inflammatory Component Extensive Hyalinization

e

(Left) Sarcomatoid (spindle
cell) carcinoma shows areas of
lymphocyte aggregates and
mixed inflammatory
component with tumor cells.
(Right) Sarcomatoid (spindle
cell) carcinoma shows
extensive areas of
hyalinization and
inflammatory component,
which obscures the malignant
nature of the process.
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Marked Inflammatory Reaction

Nuclear Atypia
N 7 S e TR AT

e Y ekt s - o) (Left) The presence of an

.. phof inflammatory reaction may be
marked, which in turn may
obscure the malignant
component. Here the spindle
cells are admixed with
lymphocytes and plasma cells.
(Right) Closer magnification
clearly separates the
malignant cells from the
inflammatory cells. However,
note that despite the presence
of nuclear atypia, mitotic
activity is absent.

(Left) Closer magnification
shows a different area in
which not only the tumor
shows nuclear atypia but also
mitotic figures are easily
identified B3. (Right)
Immunohistochemical stain
for keratin shows strong
positive staining in the spindle
cells or a sarcomatoid (spindle
cell) carcinoma of the lung.
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Lymphoepithelioma-Like Carcinoma

KEY FACTS

TERMINOLOGY

e Lymphoepithelioma-like carcinoma (LELC)
o Malignant epithelial neoplasm with prominent
inflammatory component

ETIOLOGY/PATHOGENESIS

e Appears not to be related to tobacco smoke

e Closely associated with Epstein-Barr virus infection

e More common in people of Asian background though also
described in Caucasians

MICROSCOPIC

e Inflammatory

e Epithelial

e Malignant epithelial component embedded in
inflammatory background composed predominantly of
lymphocytes and plasma cells

TOP DIFFERENTIAL DIAGNOSES

e Metastatic nasopharyngeal carcinoma

Macroscopic Features

(Left) Gross photograph of a
lymphoepithelial-like
carcinoma (LELC) shows a
well-circumscribed
intrapulmonary mass with
focal central necrosis. The
tumor has a peripheral
subpleural location. (Right)
LELC of the lung shows the
classic appearance of clusters
of neoplastic cells [2]
surrounded by a prominent
inflammatory background >

(Left) LELC of the lung shows
tumoral areas B separated by
fibrous bands containing an
inflammatory infiltrate B3.
The 2 components are easy to
distinguish. (Right) LELC of the |’
lung shows a marked
inflammatory reaction
composed of
polymorphonuclear cells,
lymphocytes, and plasma cells.
The tumor areas show nuclear
atypia and mitotic activity.

o Identical histological features as counterpart in head and
neck
o Clinical history &/or physical examination play important
role in determining primary site
e Large cell carcinoma
o Presence of prominent inflammatory component should
raise suspicion of LELC
e Inflammatory myofibroblastic tumor (IMT)
o IMT would show positive staining for ALK-1
e Anaplastic large cell lymphoma (ALCL)
o ALCL will show positive staining for CD-30 and ALK-1
e Pleomorphic carcinoma (PC)
o PCwill show presence of giant and spindle cell
component

DIAGNOSTIC CHECKLIST

e Histological features similar to nasopharyngeal carcinoma
(Schmincke tumor)

Nodular Pattern

0 \ﬁr T

Cellular Atypia and Mitotic Activity



Lymphoepithelioma-Like Carcinoma

TERMINOLOGY

Abbreviations
e Lymphoepithelioma-like carcinoma (LELC)

Definitions

e Malignant epithelial neoplasm with prominent
inflammatory component

ETIOLOGY/PATHOGENESIS

Environmental Exposure
e Appears not to be related to tobacco smoke

Infectious Agents

e Closely associated with Epstein-Barr virus infection
e More common in people of Asian background though also
described in Caucasians

CLINICAL ISSUES

Presentation
Cough
Hemoptysis
Dyspnea
Chest pain
Weight loss
Hoarseness

Treatment

e Surgical approaches
o Lobectomy
e Adjuvant therapy
o Chemotherapy or radiation therapy may be used
depending on stage
Prognosis
e Depends on stage at time of diagnosis

IMAGING

General Features

e |ntrapulmonary mass
e F-FDG-avid tumor

MACROSCOPIC

General Features

e Tumor may be in central or peripheral location

e Essentially indistinguishable from other nonsmall cell
carcinomas

e Necrosis is common finding

Size
e Tumors may vary in size and may be > 10 cm

MICROSCOPIC

Histologic Features

e Large epithelial cells with scant cytoplasm and vesicular
nuclei

e |obulated pattern of growth

e Cells with round to oval nuclei and prominent nucleoli

e Nuclear atypia and increased mitotic activity

e Prominent inflammatory background

e Lymphocytes and plasma cells easily identified
e EBER studies are positive in tumor cells
Predominant Pattern/Injury Type

e Mixed

e Inflammatory

Predominant Cell/Compartment Type

e Epithelial

DIFFERENTIAL DIAGNOSIS

Metastatic Nasopharyngeal Carcinoma

e |dentical histological features as counterpart in head and
neck

e (Clinical history &/or physical examination play important
role in determining primary site

e Immunohistochemical features may be similar
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Large Cell Carcinoma

e Presence of prominent inflammatory component should
raise suspicion of LELC

e Will display sheets of large neoplastic cells with prominent
nucleoli

e Extensive areas of necrosis &/or hemorrhage commonly
seen

Inflammatory Myofibroblastic Tumor

e Inflammatory myofibroblastic tumor (IMT) usually is
negative for epithelial markers

e IMT may show positive staining for ALK-1

Anaplastic Large Cell Lymphoma

e Anaplastic large cell ymphoma would show positive
staining for CD-30 and ALK-1

e EMA may be expressed in both tumors

Pleomorphic Carcinoma

e Pleomorphic carcinoma (PC) will show characteristic
presence of giant and spindle cells

e EBER will be negative in PC

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Histological features similar to nasopharyngeal carcinoma
(Schmincke tumor)

Prominent inflammatory background

Lymphocytes and plasma cells easily identified
Histological features of large cell carcinoma

EBER positive

SELECTED REFERENCES

1. TongJH et al: MET amplification and exon 14 splice site mutation define
unique molecular subgroups of non-small cell lung carcinoma with poor
prognosis. Clin Cancer Res. 22(12):3048-56, 2016

2. ChangYLetal: PD-L1is highly expressed in lung lymphoepithelioma-like
carcinoma: A potential rationale for immunotherapy. Lung Cancer.
88(3):254-9, 2015

3. FangW etal: PD-L1 is remarkably over-expressed in EBV-associated
pulmonary lymphoepithelioma-like carcinoma and related to poor disease-
free survival. Oncotarget. 6(32):33019-32, 2015

4. HeJetal: Pulmonary lymphoepithelioma-like carcinoma: a surveillance,
epidemiology, and end results database analysis. J Thorac Dis. 7(12):2330-8,
2015




Lymphoepithelioma-Like Carcinoma

>
E Immunohistochemistry
é_'_ Antibody Reactivity Staining Pattern Comment
4:% KERATIN-LMW Positive Cytoplasmic
50| CKLMW-NOS Positive
g EMA/MUC1 Positive Cell membrane
o5 Bcl-2 Positive Cytoplasmic Inflammatory component
E CD45 Positive Cytoplasmic Inflammatory component
LQU_ p53 Positive Cytoplasmic
§ CD15 Positive Cytoplasmic Inflammatory component
B CK8/18/CAM5.2 Positive Cytoplasmic
§ CK7 Positive Cytoplasmic
TTF-1 Negative Focal positive nuclear staining is found in some cases
NAPSIN-A Negative
p40 Positive Nuclear In some cases
p63 Positive Nuclear In some cases
pax-8 Negative
CK20 Negative
Desmocollin-3 Positive Cytoplasmic In some cases
PD-1 Positive Nuclear & cytoplasmic Overexpression

In Situ Hybridization

Probe Type Result Interpretation Comment

EBER FISH Positive Cell membrane In epithelial component as
well as in inflammatory
component

Histochemical Features

Stain Result

PAS Negative
PAS-D Negative
Mucicarmine Negative

Molecular Features

FISH Result
(*)5 Likely negative
$/. Likely negative
526 Likely negative
%5%) Likely negative
0 (7 amplification Likely negative
5. Wang L et al: Detection of rearrangement of anaplastic lymphoma kinase 9. HanAJetal Lymphoepithelioma-like carcinoma of the lung with a better
(ALK) and mutation of epidermal growth factor receptor (EGFR) in primary prognosis. A clinicopathologic study of 32 cases. Am J Clin Pathol.
pulmonary lymphoepithelioma-like carcinoma. J Thorac Dis. 7(9):1556-62, 115(6):841-50, 2001
2015 10. Chan JK et al: Primary lymphoepithelioma-like carcinoma of the lung. A
6. LiuQetal: Lack of epidermal growth factor receptor gene mutations in clinicopathologic study of 11 cases. Cancer. 76(3):413-22, 1995
exons 19 and 21 in primary lymphoepitheliomar-like carcinoma of the lung. 11. Gal AA et al: Detection of Epstein-Barr virus in lymphoepithelioma-like
Thorac Cancer. 5(1):63-7, 2014 carcinoma of the lung. Mod Pathol. 4(2):264-8, 1991
7. HoJCetal: Lymphoepithelioma-like carcinoma of the lung: experience with 12. Bégin LR et al: Epstein-Barr virus related lymphoepithelioma-like carcinoma
ten cases. Int J Tuberc Lung Dis. 8(7):890-5, 2004 of lung. J Surg Oncol. 36(4):280-3, 1987

8.  KobayashiM et al: Pulmonary lymphoepithelioma-like carcinoma:
predominant infiltration of tumor-associated cytotoxic T lymphocytes might
represent the enhanced tumor immunity. Intern Med. 43(4):323-6, 2004




Lymphoepithelioma-Like Carcinoma

—
Islands of Tumor and Inflammatory é
Reaction Subtle Acinar-Like Pattern =
(Left) Malignant epithelial
cells 3] surrounded by a
prominent inflammatory

background [=] are shown. At
this magnification, one can
easily miss the malignant
epithelial component as a
reactive process. (Right)
Malignant epithelial cells
growing in a vague
microacinar pattern are
shown. At this higher
magnification, the difference
between the epithelial and the
inflammatory component is
easily demonstrated.
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(Left) LELC of the lung shows
sheets of neoplastic cells
growing in a rather
nonspecific growth pattern.
However, important to note is
the presence of a marked
inflammatory background
(Right) Malignant epithelial
cells in a vague
pseudoglandular arrangement
are shown. Note the presence
of inflammatory cells,
predominantly lymphocytes
in the lumen of this
pseudogland mimicking
comedo-like necrosis.

(Left) Islands of malignant
epithelial cells B> of different
sizes are separated by
fibroconnective tissue with a
prominent inflammatory
background =] (Right)
Despite the presence of a
prominent inflammatory
background, extensive areas
of necrosis are not that
common in LELC. However, in
some cases, focal areas of
necrosis 1 may obscure the
neoplastic process
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Lymphoepithelioma-Like Carcinoma

Replacement of Lung Parenchyma Giant Cells
. s

(Left) Mixture of islands of
malignant cells admixed with
a prominent inflammatory
background are seen, probably
representing an organizing
pneumonia associated with
the tumor. (Right) A cluster of
neoplastic cells [2]is admixed
with a marked inflammatory
background. The
inflammatory background =]
is marked by the presence of
giant cells 53]

Marked Inflammatory Reaction

R s

(Left) Discrete inflammatory
background B>1in LELC is
shown. The neoplastic
component does not show any
particular growth pattern.
(Right) Predominantly
inflammatory component is
seen in this LELC. Note the
presence of small islands of
neoplastic cells B> In some
cases in which the
inflammatory component is [
marked, the neoplastic process |
may be missed.

cCells
(Left) Higher magnification of (§ S RE 0 = e go  gifoms é-f‘
an LELC of the lung shows the - R~ ¥ Thalk
2 components in more detail,
clearly highlighting the
epithelial component [2] from
the inflammatory component |
(Right) High-power view of
the epithelial neoplastic
component in LELC of the lung
is shown. The cells are round
to oval with indistinct cell
membranes, ample cytoplasm,
round to oval nuclei, and
prominent nucleoli.




Lymphoepithelioma-Like Carcinoma

(Left) LELC of lung shows a

{ solid growth pattern. Note the

presence of neoplastic cells
with clearing of the nuclei B2
opposite other more
conventional neoplastic cells.
(Right) LELC shows a marked
inflammatory reaction with
single cells distributed among
the inflammatory cells. This

| feature may obscure the

neoplastic nature of the

4 process and can be easily

overlooked.

(Left) LELC shows areas of
microabscess formation B3.
Note the adjacent areas in
which the neoplastic cells are
easily identifiable 3. (Right)
LELC shows side-by-side areas
of neoplastic cells and
extensive presence of plasma
cells. The 2 populations can be
easily separated.

) (Left) Lymph node shows

metastatic LELC. Note the
presence of a germinal center

| B, The remainder of the

tumor shows features similar
to those seen in the original
tumor. (Right) Lymph node
shows metastatic LELC. Note
the presence of islands of
tumor cells replacing the
normal architecture of the
lymph node.
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Poorly Differentiated Squamous Carcinoma, Small Cell Variant

KEY FACTS

TERMINOLOGY

e Poorly differentiated squamous cell carcinoma exhibiting
small cell morphology and lacking overt features of
squamous differentiation

e This tumor essentially overlaps with so-called "basaloid”
carcinoma of lung

MICROSCOPIC

e [slands, sheets, and cords of monotonous small,
hyperchromatic tumor cells

e Tumor cellislands may display prominent basaloid
peripheral palisading of nuclei

e Cells have large, hyperchromatic nuclei with dense
chromatin pattern and prominent nucleoli

e Cells can be round, polygonal, or ovoid and display
conspicuous rim of cytoplasm with distinct cell borders

e Tumor cells are positive for broad-spectrum cytokeratin
and MOC-31

e Tumor cells are weakly and focally positive for CK7

e Tumor cells are uniformly negative for neuroendocrine
markers, including chromogranin-A, synaptophysin, CD56,
and NSE

e Tumor cells are negative for TTF-1, CK20, and CEA

e Tumor cellislands may show prominent central, comedo-
like areas of necrosis

e Tumor cell cords and islands may be separated by
prominent desmoplastic stroma with lymphoid cell
infiltrates

e Tumor cellislands may be separated by geographic,
irregular areas of necrosis

e Tumors can display high mitotic activity (> 10 mitoses per
10 HPF)

DIAGNOSTIC CHECKLIST

e Possibility of metastasis from basaloid squamous cell
carcinoma of oral cavity or head and neck region should
always be ruled out first

Basaloid Features

(Left) Scanning magnification
of small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
an island of small tumor cells
with peripheral palisading of
nuclei. This condition
essentially overlaps with
"basaloid" carcinoma of the
lung. (Right) Non-small cell
variant of poorly
differentiated squamous cell
carcinoma of the lung is
characterized by a tightly
packed small cell population
with peripheral palisading of
nuclei.

(Left) Higher magnification of
a solid nodule in small cell
variant of poorly
differentiated squamous cell
carcinoma of the lung shows
tightly packed sheets of small
atypical cells with scattered
mitoses. (Right) Higher
magnification of small cell
variant of poorly
differentiated squamous cell
carcinoma shows cells with
large nuclei with dispersed
chromatin pattern, absent or
inconspicuous nucleoli, and
molding of the cytoplasm.
Notice the absence of
intercellular bridges.

Neoplastic Cells With Finely Dispersed
Chromatin




Poorly Differentiated Squamous Carcinoma, Small Cell Variant

TERMINOLOGY

Definitions

e Poorly differentiated squamous cell carcinoma exhibiting
small cell morphology and lacking overt features of
squamous differentiation

CLINICAL ISSUES

Presentation
e Cough, chest pain, weight loss, history of cigarette smoking

MACROSCOPIC

Sections to Be Submitted
e 1 section per cm of largest tumor diameter

MICROSCOPIC

Histologic Features

e Islands, sheets, and cords of monotonous small,
hyperchromatic tumor cells

e Tumor cellislands may display prominent basaloid
peripheral palisading of nuclei

e Tumor cellislands may show prominent central, comedo-
like areas of necrosis

e Tumor cell cords and islands may be separated by
prominent desmoplastic stroma with lymphoid cell
infiltrates

e Tumor cellislands may be separated by geographic,
irregular areas of necrosis

e Tumors can show evidence of vascular and perineural
invasion

Cytologic Features

e Cells have large, hyperchromatic nuclei with dense
chromatin pattern and prominent nucleoli

e Cells can be round, polygonal, or ovoid and display
conspicuous rim of cytoplasm with distinct cell borders

e Tumors may show scattered single-cell keratinization or
abortive foci of squamous differentiation

e Tumors can display high mitotic activity (> 10 mitoses per
10 HPF)

ANCILLARY TESTS

Immunohistochemistry

e Tumor cells

o Positive for broad-spectrum cytokeratin and MOC-31

o Weakly and focally positive for CK7

o Uniformly negative for neuroendocrine markers,
including chromogranin-A, synaptophysin, CD56, and
NSE

o Negative for TTF-1, CK20, and CEA

o May display p63 nuclear staining, which is usually
restricted to periphery of basaloid tumor islands

Electron Microscopy

e Tumor cells contain desmosomes and tonofilaments
e Tumor cells do not display cytoplasmic dense-core
neurosecretory granules

DIFFERENTIAL DIAGNOSIS

Small Cell Neuroendocrine Carcinoma

e Nuclei show "smudged" nuclear chromatin pattern with
little nuclear detail and small or inconspicuous nucleoli

e Only scant rim of cytoplasm surrounding nuclei

e Stains positive for neuroendocrine markers (chromogranin,
synaptophysin, CD56, and NSE)

e Shows strong, dot-like paranuclear positivity for CK7

Moderately Differentiated Neuroendocrine

Carcinoma ("Atypical Carcinoid")

e Morphologically, may be virtually indistinguishable from
small cell variant of squamous cell carcinoma

e Strong positivity for neuroendocrine markers
(chromogranin-A, synaptophysin, CD56, and NSE)
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Large Cell Neuroendocrine Carcinoma

e Morphologically, large cell neuroendocrine carcinoma may
be indistinguishable from small cell variant of squamous cell
carcinoma

e Mostimportant feature is positivity for neuroendocrine
markers (chromogranin, synaptophysin, CD56, and NSE)

Combined Small Cell Carcinoma

e Shows admixture of small cell neuroendocrine carcinoma
and squamous cell carcinoma

e Small cell component will express neuroendocrine markers
by immunohistochemistry

Metastasis From Basaloid Squamous Cell Carcinoma
of Head and Neck

e Morphologically may be indistinguishable from small cell
variant of pulmonary squamous cell carcinoma

e Immunohistochemical features will be indistinguishable
from small cell variant of pulmonary squamous cell
carcinoma

e Obtaining clinical history of previous tumor in oral cavity or
head and neck region is indispensable for diagnosis

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Tumors have similar biologic behavior as conventional
squamous cell carcinoma and should not be mistaken for
small cell neuroendocrine carcinoma

e Possibility of metastasis from basaloid squamous cell
carcinoma of oral cavity or head and neck region should
always be ruled out first

SELECTED REFERENCES

1. Vignaud JM: [Squamous cell carcinoma, basaloid squamous cell carcinoma
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the diagnosis and understanding of lung neoplasms. Clin Lab Med. 7(1):1-30,
1987

3. ChurgAetal: Small cell squamous and mixed small cell squamous-small cell
anaplastic carcinomas of the lung. Am J Surg Pathol. 4(3):255-63, 1980




Poorly Differentiated Squamous Carcinoma, Small Cell Variant

Mitotic Activity

(Left) Scanning magnification (7 Re T, - o Rt <= _4
of small cell variant of poorly s ; g - 2.
differentiated squamous cell
carcinoma of the lung shows
solid sheets of monotonous
tumor cells arising from a
subsegmental bronchus.
(Right) High magnification of
small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
sheets of tumor cells with
round, often vesicular nuclei,
prominent nucleoli, and a
scant rim of amphophilic
cytoplasm. The tumor shows
scattered mitotic figures 2>,
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(Left) High magnification of
small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
an island of monotonous,
relatively small tumor cells
without obvious features of
keratinization but with large,
hyperchromatic nuclei
showing abundant
eosinophilic cytoplasm. (Right)
Higher magnification of small
cell variant of poorly
differentiated squamous cell
carcinoma shows round to
oval nuclei with dense
chromatin, occasional
prominent nucleoli, and
abundant cytoplasm.

(Left) Small cell variant of
poorly differentiated
squamous cell carcinoma of
the lung shows perivascular
tumor islands surrounded by
irregular, geographic areas of
necrosis. (Right) Small cell
variant of poorly
differentiated squamous cell
carcinoma of the lung shows
sheets of small tumor cells
surrounding a central focus
displaying features of abortive |
squamous differentiation 5]
which contains larger cells
with more abundant
cytoplasm, sharp cell borders,
and cell moulding.




Poorly Differentiated Squamous Carcinoma, Small Cell Variant

(Left) Scanning magnification
| of small cell variant of poorly
4 differentiated squamous cell
{ carcinoma of the lung shows

| cords and islands of tumor

.| cells separated by abundant
desmoplastic stroma. Tumors
with these features can be
mistaken for large cell
neuroendocrine carcinoma
and atypical carcinoid. (Right)
Higher magnification of small
cell variant of poorly

| differentiated squamous cell

.1 carcinoma of the lung shows
.4 collagenized stroma with
:chronic inflammation. Notice
< the retraction artifact from
the surrounding stroma.
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(Left) Small cell variant of
poorly differentiated
squamous cell carcinoma of
the lung shows a basaloid
tumor cell island composed of
& monotonous proliferation of

| relatively small tumor cells
with peripheral palisading of
nuclei. (Right) Higher
magnification of small cell
| variant of poorly
differentiated squamous cell
carcinoma of the lung
highlights a primitive-
appearing tumor cell
population with scattered
mitoses and occasional foci of
| single-cell keratinization 5>

(Left) Small islands of
monotonous tumor cells are
seen in small cell variant of
poorly differentiated
squamous cell carcinoma of
the lung infiltrating into
adjacent alveolar spaces at
the edges of the tumor. (Right)
Higher magnification of a
tumor cell island in small cell
variant of poorly
differentiated squamous cell
carcinoma of the lung shows
cells with hyperchromatic
nuclei, prominent nucleoli, and
abundant cytoplasm. Notice
the cell moulding and the
scattered mitoses 5>,




Poorly Differentiated Squamous Carcinoma, Small Cell Variant

(Left) Scanning magnification
of small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
islands of small tumor cells
separated by abundant
desmoplastic stroma. (Right)
Scanning magnification of
small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
tumor cell islands separated
by desmoplastic stroma.
Notice the foci of comedo-like
central necrosis displayed in 2
of the tumor cell islands 5>
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(Left) Scanning magnification
of small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
basaloid islands of
monotonous tumor cells along
with cord-like trabecular
formation [=] (Right) Small
cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows a
trabecular growth pattern
with cord-like strands of
monotonous small round
tumor cells with
hyperchromatic nuclei and
abundant cytoplasm closely
simulating a neuroendocrine
carcinoma.

(Left) Scanning magnification
of small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows
small islands of uniform tumor
cells separated by hyalinized
connective tissue stroma.
(Right) Higher magnification
from an island of tumor cells
in small cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows a
primitive population of small
tumor cells with
hyperchromatic nuclei and a
moderate rim of cytoplasm.




Poorly Differentiated Squamous Carcinoma, Small Cell Variant

(Left) Immunohistochemical
staining for cytokeratin
AE1/AE3 in small cell variant
of poorly differentiated
squamous cell carcinoma of
the lung shows strong
positivity of the tumor cells for
this antigen. (Right)
Immunohistochemical staining
| for chromogranin-A in small
cell variant of poorly
differentiated squamous cell
carcinoma of the lung shows a
negative reaction. Other
neuroendocrine markers, such
as synaptophysin, CD56, and
NSE, are also negative.
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p63 Immunostaining

i 35 T
’ - e

(Left) Immunohistochemical
staining for p63 in small cell
variant of poorly
differentiated squamous cell

| carcinoma of the lung with
prominent basaloid features
shows a distinctive pattern of
staining restricted to the
periphery of the basaloid
islands. (Right) Higher
magnification of
immunohistochemical staining
of small cell variant of poorly
differentiated squamous cell
carcinoma shows nuclear
staining with p63 only in the
periphery of the tumor cell
islands.

i e A B W2 T i i d - (Left) Immunohistochemical

T ST B e e - § . = | staining of small cell variant of

. o i 2 27 : poorly differentiated

squamous cell carcinoma of
the lung for MOC-31 shows
strong positivity of the tumor
cells for this marker. (Right)
Immunohistochemical staining
of small cell variant of poorly
differentiated squamous cell
carcinoma of the lung for CK7
shows focal, weak positivity of
the tumor cells for this antigen
> Staining for CK7 is usually
weak and focal in these
tumors.
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Large Cell (Anaplastic) Carcinoma

CLINICAL ISSUES

e Cough

Chest pain

Dyspnea

Generally poor prognosis with short survival
Most commonly seen in smokers

IMAGING

e Periphery of lungs
e Generally large (> 5 cm in greatest diameter)

MICROSCOPIC

e Neoplastic population is composed of large tumor cells
without histologic evidence of glandular or squamous
differentiation

e Variegated histology with different growth patterns,
including
o Large cell carcinoma, not otherwise specified
o Giant cell carcinoma

KEY FACTS

o Clear cell carcinoma
o Large cell carcinoma with rhabdoid features

e Tumor cells are usually very large and measure 3-4x size of
normal histiocyte

e Nuclei are enlarged and may be multilobated or
multinucleated

e Frequent mitotic figures with abnormal mitoses

e Lymphoid cell emperipolesis

e Syncytiotrophoblastic-like tumor cells

ANCILLARY TESTS

e Most cases are positive for broad-spectrum keratin and low-
molecular weight cytokeratins (CAM5.2)

e Tumor cells are negative for neuroendocrine markers
(chromogranin, synaptophysin, CD56)

e Pleomorphic tumor cells may be positive for B-HCG

e Tumors cells are largely negative for TTF-1 and NAPSIN-A
antibodies

Large Cell Carcinoma of Lung

(Left) Cut surface shows gross
appearance of large cell
(anaplastic) carcinoma of the
lung characterized by a large,
well-circumscribed, tan-cream
tumor with foci of
hemorrhage and necrosis.
(Right) Histologic appearance
of large cell (anaplastic)
carcinoma of the lung shows
sheets of large tumor cells
without evidence of glandular
or squamous differentiation.

(Left) Large cell carcinoma
with anaplastic morphology
can often contain a dense,
acute inflammatory infiltrate
composed of neutrophils,
eosinophils, and scattered
histiocytes that can mask the
atypical cells (Right)
Cytokeratin immunostaining is
often helpful for identifying
the atypical epithelial cells in
these tumors. This case shows
focal cytoplasmic positivity for
low-molecular weight
cytokeratin (CAMS.2).




Large Cell (Anaplastic) Carcinoma

TERMINOLOGY
Synonyms

e Pleomorphic carcinoma, giant cell carcinoma, rhabdoid
carcinoma, large cell undifferentiated carcinoma

Definitions
e Malignant epithelial neoplasm of lung displaying large cell

or anaplastic morphology with no specific histologic
features of differentiation

CLINICAL ISSUES
Epidemiology
e Incidence
o Accounts for ~ 8-10% of all lung cancers
o Most commonly seen in smokers
e Age
o Adults from 50-70 years (average: 60 years)
® Sex
o Male predilection

Presentation
e Cough, chest pain, dyspnea

Prognosis
e Generally poor prognosis with short survival

MACROSCOPIC

General Features

e Large, well-circumscribed tumor mass with soft, tan-white
tissue that bulges above cut surface
e Frequent areas of hemorrhage and necrosis

MICROSCOPIC

Histologic Features

e Neoplastic population is composed of large tumor cells
without histologic evidence of glandular or squamous
differentiation

o Variegated histology with different growth patterns

e Large cell carcinoma, not otherwise specified

o Sheets of large tumor cells with vesicular chromatin,
prominent nucleoli, and abundant rim of cytoplasm

o May display dyscohesive growth pattern that resembles
sarcoma (e.g., undifferentiated sarcoma, pleomorphic
subtype)

o May be accompanied by abundant inflammatory cell
infiltrate in stroma admixed with tumor cells
("inflammatory" subtype)

o May display prominent engulfment of lymphoid cells
(emperipolesis) by tumor cells

e Giant cell carcinoma

o Sheets of large, pleomorphic tumor cells that are often
multilobated and display prominent multinucleation

o Tumor cells may resemble syncytiotrophoblastic tumor
cells of choriocarcinoma

o Pleomorphic tumor cells may secrete B-HCG

e Clear cell carcinoma

o Tumor composed of sheets of large tumor cells with

abundant clear cytoplasm

o No histologic evidence of glandular or squamous
differentiation

o May show abortive features of glandular or squamous
differentiation ultrastructurally

e Large cell carcinoma with rhabdoid features

o Sheets of large, atypical tumor cells displaying large
eosinophilic cytoplasmic inclusions

o Eosinophilicinclusions may displace nucleus to periphery
of cell

o Eosinophilicinclusions contain admixture of cytokeratin
and vimentin intermediate filaments

Cytologic Features

e Tumor cells are usually very large and measure 2-4x size of
normal histiocyte

e Nuclei are enlarged and may be multilobated or
multinucleated

e Frequent mitotic figures with abnormal mitoses

e Tumor cell emperipolesis

e Syncytiotrophoblastic-like tumor cells

ANCILLARY TESTS

Immunohistochemistry

e Most cases are positive for broad-spectrum keratin and low-
molecular weight cytokeratins (CAM5.2)

e Tumor cells are negative for neuroendocrine markers
(chromogranin, synaptophysin, CD56)

e Pleomorphic tumor cells may be positive for 3-HCG

e Tumors cells are largely negative for TTF-1 and NAPSIN-A
antibodies

DIFFERENTIAL DIAGNOSIS

Pleomorphic Undifferentiated Sarcoma

e Dyscohesive population of pleomorphic tumor cells
e Strong vimentin positivity; absence of reactivity for
epithelial markers
o Rare cases of pleomorphic undifferentiated sarcoma
may show focally aberrant expression of cytokeratin

Metastasis of Anaplastic Carcinoma From Other
Organs

e Anaplastic carcinoma of pancreas, thyroid, bladder, and
stomach can metastasize to lungs

e Clinical history and imaging studies are indispensable to
rule out metastasis

Metastasis of Choriocarcinoma From Genital Tract

e Mixture of cyto- and syncytiotrophoblastic cells set against
heavily hemorrhagic background

e History of gonadal or retroperitoneal tumor is
indispensable for diagnosis

SELECTED REFERENCES

1. Driver BRet al: Next-generation sequencing of a cohort of pulmonary large
cell carcinomas reclassified by World Health Organization 2015 criteria. Arch
Pathol Lab Med. 140(4):312-7, 2016

2. Micke P et al: The impact of the fourth edition of the WHO Classification of
Lung Tumours on Histological Classification of Resected Pulmonary NSCCs. J
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3. BahadurSetal: Large cell lung carcinoma with rhabdoid phenotype: Report
of a rare entity presenting with chest wall involvement. J Cancer Res Ther.
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Large Cell (Anaplastic) Carcinoma

(Left) Scanning magnification
of large cell (anaplastic)
carcinoma of the lung shows a
well-circumscribed but
unencapsulated tumor cell
population sharply separated
from the surrounding lung
parenchyma [=], (Right) Large
cell (anaplastic) carcinoma of
the lung shows sheets of large,
anaplastic tumor cells in a g
haphazard arrangement
without any evidence of gland
formation or squamous
differentiation. Tumors like
this may resemble malignant
lymphoma or pleomorphic
sarcoma.

>
—
5]
E
y=
a
)
c
5]
c
2
©
b
)
E
(%]
G
a
o
]
z
y
c
=]
|

(Left) Higher magnification of
large cell (anaplastic)
carcinoma of the lung shows
sheets of large tumor cells
without any supportive
stroma. The dyscohesive
appearance of the tumor cells
can suggest a variety of ;
alternate diagnoses due to the |§
total absence of any
distinctive features of
differentiation. (Right) High
magnification of large cell
(anaplastic) carcinoma of the
lung shows anaplastic tumor
cells with enlarged,
hyperchromatic nuclei and
prominent nucleoli.

(Left) Scanning magnification
of large cell (anaplastic)
carcinoma of the lung shows
extensive areas of tumor
necrosis (left) and sheets of
large tumor cells without any
apparent features of
differentiation. (Right) High
magnification of large cell
(anaplastic) carcinoma of the
lung shows sheets of large,
atypical tumor cells with large
vesicular nuclei, prominent
nucleoli, and frequent mitotic
figures. The sheet-like pattern
of growth can simulate a
diffuse large cell ymphoma.




Large Cell (Anaplastic) Carcinoma

Bizarre Nuclear Morphology Abnormal Mitoses

o TOWF s N B ™ s : (Left) Scanning magnification

. ] | of large cell (anaplastic)

carcinoma of the lung shows
islands of large tumor cells
with bizarre nuclei and
numerous mitoses. The islands
of tumor cells are separated
by scant fibrovascular stroma.
| (Right) Higher magnification
of large cell (anaplastic)
carcinoma of the lung shows
bizarre nuclear morphology
with enlarged, hyperchromatic
nuclei and occasional
multinucleated tumor cells.
Abnormal mitotic figures are
noted.
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(Left) High magnification in
large cell (anaplastic)
carcinoma of the lung shows

| bizarre tumor cells with

| enlarged, hyperchromatic

#w | nuclei and an indistinct rim of
~ A eosinophilic cytoplasm. Notice
the abnormal mitotic figure in
the center 5> (Right) Large
cell (anaplastic) carcinoma of
the lung shows a dyscohesive
population of large, bizarre
tumor cells devoid of any
supporting stroma. Notice the
abundance of red blood cells
scattered in the background
and a few scant small
lymphocytes.

(Left) Higher magnification of
large cell (anaplastic)
carcinoma of the lung shows
large, bizarre tumor cells with
abnormally shaped,
hyperchromatic nuclei with
large, often multiple
eosinophilic nucleoli and a
scant rim of eosinophilic
cytoplasm. (Right)
Immunohistochemical staining
of large cell (anaplastic)
carcinoma of the lung for
cytokeratin AE1/AE3 (broad-
spectrum keratin) shows
strong cytoplasmic positivity in
a large number of the tumor
cells for this antibody.




Large Cell (Anaplastic) Carcinoma

(Left) Scanning magnification
of large cell (anaplastic)
carcinoma of the lung shows
numerous bizarre tumor cells,
somewhat reminiscent of
syncytiotrophoblastic cells in
choriocarcinoma. (Right)
Choriocarcinoma-like
appearance of large cell
(anaplastic) carcinoma of the
lung shows tumor cells with
bizarre nuclei and
multinucleated forms
reminiscent of
syncytiotrophoblastic tumor
cells. These cells can stain
positive with antibodies to -
HCG.
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(Left) Large cell (anaplastic)
carcinoma of the lung shows
bizarre tumor cells with
abundant, finely granular and
sometimes vacuolated
cytoplasm reminiscent of
tumor cells seen in
"fibrohistiocytic" malignant
neoplasms. Tumors with these
features can be easily
mistaken for malignant
fibrous histiocytoma. (Right)
Large cell (anaplastic)
carcinoma of the lung shows
dense, eosinophilic hyaline
globules [=]scattered in
between tumor cells in the
interstitium.

(Left) High magnification of
large cell (anaplastic)
carcinoma of the lung shows
Reed-Sternberg-like tumor
cells. Notice the binucleated
form at the top B3 displaying
double nuclei with "owl-eyed”
nucleoli and the mononuclear
type [2showing a single
enlarged nucleus with a
prominent eosinophilic
nucleolus. (Right) Large cell
(anaplastic) carcinoma of lung
shows bizarre cells with deeply
eosinophilic macronucleoli.
Cases like this can be confused
with Hodgkin disease.




Large Cell (Anaplastic) Carcinoma

Anaplastic Tumor Cells

(Left) Scanning magnification
of large cell (anaplastic)

| carcinoma, "inflammatory
variant," shows sheets of
polymorphonuclear leukocytes
admixed with scattered larger
cells. The overall appearance

| on scanning magnification is
that of an abscess. (Right)
Higher magnification of
"inflammatory variant” of
large cell (anaplastic)
carcinoma of the lung shows

| numerous polymorphonuclear
leukocytes with only a few
scattered larger, atypical cells
| in the background [=]
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P (Left) Inflammatory type of
large cell (anaplastic)
carcinoma of the lung shows a
dyscohesive population of
atypical mononuclear cells
surrounded by abundant

| polymorphonuclear
leukocytes. Tumors with this

| appearance can be easily
mistaken for inflammatory
malignant fibrous
histiocytoma. (Right) Higher
magnification of
"inflammatory-type" large cell
(anaplastic) carcinoma of the
lung shows atypical cells with
vesicular nuclei and prominent
nucleoli.

Sheets of Anaplastic Tumor Cells

P T e L (Left) Scanning magnification
4l dg-_r_.ﬂf"'a.g'.' *’%s 5‘?.-?»; *4 &, of "inflammatory-type" large
10 g’k_‘_‘:;f\.‘;ﬁ.‘!&g.“;' e cell (anaplastic) carcinoma of
S &5_. o il "ii‘ by 4 3 3 1 the lung shows sheets of large,
AN 1% & ] atypical cells separated by
inflammatory cells. The
number of atypical cells is
| much larger and predominates
over the inflammatory
elements in this example.
(Right) Higher magnification
of large cell (anaplastic)
carcinoma of the lung,
"inflammatory type," shows an
abundance of eosinophils and
small lymphocytes scattered in
| between the large, atypical
| cells =

.,
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(Left) Scanning magnification
of large cell (anaplastic)
carcinoma of the lung shows
sheets of cells containing
large, paranuclear, dense
eosinophilic cytoplasmic
inclusions simulating
rhabdoid cells. (Right) Large
cell (anaplastic) carcinoma of
the lung shows cells with
large, densely eosinophilic
cytoplasmic inclusions. Tumors
with these features can
resemble the so-called
rhabdoid tumors of the kidney
and other organs,
rhabdomyosarcoma, and
metastatic malignant
melanoma.

(Left) Large cell (anaplastic)
carcinoma of the lung
composed of large,
dyscohesive tumor cells with
eccentric globular, eosinophilic
cytoplasmic inclusions
simulating rhabdoid cells is
shown. (Right) Higher
magnification of large cell
(anaplastic) carcinoma of the
lung with a rhabdoid
appearance shows large cells
with eccentric eosinophilic
cytoplasmic inclusions. The
dense cytoplasmic inclusions
display abundant intermediate
filaments by electron
microscopy and are positive
for cytokeratin.

(Left) Scanning magnification
of large cell (anaplastic)

carcinoma of the lung displays |,

sheets of uniform tumor cells
with dense eosinophilic
cytoplasmic inclusions
imparting them with a
rhabdoid appearance. (Right)
Higher magnification of large
cell (anaplastic) carcinoma of
the lung shows large, atypical
cells containing dense,
eosinophilic cytoplasmic
inclusions. Use of
immunohistochemical stains
will be necessary in a case like
this to distinguish the tumor
from a metastasis.

Large Cell (Anaplastic) Carcinoma




Large Cell (Anaplastic) Carcinoma

(Left) Scanning magnification

of large cell (anaplastic)

carcinoma of the lung shows

- | transition between cells with

| abundant eosinophilic

| cytoplasm (top) and cells with
clear cytoplasm =], (Right)

| Large cell (anaplastic)

carcinoma of the lung shows

sheets of large cells with

| abundant clear cytoplasm.

Notice inflammatory cells

admixed with the tumor cells.

Tumors like this must be

distinguished from metastases

| of clear cell carcinoma from

other organs.
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(Left) Scanning magnification
of large cell (anaplastic)
carcinoma of the lung shows
bizarre tumor cells with
abundant clear cytoplasm. The
islands of tumor cells are

| embedded in abundant fibrous
stroma. (Right) Higher
magnification of large cell
(anaplastic) carcinoma of the
lung, clear cell type, shows
large, atypical tumor cells
with bizarre nuclei surrounded
by an ample rim of clear
cytoplasm. The nuclear
morphology in this example is

| quite pleomorphic and
atypical.

!
ﬂ ﬁ‘;: o ‘:::::' .;':.

Bizarre Nuclei

g n"t"‘f_ e X 3 (Left) Scanning magnification
e - 5 : of large cell (anaplastic)
carcinoma of the lung shows
sheets of large, bizarre tumor
cells with atypical nuclei with
a vesicular chromatin pattern
| and abundant clear cytoplasm.
(Right) Higher magnification
| oflarge cell (anaplastic)
carcinoma of the lung shows
bizarre, atypical cells with
abundant clear or lightly
eosinophilic cytoplasm. Notice
the large, bizarre cells with
vesicular nuclei and
multinucleated forms 5>
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Pleomorphic

Carcinoma

KEY FACTS

TERMINOLOGY

e Malignant epithelial neoplasm composed of spindle and
multinucleated giant cells in different proportions

ETIOLOGY/PATHOGENESIS

e PC may represent genetically distinct type of malignancy
separate from squamous and adenocarcinoma

CLINICAL ISSUES

e Symptoms

o Chest pain

o Hemoptysis

o Cough

o Weight loss

o Hoarseness

e Prognosis
o Majority of cases are in advanced clinical stages
o Prognosis is poor

Macroscopic Features

(Left) Gross photograph of
pleomorphic carcinoma of the
lung shows a large, centrally
located malignant neoplasm.
The tumor shows a smooth cut
surface and focal necrosis 3],
(Right) Pleomorphic carcinoma
of the lung shows a cellular
proliferation composed of
spindle and large,
multinucleated giant cells. The
tumor appears well
circumscribed but not
encapsulated.

Giant Cells

-:..‘*'

(Left) Pleomorphic carcinoma
shows undifferentiated areas
composed of spindle and giant
cells B5. The presence of giant
cells here is only minimal. , ;
(Right) Pleomorphic carcinoma 5% ﬁ" e
shows giant cells, some of i ?
them with mitotic activity 3.
Pleomorphic carcinomas
generally show marked
cytologic atypia.

o Molecular mutation analysis may be important to decide
treatment
e |obectomy or pneumonectomy
e Chemotherapy or radiation therapy depending on clinical
setting

MICROSCOPIC

e Mixture of 2 distinct components, sarcomatoid and giant
cells

ANCILLARY TESTS

e Keratin

e TTF-1

e p40

TOP DIFFERENTIAL DIAGNOSES
Malignant fibrous histiocytoma
Pulmonary leiomyosarcoma

Sarcomatoid carcinoma
Metastatic choriocarcinoma

Marked Pleomorphism




Pleomorphic Carcinoma

TERMINOLOGY

Abbreviations

e Pleomorphic carcinoma (PC)

Synonyms

e Giant cell carcinoma, carcinoma with giant cells, carcinoma

with pseudosarcomatous stroma, pseudosarcomatous
carcinoma, metaplastic carcinoma

Definitions
e Malignant epithelial neoplasm composed of spindle and
multinucleated giant cells in different proportions

e In latest WHO 2015, this tumor is grouped with
"sarcomatoid” carcinomas of lung

ETIOLOGY/PATHOGENESIS

Etiology

e May represent genetically distinct type of malignancy
separate from squamous cell carcinoma and
adenocarcinoma

e May represent dedifferentiated neoplasm from
conventional squamous or adenocarcinoma

CLINICAL ISSUES

Presentation

Asymptomatic
Chest pain
Hemoptysis
Cough

Weight loss
General malaise
Hoarseness

Treatment

e Surgical approaches
o Lobectomy or pneumonectomy
e Adjuvant therapy
o Chemotherapy or radiation therapy depending on clinical
setting
o May also depend on molecular findings
— Possible targeted therapy for those cases with specific
mutations

Prognosis

e Depends on stage at diagnosis

e Tumor is usually diagnosed in late stages

e Depends on any possible mutations present in tumor
e Majority of cases are in advanced clinical stages

e Prognosis is poor

MACROSCOPIC

General Features

Central or peripheral

Varying size but generally large tumors

Well circumscribed but not encapsulated

Light tan with homogeneous cut surface

o Areas of necrosis &/or hemorrhage may be seen

MICROSCOPIC

Histologic Features
e Mixture of 2 distinct components, spindle and giant cells

Predominant Pattern/Injury Type
e Sarcomatoid

Predominant Cell/Compartment Type
e Epithelial

DIFFERENTIAL DIAGNOSIS

Malignant Fibrous Histiocytoma

e Touton-type giant cells in malignant fibrous histiocytoma
(MFH); multinucleated malignant cells in PC

e Areas of squamous cell carcinoma or adenocarcinoma in
most cases of PC

e Studies using keratin antibodies helpful as sarcomatoid
component may show keratin expression
o MFH may also show focal positive staining for keratin
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Pulmonary Leiomyosarcoma

e Immunohistochemistry studies for desmin, caldesmon, and
SMA generally negative in PC cases while positive in
leiomyosarcoma

e Presence of multinucleated giant cell component is not
common feature, even in cases of high-grade
leiomyosarcoma

e Most pulmonary leiomyosarcomas are confined to lung,
while PCis commonly in advanced clinical stage

Sarcomatoid Carcinoma

e Though sarcomatoid carcinoma and PC are often coded
under same category, PC has sarcomatoid componentin
association with multinucleated giant cells

e Sarcomatoid carcinoma shows only spindle cell component

e Both tumors share similar immunohistochemical profile

Metastatic Choriocarcinoma

e History of previous germ cell tumor is important

e Choriocarcinomas would show presence of cyto- and
syncytiotrophoblastic components

e Areas of necrosis and hemorrhage admixed with tumor
cells are more common in choriocarcinomas

e Immunohistochemical stains for hCG are more commonly
and strongly positive in choriocarcinoma

e Some cases of PC may show positive staining for hCG

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Mixture of malignant spindle cell componentsin
association with malignant multinucleated giant cells
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Lung: Neoplasms, Malignant, Primary

Pleomorphic Carcinoma

Immunohistochemistry

Antibody

Reactivity

KERATIN-LMW Positive Cytoplasmic
CK7 Positive Cytoplasmic
EMA/MUC1 Positive Cell membrane
Vimentin Positive Cytoplasmic
Actin-HHF-35 Positive Cytoplasmic
CD68 Positive Cytoplasmic
TTF-1 Positive Nuclear
NAPSIN-A Positive Cytoplasmic
p40 Positive Nuclear
CK5/6 Positive Cytoplasmic
p63 Positive Nuclear
CK20 Negative

CDX-2 Negative

Desmin Negative

MYOD1 Negative

Myoglobin Negative

Caldesmon Negative

CD31 Negative

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Molecular Features

FISH
(*)5
$/.
.5%$6
3,. &%

4. KamideY et al: Anaplastic lymphoma kinase (ALK) rearrangement-positive
lung cancer with transformation to pleomorphic carcinoma. Intern Med.
54(22):2905-9, 2015

5. KatoD etal: Successful treatment of two consecutive cases of pulmonary
pleomorphic carcinoma with platinum chemotherapy. Oncol Lett.
10(5):3040-3042, 2015

6. MiyaharaS et al: Clinicopathological analysis of pleomorphic carcinoma of
the lung: diffuse ZEB1 expression predicts poor survival. Lung Cancer.
87(1):39-44,2015

7. OyaizuTetal: Tumor-related gene expression levels in pulmonary
pleomorphic carcinoma. J Cardiothorac Surg. 10:79, 2015
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54(21):2741-3,2015
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10. Chen F et al: Clinicopathological characteristics of surgically resected
pulmonary pleomorphic carcinoma. Eur J Cardiothorac Surg. 41(5):1037-42,
2012

11. TobaH etal: [Surgically treated pleomorphic carcinoma of the lung.] Kyobu

Geka. 62(3):202-6, 2009

Staining Pattern

Result

Comment

May be only focally positive staining
Focally positive in some cases

May be negative in many cases
Nonspecific

Focally positive in spindle cell component
Focally positive in spindle cell component
In some cases

In some cases

In some cases

In some cases

In some cases

Focally positive in some cases

Positive

Positive

Result
Mutatiol
Mutatio
Mutatio
Mutatio

if adenocarcinoma present

if adenocarcinoma present

n may be present if adenocarcinomatous component
n may be present if adenocarcinomatous component
n may be present if adenocarcinomatous component

n may be present if adenocarcinomatous component
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Fishback NF et al: Pleomorphic (spindle/giant cell) carcinoma of the lung. A
clinicopathologic correlation of 78 cases. Cancer. 73(12):2936-45, 1994




Pleomorphic Carcinoma

(Left) Pleomorphic carcinoma
demonstrates the classic
histopathologic features of
combined spindle and giant
cell components arranged in a
haphazard fashion. Note the
presence of residual bronchial
cartilage 5>, (Right)
Pleomorphic carcinoma shows
conventional features of a
mixture of giant and spindle
cells B3] The tumor is sparing
the normal endobronchial
mucinous glands [=]

(Left) Pleomorphic carcinoma
demonstrates extensive areas
of spindle and giant cell
components admixed with
dilated vascular spaces and
mild inflammatory response.
(Right) Pleomorphic carcinoma
is shown with extensive areas
of necrosis Note that in
this particular illustration, the
epithelial component shows
multinucleated giant cells
but not the spindle cell
component.

(Left) Numerous malignant
giant cells admixed with
spindle cells and acute
inflammation =] are present
in this pleomorphic carcinoma.
This growth pattern may be
seen in pulmonary sarcomas.
(Right) High-power view of a
pleomorphic carcinoma shows
large cells, some of them
multinucleated B3] with
bizarre nuclei. Mitotic activity
is present These features
are commonly seen in
pulmonary pleomorphic
carcinoma.
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Pleomorphic Carcinoma

Necrosis and Viable Tumor

(Left) Pulmonary pleomorphic
carcinoma shows extensive
necrosis 5> and ectatic vessels
which could mimic a
vascular neoplasm. However,
the neoplastic cellular
proliferation shows a mixture
of multinucleated giant cells
and spindle cells [=] (Right)
Higher magnification shows a
multinucleated malignant cell
component admixed with an
acute inflammatory
component

o)
—
©
E
=
(a
)
[=
(gv]
c
By
©
=
)
E
(%]
L
o
o
@
z
y
=
=]
|

(Left) H&E shows a
pleomorphic carcinoma with a
malignant spindle cell
component admixed with
numerous multinucleated
giant cells =] and extensive
areas of extravasated red
cells, mimicking a vascular
neoplasm. (Right) /n some
cases of pulmonary
pleomorphic carcinoma, the
spindle cell proliferation
combined with giant cells
closely mimics a true sarcoma,
such as a malignant fibrous
histiocytoma.

Predominantly Spindle Cell Component
(Left) Pleomorphic carcinoma (7= i R TS ; ¥
is shown with a predominantly |
spindle cell component and an
inconspicuous giant cell
component. Areas of necrosis
are present [=] while the
spindle cell component mimics
a sarcomatous growth
pattern. (Right) Numerous
malignant multinucleated
giant cells in pleomorphic
carcinoma are shown. Note
the presence of atypical
mitotic figures [2] An acute
inflammatory component is
also present =]




Pleomorphic Carcinoma

Osteoclast-Like Giant Cells

(Left) Pleomorphic carcinoma
in which the giant cells are
composed of osteoclast-like
giant cells B3 is shown. Note
the presence of the spindle
cell component adjacent to
the giant cells. (Right)
Predominantly spindle cell
component in a pleomorphic
carcinoma in which the giant
cells are only focally seen B2 is
shown.

Osteoclast-Like Giant Cells

TN (Left) Prominent osteoclast-

like giant cells in a
pleomorphic carcinoma are
shown. Still one is able to
identify areas of spindle cells
surrounding the giant cell
component. (Right)
Pleomorphic carcinoma shows
the merger of 3 different
components: Spindle cells,
giant cells, and
adenocarcinoma. The
association occurs in many
cases of pleomorphic
carcinoma.

(Left) Keratin stain shows
strong positive reaction in
tumor cells of the spindle cell
component in a pleomorphic
carcinoma. (Right)
Immunohistochemical stain
for TTF-1 in a pleomorphic
carcinoma shows positive
nuclear staining in the spindle
cell component.
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Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

KEY FACTS

TERMINOLOGY e Large cell neuroendocrine carcinoma requires
neuroendocrine pattern and positive staining with

e Spectrum of neoplasms ranging from low- to high-grade ! : .
neuroendocrine markers (chromogranin-A, synaptophysin,

malignan
dnancy CD56)

CLINICAL ISSUES e Insmall cell carcinoma, mitotic count of > 10 per 10 HPF
e Paraneoplastic syndromes applies only to resected specimens, not biopsy material
MACROSCOPIC ANCILLARY TESTS
e Endobronchial or intraparenchymal tumor e Chromogranin-A
e 0.5to>10cmin diameter e Synaptophysin
MICROSCOPIC ° (D36
e Neuroendocrine pattern, mitotic activity, necrosis DIAGNOSTIC CHECKLIST
e |ow-grade tumors: Up to 3 mitotic figures per 10 HPF; e Mitotic rate

absence of necrosis
e Intermediate-grade tumor: 4-10 mitotic figures per 10 HPF;

comedo-like necrosis
e High-grade tumors: > 10 mitotic figures per 10 HPF;

necrosis is present

Neuroendocrine Carcinoma Low-Grade NECa

(Left) Gross photograph of
neuroendocrine carcinoma
(NECa) shows an
endobronchial tumor
obstructing ~ 50% of the
bronchial lumen. (Right) Low-
power view of a low-grade
endobronchial NECa (carcinoid
tumor) is shown. Note the
organized pattern of growth.

Pseudoglandular Pattern Mild Nuclear Atypia

(Left) Low-grade NECa shows (Bieme g e 3
a pseudoglandular growth
pattern. However, note well-
organized growth and the
absence of necrosis. (Right)
Low-grade NECa shows sheets
of tumor cells with a
homogeneous appearance,
mild nuclear atypia, and
absence of mitotic activity.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

TERMINOLOGY
Synonyms
e Carcinoid tumor, atypical carcinoid (AT), small cell
carcinoma
Definitions

e Spectrum of neoplasms ranging from low- to high-grade
malignancy showing neuroendocrine differentiation

ETIOLOGY/PATHOGENESIS

Etiology
e Tumor is thought to be derived from Kulchitsky cells

CLINICAL ISSUES

Presentation

Cough

Incidental finding
Hemoptysis
Paraneoplastic syndromes
Chest pain

Weight loss

Dyspnea

Treatment

e Surgical approaches

o Low-and intermediate-grade tumor
e Adjuvant therapy

o High-grade tumors

Prognosis
e |Low-grade neoplasms
o Survival rate at 5 years: > 75%
e |ntermediate-grade neoplasms
o Survival rate at 5 years: ~ 50%
e High-grade neoplasms
o Survival rate at 5 years: May be < 5%

MACROSCOPIC

General Features

e Endobronchial or intraparenchymal tumor
e High-grade tumor may show extensive areas of necrosis

Size
e 0.5to>10cmindiameter

MICROSCOPIC

Histologic Features

e |ow-grade tumors
o Up to 3 mitotic figures per 10 HPF
o Necrosis is absent
e Intermediate-grade tumors
o 4-10 mitotic figures per 10 HPF
o Comedo-like necrosis
e High-grade tumors
o > 10 mitotic figures per 10 HPF
o Necrosis is present

e Large cell neuroendocrine carcinoma (LCNEC) requires
neuroendocrine pattern and positive staining with
neuroendocrine markers (chromogranin-A, synaptophysin,
CD56)

o Cells with prominent nucleoli

o Neuroendocrine markers must be positive

o Electron microscopic studies show neurosecretory
granules

o Comedo-like necrosis

e Small cell carcinoma
o Miotic figures > 10 per 10 HPF applies only to resected

specimens
o Neuroendocrine markers are not required for diagnosis

Predominant Pattern/Injury Type
e Nesting

e Diffuse

e Mucinous

e Glandular

Predominant Cell/Compartment Type

Oncocytic

Spindle

Melanocytic

Epithelial, neuroendocrine
Clear

DIFFERENTIAL DIAGNOSIS

Low-Grade Neuroendocrine Carcinoma

e Up to 3 mitotic figures and absence of necrosis
e Well-organized growth pattern

Intermediate-Grade Neuroendocrine Carcinoma

e Mitotic activity from 4-10 per 10 HPF and necrosis
e Often combination of well-organized nested pattern and
diffuse pattern of growth

High-Grade Neuroendocrine Carcinoma

e > 10 mitotic figures per 10 HPF, necrosis &/or hemorrhage
(in resected specimens)

e Positive neuroendocrine markers (synaptophysin,
chromogranin-B, &/or CD56) in cases of LCNEC

e |n cases of small cell carcinoma, neuroendocrine markers
may be negative

Carcinoid Tumorlet

e These tumors are usually < 5 mm in diameter
e Tumorlets and carcinoid tumors share same
immunophenotype

Metastatic Neuroendocrine Carcinoma of
Extrathoracic Origin

e (Clinical history of previous tumor is of utmost importance
e Immunohistochemical study for TTF1 may be helpful

Pulmonary Paraganglioma

e Paragangliomas and neuroendocrine tumors show positive
staining for neuroendocrine markers

e Paragangliomas are usually negative for keratin

e Paragangliomas generally do not show mitotic activity

e Paragangliomas usually show cells with macronuclei
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Lung: Neoplasms, Malignant, Primary

Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Immunohistochemistry

Antibody Reactivity

Chromogranin-A Positive Cytoplasmic
Synaptophysin Positive Cytoplasmic
CD56 Positive Cytoplasmic
KERATIN-LMW Positive Cytoplasmic
TTF-1 Positive Nuclear
CD57 Positive Cytoplasmic
Bombesin Positive Cytoplasmic
LEU-7 Positive Cytoplasmic
CK7 Positive Cytoplasmic
CDX-2 Negative

pax-8 Positive Nuclear
Somatostatin Positive Cytoplasmic
SOX10 Positive Nuclear

Molecular Features

Study

11q deletion

10q and 13q losses
3ggain

10g-16a-17p deletions
LOH at 3p14.2-p21.3
5% gene

Large Cell Carcinoma

e LCNEC must show neuroendocrine pattern and positive
neuroendocrine markers

Large Cell Carcinoma With Neuroendocrine

Differentiation

e Histology is that of conventional non-small cell carcinoma
with positive neuroendocrine markers

Large Cell Carcinoma With Neuroendocrine Pattern

e Tumors show neuroendocrine histologic pattern but
negative staining for neuroendocrine markers

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Mitotic rate

Pathologic Interpretation Pearls

Neuroendocrine pattern

Rosettes

Necrosis

Mitotic activity

Positive neuroendocrine markers in LCNEC

GRADING

Low-Grade Neuroendocrine Carcinoma (Carcinoid
Tumor)
e Tumors with up to 3 mitoses per 10 HPF and no necrosis

Staining Pattern

Comment

Strongly positive but not global
Diffuse positive staining
Diffuse staining

Diffuse staining

In most cases

In some cases

In some cases

In some cases

Diffuse positive staining

Less than 10% of cases

In sustentacular cell of low-grade tumors

A
Well-differentiated and moderately differentiated carcinomas

Well-differentiated and moderately differentiated carcinomas
Small cell carcinoma

High-grade neuroendocrine carcinomas

More common in moderately differentiated carcinomas

Well-differentiated and moderately differentiated carcinomas

Intermediate-Grade Neuroendocrine Carcinoma (AT)
e Tumors with 4 to 10 mitoses per 10 HPF and necrosis

High-Grade Neuroendocrine Carcinoma

e Small cell carcinoma
e LCNEC
o For LCNEC, neuroendocrine markers must be positive
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Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

M) (Left) Hematoxylin and eosin

i shows nesting pattern in a
low-grade NECa. Note the
well-organized growth and the
delicate bands of
fibroconnective tissue
#! separating the nests of tumor
cells. (Right) Homogeneous
cellular proliferation without
marked nuclear atypia,
necrosis, or hemorrhage is
| shown. Notice the well-
organized pattern of growth,
which is one important
parameter in low-grade
neuroendocrine lung tumors.
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(Left) Tubular (glandular)

4 pattern of a low-grade NECa is
| shown. This glandular pattern
| at a low-power view may
mimic adenocarcinoma.
(Right) Sheets of cells with a
homogeneous pattern in a
low-grade NECa are shown.
Note the absence of necrosis
&/or hemorrhage. These
features are highly important
in low-grade tumors in helping
to separate them from higher
&= grade tumors.

(Left) Presence of rosettes
in a well-differentiated NECa
is shown. Also important to
note is the absence of mitotic
activity &/or necrosis. (Right)

v Low-grade NECa with

~| prominent spindle cell growth
| pattern is shown. The tumor
does not show necrosis,
hemorrhage, or mitotic
activity, which are not
features of low-grade tumors.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

HPC-Like Pattern

(Left) Spindle cells around
ectatic vessels in a manner
mimicking
hemangiopericytoma are
shown. (Right) High-power
magnification of a low-grade
spindle cell NECa (carcinoid
tumor) is shown. This growth
pattern can be seen in some
other mesenchymal or
neuroectodermal tumors.
Note the absence of mitotic
activity or marked nuclear
pleomorphism. Scattered
apoptotic cells are present [,
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(Left) Oncocytic variant of
well-differentiated NECa of
the lung on a hematoxylin and
eosin shows sheets of
oncocytic cells with a
homogeneous appearance.
Note the absence of nuclear
atypia, necrosis, &/or mitotic
activity. (Right) Hematoxylin
and eosin shows oncocytic
cells without mitotic activity.
The cytoplasm of the cells is
brightly eosinophilic, and the
nuclei are homogeneous. In
some cells, nucleoli are easily
identifiable.

(Left) Low-grade NECa is
shown with presence of
abundant mucoid material [2]
In addition, the tumor shows
oncocytic features. Mucinous
NECas of the lung are rare.
(Right) High-power
magnification of a mucinous
NECa is shown. Note that
there is no mitotic activity or
marked nuclear atypia. The
presence of mucoid material
[2]is unusual and may be
mistaken for a metastatic
mucinous carcinoma.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Spindle Ce
...I I:_":".' - -

Il With Neura

| Appeara

nce

@Ew 25

%) (Left) Well-differentiated
| NECa shows glands composed

of rather small cells without
mitotic activity. This glandular
architecture may be

& erroneously interpreted as

adenocarcinoma. Thus, a

| careful cytological

examination of the neoplastic

- cells is important. (Right)
24| Glandular pattern of a low-
{ grade NECa is shown. This

complex architecture may
mimic a well-differentiated
adenocarcinoma.

(Left) Well-differentiated
NECa shows a subtle nesting
pattern with spindle cell
proliferation. This
architectural pattern may be
misinterpreted as sarcoma or
other neoplasms of
neuroectodermal origin, such
as melanomas. (Right) Spindle
cells without nuclear atypia or

| mitotic activity are shown. The
*& pattern of growth mimics a

neural neoplasm. A spindle cell
pattern may also be seen in

{ higher grade tumors.

(Left) Low-grade NECa is
shown with areas of
metaplastic bone formation.
Bone formation in NECas is
rare. This metaplastic change
is rarely extensive. (Right)
Closer view of the metaplastic
bone formation in NECa is
shown. Note the presence of a
pseudoglandular arrangement
of the neoplastic
neuroendocrine cells.
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Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

NECa With Focal Hemorrhage and Necrosis Diffuse Growth Pattern

(Left) Gross pathology of
bronchial NECa is shown. Note
the presence of focal areas of
hemorrhage and necrosis B3.
Such features should raise the
suspicion of a higher grade
neoplasm and require
extensive sampling. (Right)
Intermediate-grade tumor
with sheets of neoplastic cells
without any particular
architecture is shown. Note
that the surface epithelium is
intact and the tumor does not
reach the respiratory
epithelium

A

Comedo-Like Necrosis

(Left) Easily identifiable areas
of comedo-like necrosis B3
typical of intermediate-grade
NECas are shown. Note the
presence of nested and diffuse
growth patterns, which are
commonly seen in
intermediate-grade tumors.
(Right) Solid sheets and
comedo-like necrotic areas
characteristic of intermediate-
grade NECs are shown. These
features are very typical of
intermediate-grade tumors.

Intermediate-Grade NECa

(Left) Intermediate-grade
NECa with a diffuse pattern of
growth and discrete areas of
necrosis [31is shown. The
presence of areas of diffuse
growth pattern should raise
the suspicion of intermediate-
grade tumors. (Right) Closer
view of areas of necrosis [=1in
association with neoplastic
neuroendocrine cells with
vague nesting pattern 2>/ are
seen in this example of
moderately differentiated
NECa.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

(Left) H&E shows the
characteristic nesting growth
¥ | pattern of NECa; however, the
! neoplastic cellular
proliferation is composed of
clear cells. The presence of
extensive areas of clear cell
change in NECas is rare.
| (Right) A closer view shows
{ neuroendocrine cellular
y proliferation composed
predominantly of clear cells
"1 with small round and

| homogeneous nuclei. Nucleoli
are inconspicuous.
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(Left) Spindle cell NECa with

| easily identifiable mitotic
figures [3lis shown. The
mitotic count in NECa is the
most important feature in the
classification of these tumors.
(Right) Sheets of neoplastic
cells in a disorganized pattern
of growth are shown. Nuclear
atypia is evident and should
prompt the search for mitotic
& activity.

(Left) Moderately
differentiated NECa shows
extensive areas of necrosis =]
with areas of viable tumor B3.
It is very important to

| separate tumor necrosis from
other possible causes of
necrosis, such as necrosis

1 secondary to needle biopsy.
(Right) Well-organized pattern
with rosettes and easily
identifiable mitotic figures =]
is shown. Although the
pattern is fairly organized, the
presence of mitotic figures is
the most important criterion
for grading these tumors.
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Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Small Cell Carcinoma Crush Artifact Core Biopsy of Small Cell Carcinoma

(Left) Transbronchial biopsy
specimen of small cell
carcinoma with prominent
crush artifact is shown. The
presence of crush artifact
appears to be more commonly
seen in transbronchial biopsies
than in core needle biopsies.
(Right) Core biopsy specimen
of a small cell carcinoma is
shown. Note the preservation
of tumor cells and the lack of
crush artifact. The
preservation of tumor cells is
often better with this method.

Intrapulmonary Well-Demarcated NECa

(Left) Typical features of small (-
cell carcinoma are shown. b
Note the viable areas of tumor
cells ] and the crush artifact
The mitotic count may not
be high in a biopsy specimen,
making precise categorization
difficult in small samples.
(Right) Gross photograph
shows an intrapulmonary
mass. The tumor is well
circumscribed with a tan

AR S
homogeneous cut surface. No Y b \"ot- oy
areas of necrosis or n’,?: “‘.-"
hemorrhage are apparent. "? ok "- ﬂ"‘

H|gh Grade Carcmoma

(Left) Small cell carcinoma
with diffuse sheets of tumor
cells is shown. At this
magnification, it is virtually
impossible to unequivocally
appreciate the small cell
nature of the neoplasm.
(Right) Sheets of neoplastic
cells with obvious nuclear
atypia, mitotic figures, and
disorganized pattern of
growth are seen in this high-
grade NECa.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Small Cell Carcinoma and Adjacent
Small Cell Carcinoma Lymphocytes

L -
X

(Left) Predominantly solid
pattern of growth of
neoplastic cells with high
mitotic activity and prominent
nuclear atypia is shown.
(Right) Solid pattern of
neoplastic cells B admixed
with numerous inflammatory
cells, predominantly
lymphocytes B3, are shown. In
some cases, the inflammatory
response may be very
prominent. It is unusual to see
this type of feature in small
cell carcinomas.

Extensive Geographic Necrosis
R LA R (Left) High-grade NECa with
extensive necrosis and sheets
of neoplastic cells with a
vague basaloid pattern is
shown. (Right) Closer view of
neoplastic cells in a high-grade
NECa is shown. Note the
absence of nucleoli, which is
an important characteristic of
=y these tumors. The features of
\ small cell carcinomas in
| resected specimens may show
better preservation than in
biopsy specimens.

(Left) Extensive necrosis and
clusters of neoplastic cells are
shown. The tumor cytology is
that of small cells with scant
cytoplasm and inconspicuous
nucleoli. Often, the presence
of extensive areas of necrosis
is more commonly seen in
high-grade tumors. (Right)
Classic small cell morphology
of small cells with nuclear
molding and prominent atypia
is shown. However, in this
illustration, the presence of
mitoses is not marked.
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Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Large Cell Neuroendocrine Carcinoma Nested Pattern

(Left) Gross photograph shows
a large intrapulmonary mass
of irregular borders and focal
areas of necrosis. The
macroscopic characteristics of
large cell NECa are not any
different from other non-small
cell carcinomas. (Right) Large
cell NECa is shown. Note the
well-circumscribed tumor
mass destroying normal lung
parenchyma. Even at this
magnification, one can still see
a nested pattern =]

>
—
5]
E
y=
a
)
c
5]
c
2
©
b
")
E
(%]
i@
a
o
7
z
y
c
=]
|

%

Extensive Geographic Necrosis Ribbons and Nests of Neoplastic Cells

(Left) Large cell NECa with
areas of comedo-like necrosis
is shown. The rest of the
tumor shows a more basaloid
growth pattern. This type of
pattern is fairly common in
large cell NECas. (Right) Large
cell NECa with a subtle nested
pattern is shown. Most of the
tumor is arranged in ribbons or
trabeculae of neoplastic cells.

e S

(Left) Large cell NECa with
basaloid features is shown.
Note the nuclear palisading
and the presence of an
inflammatory component in
the fibroconnective tissue.
(Right) Closer view of the large |
cell NECa, displaying larger
cells with round nuclei, light
eosinophilic cytoplasm, and
prominent nucleoli is shown.
Essentially, the morphology is
that of large cell carcinoma
with positive neuroendocrine
markers.




Neuroendocrine Carcinoma (Including Small Cell Carcinoma)

Extensive Necrosis

Presence of Nucleoli

necrosis and organoid pattern
of growth is shown. This
pattern, however, may be seen
in tumors that do not show
positive neuroendocrine
markers. (Right) Closer view of
neoplastic cells displaying
nuclear atypia and prominent
nucleoli are shown. However,
it is the positive staining for
neuroendocrine markers that
confirms the diagnosis of large
cell NECa.

(Left) High-power view of
larger cells with ample
cytoplasm, round nuclei, and
prominent nucleoli is shown.
These features are those of a
non-small cell carcinoma.
(Right) High-grade NECa with
more conventional nesting
pattern and absence of
obvious necrosis is shown. In
some focal areas, there is a
hint of comedo-like necrosis
and the presence of larger
pleomorphic cells B2,

(Left) High-grade NECa is
shown with a very organized
pattern of growth. Necrosis is
absent; however, note the
presence of marked nuclear
atypia [2] which should raise
the suspicion of a higher grade
neoplasm. (Right) High-grade
NECa shows the classic
characteristics of prominent
nuclear atypia and increased
mitotic activity; however,
necrosis is absent.
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Carcinosarcoma

KEY FACTS

e Central tumors may grow in polypoid fashion, obstructing
airways

e Sarcoma

’ ) o Insmall biopsy specimen in which only sarcomatous
e Peripheral tumors may reach large size component is present

e Areasof necrosi§ &/QF hemorrhage are common — Definitive diagnosis is rendered usually after complete
e 2cmto>10cmindiameter resection of tumor

MICROSCOPIC
e Biphasic

=

£

= TERMINOLOGY e Presence of conventional carcinoma (any type) with

a5 e Malignant biphasic neoplasm composed of malignant sarcoma (any type)‘ _ o

E epithelial and malignant mesenchymal components e Sqguamous E:ell carcinoma is most common epithelial
componen

‘% ETIOLOGY/PATHOGENESIS e Epithelial, biphasic, or mixed

i e (arcinosarcomas have been linked to tobacco use TOP DIFFERENTIAL DIAGNOSES

= CLINICAL ISSUES e Carcinoma

E e More common in men than women o Insmall biopsy specimen in which only epithelial

= e May be central or peripheral component is present

% MACROSCOPIC — Definitive diagnosis is rendered usually after complete

= resection of tumor

5

-

Macroscopic Features Biphasic Neoplasm

(Left) Gross photograph of
pulmonary carcinosarcoma
shows a well-circumscribed,
light tan, fleshy
intrapulmonary mass. Note
the absence of necrosis and
hemorrhage. (Right) Primary
carcinosarcoma of the lung
shows classic features of
squamous cell carcinoma (=]
and rhabdomyosarcoma [2].

Carcinomatous Component

(Left) Carcinosarcoma shows a
solid epithelial component in
the form of squamous cell
carcinoma. The sarcomatous
component is
undifferentiated. (Right)
Carcinosarcoma of the lung
shows the sarcomatous
component in the form of
rhabdomyosarcoma. Note the
presence of easily identifiable
rhabdomyoblasts B3.







Lung: Neoplasms, Malignant, Primary

Antibody Reactivity Staining Pattern Comment

Carcinosarcoma

Immunohistochemistry

EMA/MUC1 Positive Cell membrane In epithelial component

CK5/6 Positive Cytoplasmic In epithelial component (squamous cell)

p40 Positive Nuclear In cases of squamous cell carcinoma component
p63 Positive Nuclear In cases of squamous cell carcinoma component
Chromogranin-A Positive Cytoplasmic If small cell carcinoma is present

Synaptophysin Positive Cytoplasmic If small cell carcinoma is present
CD56/NCAM/MOCT Positive Cytoplasmic If small cell carcinoma is present

TTF-1 Positive Nuclear In cases of adenocarcinoma component
NAPSIN-A Positive Cytoplasmic In cases of adenocarcinoma component
CK-PAN Positive Cytoplasmic In epithelial component

CEA-M Positive Cytoplasmic In epithelial component (adenocarcinoma)
Desmin Positive Cytoplasmic In sarcomatous component (muscle differentiation)
MYOD1 Positive Cytoplasmic In sarcomatous component (muscle differentiation)
Caldesmon Positive Cytoplasmic If muscle differentiation is present

MYOD1 Positive Cytoplasmic If muscle differentiation is present

CD31 Positive Cytoplasmic If vascular differentiation (angiosarcoma)

CD34 Positive Cytoplasmic If vascular differentiation (angiosarcoma)

ERG Positive Cytoplasmic If vascular differentiation

S100 Positive Cytoplasmic Chondroid component

SOX2 Positive Nuclear Chondroid component

Myoglobin Positive Cytoplasmic Muscle differentiation

STAT6 Negative

Histochemical Features

Stain Result

PAS May show intracellular glycogen depending on epithelial component
PAS-D May show intracellular mucin depending on epithelial component
Mucicarmine May show intracellular mucin depending on epithelial component

Molecular Features

FISH Result
()*5 May be positive if adenocarcinoma is present
2. NomaD etal: Aresected case of combined small cell lung carcinoma with 10. Mito Aetal: [Case of pulmonary carcinosarcoma and a summary of 17 cases
carcinosarcoma. Pathol Int. 65(6):332-4, 2015 reported in Japan.] Nihon Kokyuki Gakkai Zasshi. 42(8):749-54, 2004
3. Braham E et al: Pulmonary carcinosarcoma with heterologous component: 11. Aurello P et al: Squamocellular carcinoma and chondrosarcoma: a true
report of two cases with literature review. Ann Transl Med. 2(4):41, 2014 pulmonary carcinosarcoma. Report of a case. Anticancer Res. 23(3C):3073-6,
4. Sakakura N et al: Pulmonary carcinosarcoma successfully resected using the 2003
rib-cross thoracotomy approach: report of a case. Surg Today. 44(1):175-9, 12. Petrov DB et al: Primary pulmonary sarcomas and carcinosarcomas—
2014 postoperative results and comparative survival analysis. Eur J Cardiothorac
5. KawachiK et al: Blastomatoid carcinosarcoma of the lung. Pathol Int. Surg. 23(4):461-6, 2003
63(7):377-9,2013 13. Rossi G et al: Pulmonary carcinomas with pleomorphic, sarcomatoid, or
6. Toyokawa G et al: The first case of lung carcinosarcoma harboring in-frame sarcomatous elements: a clinicopathologic and immunohistochemical study
deletions at exon19 in the EGFR gene. Lung Cancer. 81(3):491-4, 2013 of 75 cases. Am J Surg Pathol. 27(3):311-24, 2003
7. Carcano C et al: Bronchial carcinosarcoma. J Radiol Case Rep. 6(10):26-31, 14. Koss MN et al: Carcinosarcomas of the lung: a clinicopathologic study of 66
2012 patients. Am J Surg Pathol. 23(12):1514-26, 1999
8. Chuang TL et al: Pulmonary carcinosarcoma: 18F-FDG PET/CT imaging. Clin 15. Nappi O et al: Biphasic and monophasic sarcomatoid carcinomas of the lung.
Nucl Med. 37(11):1105-7, 2012 A reappraisal of 'carcinosarcomas' and 'spindle-cell carcinomas'. Am J Clin

9.  PardoJ et al: Primary mixed squamous carcinoma and osteosarcoma Pathol. 102(3):331 40 1994 o )
(carcinosarcomas) of the lung have a CGH mapping similar to primitive 16. Davis MP et al: Carcinosarcoma of thg lung: Mayo Clinic experience and
squamous carcinomas and osteosarcomas. Diagn Mol Pathol. 17(3):151-8, response to chemotherapy. Mayo Clin Proc. 59(9):598-603, 1984
2008




Carcinosarcoma
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Biphasic Neoplasm Mesenchymal Component

(Left) This low-power view
shows a mixed cellular
composition. Note the
presence of eroded superficial
epithelium ] This is a
centrally located
carcinosarcoma. (Right)
Carcinosarcoma shows
discrete merging between
malignant epithelial =] and
malignant mesenchymal
components 53], In a cursory
review, this tumor can be
misdiagnosed as conventional
carcinoma.
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(Left) Carcinosarcoma is
shown with predominant
sarcomatous elements. The
sarcoma component of this
tumor is of the high-grade
type. In some cases, the use of
immunohistochemistry may
facilitate the identification of
the specific sarcomatous
component. (Right)
Carcinosarcoma is shown in
which there is myogenic
differentiation in the form of
rhabdomyosarcoma. In some
cases, the merging of
epithelial and mesenchymal
components may not be so
obvious.

(Left) Carcinosarcoma is
shown in which the malignant
component is of glandular
type 2] whereas the
sarcomatous component is
rather undifferentiated
(Right) Carcinosarcoma is seen
with an easily identifiable
squamous cell carcinoma 5>/
admixed with areas of a high-
grade sarcomatous
component [ Squamous cell
carcinoma is 1 of the most
common components of
carcinosarcoma.
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(Left) Carcinosarcoma is
shown with a high-grade
chondrosarcoma 53] as the
mesenchymal component. In
this image, the presence of an
epithelial component is not
obvious, and cases like this
require extensive sampling to
demonstrate its presence.
(Right) /n some cases of
carcinosarcoma, the
mesenchymal component may
be more extensive than the
epithelial component. In this
illustration, the
rhabdomyosarcoma is more
prominent [2] than the
squamous cell carcinoma [=].

Carcinosarcoma

Chondrosarcomatous Compo

SRRV

(Left) Predominantly
rhabdomyosarcomatous
component 2> is seen with
only focal areas of a
malignant epithelial
component (squamous cell
carcinoma) As seen here,
the epithelial component may f
be a minor component in some |
cases. (Right) Carcinosarcoma |
is shown in which the
mesenchymal component is
composed of osteosarcoma.
Note presence of bone
formation 23] Essentially any
sarcomatous component may
be present in carcinosarcomas
of the lung.

(Left) Carcinosarcoma is
shown with squamous cell
carcinoma =] as well as a
sarcomatous component with
myxoid and vascular features
231 In some cases of
carcinosarcoma, the light
microscopy may not be helpful
to differentiate the specific
type of sarcoma. (Right)
Classic rhabdomyosarcoma is
shown with numerous
rhabdomyoblasts [Z]as a
component of a
carcinosarcoma. In some
tumors, the epithelial
component may be minor.

Squamous Carcinoma and Sarcoma
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Carcinosarcoma

Biphasic Neoplasm
e 7 (Left) Low-power view of a
| carcinosarcoma of the lung
shows 2 different cell
populations, one composed of
round cells B3 and the other
composed of spindle cells B3.
5 Note the adjacent lung
1 parenchyma [ (Right)
Carcinosarcoma shows 2
distinct cell populations, one
clearly a carcinoma and the
other a spindle cell sarcoma.
Both of those components are
easily identifiable on
morphological grounds.
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Predominantly Carcinoma

2‘ l‘w WL g#7 ) (Left) Carcinosarcoma

i Y . W« %4 predominantly shows a spindle
. ' ; #= cell sarcoma with only islands
of carcinomatous elements
2. (Right) /n some areas, the
predominant feature may be
that of a carcinoma with only
a subtle component of spindle
cell sarcoma.
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Carcinoma Sarcomatous Component

(Left) Higher magnification of
the carcinomatous component
in a carcinosarcoma of the
lung shows conventional small
cell carcinoma. This type of
carcinomatous component is
unusual. (Right) Higher
magnification of a
carcinosarcoma of the lung
shows the spindle cell
sarcomatous component. In
this case, it is represented by
leiomyosarcoma.
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Pulmonary Blastoma

KEY FACTS

TERMINOLOGY

e Synonyms: Well-differentiated fetal adenocarcinoma,
pulmonary embryoma

e Pulmonary blastoma (PB) monophasic type (well-
differentiated fetal adenocarcinoma): Glandular
component recapitulates embryonic development of lung

e PB biphasic type: Composed of epithelial glandular
component and sarcomatous elements

CLINICAL ISSUES

e Monophasic PBs have better prognosis
e Biphasic PBs behave more aggressively
e Tumor size (> 5 cm) linked with poor prognosis

MICROSCOPIC

e Glandular component mimics embryologic development of

lung between weeks 11-18
e Presence of morules

Pulmonary Blastoma

(Left) Gross photograph of
pulmonary blastoma (PB)
shows an intrapulmonary
mass with areas of
hemorrhage and necrosis. The
tumor in the more viable areas
appears light tan in color B3.
(Right) PB shows a complex
glandular proliferation with a
back-to-back arrangement
with little intervening stromal
tissue.

Morules

(Left) PB shows the presence
of morules B3, which
represent a classic feature in
the diagnosis of PB. (Right) PB
shows back-to-back glands
with the supranuclear
vacuoles, which are
characteristic of this
neoplasm.

TOP DIFFERENTIAL DIAGNOSES

Adenocarcinoma with morular component

o Presence of intracellular mucin

o Presence of morules is within glandular spaces

Carcinosarcoma

o Will show heterologous component in form of
angiosarcoma, chondrosarcoma, rhabdomyosarcoma, or
other form of sarcoma

o Epithelial component is usually squamous cell carcinoma

Pleuropulmonary blastoma

o Epithelial component is benign

o Tumor is pleural-based rather than intraparenchymatous

Secretory endometrioid-like adenocarcinoma

o Presence of intracellular mucin

o Absence of morules




Pulmonary Blastoma

TERMINOLOGY

Abbreviations
e Pulmonary blastoma (PB)
Synonyms

e Well-differentiated fetal adenocarcinoma
e Pulmonary embryoma

Definitions
e PB monophasic type (well-differentiated fetal
adenocarcinoma)
o Glandular component recapitulates embryonic
development of lung
e PB biphasic type
o Composed of epithelial glandular component and
sarcomatous elements

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare; may account for < 1% of all pulmonary neoplasms
e Age
o More common in adults
o Unrelated to pleuropulmonary blastomain children

Presentation
Cough
Hemoptysis
Chest pain
Hoarseness
Weight loss
General malaise
Asymptomatic

Treatment

e Surgical approaches
o Complete surgical resection
e Adjuvant therapy
o No specific treatment
o Chemotherapy may be used
o Radiation may be used

Prognosis

e Monophasic PBs have better prognosis
e Biphasic PBs behave more aggressively
e Tumor size (> 5 cm) linked with poor prognosis

IMAGING
Radiographic Findings
e Intrapulmonary mass of varying size

MACROSCOPIC

General Features

Central or peripheral tumor

Well circumscribed but not encapsulated
Homogeneous or slightly lobulated cut surface
Tan in color * areas of necrosis &/or hemorrhage
1-20 cm in diameter

MICROSCOPIC

Histologic Features

e Glandular component mimics embryologic development of
lung between 11-18 weeks

Back-to-back glandular proliferation

Mild to moderate cellular atypia

Mitotic count is not high

Presence of morules (squamoid foci) more common in
monophasic type

Sarcomatous elements in biphasic type

More cellular atypia and mitotic activity in biphasic type
Differentiation into different tissues can occur

Focal cartilaginous component may be seen in monophasic
tumors

Predominant Pattern/Injury Type

e Glandular

e Biphasic

Predominant Cell/Compartment Type

e Epithelial, glandular
e Epithelial, biphasic, or mixed

DIFFERENTIAL DIAGNOSIS

Adenocarcinoma

e Glandular proliferation of PB recapitulates embryologic
development of lung (weeks 11-18)

e Adenocarcinoma will lack presence of morules

e Absence of intracellular mucinin PB

Carcinosarcoma

e Most commonly has squamous cell carcinoma as epithelial
component

e Glandular epithelial component will not show embryonic
features of glandular component of PB

e Absence of morules

Pleuropulmonary Blastoma

e Tumor of children

e Epithelial component is benign

e Usually is cystic involving pleuropulmonary structures
Sarcoma

e [fonly spindle cell component is sampled

e Limited biopsy material

Metastatic Adenocarcinoma

e Pertinent clinical history will lead to correct interpretation
e Immunohistochemical stains for TTF-1 and B-catenin will be
of of help

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Age distribution
e Predominantly in adult individuals
e Intrapulmonary mass

Pathologic Interpretation Pearls

e Glandular proliferation with morular component mimicking
embryonic development of lung between weeks 11-18
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Pulmonary Blastoma

>
— . .
o Immunohistochemistry
=
e Antibody Reactivity Staining Pattern Comment
. R R R R R R R R R R R R R
= TTF-1 Positive Nuclear In glandular component in majority of cases
5\ [-catenin Positive Cytoplasmic In glandular component
g KERATIN-LMW Positive Cytoplasmic In glandular component
o5 EMA/MUC1 Positive Cell membrane In glandular component
E CEA-M Positive Cytoplasmic In glandular component
[g°}
=y Chromogranin-A Positive Cytoplasmic Morules only
o
% p53 Positive Cytoplasmic
Py Desmin Positive Cytoplasmic In muscle component
§ SOX2 Positive Nuclear Chondroid component
Myoglobin Positive Cytoplasmic Rhabdomyosarcomatous component
p40 Negative
CK5/6 Negative
p63 Negative In some cases, may show focal positive staining
NAPSIN-A Positive Cytoplasmic In some cases
Surfactant-A Negative
pax-8 Negative
GATA3 Negative
CDX-2 Negative
CK20 Negative

Histochemical Features

Stain Result Comment

PAS Positive for intracellular glycogen

PAS-D Negative for intracellular mucin

Mucicarmine Negative for intracellular mucin May show positive staining in intraluminal areas

Molecular Features

FISH Result
(*)5 May be positive in some cases
3,. &$ May be positive in some cases
.5%$6 May be positive in some cases
$/. Negative
e Glandular component lacks intracellular mucin 6. NakayamaT et al: Classic pulmonary blastoma: a subtype of biphasic

pulmonary blastoma. Ann Thorac Cardiovasc Surg. 18(2):125-7, 2012
7. VanLooSS et al: Classic biphasic pulmonary blastoma: a case report and
review of the literature. Lung Cancer. 73(2):127-32, 2011
SELECTED REFERENCES 8.  Weissferdt A et al: Malignant biphasic tumors of the lungs. Adv Anat Pathol.
18(3):179-89, 2011

e Biphasic tumor

1. SuzukiM et al: High-grade fetal adenocarcinoma of the lung is a tumour with

a fetal phenotype that shows diverse differentiation, including high-grade 9. BerhoM et al:'Mallgnant mlxediepltﬁellal/ mesenchymal neoplasms of the
; : o I " ’ lung. Semin Diagn Pathol. 12(2):123-39, 1995

neuroendocrine carcinoma: a clinicopathological, immunohistochemical and L Pul bl .

mutational study of 20 cases. Histopathology. 67(6):806-16, 2015 10. Koss MN et al: Pulmonary blastomas. Cancer. 67(9):2368-81, 1991

2. XiuY etal: Classic biphasic pulmonary blastoma with brain and axillary 11. NakataniY et al: Pulmonary endodermal tumor resembling fetal lung: a

tastases: £ with molecul vsis and revi fliterature. Int clinicopathologic study of five cases with immunohistochemical and
TgliﬁsEi;e;aithls. %(r%l?;;_;)gl ZOTS ecuar analysis and review ot tierature. in ultrastructural characterization. Hum Pathol. 21(11):1097-107, 1990

12. Kodama T et al: Six cases of well-differentiated adenocarcinoma simulating
fetal lung tubules in pseudoglandular stage. Comparison with pulmonary
blastoma. Am J Surg Pathol. 8(10):735-44, 1984

3. KawasakiK et al: Surgery and radiation therapy for brain metastases from
classic biphasic pulmonary blastoma. BMJ Case Rep. 2014, 2014

4. Lkhoyaali S et al: Neoadjuvant chemotherapy in well-differentiated fetal
adenocarcinoma: a case report. BMC Res Notes. 7:283, 2014

5. Patnayak R et al: Well-differentiated fetal adenocarcinoma of the lung in an
adult male: report of an unusual tumor with a brief review of literature. J
Cancer Res Ther. 10(2):419-21,2014




Pulmonary Blastoma

(Left) Normal lung
parenchyma of an embryo is

shown between weeks 11-18.

The resemblance to the

#®  monophasic pulmonary

blastoma is marked, thus the
designation of fetal-type
adenocarcinoma. (Right)

| Monophasic PB is composed of

anastomosing glands of
different sizes with the classic

| supranuclear vacuole.

(Left) Higher magnification
shows a monophasic PB

| formed by glands with nuclei

displaced toward the base and

| supranuclear vacuoles. This

arrangement mimics
endometrioid-like carcinomas.

1 Also note the presence of the

minimal stromal component

[ (Right) Monophasic PB is

shown with the classic

glandular arrangement and

focal squamous morule
formation

(Left) Low-power view of a
monophasic PB with comedo-
like necrosis and a vague
cribriform-like pattern is
shown. (Right) Monophasic PB
is shown in which the
glandular proliferation is
present within the alveolar
spaces in an alveolar-like type
of invasion. Note the presence
of more nuclear atypia and
mitotic activity.
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Neoplasms, Malignant, Primary
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(Left) Monophasic PB is shown
with a focal area of cartilage.
This feature may be confused
for a carcinosarcoma or with a
biphasic tumor. Although rare,
this feature can occur in
monophasic tumors. (Right)
Biphasic PB shows a complex
glandular arrangement with
dilated glands. Within the
glandular structures there is
subtle spindle cell
proliferation B2.

(Left) Closer view shows a
biphasic PB with 2
components: A glandular
malignant epithelial
component Z3and a
malignant mesenchymal
component =], (Right)
Biphasic PB is shown with a
prominent malignant
mesenchymal component
and only small areas of
epithelial glandular elements
B

(Left) Higher magnification of
a biphasic PB with glandular
and mesenchymal components
is shown. (Right) PB =] is
shown with a hepatocellular
carcinomatous component 2>
In the hepatocellular
component, note the areas
that can be construed as fat
droplets [2] This is an unusual
feature that only occasionally
may be seen in these tumors.

Pulmonary Blastoma

Cartilage

Biphasic




Pulmonary Blastoma

(Left) Monophasic blastoma
shows the typical glandular
proliferation in a back-to-back
pattern with distinct lumen

"% formation. (Right) Monophasic

blastoma shows solid areas in
which the glands give the
appearance of a rosette-like
formation, similar to that seen
in neuroendocrine carcinomas.

(Left) Monophasic blastoma

| shows desmoplastic areas B3,

which can be easily confused
with sarcomatoid component

| in a biphasic neoplasm. (Right)

Monophasic blastoma shows
areas of fibrinoid necrosis with
atypical epithelium and
incomplete gland formation.

(Left) Monophasic blastoma
shows a strong B-catenin (+)
reaction in tumor cells. (Right)
Monophasic blastoma shows
strong nuclear positivity for
TTF-1.
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Adenoid Cystic Carcinoma

KEY FACTS

=
£
= TERMINOLOGY e Perineuralinvasion is common as in salivary gland tumor of
o e Epithelial neoplasm similar to that occurring in salivary same type
© glands ANCILLARY TESTS
= CLINICAL ISSUES e Immunohistochemical stains confirm immunophenotype of
g e Presentation myoepithelial cells: Positive with CK-PAN, actin-sm, and
g o Cough, hemoptysis, dyspnea, chest pain vimentin
a e Treatment TOP DIFFERENTIAL DIAGNOSES
a o Lobectomy or pneumonectomy e Adenocarcinoma
2 e Pathogenesis
z o May follow aggressive behavior with metastasis DIAlG'\:jOSTIC CHECELIFST el J
=] e Glands are composed of 2 rows of cells surrounding
§ MACROSCOPIC pseudocystic spaces

e Endobronchial tumor

e Submucosal mass, which may penetrate bronchial wall

MICROSCOPIC

e Most common pattern cribriform with spaces within mass

represent pseudocysts rather than glands

Bronchial Adenoid Cystic Carcinoma Cyllndromatous Pattern

(Left) Gross photograph of
adenoid cystic carcinoma
shows a polypoid
endobronchial tumor mass =>]
obstructing most of the
bronchial lumen. (Right)
Adenoid cystic carcinoma
shows a conventional
cylindromatous growth f ,@
pattern. Note the presence of gk '%&'w
bronchial cartilage B> and the %4 p ¢
tumor obliterating normal
lung parenchyma [2].

Mild Cellular Atypla Actin Immunostain

(Left) Hematoxylin & eosin & e
shows a classic SN, .
cylindromatous pattern with
the characteristic jigsaw
puzzle appearance. This is the [
most common and the easier
growth pattern to recognize in |
these tumors. (Right) Actin-sm
shows positive staining in

tumor cells. Basically, the "
presence of actin-sm and CK- 2
PAN are important
immunohistochemical features
of adenoid cystic carcinoma.




Adenoid Cystic Carcinoma

TERMINOLOGY
Synonyms
e Cylindroma
o Old term for this tumor related to common cribriform
growth pattern
Definitions

e Epithelial neoplasm similar to that occurring in salivary
glands

ETIOLOGY/PATHOGENESIS

Etiology

e Tumor may originate from endobronchial glands
e Rare in parenchymal location

CLINICAL ISSUES
Epidemiology
e |ncidence
o 2nd most common salivary gland-type tumor of lung
after mucoepidermoid carcinoma
o Age
o Tumor appears to be more common in adults

Presentation

e Cough

o Hemoptysis

e Shortness of breath
e Chest pain

Treatment

e Surgical approaches
o Lobectomy or pneumonectomy

Prognosis

e Slow-growth tumor

o May follow aggressive behavior with metastasis
o Survival at 10 years varies from 40-45%

e Recurrences are common

MACROSCOPIC

General Features

e Endobronchial tumor
e Submucosal mass, which may penetrate bronchial wall

Size
e 1-3cmin greatest dimension

MICROSCOPIC

Histologic Features

e Cylindromatous or cribriform growth pattern

e Spaces within mass represent pseudocysts rather than
glands

e Spaces result from compression of cords of cell coursing
through myxoid stroma

e Solid areas lack luminal structures and may show peripheral
palisading

e True mucin-producing glands may be seen but are
extremely rare

e Perineuralinvasion is common as in salivary gland tumor of
same type

Predominant Pattern/Injury Type
e Cylindromatous

e Solid
e Tubular

Predominant Cell/Compartment Type
e Epithelial

ANCILLARY TESTS

Histochemistry

e PAS
o Reactivity: Positive
o Staining pattern: Stromal matrix
o PAS will also stain mucinous material within gland lumina
of true glands when they are seen
e Alcian blue
o Reactivity: Positive
o Staining pattern: Stromal matrix
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DIFFERENTIAL DIAGNOSIS

Adenocarcinoma
e Presence of cylindromatous pattern and myoepithelial
immunophenotype is more in keeping with adenoid cystic
carcinoma
o Adenocarcinomas do not show tumor cell staining with
actin-sm or S100
e May have obvious mucin positivity and common true glands

Metastatic Adenoid Cystic Carcinoma

e Appearance is identical
e History of extrapulmonary adenoid cystic carcinoma

Mucoepidermoid Carcinoma

e Endobronchial mass

e Admixture of mucin-secreting cells, squamous cells, and
intermediate cells in various proportions

e Solid areas of epidermoid component

e Immunophenotype is more of epithelial neoplasm rather
than classic myoepithelial

Epithelial-Myoepithelial Carcinoma

e Epithelial-myoepithelial carcinoma (EMC) shows distinct
proliferation of glandular component in which tumors sow
layer of epithelial (outer layer) and myoepithelial layer
(inner layer-clear cells)

Both tumors may show perineural invasion

Both tumors may show solid areas

Both tumors may show focal squamous changes

Both tumors may show similar immunophenotype
(myoepithelial differentiation)

e Cylindromatous growth pattern would be unusual for EMC

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Glands are composed of 2 rows of cells

e Cribriform pattern is most common

e Immunophenotype different from adenocarcinomas




Lung: Neoplasms, Malignant, Primary

Adenoid Cystic Carcinoma

Immunohistochemistry

Antibody Reactivity

Staining Pattern

CK-PAN Positive Cytoplasmic

CK-LMW-NOS Positive Cytoplasmic

CK5/6 Negative

Actin-sm Positive Cytoplasmic

S100 Positive Nuclear

Vimentin Positive Cytoplasmic

CD117 Positive Cell membrane and
cytoplasm

myb Positive Nuclear

Collagenase IV Positive

Laminin Positive

DOG1 Positive Cytoplasmic

p63 Positive Nuclear

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Molecular Features

FISH

0<% gene rearrangements
£(6:9)(q22-23;p23-24)

(*)5

.5%$6

$/.

%5%)

3,. &%

127&+

o Uniform staining of tumor cells with vimentin, actin-sm,
and focal staining with S100
e Perineural invasion common

STAGING

Clinical Follow-Up

e Staging at time of diagnosis appears to be most important
parameter in predicting prognosis

SELECTED REFERENCES

1. Brayer KJ et al: Recurrent fusions in MYB and MYBL1 define a common,
transcription factor-driven oncogenic pathway in salivary gland adenoid
cystic carcinoma. Cancer Discov. 6(2):176-87, 2016

2. Falk N etal: Primary pulmonary salivary gland-type tumors: a review and
update. Adv Anat Pathol. 23(1):13-23,2016

3. MitaniY et al: Novel MYBL1 gene rearrangements with recurrent MYBL1-
NFIB fusions in salivary adenoid cystic carcinomas lacking £(6;9)
translocations. Clin Cancer Res. 22(3):725-33,2016

Result

Comment
Tumor cells uniformly positive

Many, but not all, cells show staining, emphasizing dual nature
of this tumor

Usually only focal positive
Uniform tumor cell staining

Does not correlate with C-kit-activating mutations

In basement membrane
In basement membrane
In some cases in ductal and myoepithelial cells

In some cases in myoepithelial cells

Negative

Positive in intraluminal areas

Positive in intraluminal areas

Result
In some cases

In some cases

No gene amplification and no mutation in exons 18-21

Negative

Negative

Negative

Negative

Potential role in cell growth, invasion, and migration

Qu J et al: Notch2 signaling contributes to cell growth, invasion, and
migration in salivary adenoid cystic carcinoma. Mol Cell Biochem. 411(1-
2):135-41,2016

Abd Raboh NM et al: Diagnostic role of DOG1 and p63
immunohistochemistry in salivary gland carcinomas. Int J Clin Exp Pathol.
8(8):9214-22, 2015

Hu MM et al: Primary adenoid cystic carcinoma of the lung:
clinicopathological features, treatment and results. Oncol Lett. 9(3):1475-
1481,2015

Huo Z et al: Molecular genetic studies on EGFR, KRAS, BRAF, ALK, PIK3CA,
PDGFRA, and DDR? in primary pulmonary adenoid cystic carcinoma. Diagn
Pathol. 10:161,2015

Tian Z et al: Differences in MYB expression and gene abnormalities further
confirm that salivary cribriform basal cell tumors and adenoid cystic
carcinoma are two distinct tumor entities. J Oral Pathol Med. 2015

Zhu F et al: Primary salivary gland-type lung cancer: clinicopathological
analysis of 88 cases from China. J Thorac Oncol. 8(12):1578-84, 2013

Aubry MC et al: Primary adenoid cystic carcinoma of the lung: absence of KIT
mutations. Cancer. 110(11):2507-10, 2007

. Moran CA: Primary salivary gland-type tumors of the lung. Semin Diagn

Pathol. 12(2):106-22, 1995



Adenoid Cystic Carcinoma

Cylindromatous Pattern Cylindromatous Pattern
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(Left) Adenoid cystic
carcinoma shows a
conventional cylindromatous
pattern. Note the presence of
uninvolved respiratory
epithelium, which appears to
be within normal limits.
(Right) The cylindromatous
variant of adenoid cystic
carcinoma is the most
common. The tumor is
composed of islands of tumor
| cells separated by

~ fibroconnective tissue that
show a striking cribriform
architecture.

(Left) In some areas, the

islands of tumor cells are

s embedded in edematous
stroma. However, the

i characteristic features are still

| preserved in the epithelial

component. (Right) In other

areas, the glandular

| proliferation may show

' prominent compression of the

glandular structures, making it

difficult to recognize the

cylindromatous pattern of

| growth.

Extensive Hyalinization

(Left) Adenoid cystic
carcinoma shows extensive
areas of collagenization with
only scattered areas of tumor
cells. This type of pattern can
also be seen in pleomorphic
adenomas (mixed tumors).
(Right) Prominent perineural
invasion is present in these
tumors and is an important
feature that may aid in the
diagnosis of adenoid cystic
carcinoma.
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Adenoid Cystic Carcinoma

(Left) Adenoid cystic
carcinoma displays extensive
areas of solid cellular
proliferation Note the
cystic structures [2] containing
mucoid material. This feature
is common in these tumors.
(Right) Some cases of adenoid
cystic carcinoma may show
prominent clear cell changes.
In some cases, the
proliferation is similar to that
seen in epithelial-
myoepithelial carcinoma.
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(Left) Tubular variant 53] of
adenoid cystic carcinoma is
seen merging with more
conventional areas [ It is
common to see 2 growth
patterns in the same tumor.
(Right) Tubular growth
pattern of adenoid cystic
carcinoma shows a
proliferation of glandular
structures [2] which closely
mimic a conventional
adenocarcinoma.

(Left) Higher magnification of
the neoplasm shows that
these glandular structures are
similar to the more
conventional pattern of this
tumor. The glands are
composed of 2 rows of cells.
Mitotic activity is not present.
(Right) The cylindromatous
variant of adenoid cystic
carcinoma shows that the
glands are also composed of 2
rows of cells and contain
mucoid material. Mitotic
activity is also absent.




Adenoid Cystic Carcinoma

Trabecular Pattern

(Left) Although not common,
the presence of necrosis
may be encountered focally in
cases of adenoid cystic
carcinoma. Extensive areas of
necrosis are not common in
these tumors. (Right) /n some
cases of adenoid cystic
carcinoma, the tumor may
display cords of neoplastic
cells embedded in a
fibroblastic stroma, giving the
impression of a biphasic
neoplasm.
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Sebaceous Differentiation Sebaceous Differentiation

(Left) Adenoid cystic
carcinoma shows a prominent
tubular component and clear
| cells 3. Also note the
presence of a hyalinized
| stroma B separating islands
of tumor cells. (Right) Adenoid
cystic carcinoma shows a
classic histology with clusters
of clear cells 3 The presence
of clear cells suggests
sebaceous differentiation. This
feature is unusual in adenoid
cystic carcinomas of the lung.

(Left) Adenoid cystic
carcinoma shows conventional
| growth pattern with a clear
cell component dissecting
fibrocollagenous stroma. This
feature requires careful
attention in determining the
extent of invasion by the
tumor. (Right) This is a closer
look at the clear cells in
adenoid cystic carcinoma,
which represent sebaceous
differentiation. The cytoplasm
of the cells appears to contain
lipid inclusions.




Adenoid Cystic Carcinoma

(Left) Although unusual,
extensive areas of
hyalinization may be present
in adenoid cystic carcinoma.
This type of growth pattern is
uncommon in the lung and can
make the diagnosis difficult.
Primary pleomorphic
adenomas of the lung may
show similar features. (Right)
Adenoid cystic carcinoma is
seen with focal presence of
larger cysts and adjacent
classic growth pattern. The
presence of large cystic
structures is uncommon and,
when alone, can make the
diagnosis difficult.

Neoplasms, Malignant, Primary
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(Left) Extensive areas of solid
variant of adenoid cystic
carcinoma [Z>] are separated
by fibrocollagenous tissue
from more conventional areas
of this tumor [2] (Right) One
can still identify a remnant of
tubular structures B2 in this
higher magnification of a solid
area. These structures may
also be confused for
pseudorosettes and for a
neuroendocrine tumor.

Solid Variant Solid Variant

(Left) Adenoid cystic
carcinoma shows
predominantly solid growth
pattern with a subtle lobular
appearance. Fortunately, even
in cases with an extensive
solid pattern, the tumor may
also show focal areas of the
conventional pattern. (Right)
Higher magnification shows a
cellular proliferation with
moderate nuclear atypia and
the presence of a basement
membrane [2] which gives the
appearance of amyloid
deposition.




Adenoid Cystic Carcinoma

Neural Invasion

(Left) Adenoid cystic
carcinoma shows a biphasic

+ growth pattern of solid areas

admixed with more glandular
component. This pattern can
easily be misdiagnosed for a
conventional adenocarcinoma.
(Right) Adenoid cystic
carcinoma shows focal
tumoral areas wrapping a
large nerve ending. Even
though this features is
common, it may not be a
feature associated with
recurrence of these types of
tumors.

(Left) Adenoid cystic
carcinoma shows extensive
hyalinization in which the
tumor cells are arranged in
strands without much growth

3 pattern and only subtly
4 arranged in an "alveolar”
pattern. (Right) Adenoid cystic

carcinoma shows focal areas
of the most conventional

y| features and predominantly

nesting pattern. Note the
presence of glands lined by 2
rows of cells.

(Left) Myeloblastosis

| immunohistochemical stain

shows strong nuclear
positive staining in a primary

1 pulmonary adenoid cystic

carcinoma. (Right)
Immunohistochemical stain
for CD117 (C-kit) shows a
strong positive reaction in a

4 primary pulmonary adenoid

cystic carcinoma.
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Mucoepidermoid Carcinoma

KEY FACTS

TERMINOLOGY

e Mucoepidermoid carcinoma (MEC): Epithelial neoplasm
composed of epidermoid and clear cells admixed with
mucus-secreting cells (mucocytes)

CLINICAL ISSUES

e Prognosis
o Depends on grading of tumor
o For low-grade tumors, prognosis is very good
o For high-grade tumors, additional medical treatment
may be necessary
e Symptoms
o Cough, shortness of breath, hemoptysis, chest pain,
wheezing

MACROSCOPIC

e MEC usually endobronchial tumor
e Polypoid tumor obstructing bronchial lumen may also occur

Central MEC

(Left) Gross photograph shows
a well-circumscribed,
yellowish, central tumor mass
Usually, low-grade
mucoepidermoid carcinomas
(MEC) of the lung are central
tumors. (Right) Panoramic
view shows a low-grade MEC
in an endobronchial location.
The tumor is growing in a
polypoid fashion, obstructing
the bronchial lumen.

Solid and Cystic Components

(Left) Low-grade MEC shows
extensive solid component and
focal cystic structures [ In
cases in which the solid
component is prominent, the
diagnosis may pose more
difficulties. (Right) Higher
magnification shows mucin-
producing cells lining cystic
structures [2] Similar features
may also be seen in cases of
mucous gland adenomas of
the bronchus.

MICROSCOPIC

Epidermoid component without keratinization
Clear cells (intermediate cells)
Mucus-producing cells (mucocytes)

Lack of nuclear atypia or high mitotic activity
Oncocytic changes may also be seen

TOP DIFFERENTIAL DIAGNOSES

e Lymphoepithelioma-like carcinoma
e Adenosguamous carcinoma

e Squamous cell carcinoma

e Adenocarcinoma

e Metastatic MEC

DIAGNOSTIC CHECKLIST

e MEC generally does not show areas of keratinization
e Epidermoid cells admixed with mucous cells

e MEC may show positive 0$0/

Low-Grade MEC

Mucocytes and Intraluminal Mucin

—




Mucoepidermoid Carcinoma

TERMINOLOGY

Abbreviations

e Mucoepidermoid carcinoma (MEC)
Synonyms

e Mucoepidermoid tumor

Definitions

e Epithelial neoplasm composed of epidermoid cells admixed
with mucus-secreting cells (mucocytes)

ETIOLOGY/PATHOGENESIS

Incidence

e Tumor more common in adults but has been reported in
children
o Agesrange from 3-78 years
o Most common type is low-grade tumor

CLINICAL ISSUES

Presentation

e Cough

Shortness of breath
Hemoptysis

Chest pain
Wheezing

Treatment
e Surgical approaches
o Complete surgical resection, usually lobectomy
— Location of tumor may dictate surgical approach

Prognosis
e Prognosis depends on grading of neoplasm
o Low-grade tumors, completely resected: Very good
o High-grade tumors may require additional medical
treatment in addition to surgical resection
— Overall 3-year survival rate is ~ 94%
— Overall 5-year survival rate is ~ 87%
o Close follow-up is recommended in all cases

MACROSCOPIC

General Features
e Tumor more common in central location than in periphery
of lung
o MECis usually endobronchial tumor
o Polypoid tumor obstructing bronchial lumen may also be
presentation

Size
e 1-5cm in greatest dimension

MICROSCOPIC

Histologic Features

e Epidermoid component without keratinization
o Clear cells (intermediate cells)
o Mucus-producing cells (mucocytes)
o Lack of nuclear atypia or high mitotic activity
— Metastatic disease in lymph nodes may be present
regardless of grading of tumor

Predominant Pattern/Injury Type

e Solid
e (ystic

Predominant Cell/Compartment Type
e Epithelial

DIFFERENTIAL DIAGNOSIS

Lymphoepithelioma-Like Carcinoma

e Usually shows increased mitotic activity and cellular atypia

e Characteristically has inflammatory stroma composed of
lymphocytes and plasma cells

e Does not show presence of mucocytes or low-grade areas
of MEC

Adenosquamous Carcinoma

e Shows conventional areas of adenocarcinoma and
squamous cell carcinoma

e MEC shows only epidermoid component without
keratinization

Squamous Cell Carcinoma
e Insmall biopsy, it may be difficult or impossible to separate
both of these entities
o Lack of keratinization and presence of mucocytes
admixed with epidermoid cells will favor MEC
o Presence of squamous cell carcinoma in situ would favor
squamous cell carcinoma

Mucous Gland Adenoma

e Does not invade beyond cartilaginous bronchial tissue
o Mucous gland adenoma represents overdistended
normal glandular elements
o Mucous gland adenoma does not show presence of solid
epidermoid component admixed with mucocytes
o Squamous metaplasia may be present

Adenocarcinoma
e Adenocarcinomas do not show presence of solid
epidermoid component
o Adenocarcinoma may show acinar, solid, or papillary
growth pattern
o Glandular proliferation with intra- or extracellular mucin
o Adenocarcinomas are negative for p40 immunostain
o Adenocarcinomas are commonly positive for TTF-1 and
NAPSIN-A immunostains
o p63 may be seen positive in adenocarcinoma, as well as
in epidermoid component of MEC

Metastatic Mucoepidermoid Carcinoma

e Because these tumors are more common in salivary glands
or trachea, it is important to obtain careful clinical history of
previous head and neck surgery

e Histomorphology of primary and metastatic MEC is similar

e Metastatic tumors are more often seen in lung
parenchyma, whereas primary tumors are centrally located

e Immunohistochemistry and molecular features are similar

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (ross appearance
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Mucoepidermoid Carcinoma

>
E Immunohistochemistry
é_'_ Antibody Reactivity Staining Pattern Comment
J:CU CK7 Positive Cytoplasmic Positive in epidermoid component of tumor
5\ CK8/18/CAMS5.2 Positive Cytoplasmic
g AE1/AE3 Positive Cytoplasmic Positive in epidermoid component of tumor
o5 CK5/6 Positive Cytoplasmic Positive in epidermoid component
E CEA-M Positive Cytoplasmic May be negative in some cases
LQU_ p63 Positive Nuclear In epidermoid component
§ Vimentin Negative
Py CK20 Negative
§ p40 Positive Nuclear In epidermoid component
TTF-1 Negative
NAPSIN-A Negative
Desmocollin-3 Positive Cytoplasmic
D2-40 Negative
WT1 Negative
TAG72 Negative

Histochemical Features

Stain Result
PAS Positive
PAS-D Positive
Mucicarmine Positive

Molecular Features

FISH Result
-$0/ onchromosome 11g21 40-75% of cases

£(11;19)(21;p13) involving CREB-regulated transcription coactivator on
chromosome 19p13

o Central tumor obstructing bronchial lumen 3. HuoZetal: Primary pulmonary mucoepidermoid carcinoma:
histopathological and molecular genetic studies of 26 cases. PLoS One.
Pathologic Interpretation Pearls 10(11):¢0143169, 2015
I 4. Komiya T et al: Primary lung mucoepidermoid carcinoma: analysis of
e MEC genera“y does not show areas of keratinization prognostic factors using Surveillance, Epidemiology, and End Results
o Epidermoid cell admixed with mucous cells Program (SEER). Clin Respir J. ePub, 2015

5. Wang YQ et al: Low-Grade and high-grade mucoepidermoid carcinoma of
thelLung: CT findings and clinical features of 17 cases. AJR Am J Roentgenol.

GRADING 205(6):1160-6,2015
o . . : 6. Roden AC et al: Histopathologic, immunophenotypic and cytogenetic
Low-Grade MucoepldermOId Carcinoma features of pulmonary mucoepidermoid carcinoma. Mod Pathol.
e |ow-grade tumor characterized by epidermoid component 27(11):1479-88, 2014
with mucus-producing cells without increased mitotic 7. Shen Cetal: Clinicopathological analysis of pulmonary mucoepidermoid

carcinoma. World J Surg Oncol. 12:33,2014

Vadasz P et al: Mucoepidermoid bronchial tumors: a review of 34 operated

s h . . . cases. Eur J Cardiothorac Surg. 17(5):566-9, 2000
ngh Grade MucoepldermOId Carcinoma 9. Moran CA: Primary salivary gland-type tumors of the lung. Semin Diagn

e High-grade tumors characterized by epidermoid Pathol. 12(2):106-22, 1995
component with areas of nuclear pleomorphism, mitotic 10. Yousem SA et al: Mucoepidermoid tumors of the lung. Cancer. 60(6):1346-
activity, necrosis, or hemorrhage 52,1987

activity, nuclear pleomorphism, necrosis, or hemorrhage 8

SELECTED REFERENCES

1. Falk N etal: Primary pulmonary salivary gland-type tumors: a review and
update. Adv Anat Pathol. 23(1):13-23,2016

2. Yamamoto T et al: Surgical treatment of mucoepidermoid carcinoma of the
lung: 20 years' experience. Asian Cardiovasc Thorac Ann. 24(3):257-61, 2016




Mucoepidermoid Carcinoma

Nonkeratinizing Component

(Left) Solid sheets of
nonkeratinizing cells admixed
with cystic spaces 3] contain
acellular material in their
lumina. The presence of solid
and cystic areas is commonly
seen in low-grade tumors.
% (Right) MEC shows a solid,
| epidermoid, nonkeratinizing
cellular component and a
* .4 pseudoglandular component
1 One important feature in
these tumors is the lack of
keratinization.
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Y (Left) MEC shows
| pseudoglandular structures
| with marked chronic
| inflammation, composed
mainly of plasma cells. The
presence of inflammatory
changes in MEC is not common
and may pose problems in the
interpretation. (Right) MEC
B! shows pseudoglandular

| pattern with acellular
intraluminal material B3. Note
the prominent inflammatory
background. At this
magnification, it is possible to
distinguish both epithelial and
inflammatory components.

Calcifications
s NI

(Left) MEC shows
pseudoglandular epithelial
component with numerous
intraluminal calcifications [
| The presence of these

e calcifications is more
commonly seen in tumors with
inflammatory changes. (Right)
MEC shows pseudoglandular
proliferation with numerous
clear (intermediate) cells [=]
This may represent a pitfall in
diagnosis, as similar features
may be seen in non-small cell
carcinomas with clear cell
changes.




Mucoepidermoid Carcinoma

Nonkeratinizing Epidermoid Component

(Left) MEC shows clear
(intermediate) = cells
admixed with inflammatory
cells. Note the absence of
nuclear atypia and mitotic
activity. More importantly,
there is no keratinization or
true glandular differentiation.
(Right) MEC shows epidermoid
component with cystic
structures admixed with
mucus-producing cells
(mucocytes) [2] This growth
pattern is diagnostic of MEC.
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(Left) MEC shows epidermoid
nonkeratinizing cellular
component admixed with
mucocytes [=] The mucus-
producing cells are bland and
nonneoplastic, and their
presence is essential for the
diagnosis. (Right) Mucicarmine
stain shows abundant mucin-
producing cells (mucocytes)
The use of histochemical
stains to demonstrate the
presence of mucin is helpful in
these cases. In some cases, it
may not be as florid as
depicted here.

Solid Component

(Left) Low-grade MEC is
shown with prominent
amorphous material in the
lumina of the cystic structures
=1 (Right) Low-grade MEC is
shown with a more solid
epithelial component
arranged in trabeculae.
Interestingly, the solid sheets
of neoplastic cells have an
oncocytic-like appearance.
Note the discrete areas of
inflammatory reaction [2],
Oncocytic change is very rare
in MEC of the lung.




Clear Cell Component
—
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Mucoepidermoid Carcinoma

(Left) Low-grade MEC shows
prominent clear cells and
adjacent calcifications [
Similar features may also be
seen in non-small cell
carcinomas with clear cell

« features. (Right) Higher

magnification of the clear cell
component is shown in a low-

| grade MEC. Note the absence

of nuclear atypia, mitotic
activity, and keratinization.
Some cells have an oncocytic
appearance.

(Left) Cystic structures[2]in a
low-grade MEC are shown
with numerous mucocytes and
the presence of intraluminal
mucin. This high-power view
shows the classic feature of
these tumors. (Right) Low-

{ grade MEC shows the classic

admixture of mucous cells and
intraluminal mucus
alongside a solid cellular
component [>]and areas of
ossification 53] Ossification is
not a common feature of MEC.

(Left) Immunohistochemical
stain for p40 shows strong
nuclear staining in the
epidermoid component of a
MEC. (Right) The epidermoid
component of a MEC is nicely
decorated by keratin. Note the
strong positive reaction in
tumor cells.
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Epithelial-Myoepithelial Carcinoma

KEY FACTS
TERMINOLOGY e Solid
¢ Adenomyoepithelioma, epithelial-myoepithelial tumor, * Focalsquamous changes
epithelial-myoepithelial tumor of unknown malignant e Low mitotic activity
potential, pneumocytic adenomyoepithelioma ANCILLARY TESTS
CLINICAL ISSUES e CK-PAN
e Cough e S100
e Chestpain TOP DIFFERENTIAL DIAGNOSES

* Hemoptysis e Adenoid cystic carcinoma

MACROSCOPIC e Mixed tumor (pleomorphic adenoma)

e Endobronchial tumor e Adenocarcinoma

e 2.5-5.0 cmin greatest dimension DIAGNOSTIC CHECKLIST

MICROSCOPIC e Tubular structures with inner epithelial layer and outer layer
e Tubular of clear myoepithelial cells

e Epithelial, glandular
e Glandular with inner epithelial layer and outer
myoepithelial layer

Macroscopic Features Panoramic View

(Left) Gross photograph of
epithelial-myoepithelial
carcinoma (EMC) shows an
endobronchial tumor ]
obstructing most of the lumen.
Note the infiltrative nature of
the tumor. (Right) Panoramic
view shows EMC with a solid
and tubular pattern. This low-
power view can be seen in
other tumors of salivary gland
origin.

(Left) Hematoxylin & eosin
shows the characteristic
growth pattern of EMC,
tubular structures lined by a
dual cell population. This is the
classic histology of EMC.
(Right) Higher magnification
of the tubular structures
shows an epithelial
component =] and a clear cell
outer myoepithelial
component 53] in this classic
example of EMC of the lung.




Epithelial-Myoepithelial Carcinoma

TERMINOLOGY

Abbreviations

e Epithelial-myoepithelial carcinoma (EMC)

Synonyms

e Adenomyoepithelioma

e Epithelial-myoepithelial tumor

e Epithelial-myoepithelial tumor of unknown malignant
potential

e Pneumocytic adenomyoepithelioma

Definitions

e Salivary gland-type tumor with epithelial and myoepithelial
component

ETIOLOGY/PATHOGENESIS

Etiology

e Origin of this tumor similar to other tumors of salivary
gland type; may be from endobronchial glands

CLINICAL ISSUES
Epidemiology
e Incidence

o Unusual occurrence as primary lung neoplasm
o No more than 15-20 cases reported in literature

Site
e Invariably central tumor

Presentation
e Cough
e Shortness of breath
e Hemoptysis
e Fever
Treatment
e Surgical approaches
o Lobectomy
o Pneumonectomy
Prognosis

e Good
e Tumor has potential to metastasize

MACROSCOPIC

General Features

e Endobronchial tumor

e Rare tumor

Size

e 2.5-5.0 cmin greatest dimension

MICROSCOPIC

Histologic Features

e Glandular with inner epithelial layer and outer
myoepithelial layer

Predominant Pattern/Injury Type

e Tubular
e Solid

Predominant Cell/Compartment Type
e Epithelial, glandular

ANCILLARY TESTS

Immunohistochemistry
e Can highlight inner epithelial and outer myoepithelial layers

DIFFERENTIAL DIAGNOSIS

Adenoid Cystic Carcinoma

e Insmall biopsies
o Very difficult orimpossible to differentiate
o Both tumors show myoepithelial differentiation
o Cylindromatous pattern is more common in adenoid
cystic carcinoma
e Inresected specimens
o Presence of bilayer of cells forming glandular
component is more common in adenoid cystic carcinoma
o Areas of cylindromatous pattern is more common in
adenoid cystic carcinoma
o Presence of intraglandular mucoid material is more
common in adenoid cystic carcinoma
o Presence of glandular structures with internal layer
(epithelial) and external layers of clear cells
(myoepithelial cells) is classic for EMC

Mixed Tumor (Pleomorphic Adenoma)

e EMC lacks presence of mesenchymal components
o Cartilage
o Bone
o Prominent chondromyxoid background
e Bilayer showing inner epithelial + outer clear cell layer of
myoepithelial cells is characteristic of pulmonary EMC

Adenocarcinoma

e No bilayer of epithelial and myoepithelial cells
e Tumor cells may or may not be arranged in glands
e Tumor cells may have malignant cytological features

Hyalinizing Clear Cell Carcinoma

e Does not show 2 cell populations

e Has predominantly clear cell proliferation
e Lacks glandular appearance

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Tubular structures with inner epithelial layer and outer layer
of clear myoepithelial cells

Solid cellular proliferation may predominate

Focal squamous cell changes may occur

Low mitotic activity

Sebaceous differentiation may occur

Oncocytic and apocrine changes may occur

GRADING

Low-Grade Carcinoma

e Tumor lacks marked nuclear atypia or increased mitotic
activity

e Lymph node metastasis has been described
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Lung: Neoplasms, Malignant, Primary

Epithelial-Myoepithelial Carcinoma

Immunohistochemistry

Antibody Reactivity

Staining Pattern

CK-PAN Positive Cytoplasmic
CK8/18/CAMS5.2 Positive Cytoplasmic
5100 Positive Nuclear & cytoplasmic
Actin-sm Positive Cytoplasmic
TTF-1 Positive Nuclear
Vimentin Positive Cytoplasmic
SOX10 Positive Cytoplasmic
Collagen IV Positive Not applicable
p63 Negative

p40 Negative

NAPSIN-A Negative

EMA Positive Cell membrane
DOG1 Negative

CK5/6 Negative

CD117 Negative

pax-8 Negative

myb Negative

Histochemical Features

Stain
PAS
PAS-D

Mucicarmine

Molecular Features

FISH
0 < % protein expression

+5$ 6 codon 61 mutations
.5 $ 6 mutations

15 $ 6 mutations

% 5 $ ) mutations

3,. &$ mutations
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Result

Comment

Focally and weakly
Stains only myoepithelial cells
In some cases

In some cases

In some cases in basement membrane

May be negative in some cases

Negative

Negative

May show focal positive staining in intraluminal areas

A
Negative
May be present
In few cases
In few cases
Not present
Not present
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Surg Pathol. 25(12):1508-14, 2001
13. Wilson RW et al: Epithelial-myoepithelial carcinoma of the lung:

immunohistochemical and ultrastructural observations and review of the
literature. Hum Pathol. 28(5):631-5, 1997



Epithelial-Myoepithelial Carcinom
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Solid and Glandular Appearance Tubular Component

(Left) EMC of lung shows solid
areas B admixed with a
glandular component 53 and
focal areas of hemorrhage.
This low-power view can be
easily confused with
conventional adenocarcinoma.
(Right) Streaming of tubular
structures B3 is shown.
Adjacent tumor areas show a
more glandular appearance.
The presence of a bilayer
glandular proliferation should
suggest the differential
diagnosis of EMC.
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(Left) EMC with a solid
component and focal
squamous morules 53] is
shown. Although the presence
of morules would suggest
blastoma, the glandular
component of EMC would be
unusual in cases of pulmonary
blastoma. (Right) Tubular
structures are shown with
amorphous acellular material
in the lumen of glands 5>,
Even at this magnification,
one can identify clear cells.
This pattern may also be seen
in cases of adenoid cystic
carcinoma.

(Left) A proliferation of clear
myoepithelial cells separated
by a thin fibrocollagenous
material is shown. This pattern
of predominant clear
myoepithelial cells also
suggests the possibility of pure
EMC. (Right) Tubular
structures with prominent
epithelial component B3 are
shown. Although the
appearance is that of a
glandular proliferation, the
"glands" are composed of 2
cell populations.




Epithelial-Myoepithelial Carcinoma

(Left) EMC shows classic
tubular structures with dual
epithelial B3 and clear cell
myoepithelial components &2,
This pattern is classic for the
diagnosis of EMC. (Right)
Metastatic EMC in a lymph
node [Z31is shown. This feature
is rarely seen in EMC and
should be carefully evaluated
in all those cases in which
lymph nodes are available for
histological examination.

Neoplasms, Malignant, Primary
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(Left) CK-PAN shows a strong
positive reaction in the
epithelial component. It is
important to recognize that
this staining pattern is not
necessarily pathognomonic of
EMC. (Right) Actin-sm shows a
strong positive reaction in the
myoepithelial component. As
with CK-PAN, this is not
specific for EMC.

Haphazard Growth Pattern Solid Component

(Left) EMC is shown growing in
a more disorganized pattern
of tubular structures of
different sizes admixed with
some solid components. A
similar pattern may be seen in
cases of adenoid cystic
carcinoma. (Right) EMC with a
more solid growth pattern and
bands of fibroconnective
tissue is shown. This image
may also be seen in adenoid
cystic carcinoma. Closer
examination in these cases will
show the typical features of
EMC.




Epithelial-Myoepithelial Carcinoma

Subtle Tubular Structures

(Left) Solid component in an
EMC, in which one can still
| identify small tubular
structures is shown.
(Right) Clusters of tubular
structures are separated by
thin fibroconnective tissue. In
some tubular structures, one
can identify a dual cellular
proliferation. The
identification of glands with a
double layer of cells is
important in establishing the
diagnosis of EMC.
Immunohistochemical stains
will be of help in identifying
the myoepithelial component.
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(Left) EMC is shown with foci
of squamous metaplasia. This
histopathological finding may
A be more marked in some areas
3 However, this component
is not extensive enough to
suggest the possibility of a
collision tumor. (Right)
Marked hyalinization is shown
with only a few groups of
tubular structures in EMC.
Still, the basic cellular
component for the diagnosis
of EMC is present.

(Left) Focal fibrinoid necrosis
in EMC. Note the presence of
the characteristic tubular
structures around the fibrinoid
areas of necrosis. This fibrinoid
necrosis may be secondary to
previous biopsy. (Right) Classic
myoepithelial proliferation is
composed of rather small cells
with round to oval nuclei and
absent nucleoli. Small residual
tubular structures are still
present BE=. Note the absence
of increased mitotic activity.




>
—
g%}
E
y=
a
)
c
g%}
c
2
©
b
%)
E
(%]
i@
a
o
]
z
iy
c
=]
|

Acinic Cell Carcinoma

KEY FACTS
TERMINOLOGY o Shows more nuclear atypia and mitotic figures
e Fechner tumor o Onco.cytic varianF of neuroendocrine carcinoma .
e Epithelial neoplasm similar to that in salivary glands o Acml|<c cell carcinoma negative for neuroendocrine
markers
CLINICAL ISSUES e Metastatic acinic cell carcinoma
e Cough o Previous history of acinic cell carcinoma of head and neck
e Chest pain region is crucial in establishing primary site
* Asymptomatic DIAGNOSTIC CHECKLIST
MACROSCOPIC e Granular cytoplasm brightly positive for PAS
e Necrosis and hemorrhage are not common e EM: Electron-dense zymogen granules

e Tumor is well demarcated but not encapsulated
e |ntraparenchymal mass
e Usually, tumors measure from 1-5 cm in greatest dimension

TOP DIFFERENTIAL DIAGNOSES

e Adenocarcinoma
o Shows positive cytoplasmic staining for mucin content
with D-PAS and mucicarmine

Solid and Glandular Components
(Left) Acinic cell carcinoma B o T ? ’
shows filling of the alveolar )
spaces. The tumor has a subtle
nested and neuroendocrine
growth pattern. (Right) Acinic
cell carcinoma shows solid and
glandular features. In the solid |
component, the cells do
not show ample cytoplasm,
whereas, in the glandular
component, the cells show
more granular cytoplasm E3.

(Left) Acinic cell carcinoma of
the lung with acinar pattern is
shown. Note the presence of
bands of fibroconnective
tissue giving the appearance
of a lobulated neoplasm.
(Right) Acinic cell carcinoma of
the lung shows a vague
glandular appearance and is
composed of medium-sized
cells with ample granular
cytoplasm. Note the absence
of nuclear atypia or mitotic
activity.




Acinic Cell Carcinoma

TERMINOLOGY
Synonyms
e Fechner tumor

Definitions
e Epithelial neoplasm similar to that in salivary glands

CLINICAL ISSUES

Presentation

Chest pain
e Shortness of breath
e Cough

e Asymptomatic

Treatment

e Surgical approaches
o Lobectomy

Prognosis

e Good in majority of cases
o Tumor may follow aggressive behavior with metastasis

MACROSCOPIC

General Features

e Intraparenchymal mass
e Tumor is well demarcated but not encapsulated
e Necrosis and hemorrhage are not common

Size
e Usually, tumors measure 1-5 cm in greatest dimension

MICROSCOPIC

Histologic Features

Large cells with abundant granular cytoplasm

Signet ring-like cell appearance

Low mitotic count to complete absence of mitotic activity
Absence of nuclear atypia

Absence of necrosis &/or hemorrhage

Predominant Pattern/Injury Type

e Acinar
e (ystic
e Organoid

Predominant Cell/Compartment Type
e Epithelial

DIFFERENTIAL DIAGNOSIS

Adenocarcinoma

e Will show more nuclear atypia and mitotic figures

e Will show positive cytoplasmic staining for mucin with D-
PAS and mucicarmine

e Cellsin acinic cell carcinoma are larger with abundant
granular cytoplasm

e Acinic cell carcinoma will show by EM characteristic dark
electron-dense zymogen granules
o Shows strong positive cytoplasmic reaction with PAS

Oncocytic Variant of Neuroendocrine Carcinoma

e Acinic cell carcinoma negative for neuroendocrine markers
e By electron microscopy, neuroendocrine carcinoma will
display neurosecretory granules
o May show mitotic activity and necrosis

Metastatic Acinic Cell Carcinoma

e Previous history of acinic cell carcinoma of head and neck
region is crucial in establishing primary site

Mammary Analog Secretory Carcinoma

e PAS does not show strong positive reaction

e Lack of electron-dense zymogen granules typical of acinic
cell carcinoma

e ERand PR are usually positive in mammary analog
secretory carcinoma

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e EM: Electron-dense zymogen granules

Pathologic Interpretation Pearls

e Granular cytoplasm brightly positive for PAS
Signet ring-like cells

Low mitotic activity

Oncocytic features

Papillocystic features
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Acinic Cell Carcinoma

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment

2
(g0}
E
&
)
= KERATIN-LMW Positive Cytoplasmic In all cases
51 Amylase Positive Cytoplasmic Only in some cases
g Chymotrypsin Positive Cytoplasmic Only in some cases
5 EMA Positive Cellmembrane
E TTF-1 Positive Nuclear Notin all cases
LQU_ NAPSIN-A Positive Cytoplasmic In some cases
§ CK7 Positive Cytoplasmic
= CK19 Positive Cytoplasmic
§ SOX10 Positive Cytoplasmic In some cases
DOG1 Positive Cytoplasmic
CK20 Negative
p63 Negative
CK5/6 Negative
S100 Negative
CDX-2 Negative
Chromogranin-A Negative
Synaptophysin Negative
CD56 Negative
CcD117 Negative
Mammaglobin Negative
PR Negative
ER Negative

Histochemical Features

Stain Result Comment

PAS Strongly positive

PAS-D Negative

Mucicarmine Negative Focal cytoplasmic mucin-positive cells may be

seen

Ultrastructural Features

Electron Microscopy Comment
Desmosomes and tonofilaments
Electron-dense zymogen granules Typical of acinic cell carcinoma

Molecular Analysis

FISH R
(79 175. gene fusion Negative (positive in MASC)
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Acinic Cell Carcinoma

Absence of Nuclear Atypia

PR L e—) = (Left) Acinar pattern of acinic
8.8 cell carcinoma of the lung

shows tumor nests separated

y by thin bands of

i fibroconnective tissue. (Right)
1 Acinar proliferation of large

neoplastic cells with ample

granular cytoplasm and small

nuclei displaced toward the

| periphery of the cells is seen in

acinic cell carcinoma of the

lung. Note the absence of

4 mitotic activity and nuclear

atypia.
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(Left) High-power view of the
i cytologic features of acinic cell
! carcinoma shows large cells
with eccentric nuclei,
abundant cytoplasm, and

| inconspicuous nucleoli. Some
of the cells may be confused
with signet ring cells. (Right)

| Acinic cell carcinoma of the
lung shows neoplastic cells
floating in alveolar spaces [2]
giving the appearance of a

| pneumonic type of neoplasm.

(Left) High magnification of
acinic cell carcinoma of the
lung shows neoplastic cells
with abundant clear
cytoplasm and nuclei displaced
toward the periphery of the
cells. This appearance can be
easily confused with a signet
ring cell carcinoma of the lung.
(Right) This acinic cell
carcinoma is composed of cells
with clear cytoplasm. The cells
arranged in an acinar pattern
%4 appear to be dissecting

.. | fibroconnective tissue stroma.




Acinic Cell Carcinoma

Microcystic Pattern

) = e o

(Left) Low-power view of
acinic cell carcinoma shows a
microcystic pattern [=]and
focal solid acinar pattern. This
low-power appearance can be
seen in some other tumors of
salivary gland type, such as
mucoepidermoid carcinomas.
(Right) Higher magnification
shows cystic areas lined by
neoplastic cells with abundant
granular cytoplasm
Contrary to mucoepidermoid
carcinomas that have mucin-
producing epithelial cells, in
acinic cell carcinoma, the cells
contain glycogen.
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(Left) Acinic cell carcinoma
shows cells with clear
cytoplasm and nuclei displaced
toward the periphery. This
appearance may mimic a
signet ring cell carcinoma of
either lung or gastrointestinal
origin. Note the absence of
marked nuclear atypia or
mitotic activity. (Right) PAS
stain before diastase digestion
shows acinic cell carcinoma
with strong positive
cytoplasmic reaction This
is one of the most important
features of acinic cell
carcinoma.

Signet Ring Cell Appearance

(Left) Acinic cell carcinoma of
the lung shows a classic acinar
component. Note the presence
of neoplastic cells admixed
with an inflammatory
component =] (Right) Higher
magnification shows a classic
cellular component of acinic
cell carcinoma admixed with
an acute inflammatory
infiltrate Note the
presence of tumor cells with
granular cytoplasm and the
absence of mitotic figures or
nuclear atypia.




Acinic Cell Carcinoma

Organoid Pattern

(Left) Acinic cell carcinoma of
| the lung in a central location is
W seen. The tumor is in an
endobronchial location but is
not obstructing the bronchial
d (umen. In addition, note the
prominent oncocytic changes
and nested pattern. (Right)
Acinic cell carcinoma is seen
with a prominent nested
pattern of growth with an
oncocytic cellular
proliferation. This appearance
is similar to that of
= neuroendocrine carcinomas of
o the lung.

—
c
5

=
Z
™
o

=
(o))
w0
3

2
=<
o

=
>
[a)
32

o
o
=
3
(23]
=

<

Neuroendocrine-Like Pattern

TN £ 5T & LS T (Left) High-power view shows

§ 2 . ' a homogeneous cellular
proliferation with round
nuclei, oncocytic cytoplasm,
and ample granular
cytoplasm. Note the absence
of necrosis and mitotic
activity. Similar features may
also be seen in conventional
neuroendocrine carcinomas of
the lung. (Right) TEM shows
numerous electron-dense
zymogen granules, a chief
characteristic of acinic cell
carcinoma E=3. This feature
alone is diagnostic of acinic
cell carcinoma.

(Left) Acinic cell carcinoma of
the lung shows a more mixed
type of histology. The
neoplastic cellular
proliferation is composed of
clear and oncocytic cells. This
" pattern is not that common in
these tumors. (Right) Higher
magnification shows the
admixture of clear and
oncocytic cells in acinic cell
carcinoma. Note the absence
of nuclear atypia or mitotic
activity. Still, the cytoplasm of
the clear cells is granular,
which raises the diagnosis of
acinic cell carcinoma.




Acinic Cell Carcinoma

Solid Pattern

(Left) Clusters of neoplastic
cells dissect fibroconnective
tissue [2] Adjacent tissue
shows inflammatory changes,
namely, the presence of
lymphocytes 2> (Right) Acinic
cell carcinoma of the lung
shows a focal solid component
admixed with more
conventional features. A
cursory review of similar areas
may be mistaken for
conventional adenocarcinoma.
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(Left) /n some cases of acinic
cell carcinoma, there are areas
of fibrosis in which one is able
to identify glandular
structures [ or small clusters
of neoplastic cells 3] (Right)
An isolated island of
neoplastic cells is embedded in
fibroconnective tissue
Adjacent tissue shows chronic
inflammatory changes with
presence of numerous plasma
cells

(Left) /n some cases of acinic
cell carcinoma, the tumor may
show lymphoid aggregates B2
intermixed with the neoplastic
cellular proliferation. (Right)
Acinic cell carcinoma of the
lung shows neoplastic cells
arranged in cords and
trabeculae dissecting areas of
fibrocollagenous tissue. This
pattern can also be seen in the
conventional type of
pulmonary adenocarcinoma.




Acinic Cell Carcinoma

Hyperplasia of BALT and Tumor Alveolar Macrophages

B i Iy R WL

(Left) Acinic cell carcinoma
shows areas in which the
airway has the presence of
prominent lymphoid
aggregates characteristic of
hyperplasia of the bronchus-
associated lymphoid tissue
(BALT). (Right) Acinic cell
carcinoma EX replaces normal
lung parenchyma and
uninvolved lung parenchyma
in which the alveoli is filled
with macrophages.
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(Left) Solid pattern of acinic
cell carcinoma is seen in which
the cells show a striking signet
ring cell morphology. (Right)
Histochemical stain for
periodic acid-Schiff
demonstrates the rich amount
of glycogen in the malignant
cells of acinic cell carcinoma.

(Left) Acinic cell carcinoma
shows positive reaction in
tumor cells for amylase. Even
though the stain is not
specific, it is often positive.
(Right) Strong positive
reaction is shown in tumor
cells for a-1 antichymotrypsin
(ACT) in acinic cell carcinoma.
The stain is not specific for the
diagnosis, but it is often
positive.




Mixed Tumor

KEY FACTS

=

£

= TERMINOLOGY MICROSCOPIC

i e Synonym: Pleomorphic adenoma e Chondromyxoid areas admixed with benign epithelial
T e Biphasic neoplasm with epithelial/myoepithelial and elements

51 mesenchymal differentiation e Plasmacytoid cellular proliferation
g CLINICAL ISSUES e Areas of keratinization

w5 e Symptoms ANCILLARY TESTS

E o Cough e GFAP

LDU_ o Dyspnea o CK-PAN

el o Chest pain e 5100

z o Hemoptysis e Actin-sm

= * Prognosis , TOP DIFFERENTIAL DIAGNOSES
5 o Excellent for benign tumors

e Non-small cell carcinoma

o Malignant mixed tumors may need additional therapy o o .
Epithelial/myoepithelial carcinoma

MACROSCOPIC e Mucoepidermoid carcinoma
e Endobronchial tumor e (arcinosarcoma
e 1-5cmin greatest dimension e Pulmonary hamartoma

Centrally Located Tumor Benign Epithelial Elements

(Left) Panoramic view shows a
benign mixed tumor. Note the
central location, as the tumor
is growing just beneath the
bronchial mucosa. (Right)
Benign mixed tumor is seen
with a mixture of epithelial
elements 2> and
mesenchymal elements =],

(Left) Primary mixed tumor
(pleomorphic adenoma) shows |
a proliferation of glandular
structures embedded in loose
fibroconnective tissue. (Right)
Mixed tumor (pleomorphic
adenoma) of the lung shows
areas composed
predominantly of
chondromyxoid stroma with
only focal cellular areas




Mixed Tumor

TERMINOLOGY
Synonyms
e Pleomorphic adenoma

Definitions

e Biphasic neoplasm with epithelial/myoepithelial and
mesenchymal differentiation

CLINICAL ISSUES

Presentation

e Cough

e Dyspnea

e Hemoptysis

e Chest pain

e Asymptomatic

Treatment

e Surgical approaches
o Lobectomy

Prognosis

e Excellent for benign tumor
e Malignant mixed tumors may need additional therapy

IMAGING

General Features
e Single mass, often centrally located

MACROSCOPIC

General Features
e Endobronchial tumor

Size
e 1-5cmin greatest dimension

MICROSCOPIC

Histologic Features

e Presence of chondromyxoid background with focal
cartilage admixed with epithelial component

Areas of keratinization

Plasmacytoid cellular proliferation may be prominent
Residual adnexal-like areas may be present

Areas of solid cellular proliferation that could be spindle cell
Well-formed mature cartilage is rare

In cases of expleomorphic adenoma

o Presence of malignant epithelial component

o Presence of malignant mesenchymal component

Predominant Pattern/Injury Type

e Biphasic

Predominant Cell/Compartment Type
e Epithelial, biphasic, or mixed

DIFFERENTIAL DIAGNOSIS

Non-Small Cell Carcinoma

o In small biopsy with only well-differentiated epithelial
component sampled

o Inresected specimens, diagnosis should not pose
problem

Epimyoepithelial Carcinoma

e Both tumors show myoepithelial component

e Epithelial myoepithelial carcinoma does not show presence
of cartilage or other heterologous elements

e Glandular component of inner layer of epithelial cells and
outer layer of myoepithelial cells is characteristic of
epithelial-myoepithelial carcinoma

Mucoepidermoid Carcinoma

e Issue in small biopsy with only epithelial component
sampled

e Inresected specimens, diagnosis is not problem

e Mucoepidermoid carcinomas show presence of mucus-
producing and intermediate cells

Carcinosarcoma

e (Carcinosarcomas will show presence of malignant
mesenchymal and malignant epithelial components

Pulmonary Hamartoma

e Most hamartomas will show prominent cartilaginous
component and invaginations of epithelium

e Hamartomas do not show presence of myoepithelial
cellular proliferation

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Tissue distribution

Pathologic Interpretation Pearls

e Presence of epithelial/myoepithelial cells admixed with
chondromyxoid or cartilaginous areas

GRADING

Benign Mixed Tumors

e Components are mature elements without atypical
histological features

Malignant Mixed Tumor (Expleomorphic Adenoma)

e Malignant mixed tumors will display conventional
malignant components either in epithelial or mesenchymal
component

SELECTED REFERENCES

1. Falk N etal: Primary pulmonary salivary gland-type tumors: a review and
update. Adv Anat Pathol. 23(1):13-23, 2016

2. Weissferdt A et al: Pulmonary salivary gland-type tumors with features of
malignant mixed tumor (carcinoma ex pleomorphic adenoma): a
clinicopathologic study of five cases. Am J Clin Pathol. 136(5):793-8, 2011

3. Moran CA: Primary salivary gland-type tumors of the lung. Semin Diagn
Pathol. 12(2):106-22, 1995

4. Moran CA et al: Benign and malignant salivary gland-type mixed tumors of
the lung. Clinicopathologic and immunohistochemical study of eight cases.
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Mixed Tumor

rs of Epithelial Cells

(Left) Benign mixed tumor E o : RGN R R T R
shows prominent : “ Bn :
chondromyxoid background
and remnants of epithelial
elements. The identification of
embedded epithelial elements ¢
is an important feature in
these tumors. (Right)
Epithelial cells ] are
embedded in an acellular
chondromyxoid background.
Note the discrete vascular
proliferation. The presence of
mature cartilage in these
tumors in the lung is rare.
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(Left) Epithelial/myoepithelial
proliferation is admixed with
hypocellular areas This
growth pattern may mimic a
benign vascular tumor due to
the compressed appearance of
the epithelial component.
(Right) Disorganized
epithelial/myoepithelial
cellular proliferation is
embedded in a myxoid matrix.
In addition, there is a discrete
vascular component.

(Left) Mixed tumor of the lung
shows chondromyxoid
background [2] epithelial
proliferation and
squamous Kkeratinization >
(Right) Tubular structures 5>/
are seen embedded in a
fibrocollagenous background.
The tubular structures show  §
dual cell layer; similar features |
may be seen in [
epithelial/myoepithelial
carcinoma.




Mixed Tumor
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minimal myxoid component
53] The presence of solid areas
in many cases raises the
suspicion of malignant
transformation. (Right) Closer
view of myoepithelial cells and
myxoid component 2] is
shown. Note the absence of
nuclear atypia, mitotic
activity, necrosis, &/or
hemorrhage.

(Left) Mixed tumor shows
prominent cartilaginous
component B2 and focal cystic
changes. The presence of well-
formed mature cartilage in
mixed tumors of the lung is
not common. (Right)
Prominent chondromyxoid
stroma shows low cellular
epithelial component. Note
the absence of nuclear atypia
in both components. Such
features are in keeping with a
mixed (pleomorphic) adenoma.

Plasmacytoid Cellular Co

(Left) Benign mixed tumor
shows prominent
plasmacytoid cellular
component and myxoid
background. This is another
unusual feature for this tumor
in the lung, and it can be
confused for another type of
neoplasm. (Right) Benign
mixed tumor shows epithelial
and chondromyxoid
component and areas of
squamous metaplasia E3.
Although these features are
commonly seen in salivary
gland tumors, they are not
common in the lung.




Mixed Tumor

Epithelial and Mesenchymal Components Adnexal-Like Structures

P

(Left) Benign mixed tumor is
shown with a mixture of
different epithelial and
mesenchymal elements. In this
low-power view, the tumor
can be easily interpreted as a
hamartoma of the lung.
(Right) Benign mixed tumor
with epithelial component 53]
resembles adnexal structures.
Areas of hyalinized tissue are
also present [=] admixed with
some inflammatory reaction.
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(Left) Benign mixed tumor
with a combination of myxoid,
epithelial, and focal
cartilaginous [=] elements is
shown. These features should
raise the suspicion of a
primary mixed tumor of the
lung. (Right) Benign mixed
tumor shows a more epithelial
component toward the
periphery of the tumor, while,
toward the center of the
lesion, the tumor appears to
be less cellular and more
myxoid.

(Left) Focal cystic areas are
shown admixed with epithelial
and myxoid elements in a
benign mixed tumor. Such
invaginations of epithelium
are commonly seen in
pulmonary hamartomas.
However, in this case the
cellular proliferation would be
unusual for that lesion. (Right)
Benign mixed tumor shows
more characteristic epithelial
component admixed with
myxoid background. The
epithelial component ] is
represented by the classic
myoepithelial proliferation.




Mixed Tumor
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Extensive Necrosis Necrosis and Hyalinization

= v

(Left) Hypercellular areas are
admixed with necrosis in
malignant mixed tumor. The
presence of necrosis should
raise the suspicion of a
malignant change, and careful
review of the histology should
be performed. (Right) Areas of
necrosis and fibrinoid changes
are admixed with clear
myoepithelial cells B>]in a
malignant mixed tumor. Note
the disorganized growth of
the tumor compared with the
benign counterpart.
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(Left) Malignant mixed tumor
is shown with a focal residual
cartilaginous component B3.
The presence of cartilage and
an undifferentiated epithelial
malignant tumor raises the
possibility of carcinosarcoma;
however, the cartilage does
not show malignant features.
(Right) Malignant mixed tumor
with hypercellular areas is
shown. Note the presence of
nuclear atypia and mitotic
figures B3. This feature by
itself is not diagnostic of
malignant mixed tumor.

(Left) Malignant mixed tumor
shows areas resembling the
benign counterpart, namely
the presence of cystic
epithelial elements B> The
presence of areas of benign
mixed tumor is important in
the diagnosis of malignant
mixed tumors. (Right)
Malignant mixed tumor shows
cystic epithelial elements
resembling benign mixed
tumor. Note the adjacent
atypical cellular proliferation
in keeping with a malignant
component.
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Myoepithelial Carcinoma of Lung

KEY FACTS

TERMINOLOGY
e Rare salivary gland-type primary lung tumor arising from

bronchial submucosal glands and showing features of
myoepithelial differentiation

CLINICAL ISSUES

Patients 60-80 years of age

Smoking history in > 70%

Predilection for Asian patients

Tumors are aggressive and often metastasize to brain, liver,
lung, and soft tissue

MACROSCOPIC

e Central location; associated with bronchus

e Cut surface shows solid, tan-white, well-circumscribed,
nodular mass

e 1-7 cmin greatest diameter

MICROSCOPIC
e Solid and nodular growth pattern

e Reticular growth pattern with fibroepitheliomatous cords
of cells circumscribing hyaline or myxoid stroma

e Absence of ductular components

e Cells may be round/epithelioid, with clear cytoplasm, or
spindled

e Focal squamoid and plasmacytoid cells may also be seen

e Minimal cytologic atypia and nuclear pleomorphism

e Mitotic activity can vary from scant (1 mitosis per 10 HPF) to
abundant (> 10 mitoses per 10 HPF)

ANCILLARY TESTS

e Coexpression of epithelial and myoid markers is rule

o All cases show positivity for cytokeratins (AE1/AE3 most
commonly reported)

e All cases must show positivity for at least 1 myoepithelial-
cell related marker, such as SMA, MSA, calponin, S100, p63,
or GFAP

Scanning Magnification Lobular Pattern

(Left) Scanning magnification
of pulmonary myoepithelial
carcinoma shows a well-
circumscribed cellular
proliferation separated from
the surrounding lung
parenchyma by a thin, fibrous
capsule. (Right) Higher
magnification of myoepithelial
carcinoma of the lung shows a
lobular architecture composed
of compact tumor cells
separated by thin, fibrous
tissue bands.

(Left) Pulmonary
myoepithelial carcinoma
shows a focally
fibroepitheliomatous
appearance with thin strands
and solid islands of
monotonous tumor cells
circumscribing a densely
collagenized stroma. (Right)
Higher magnification from a
pulmonary myoepithelial
carcinoma shows sheets of
cells with oval to spindled
nuclei and an inconspicuous
rim of cytoplasm separated by
thin strands of collagenized
connective tissue.




Myoepithelial Carcinoma of Lung

TERMINOLOGY

Definitions

e Rare, salivary gland-type primary lung tumor arising from
bronchial submucosal glands and showing features of
myoepithelial differentiation

CLINICAL ISSUES

Presentation

Patients 60-80 years of age

e Smoking historyin>70%

e Slight male predilection

e Predilection for Asian patients

Treatment
e Surgical excision

Prognosis

e Tumors are aggressive and often metastasize to brain, liver,
lung, and soft tissue

e High mitotic activity (> 10 mitoses per 10 HPF) correlates
with more aggressive behavior

IMAGING
Radiographic Findings
e Discrete nodule or shadow
CT Findings
e Smoothly circumscribed, heterogenous mass
e Solid, spiculated mass
e Nodular shadow with irregular borders
PET Findings
e Hypermetabolic lesion

MACROSCOPIC

General Features

e Central location; associated with bronchus

e May also arise peripherally

e Cut surface shows solid, tan-white, well-circumscribed,
nodular mass

Usually noninvasive

Size
e 1-7 cmin greatest diameter

MICROSCOPIC

Histologic Features

e Solid and nodular growth pattern

e Reticular growth pattern with fibroepitheliomatous cords
of cells circumscribing hyaline or myxoid stroma
Peribronchial location with good circumscription

May display thin, fibrous capsule

May display focal hemorrhage and necrosis

Absence of ductular components

Cytologic Features

e Uniform population of cells
e Cells may be round/epithelioid, with clear cytoplasm, or
spindled

e Focal squamoid and plasmacytoid cells may also be seen

e Minimal cytologic atypia and nuclear pleomorphism

e Mitotic activity can vary from scant (1 mitosis per 10 HPF) to
abundant (> 10 mitoses per 10 HPF)

ANCILLARY TESTS

Immunohistochemistry

e Coexpression of epithelial and myoid markers is rule

e All cases show positivity for cytokeratins (AE1/AE3 most
commonly reported)

e All cases must show positivity for at least 1 myoepithelial
cell-related marker, such as SMA, MSA, calponin, S100, p63,
or GFAP

e Tumor cells negative for CD117, CEA, and CK7

DIFFERENTIAL DIAGNOSIS

Other Salivary Gland-Type Tumors of Lung

e Mixed tumor, adenoid cystic carcinoma, and epi-
myoepithelial carcinoma can show similar features

e Myoepithelial carcinomas of lung lack ductal structures,
which are presentin all other types

Late Metastases From Salivary Gland Tumors From

Other Organs

e Malignant salivary gland-type tumors may arise in other
organs, including salivary glands, breast, skin, and soft
tissue

e Salivary gland-type tumors may metastasize late (> 15 years
following diagnosis)

e Detailed and complete clinical history is indispensable for
correct diagnosis

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Good circumscription

Peribronchial location

Solid growth pattern without ductular differentiation

Heterogeneous cell composition (i.e., round, spindled,

plasmacytoid, clear cell)

e Immunohistochemical profile of myoepithelial cells (i.e.,
mixed epithelial + myoid phenotype)

e Mitotic activity most important feature that correlates with
aggressive behavior

Pathologic Interpretation Pearls

e Tumor with nodular and reticular growth composed of
monotonous, cytologically low-grade cell population

e Demonstration of combined epithelial and myoid
phenotype by immunohistochemistry

e Myoid phenotype is very inconsistent and common markers
such as SMA, MSA, and calponin may be absent or weak

e May need to rely on less specific, myoepithelial-associated
markers such as S100 protein, GFAP, and p63

SELECTED REFERENCES

1. Rosen LE et al: Myoepithelial carcinoma of the lung: a review. Appl
Immunohistochem Mol Morphol. 23(6):397-401, 2015

2. WeiJetal: Primary myoepithelial carcinoma of the lung: a case report and
review of literature. Int J Clin Exp Pathol. 8(2):2111-6, 2015
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Myoepithelial Carcinoma of Lung

Scanning Magnification

(Left) Scanning magnification
of myoepithelial carcinoma
shows a well-circumscribed
cellular proliferation with a
vague nodular pattern but
devoid of any other
architectural arrangement,
glandular or papillary
structures, or any other
evidence of differentiation.
(Right) Higher magnification
of pulmonary myoepithelial
carcinoma shows solid sheets
of monotonous cells with
round to oval nuclei and a
scant rim of amphophilic
cytoplasm. Rare mitotic
figures are seen scattered
throughout
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(Left) Pulmonary
myoepithelial carcinoma
shows delicate pattern of
densely eosinophilic
intercellular sclerosis
separating a bland population
of round to oval tumor cells.
(Right) Myoepithelial
carcinoma of the lung focally
shows a striking reticular
growth pattern with
elongated,
fibroepitheliomatous strands
of tumor cells separated by
dense fibroconnective tissue
stroma.

(Left) Another example of the
reticular, fibroepitheliomatous
growth pattern in pulmonary
myoepithelial carcinoma
shows thin, anastomosing
strands of epithelial cells
circumscribing areas
composed of dense
collagenous stroma with
myxoid changes. (Right)
Myoepithelial carcinoma of
the lung shows close
relationship with a bronchus
B3, Notice the dense
peribronchial cell population
showing discrete foci of
stromal sclerosis adjacent to
the bronchus.




Myoepithelial Carcinoma of Lung

Round Cell Population With Sclerosis
{’3_ ,-\% 7 ” o ” ’ . T__..-.

) (Left) Higher magnification of

myoepithelial carcinoma of
the lung shows small nests of

monotonous round tumor cells
| surrounded by thick bands of
| acellular collagenous tissue.
| (Right) Myoepithelial

carcinoma of the lung on

% higher magnification shows a

monotonous population of
cells with round to oval nuclei
surrounded by an ample rim of

| clear cytoplasm.

) (Left) Immunohistochemical

staining for cytokeratin
AE1/AE3 in myoepithelial
carcinoma of the lung shows
intense positivity of the tumor
cells in the solid and
trabecular areas. (Right)
Immunohistochemical staining
of myoepithelial carcinoma of
the lung for smooth muscle
actin (SMA) highlights the
myoepithelial cell population
in the tumor.

(Left) Immunohistochemical
stain for S100 in myoepithelial
carcinoma of the lung shows
strong nuclear and
cytoplasmic staining of the
tumor cells. S100 protein
consistently stains
myoepithelial carcinomas.
(Right) Immunohistochemical
stain for p63 in myoepithelial
carcinoma of the lung shows
strong nuclear positivity in
many of the tumor cells,
supporting the myoepithelial

| nature of the tumor.
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Intrapulmonary Synovial Sarcoma

KEY FACTS

CLINICAL ISSUES MICROSCOPIC
e Chest pain e Fascicles of monotonous atypical spindle cells with variety
e Shortness of breath of growth patterns
e Cough o Herringbone pattern
e Aggressive behavior with frequent recurrences and o Hemangiopericytic growth pattern

metastases o Storiform growth pattern
e Similar behavior as synovial sarcoma in peripheral soft o Neural-like, palisading growth pattern

tissue locations e Tumor cells may display epithelioid morphology with round
e >50% of patients die of tumor within 5-7 years after nuclei surrounded by scant eosinophilic cytoplasm

diagnosis

. - . ANCILLARY TEST.

e May be asymptomatic and represent incidental finding on c STS ) o

chest x-ray e Tumor cells show focal (spotty) cytoplasmic positivity for

cytokeratins (AE1/AE3, CAM5.2, CK19)

MACROSCOPIC e Tumor cells show focal (spotty) positivity for EMA

e Well-circumscribed, unencapsulated, solitary mass within e Tumor cells consistently show diffuse and strong positivity
lung parenchyma for Bcl-2 oncogene

e Tan-white to gray, rubbery to gelatinous cut surface e Majority of cases (> 80%) show characteristic t(X;18)

translocation
e Fusion productsinclude 6<7 66;,6<7 66;,and 6<7 66;

Intrapulmonary Synovial Sarcoma

(Left) Gross appearance of
primary synovial sarcoma of
the lung shows well-
circumscribed,
intraparenchymatous tumor
mass with areas of necrosis
and glistening homogeneous
gray-white cut surface. (Right)
Histologic appearance of
synovial sarcoma of the lung
on scanning magnification
shows a solid tumor composed
of sheets of spindle cells that
is sharply circumscribed from
the surrounding lung
parenchyma.

(Left) A distinctive pattern of
growth seen in synovial
sarcoma is the herringbone
pattern, characterized by
short fascicles of spindle cells

N A —
that appear to emanate from | & = &ﬂ"‘ '
a central "spine.” (Right) A 5= L—;'T-("- ST
distinctive feature of e

A
monophasic synovial sarcoma -Jf 7
is a monotonous population of F&° ¥
atypical spindle cells with 577
dense nuclear chromatin and
scant intercellular stroma.



Intrapulmonary Synovial Sarcoma

TERMINOLOGY

Definitions
e Primary pulmonary malignant neoplasm characterized by

spindle cell morphology and displaying features of
epithelial differentiation

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare (< 1% of all lung neoplasms)
o Age
o Children to adults (mean age: 38 years)

Presentation

e Chest pain, dyspnea, cough, hemoptysis

e May be asymptomatic and represent incidental finding on
chest x-ray

Prognosis

e Similar behavior as synovial sarcoma in peripheral soft
tissue locations

e Aggressive behavior with frequent recurrences and
metastases

e >50% of patients die of tumor within 5-7 years after
diagnosis

MACROSCOPIC

General Features

e Well-circumscribed, unencapsulated, solitary mass within
lung parenchyma

e Tan-white to gray, rubbery to gelatinous cut surface

e May show prominent cystic changes, hemorrhage, and
necrosis

e Most often found in periphery of lung

e Some tumors may be present endobronchially in central
locations

Size
e 1-20 cm (median size: 4 cm)

MICROSCOPIC

Histologic Features

e Majority of tumorsin lung are of monophasic spindle cell
type

e Fascicles of monotonous atypical spindle cells with variety
of growth patterns
o Herringbone pattern
o Hemangiopericytic growth pattern
o Storiform growth pattern
o Neural-like palisading growth pattern

e Some tumors may show prominent myxoid stromal
changes

e Areas of hemorrhage and necrosis

Cytologic Features

e Monotonous population of atypical spindle cells with dense
chromatin pattern and scant cytoplasm

e Striking absence of intervening stroma supporting tumor
cells

e Tumor cells may display epithelioid morphology with round
nuclei surrounded by scant eosinophilic cytoplasm
e Variable mitotic activity (range: 2-20 mitoses per 10 HPF)

ANCILLARY TESTS

Immunohistochemistry

e Tumor cells show
o Focal (spotty) cytoplasmic positivity for cytokeratins
(AE1/AE3, CAMS.2, CK19) and EMA
o Diffuse and strong positivity for Bcl-2
o Positivity for CD99 and TLE1
o May be positive for S100 protein, calponin, calretinin,
HBME-1,and CD117

Genetic Testing
e FISH and RT-PCR are useful for detecting fusion protein of
translocation in formalin-fixed paraffin-embedded tissues
e Fusion productsinclude 6<7 66;,6<7 66;,and 6<7 6¢
e Majority of cases (> 80%) show characteristic
(X;18)(p11;g11) translocation

Aiewild ‘queubnewy ‘'swsejdoaN :bun-

DIFFERENTIAL DIAGNOSIS

Intrapulmonary Solitary Fibrous Tumor

e Areas of stromal sclerosis and dense, linear, rope-like
collagen deposition is common feature in solitary fibrous
tumor (SFT)

e Tumors cellsin SFT are generally positive for CD34 and
negative for cytokeratins and EMA

e Show 1$% -67$7 gene fusion and are negative for X;18
translocation

Malignant Peripheral Nerve Sheath Tumor

e Pattern of expression of S100 protein may overlap with
synovial sarcoma

e May also show focal expression of cytokeratins, EMA, and
Bcl-2

e Generally negative for t(X;18)

e Distinctive, long, interdigitating cytoplasmic processes by
electron microscopy

Metastasis of Synovial Sarcoma From Peripheral Soft
Tissues

e Lungis 2nd most common site of metastasis from synovial
sarcoma of soft tissue

e Existence of primary source outside lungs needs to always
be ruled out clinically

SELECTED REFERENCES

1. Kim GH et al: Primary pulmonary synovial sarcoma in a tertiary referral
center: clinical characteristics, CT, and 18F-FDG PET findings, with pathologic
correlations. Medicine (Baltimore). 94(34):e1392, 2015

2. LinoSilva LS etal: TLE1 is expressed in the majority of primary
pleuropulmonary synovial sarcomas. Virchows Arch. 459(6):615-21, 2011

3. Hartel PH et al: Primary pulmonary and mediastinal synovial sarcoma: a
clinicopathologic study of 60 cases and comparison with five prior series.
Mod Pathol. 20(7):760-9, 2007

4. SusterSetal: Expression of bcl-2 oncoprotein in benign and malignant
spindle cell tumors of soft tissue, skin, serosal surfaces, and gastrointestinal
tract. Am J Surg Pathol. 22(7):863-72, 1998

5. ZerenH etal: Primary pulmonary sarcomas with features of monophasic

synovial sarcoma: a clinicopathological, immunohistochemical, and
ultrastructural study of 25 cases. Hum Pathol. 26(5):474-80, 1995




Intrapulmonary Synovial Sarcoma

(Left) Scanning magnification
of a pulmonary synovial
sarcoma shows a well-
circumscribed tumor nodule
composed of a uniform
population of atypical spindle
cells. Notice the absence of a
capsule and sharp
circumscription from the
surrounding pulmonary
parenchyma [2] (Right)
Scanning magnification of
intrapulmonary synovial
sarcoma shows monotonous
sheets of uniform, atypical
spindle cells with very little
intervening stroma. Hardly any |
vessels can be discerned in this
field.
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(Left) Intrapulmonary synovial
sarcoma shows sheets of
monotonous tumor cells with
oval nuclei and a dense
chromatin pattern; there are
also a few scattered mitotic
figures. Mitotic activity can
vary from very minimal (1-2
mitoses per 10 HPF) to high (>
10 mitoses per 10 HPF) in
these tumors. (Right) Higher
magnification of
intrapulmonary synovial
sarcoma shows a population
of atypical spindle cells with
hyperchromatic nuclei. Notice
a mitotic figure in the center

(Left) Interphase between
intrapulmonary synovial
sarcoma (right) and adjacent
lung parenchyma with
pulmonary edema [2]is
shown. The neoplastic spindle
cell population appears to end
abruptly and does not
infiltrate along the alveolar
septa. (Right) Scanning
magnification of an
intrapulmonary synovial
sarcoma shows prominent
cystic changes involving the
tumor. The cysts can coalesce
and lead to extensive cystic
degeneration that can be
appreciated grossly as well as
on imaging studies.




Intrapulmonary Synovial Sarcoma

Polypoid Endo

5

bronchial Growth

e

(Left) Scanning magnification
of intrapulmonary synovial
sarcoma shows endobronchial
growth with polypoid
protrusion into the bronchial
lumen. Such tumors can
ulcerate and bleed, causing
hemoptysis. (Right) Pulmonary
synovial sarcoma shows
entrapment and destruction of
the wall of a bronchus. Areas
displaying these features can
be misinterpreted for a
biphasic malignant neoplasm,
such as carcinosarcoma. The
entrapped glandular elements,
however, are normal.
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Vascular Invasion

P A N,

(Left) Intrapulmonary synovial
sarcoma shows a focus of
vascular invasion in the lung
parenchyma. Notice the tumor
thrombus attached to the wall
and protruding into and
distorting the vessel lumen [=]
(Right) Area of coagulative
necrosis in pulmonary synovial
sarcoma shows extensive
necrotic debris (center)
flanked by a residual viable
tumor cell population
Intrapulmonary synovial
sarcoma can often be
accompanied by extensive
intratumoral cell necrosis.

(Left) Prominent myxoid
stromal changes are seen in
this intrapulmonary synovial
sarcoma. Tumors with these
features can be mistaken for
nerve sheath neoplasms,
metastases of
myxofibrosarcoma, and other
myxoid tumors. (Right) Higher
magnification of pulmonary
synovial sarcoma with myxoid
changes shows spindle cell
population embedded in
abundant myxoid matrix. The
spindle cells are monotonous
and display similar features to
other synovial sarcomas,
including mitoses 5>




Intrapulmonary Synovial Sarcoma

(Left) Scanning magnification
of pulmonary synovial
sarcoma shows a herringbone
growth pattern with fascicles
of tumor cells intersecting at
acute angles. This appearance
can be indistinguishable from
a malignant peripheral nerve
sheath tumor. (Right)
Intrapulmonary synovial
sarcoma shows a storiform
pattern of growth. Tumors
displaying these features are
commonly mistaken for
"fibrohistiocytic" neoplasms,
such as malignant fibrous
histiocytoma.
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(Left) Monophasic synovial
sarcoma of the lung shows a
striking storiform growth
pattern reminiscent of
malignant fibrous
histiocytoma and other
"fibrohistiocytic" tumors.
(Right) Higher magnification
of pulmonary synovial
sarcoma with storiform
pattern shows cells with
uniform spindle-shaped nuclei
with scant cytoplasm. The
nuclei of the cells show
vesicular chromatin with
occasional small nucleoli.
Notice the mitotic figure in the
center (2]

(Left) Pulmonary synovial
sarcoma shows a nested
pattern of growth
characterized by discrete
round islands of tumor cells
separated by thin
fibrovascular septa. Tumors
with these features can be
easily mistaken for metastases
of amelanotic malignant
melanoma to the lung. (Right)
Higher magnification of
pulmonary synovial sarcoma
shows uniform round nuclei
with a scant rim of lightly
eosinophilic to amphophilic
cytoplasm. Tumors with these
features are classed as "poorly |
differentiated."”




Intrapulmonary Synovial Sarcoma

Hemangiopericytic Vascular Pattern Hemangiopericytic Pattern: High Power

(Left) Scanning magnification
of intrapulmonary synovial

|\ sarcoma shows a striking
hemangiopericytomatous

| growth pattern characterized
| by multiple small branching

| vessels with open lumina.

| (Right) Higher magnification

| of intrapulmonary synovial

4 sarcoma with a

| hemangiopericytic growth
pattern shows 2 small vessels
| with irregular contours and
"Wl open lumina. Tumors with
these features have been

| misdiagnosed in the past as
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{ pulmonary
d hemangiopericytoma.
r Cells

B ) " el R : " & (Left) Pulmonary synovial
I, =22 sarcoma shows perivascular

| cuffing of small vessels by

4 tumor cells surrounded by

“ abundant tumor cell necrosis.

(Right) Characteristic pattern

| of staining in synovial sarcoma
| for cytokeratin broad-

| spectrum stain (cytokeratin

| AE1/AE3) shows spotty

staining of isolated, scattered

tumor cells with this antibody.

Some cases may show

complete absence of

cytokeratin staining, and

multiple tissue blocks may

need to be evaluated to

identify focal positivity.

(Left) Immunohistochemical
staining of pulmonary synovial
sarcoma for Bcl-2 oncogene

‘| shows a strong pattern of
positivity. Virtually all the
tumor cells show strong
cytoplasmic positivity, a highly
characteristic finding in
synovial sarcoma. (Right)
Immunohistochemical staining
in pulmonary synovial sarcoma
for EMA shows scattered
positive cells. Positivity for this
antigen can be just as spotty
and weak as for cytokeratin.




Leiomyosarcoma

KEY FACTS

CLINICAL ISSUES o Cytoplasmic myofilaments

e Incidence o Prominent rough endoplasmic reticulum
o Represents < 1% of all malignant neoplasms of lung o Abundant mitochondria
o Described in any age group from newborns to adults TOP DIFFERENTIAL DIAGNOSES

e Symptoms

e Hemangiopericytoma

o Cough . o Usually does not display marked cellular pleomorphisms
o Hemoptyss o Shows negative staining for muscle markers

o Chest pain e Monophasic synovial sarcoma

° Dys.pnea o Usually shows more cohesive spindle cell proliferation

o Weight loss

o Generally shows negative results with muscle markers
o Usually shows positive staining for keratin, EMA/MUCT,
MACROSCOPIC and Bcl-2
e Solitary fibrous tumor

o Usually shows positive staining for CD34 and Bcl-2

o Displays negative staining for muscle markers

o Asymptomatic
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e Endobronchial or peripheral
e Areas of hemorrhage and necrosis may be present
e Tumorsvaryin size from 1 to> 10 cmin diameter

ANCILLARY TESTS
e Ultrastructural studies may show

Hemorrhagic Areas

. T

(Left) Pulmonary
leiomyosarcoma (LMS) shows
a spindle cell proliferation
composed of cells with
eosinophilic cytoplasm. Areas
of hemorrhage B3 and
entrapped epithelial
structures =2 are present.
(Right) LMS shows a solid
spindle cell proliferation
arranged in subtle fascicles of
tumor cells. Cellular atypia is
noted at this magnification.

(Left) Higher magnification of
an LMS shows a distinct
fascicular growth pattern with
moderate nuclear atypia and
numerous mitotic figures [=]
(Right) LMS shows cellular and
nuclear atypia with easily
identifiable mitotic figures &2.
These features are in keeping
with a malignant smooth
muscle neoplasm.




Leiomyosarcoma

TERMINOLOGY

Abbreviations
e Pulmonary leiomyosarcoma (LMS)

Definitions
e Malignant mesenchymal neoplasm of smooth muscle origin

CLINICAL ISSUES

Epidemiology
e Incidence

o Represents < 1% of all malignant neoplasms of lung
e Age

o Has been described in any age group from newborns to

adult patients

e Sex

o No predilection for any sex

Presentation

Cough

Hemoptysis

Chest pain
Shortness of breath
Weight loss
Asymptomatic

Treatment

e Surgical approaches
o Lobectomy or pneumonectomy
e Adjuvant therapy
o Chemoradiation may be used in some cases

Prognosis

e Depends on tumor differentiation and clinical staging

e Widespread metastatic disease can occur

e Some patients may follow aggressive course with deathin <
24 months

IMAGING

General Features

e Intrapulmonary mass
e Tumor may vary in size
e Tumor may be centrally or peripherally located

MACROSCOPIC

General Features

e Well-circumscribed tumors

Endobronchial or peripheral

Cut surface is white and firm

Areas of hemorrhage and necrosis may be present

Size
e Tumor varies in size from 1 cm to > 10 cm in diameter

MICROSCOPIC

Histologic Features

e Spindle cell proliferation of elongated cells with cigar-
shaped nuclei

e Mijtotic activity

e Necrosis &/or hemorrhage

e Infiltrative growth pattern

e Destruction of normal architecture
Predominant Pattern/Injury Type
e Sarcomatoid

Predominant Cell/Compartment Type
e Myoid

ANCILLARY TESTS

Electron Microscopy
e Some of ultrastructural features that may be associated
include
o Cytoplasmic myofilaments with focal densities
o Prominent rough endoplasmic reticulum
o Abundant mitochondria
o Bundles of intermediate filaments
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DIFFERENTIAL DIAGNOSIS

Hemangiopericytoma

e Does not usually display marked cellular pleomorphism
e Shows negative staining for muscle markers

Monophasic Synovial Sarcoma

e Usually shows more cohesive spindle cell proliferation

e Generally shows negative results with muscle markers

e Usually shows positive staining for keratin, EMA/MUCT, and
Bcl-2

Solitary Fibrous Tumor
e Usually shows positive staining for CD34 and Bcl-2

e Displays negative staining for muscle markers
e Usually displays different growth pattern in same tumor

Sarcomatoid Carcinoma

e Sarcomatoid carcinoma (SC) may show positive staining for
actin

e SCwill also show positive staining for keratin

e SC may show positive staining for TTF-1 or p40

Carcinosarcoma

e (arcinosarcoma will show biphasic population
epithelial/mesenchymal

e Squamous cell carcinoma is common feature in
carcinosarcomas

Pleomorphic Carcinoma

e Pleomorphic carcinoma (PC) will show presence of spindle
and giant cell component

e Large number of PC will also show areas of conventional
adenocarcinoma or squamous cell carcinoma

e Keratin, p40, &/or TTF-1 may show positive staining in these
components

DIAGNOSTIC CHECKLIST
Clinically Relevant Pathologic Features
e Mijtotic rate

Pathologic Interpretation Pearls

e Spindle cell proliferation with variable mitotic activity and
presence or absence of necrosis &/or hemorrhage




Lung: Neoplasms, Malignant, Primary

Leiomyosarcoma

Immunohistochemistry

Antibody Reactivity

Actin-HHF-35 Positive Cytoplasmic
Desmin Positive Cytoplasmic
Caldesmon Positive Cytoplasmic
Actin-sm Positive Cytoplasmic
Vimentin Positive Cytoplasmic
MYOD1 Positive Cytoplasmic
CK-PAN Negative
Myoglobin Negative
EMA Negative
CD34 Negative
CD31 Negative
CK5/6 Negative
CK7 Negative
CD99 Negative
STAT6 Negative
Bcl-2 Negative
S100 Negative
p40 Negative
TTF-1 Negative
NAPSIN-A Negative
D2-40 Negative

Molecular Features

Staining Pattern

Comment

May be negative in high-grade tumors
May be negative in high-grade tumors

May be focally positive in low-grade tumors

FISH/Cytogenetics Result
May be associated with aggressive histology and poor outcome

Alternative lengthening of telomerase phenotype

MDM12 protein expression May have oncogene role
GRADING SELECTED REFERENCES
Low Grade Unal OU et al: Clinicopathologic characteristics, treatment outcomes, and

Mild cytologic atypia

e Miotic figures: 1-3 per 10 HPF

e Necrosis and hemorrhage are absent
e Spindle fascicular growth pattern

Intermediate Grade

e Fascicular growth pattern

e (Cytologic atypia is present but not marked
Hypercellular areas

Mitotic figures: 3-8 per 10 HPF

Necrosis and hemorrhage are absent

High Grade

e Fascicular and solid growth patterns

o Hemangiopericytic or storiform growth pattern may be
present

Necrosis &/or hemorrhage are present

Cellular pleomorphism is obvious

Mitotic figures: > 8 per 10 HPF

Atypical mitotic figures may be seen

prognostic factors of primary thoracic soft tissue sarcoma: a multicenter
study of the Anatolian Society of Medical Oncology (ASMO). Thorac Cancer.
6(1):85-90, 2015

Elouazzani H et al: Primary endobronchial leiomyosarcoma of the lung:
clinical, gross and microscopic findings of two cases. J Clin Imaging Sci. 2:35,
2012

Anderson MF et al: Choroidal metastasis from primary pulmonary
leiomyosarcoma. Clin Experiment Ophthalmol. 39(7):705-7, 2011

Arnold LM 3rd et al: Diagnosis and management of primary pulmonary
leiomyosarcoma. J Am Osteopath Assoc. 110(4):244-6,2010

Ketata W et al: [Primary pulmonary leiomyosarcoma revealed by
spontaneous pneumothorax.] Rev Pneumol Clin. 65(5):309-12, 2009

Shoji F et al: Pulmonary leiomyosarcoma presenting as a pancoast tumor.
Pathol Res Pract. 203(10):745-8, 2007

Moran CA et al: Primary leiomyosarcomas of the lung: a clinicopathologic
and immunohistochemical study of 18 cases. Mod Pathol. 10(2):121-8, 1997
Jimenez JF et al: Primary bronchopulmonary leiomyosarcoma in childhood.
Arch Pathol Lab Med. 110(4):348-51, 1986

Guccion JG et al: Bronchopulmonary leiomyosarcoma and fibrosarcoma. A
study of 32 cases and review of the literature. Cancer. 30(3):836-47, 1972



Macroscopic Features

Extensive Necrosis

Leiomyosarcoma

(Left) Pulmonary LMS shows a
large intraparenchymal tumor
B=. The tumor is hemorrhagic,
and, although close to the
main airway, it does not
appear to obstruct it. (Right)
Pulmonary LMS is shown with
its classic growth pattern
composed of fascicles of cells
with elongated nuclei. At this
power, one cannot identify the
presence of mitotic activity or
necrosis.

(Left) LMS is shown with
extensive areas of necrosis
The findings of necrosis and
mitotic activity are features of
high-grade sarcoma. (Right)
LMS shows dilated vessels [2]
reminiscent of
hemangiopericytoma (HPC).
HPC features may be
commonly seen in LMS.

(Left) Intermediate-grade
pulmonary LMS shows a
fascicular growth pattern with
spindle cells with moderate
amounts of eosinophilic
cytoplasm and a more
epithelioid appearance. (Right)
Intermediate-grade pulmonary
LMS shows an epithelioid
appearance with collections of
foamy macrophages [=1and a
mild inflammatory reaction.
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Leiomyosarcoma

(Left) Intermediate-grade
pulmonary LMS is shown with
a cluster of multinucleated
giant cells [2] Note that the
multinucleated giant cells do
not show nuclear atypia or
mitotic activity. This is an
unusual feature in these
tumors. (Right) LMS is shown
with small collections of
foamy macrophages [2] Such
a finding may be seen, not
only in smooth muscle tumors,
but also in an inflammatory
pseudotumor of lung.
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(Left) LMS shows conventional & oty ] i ] ¢ =
features of a spindle cellular ;
proliferation with cigar-
shaped nuclei and mild nuclear
atypia. The finding of mitotic
activity is important for proper
classification. (Right) LMS is
shown with clusters of
inflammatory cells [2] Note
the epithelioid appearance of
the tumor in contrast to the
conventional spindle cellular
proliferation.

(Left) High-grade LMS shows
alternating areas of a
pleomorphic spindle cell
proliferation [2] and areas of
necrosis 5> These features
are important for proper
classification. (Right) High-
grade LMS shows numerous
mitotic figures [2] Usually,
mitotic figures are easily
identifiable in high-grade
tumors.




Leiomyosarcoma

Epithelioid Appearance

%2 (Left) Pulmonary LMS is shown
with predominantly epithelioid
appearance in which the
tumor cells appear round with
an oval nuclei. (Right) Higher
= magnification shows an
%/ epithelioid LMS composed of

{ oval cells with ample
eosinophilic cytoplasm. The
nuclear atypia is moderate,
| and scattered mitotic figures
| are present.
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Nuclear Pleomorphism
e o '.’6:;‘_,,.‘_' = :
ey " AT

(Left) Pulmonary LMS shows
marked cellular

| pleomorphism. Note that the
tumor still keeps fascicles of
spindle cells. This feature is
commonly seen in high-grade
LMS. (Right) High-grade LMS
shows marked nuclear
pleomorphism with atypical
mitotic figures E3.

__ s o
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Positive Desmin

T TN R T e TR L T T e =) (Left) Immunohistochemical
i !;1 ,\i\ \\s, % SR M : % i stain for desmin shows
P\ f A % ) WG RN e O a2 t & 3| positive staining in tumor cells
o\ RN A ] STy P e et U ina pulmonary LMS. (Right)

) ﬁi_ * J ideh .7 AR ! \y o7 N R Immunohistochemical stain
& 1 N 5 i ! for actin shows positive

staining in tumor cells of a

pulmonary LMS.
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Neurogenic Sarcoma (Malignant Peripheral Nerve Sheath Tumor)

KEY FACTS
CLINICAL ISSUES ANCILLARY TESTS
e Extremely rare tumor e 5100 protein is of limited utility for diagnosis because
e Often associated with neurofibromatosis expression is lost or only focal in malignant neural
e Tumors may be central or peripheral neoplasms
e Tumors may arise in endobronchial location e Immunohistochemical staining has very low specificity for
e Aggressive behavior with recurrences and metastases diagnosis of neurogenic sarcoma

e Shows complex interdigitating cytoplasmic processes
covered by basal lamina material on EM
e Fascicular atyplcal spindle cell proliferation DIAGNOSTIC CHECKLIST
e Frequent herringbone pattern of growth
e Alternating hyper-and hypocellular areas e Immunohistochemical staining may be of very limited value
[ ]

Rhabdomyoblastic differentiation may be present fFor diagnqsis in neurogenic sarcoma . . .
(malignant triton tumnor) e 2 most reliable features for establishing diagnosis are

history of neurofibromatosis and ultrastructural findings

MICROSCOPIC

e Frequent areas of cystic degeneration, hemorrhage, and
necrosis
e Prominent myxoid stromal changes

Macroscopic Features Intrapulmonary Neoplasm

T

(Left) Gross appearance of
primary neurogenic sarcoma
of the lung in a resected
specimen shows a fleshy, well-
circumscribed tumor mass
with extensive areas of
hemorrhage and a glistening
cut surface. (Right)
Neurogenic sarcoma of the
lung shows well-circumscribed
spindle cell tumor in lung
parenchyma. Clinical history
and special stains are required
to separate this from other
primary and metastatic
tumors.

Pseudonodular Pattern

(Left) Scanning magnification
of neurogenic sarcoma of the
lung shows pseudonodular
growth pattern due to
perivascular arrangement of
tumor cells [2] This pattern of
growth is more often
encountered in the epithelioid
variant of these tumors.
(Right) High-power view of a
neurogenic sarcoma shows a
solid spindle cell proliferation
composed of elongated cells
with nuclear atypia and
mitotic activity.




Neurogenic Sarcoma (Malignant Peripheral Nerve Sheath Tumor)

TERMINOLOGY
Synonyms

e Malignant peripheral nerve sheath tumor
e Malignant schwannoma

Definitions

e Primary malignant lung neoplasm showing evidence of
peripheral nerve sheath differentiation

CLINICAL ISSUES
Epidemiology
e Incidence
o Extremely rare tumor
o Often associated with neurofibromatosis
o Age
o Affects all age groups

o Most frequent in young adults and middle-aged patients
(30-50 yr of age)

Presentation

e Large intraparenchymatous mass

o Tumors may be central or peripheral

o Tumors may arise in endobronchial location
Shortness of breath

Cough

Chest pain

Small peripheral tumors may be asymptomatic and
discovered incidentally

Prognosis

e Aggressive behavior with recurrences and metastases
e Usually rapidly progressive course with fatal outcome

MACROSCOPIC

General Features

e Large, fleshy, gray-white, lobulated tumor
e May be partially encapsulated
e Frequent hemorrhage and necrosis

MICROSCOPIC

Histologic Features

e Fascicular atypical spindle cell proliferation

e Frequent herringbone pattern of growth

e Alternating hyper- and hypocellular areas

e Well-developed storiform pattern can be sometimes
observed

e Perivascular pattern of growth with extensive intervening
areas of necrosis

e Prominent myxoid stromal changes

e Frequent areas of cystic degeneration, hemorrhage, and
necrosis

e Heterologous elements may be present including bone,
cartilage, and benign glandular inclusions

e Rhabdomyoblastic differentiation may be present
(malignant triton tumor)

e Tumor may entrap benign respiratory epithelium at
periphery of lesion, simulating biphasic neoplasm

Cytologic Features

e Tumor cells may be spindle or epithelioid

e Spindle cells show enlarged, wavy nuclei with increased
chromatin pattern and prominent nucleoli

e Mitotic activity can be pronounced (> 10 mitoses per 10
high-power fields)

e Epithelioid cells are large, round, or polygonal and contain
hyperchromatic nuclei surrounded by abundant cytoplasm

e Malignant triton tumor contains foci of small, round, or
spindle rhabdomyoblasts with hyperchromatic nuclei and
eccentric pink cytoplasm

ANCILLARY TESTS

Immunohistochemistry

e 5100 protein is of limited utility for diagnosis because
expression is lost or only focal in malignant neural
neoplasms

e Neurofilaments, nerve growth factor receptor (NGFR),
CD57, and other neural-associated markers may be positive
but are not distinctive

e Inrare cases, focal positivity for keratin or EMA may be
observed

e Rhabdomyoblastic elements in malignant triton tumors
stain strongly with desmin, MYOD1, and myogenin

Genetic Testing

e No specific translocation or genetic profile has been
demonstrated so far

DIFFERENTIAL DIAGNOSIS

Monophasic Synovial Sarcoma

e Also shows fascicular growth with prominent herringbone
pattern

e Usually displays prominent hemangiopericytic growth
pattern not seen in neurogenic sarcoma

e (Can be positive for S100 protein in up to 30% of cases

e Focally positive for cytokeratin and EMA and strongly
positive for Bcl-2 and CD99

e Does not display long, slender, and interdigitating
cytoplasmic process by electron microscopy

e Associated in > 85% of cases with SYT cytogenetic
translocation; t(X;18)

Solitary Fibrous Tumor

e Morphology may be indistinguishable from that of
neurogenic sarcoma

e May also show fascicular growth with prominent
herringbone pattern

e Shows immunohistochemical reactivity for CD34, Bcl-2, and
CD99

e Does not display interdigitating cytoplasmic processes by
electron microscopy

SELECTED REFERENCES

1. Fukaya K et al: [Primary malignant peripheral nerve sheath tumor of the
lung; report of a case.] Kyobu Geka. 67(10):935-8, 2014

2. LaMantia E et al: Primary intrapulmonary malignant peripheral nerve sheath
tumor mimicking lung cancer. J Thorac Dis. 5(4):E155-7,2013

3. CuneoKC et al: Pathologic complete response of a malignant peripheral
nerve sheath tumor in the lung treated with neoadjuvant Ifosfamide and
radiation therapy. J Clin Oncol. 30(28):e291-3, 2012
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Neurogenic Sarcoma (Malignant Peripheral Nerve Sheath Tumor)

Fascicular Pattern

(Left) Scanning magnification
of malignant peripheral nerve
sheath tumor of the lung
(neurogenic sarcoma) shows a
fascicular pattern of growth.
Notice the sharp
circumscription of the tumor
from the surrounding lung
parenchyma with absence of a
capsule. (Right) High
magnification of neurogenic
sarcoma of the lung with
fascicular growth pattern
shows atypical spindle cells :
with scattered mitoses. Notice [
the entrapped gland-like
airspaces at the periphery of
the lesion simulating a
biphasic neoplasm

(Left) Scanning magnification
of neurogenic sarcoma of the
lung shows a characteristic
appearance with dark
(hypercellular) zones [/
alternating with lighter
(hypocellular) areas. (Right)
Neurogenic sarcoma of the
lung shows palisading of
spindle tumor cells
reminiscent of Verocay bodies
(Antoni type A pattern). This
very unusual feature is rarely
seen in these tumors. It is
mostly observed only in the
very well-differentiated
examples of these lesions.

Peritheliomatous Pattern

(Left) Scanning magnification
of a malignant peripheral
nerve sheath tumor
(neurogenic sarcoma) of the
lung shows a striking
herringbone pattern of growth
that simulates a fibrosarcoma.
(Right) Scanning magnification
of neurogenic sarcoma of the
lung shows a striking
peritheliomatous growth
pattern resulting in balls of
tumor cells surrounding small
vessels The balls of tumor
cells are characteristically
surrounded by extensive
intervening areas of necrosis.

By SR




Neurogenic Sarcoma (Malignant Peripheral Nerve Sheath Tumor)

A (Left) High magnification of
malignant peripheral nerve
.| sheath tumor of the lung
.| shows atypical spindle cell
.~ population with scattered

| abnormal mitoses =21 Notice
the inflammatory cell
infiltrate in the background
stroma. (Right) Malignant
| peripheral nerve sheath tumor
.| of the lung shows spindle cell
™ . .
population with marked
nuclear pleomorphism. Notice
large, hyperchromatic tumor
\| cells displaying intranuclear
| cytoplasmic inclusions (nuclear
pseudoinclusions) [=]
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(Left) Epithelioid variant of
malignant peripheral nerve

| sheath tumor of the lung
shows cells with round nuclei
containing prominent
eosinophilic nucleoli and
surrounded by an abundant
rim of eosinophilic cytoplasm.
(Right) Malignant peripheral
nerve sheath tumor of the
lung with rhabdomyoblastic
differentiation (malignant
triton tumor) shows scattered
large rhabdomyoblastic cells
with eccentric nuclei and
abundant pink cytoplasm >

(Left) Malignant peripheral

b & nerve sheath tumor of lung

| shows atypical spindle cell
population with wavy nuclei.
Notice the abundant, lightly
myxoid background matrix.

{ (Right) Ultrastructural
appearance of malignant
peripheral nerve sheath tumor
- | ofthelung shows long,

J| slender cytoplasmic
prolongations that intertwine
" with one another and are
| partially covered by a thin
| layer of basal lamina material.
This feature is distinctive for

4 these tumors and a helpful
¥ adjunct for diagnosis.
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Osteosarcoma

KEY FACTS

TERMINOLOGY

e Malignant mesenchymal neoplasm with osseous
differentiation

CLINICAL ISSUES

e Incidence
o Osteosarcomas of lung are exceedingly rare with > 30
cases reported
o Pulmonary osteosarcomas appear to be more common
in 5th and 6th decades of life
e Symptoms
Cough
Dyspnea
Chest pain
Hemoptysis
Asymptomatic
e Laboratory findings
o In most cases of pulmonary osteosarcoma, levels of
alkaline phosphatase are normal

O O O O O

(Left) Primary pulmonary
osteosarcoma shows a
pleomorphic cellular
proliferation with numerous
multinucleated giant cells of
the osteoclast type. Note the
presence of uninvolved lung
parenchyma 2>/, (Right) High-
power view of an
osteosarcoma shows osteoid
deposition [=]and a rim of
neoplastic cells [2]

(Left) Primary osteosarcoma
of the lung shows a malignant
spindle cell proliferation with
only focal areas of osteoid
deposition [=]. (Right) Primary
osteosarcoma of the lung
shows more easily identifiable
osteoid component associated
with malignant cells with
nuclear atypia and mitotic
activity =],

e Treatment and prognosis
o No specific treatment
o Poor survival
o Death may occur within 12 months after initial diagnosis

MICROSCOPIC

e Spindle cell component
e Osteoid formation
e Osteoclast giant cells

TOP DIFFERENTIAL DIAGNOSES

e Bronchial chondroma

o May show ossification in center of lesion
e Chondrosarcomas

o Does not show osteoid formation

o Does not display cellular atypia &/or mitotic activity
e Carcinosarcoma

o Displays epithelial component

Osteoid Component

Mitotic Activity




Osteosarcoma

TERMINOLOGY
Synonyms
e Osteogenic sarcoma

Definitions

e Malignant mesenchymal neoplasm with osseous
differentiation

CLINICAL ISSUES
Epidemiology
e Incidence
o Osteosarcomas of lung are exceedingly rare with < 30
cases reported in literature
e Age
o Osteosarcomas of lung appear to be more common in
5th and 6th decades of life
e Sex
o No gender predilection

Presentation

e Cough

Shortness of breath
Chest pain
Hemoptysis
Asymptomatic

Laboratory Tests

e In most cases of pulmonary osteosarcoma, levels of alkaline
phosphatase are normal

Treatment

e Surgical approaches
o Lobectomy or pneumonectomy

e Adjuvant therapy
o Chemoradiation is questionable

e There is no specific treatment

Prognosis

e Poor survival
e Death may occur within 12 months after initial diagnosis

MACROSCOPIC

General Features

o Well-defined tumor

e Solid, "rock hard"

Size

e Varies from 4 to > 10 cmin diameter

MICROSCOPIC

Histologic Features

Malignant spindle cell proliferation
Osteoid formation

Osteoclast giant cells

Mitotic activity

Cartilaginous component may be present

Predominant Pattern/Injury Type
e Ossification

Predominant Cell/Compartment Type
e Spindle

DIFFERENTIAL DIAGNOSIS

Bronchial Chondroma

e May show ossification in center of lesion
e Does not show osteoid formation
e Will not display cellular atypia &/or mitotic activity

Carcinosarcoma

e Displays epithelial component

e Adenocarcinoma, squamous cell carcinoma, or other
malignant epithelial component must be present

e In majority of carcinosarcomas, osteoid component is only
focal

e Immunohistochemical stains may be of aid

Chondrosarcoma

e Does not show osteoid formation
e Metaplastic bone may be seen in some cases

Hamartoma

e Displays more benign cartilaginous component
e Shows presence of invaginations of respiratory epithelium
e Lacks presence of osteoid

Poorly Differentiated Carcinomas (Non-Small Cell

Type)

e Insome carcinomas, presence of prominent basal lamina
may be confused with osteoid

e Some pleomorphic carcinomas may show metaplastic bone

e Carcinomas will show positive staining for epithelial
markers

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (ross appearance

Pathologic Interpretation Pearls
e Osteoid formation

SELECTED REFERENCES

1. Shenjere P et al: Primary pulmonary osteosarcoma: a report of 4 cases and a
review of the literature. Int J Surg Pathol. 19(2):225-9, 2011

2. Karfis EA et al: Primary extraosseous osteosarcoma of the lung. Acta Oncol.
49(1):114-6, 2010

3. NiimiR et al: Primary osteosarcoma of the lung: a case report and review of
the literature. Med Oncol. 25(2):251-5, 2008

4. YamazakiK et al: Primary osteosarcoma of the lung: a case report. Ann
Thorac Cardiovasc Surg. 12(2):126-8, 2006

5. KadowakiT et al: Two cases of primary pulmonary osteosarcoma. Intern
Med. 44(6):632-7, 2005

6. Chapman AD et al: Primary pulmonary osteosarcoma: case report and
molecular analysis. Cancer. 91(4):779-84, 2001

7. Wagner MS et al: Primary chondroblastic osteosarcoma of the lung.
Sarcoma. 3(3-4):193-5, 1999

8.  Loose JH et al: Primary osteosarcoma of the lung. Report of two cases and
review of the literature. J Thorac Cardiovasc Surg. 100(6):867-73, 1990

9. Colby TV et al: Primary osteosarcoma of the lung. A reappraisal following
immunohistologic study. Arch Pathol Lab Med. 113(10):1147-50, 1989
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(Left) In this pulmonary
osteosarcoma with adjacent
lung parenchyma, note that
the tumor is not encapsulated
but rather shows ill-defined
borders. In addition, note the
presence of osteoid formation
[=]admixed with the
neoplastic cellular
proliferation. (Right)
Osteosarcoma shows
extensive osteoid deposition
(3] The tumorisina
subpleural location
Numerous malignant cells are
also present =]

(Left) Osteosarcoma shows
cystic changes. Note the
presence of numerous
osteoclast-type giant cells B
admixed with blood and other
mononuclear cells. (Right)
High-power view of the
cellular composition of an
osteosarcoma shows
numerous osteoclast-type
giant cells admixed with
atypical mononuclear cells,
some of them showing
atypical mitotic figures B,

(Left) In some cases of

osteosarcoma, the presence of |

osteoid may be only minimal
[=] The presence of osteoid is
highly important to make the
diagnosis of osteosarcoma.
(Right) Higher magnification
shows areas composed
predominantly of
multinucleated giant cells [=]
which do not show mitotic
activity. However, adjacent
mononuclear cells show
mitotic activity

Osteosarcoma

Mono- and Multinucleated Giant Cells




Osteosarcoma

Bronchial Epitheliu

ZEY

Ossification

(Left) Low-power view of an

| osteosarcoma of the lung

| shows a tumor growing
beneath the bronchial
epithelium [ In this type of
tumor, no in situ component is
| found. (Right) In some other

| cases of osteosarcoma, the
presence of ossification is
more apparent and easily
identifiable. It is crucial to
properly sample these tumors
in order to rule out epithelial
components.
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Y (Left) Higher magnification

| shows a neoplastic cellular

proliferation composed of

rather small cells with

{ indistinct cell borders,

inconspicuous nucleoli, and an

| absence of mitotic activity.

| Note the presence of obvious

osteoid formation. (Right) /n

cases in which osteoid is not

1 easily identifiable, the tumor

o can be easily misdiagnosed for
1 another sarcoma or epithelial

- malignancy. In this illustration,

24| the tumor cells appear
epithelial

inent Spindle Cell Component

BRI T 2. | \ (Left) This neoplastic cellular
- ; proliferation can be easily
confused with an epithelial
tumor. The cells show nuclear
pleomorphism with atypical
| mitotic figures [2] but osteoid
| is not present. (Right) /n some
other cases, the neoplastic
cellular proliferation shows
spindle cell features mimicking
some other type of spindle cell
» | sarcoma. However, the
presence of osteoid [=]should
4 raise the possibility of
| osteosarcoma.
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Chondrosarcoma

KEY FACTS

TERMINOLOGY

e Malignant mesenchymal neoplasm with cartilaginous
differentiation

CLINICAL ISSUES

e Incidence
o Primary chondrosarcomas of lung are exceedingly rare
o More common in 6th and 7th decades of life
o Canbe either central or peripheral tumors
o No gender predilection
e Symptoms
o Dyspnea
o Hemoptysis
o Cough
o Bronchial obstruction
o Chest pain

MICROSCOPIC
e Atypical cartilage

Central Cartilaginous Tumor

Chondromyxoid areas

Myxoid change

Atypical cellular proliferation embedded in myxoid stroma
Mitotic activity

TOP DIFFERENTIAL DIAGNOSES

Hamartoma shows invagination of respiratory epithelium
o Shows mixed areas with adipose tissue

Carcinoma is consideration in cases of mesenchymal
chondrosarcoma

o Shows positive staining with epithelial markers

e Mixed tumor may also show other types of tissues
e (arcinosarcoma should show evidence of epithelial

component
Metastatic chondrosarcoma
o It would be unusual for metastasis to be centrally located

Lobulation

(Left) Low-power view of a
pulmonary chondrosarcoma
shows the tumor 53] growing
beneath the bronchial
epithelium I The respiratory
epithelium is not involved.
(Right) Disorganized growth .
pattern with lobulation is seen |
at the center, with focal early
ossification [=] The areas of
ossification should not be
interpreted as an
osteosarcomatous component.

\.

(Left) High-power view of a
low-grade pulmonary
chondrosarcoma shows
nuclear atypia [l Mitotic
figures are not present. (Right)
Neoplastic cellular
proliferation in primary
chondrosarcoma of the lung
shows the neoplastic cells
embedded in a myxoid stroma. |
Even though the cells have |
prominent nucleoli, mitotic
activity is absent.




Chondrosarcoma

TERMINOLOGY

Definitions

e Malignant mesenchymal neoplasm with cartilaginous
differentiation

CLINICAL ISSUES

Epidemiology
e Incidence

o Primary chondrosarcomas of lung are exceedingly rare
o Age

o Primary chondrosarcomas of lung are more common in

6th and 7th decades of life

e Sex

o No gender predilection

Site
e Primary chondrosarcomas in lung can be either central or

peripheral
e Tumor size varies

Presentation
Dyspnea

Chest pain
Hemoptysis

Cough

Bronchial obstruction
Asymptomatic

Treatment

e Surgical approaches
o Lobectomy
o Sleeve resection
o Pneumonectomy
e Adjuvant therapy
o Chemoradiation is questionable

Prognosis

e Central tumors may have less aggressive behavior
e Peripheral tumors may follow more aggressive behavior
e Survivalis poor

IMAGING

General Features

e Central bronchial mass
e Peripheral tumor mass

MACROSCOPIC

General Features

e Tumor may obliterate bronchial lumen in central tumors
e Peripheral tumors are usually larger

o Well-delineated tumors

e White with slightly lobulated appearance
e Hard or mucoid consistency

Size

e Varies from 1-2 cm to > 10 cm in diameter

MICROSCOPIC

Histologic Features

Atypical cartilage

Chondromyxoid areas

Myxoid areas

Atypical cellular proliferation embedded in myxoid stroma
Mitotic activity

Predominant Pattern/Injury Type
e Chondromyxoid

Predominant Cell/Compartment Type
e Cartilaginous

DIFFERENTIAL DIAGNOSIS

Hamartoma

e Shows invagination of respiratory epithelium

e Generally shows cartilage mixed with adipose tissue
e Would not show marked atypia &/or mitotic activity

Carcinoma

e |s consideration in cases of mesenchymal chondrosarcoma

e Shows positive staining with epithelial markers

e Generally would show more nuclear atypia and mitotic
activity

Mixed Tumor (Pleomorphic Adenoma)

e Shows presence of associated epithelial component

e May also show other types of tissues

e Mixed tumors in lung usually do not show atypical
cartilaginous component

e Mixed tumors would display myoepithelial differentiation

Carcinosarcoma

e Should show evidence of epithelial component
o Squamous cell carcinoma
o Adenocarcinoma
o Large cell carcinoma

Metastatic Chondrosarcoma

e (Clinical history is most important feature
e May show > 1 pulmonary lesion in lung
e May show bilateral distribution

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (Gross appearance

Pathologic Interpretation Pearls
e C(artilaginous tumor with atypia

SELECTED REFERENCES

1. Kalhor N et al: Primary pulmonary chondrosarcomas: a clinicopathologic
study of 4 cases. Hum Pathol. 42(11):1629-34, 2011

2. SteurerSetal: Dedifferentiated chondrosarcoma of the lung: case report
and review of the literature. Clin Lung Cancer. 8(7):439-42, 2007

3. HuangHY et al: Primary mesenchymal chondrosarcoma of the lung. Ann
Thorac Surg. 73(6):1960-2, 2002

4. Hayashi T et al: Primary chondrosarcoma of the lung. A clinicopathologic
study. Cancer. 72(1):69-74, 1993
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Chondrosarcoma

Atypical Cartilage Osteoclast Giant Cells

e ;ﬁ”ﬁ'

(Left) Low-power view of a
low-grade pulmonary
chondrosarcoma shows a good
comparison between
neoplastic cartilage =1 and
normal bronchial cartilage 5>
The tumor is obliterating the
bronchial lumen. (Right)
Primary chondrosarcoma of
the lung is shown with myxoid
features 53] and the presence
of osteoclast-like giant cells
[ This finding may also
suggest the possibility of
metastatic osteogenic
sarcoma.

(Left) Bronchial
chondrosarcoma shows
neoplastic cells embedded in a
myxoid background. Even at
this magnification, one can
observe prominent nuclear
atypia. (Right) High-power
magnification shows
prominent nuclear atypia and
binucleated atypical cells [2].

(Left) Myxoid chondrosarcoma
shows sheets of neoplastic
cells without a particular
growth pattern. This cellular
proliferation can be easily
confused for an epithelial
neoplasm. (Right) High-power
view of a primary myxoid
chondrosarcoma of the lung
shows a neoplastic cellular
proliferation with more
nuclear atypia and scattered
mitotic figures [3].




Chondrosarcoma

Bronchial Cartilage and Tumor

Focal Necrosis

(Left) Extensive areas of
necrosis may be seen in
unusual cases 53] however,
necrosis is usually absent in
low-grade tumors. Its presence
"3 usually indicates a high-grade
tumor. (Right) Low-grade
bronchial chondrosarcoma
contrasts between the normal
=== bronchial cartilage 5> and the
| neoplastic cartilage 3],

(Left) High-power view of a
low-grade chondrosarcoma
shows an atypical
cartilaginous proliferation;
however, no mitotic activity is
present. (Right) Low-power
view of a primary pulmonary
malignant neoplasm is
composed of rather small cells
embedded in a chondromyxoid
background. These features
are typical of mesenchymal
chondrosarcoma. This pattern
can be easily confused with a
neuroendocrine carcinoma.

(Left) High-power view of a
primary mesenchymal
chondrosarcoma of the lung
shows a neoplastic cellular
proliferation composed of
small cells. Mitotic figures are
easily identified B3. (Right)
SOX9 immunostain in a
mesenchymal chondrosarcoma
of the lung shows strong
nuclear staining (3]in tumor
cells. In cases with this type of
morphology, the use of
immunostains is important for
proper classification of the
tumor.
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Epithelioid Hemangioendothelioma

KEY FACTS

TERMINOLOGY
e Synonym: Intravascular bronchioloalveolar tumor

CLINICAL ISSUES

e Incidence
o Unusual tumorin lung
o Appears to be more common in young adults; age range:
7-72 years
o More common in women
e Symptoms
o Cough
o Dyspnea
o Pleuritic pain
o Asymptomatic
e Presentation
o Bilateral pulmonary infiltrates
e Treatment
o There is no specific treatment

Panoramic View

(Left) Pulmonary epithelioid
hemangioendothelioma (EH)
shows an irregular tumor mass |
replacing normal lung
parenchyma. Note the
presence of extensive areas of
hyalinization with more viable
tumor cells in the periphery.
(Right) Classic presentation of
EH in the lung is shown. Note
the presence of a nodule

replacing the lung
parenchyma and infiltrating
the alveolar spaces.

Myxohyaline Areas
(Left) High magnification of § ',1?- ; S ]
EH shows a chondromyxoid A 11 - ’4) P &

background with scattered . &
epithelioid cells embedded in b
the stroma. (Right) Pulmonary
EH shows a neoplastic cellular
proliferation composed of
medium-sized cells with round [}
nuclei. Some cells have a
subtle signet ring cell
appearance &,

IMAGING
e Bilateral pulmonary nodules

ANCILLARY TESTS
e Presence of Weibel-Palade bodies by EM

TOP DIFFERENTIAL DIAGNOSES

e Angiosarcoma
o Usually shows high mitotic count
o May also show areas of necrosis
o Shows more nuclear atypia
e Metastatic carcinoma
o Shows positive staining for epithelial markers (keratins
and EMA/MUC1)
o Negative for vascular markers (FVIIIRAg, CD31, and
CD34)
e Metastatic chordoma
o Also negative for vascular markers (CD31, CD34)
o Negative history of chordoma elsewhere




Epithelioid Hemangioendothelioma

TERMINOLOGY
Synonyms
e |ntravascular bronchioloalveolar tumor

Definitions

e Vascular neoplasm of low- to intermediate-grade
malignancy

ETIOLOGY/PATHOGENESIS

Etiology
e Vascular origin from precursor mesenchymal cells

CLINICAL ISSUES
Epidemiology
e Incidence
o Tumoris unusualin lung
o Age
o Appears to be more common in young adults; however,
age may range from 7-72 years
e Sex
o F>M

Site
e Usually bilateral pulmonary infiltrates

Presentation

e Cough

e Shortness of breath
e Pleuritic pain

e Asymptomatic

Treatment

e There is no specific treatment

e Radiation and chemotherapy can be attempted
e Steroids have been tried

Prognosis

Unpredictable

Spontaneous regression can occur

Protracted course may follow

Aggressive course with fatal outcome may occur

IMAGING

General Features
e Bilateral pulmonary infiltrates

MACROSCOPIC

General Features

e Multiple nodules replacing normal lung parenchyma
e Nodules are soft or may be mucoid in consistency
Size

e Nodules may measure from few millimeters to 2-3 cm

MICROSCOPIC

Histologic Features

e Multiple pulmonary nodules
e Nodules in different phases of development

Prominent chondromyxoid background

Epithelioid cells embedded in chondromyxoid background
Low mitotic count

Signet ring cell-like cellular appearance

Cluster of tumor cells in polypoid intraalveolar pattern
Extravasated red cells

Predominant Pattern/Injury Type

e Chondromyxoid

Predominant Cell/Compartment Type
e Epithelioid

DIFFERENTIAL DIAGNOSIS

Angiosarcoma

e Usually shows high mitotic count
e May also show areas of necrosis
e Shows more nuclear atypia
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Metastatic Carcinoma

e Shows positive staining for epithelial markers (keratins and
EMA/MUC1)

e Negative for vascular markers (FVIIRAg, CD31, and CD34)

Metastatic Chordoma

e Also negative for vascular markers (CD31, CD34)
e Negative history of chordoma elsewhere

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (ross appearance

Pathologic Interpretation Pearls
Chondromyxoid background

e Multiple nodules

e Low mitotic count

e Positive staining for vascular markers

SELECTED REFERENCES

1. LeeSJetal: Epithelioid hemangioendotheliomas with TFE3 gene
translocations are compossible with CAMTA1 gene rearrangements.
Oncotarget. 16;7(7):7480-8, 2016

2. Doyle LA et al: Nuclear expression of CAMTA1 distinguishes epithelioid
hemangioendothelioma from histologic mimics. Am J Surg Pathol. 40(1):94-
102,2015

3. PulsFetal: YAP1-TFE3 epithelioid hemangioendothelioma: a case without
vasoformation and a new transcript variant. Virchows Arch. 466(4):473-8,
2015

4. ShibuyaR et al: CAMTA1 is a useful immunohistochemical marker for
diagnosing epithelioid hemangioendothelioma. Histopathology. 67(6):827-
35,2015

5. Flucke U et al: Epithelioid hemangioendothelioma: clinicopathologic,
immunhistochemical, and molecular genetic analysis of 39 cases. Diagn
Pathol. 9:131, 2014

6. Sardaro A et al: Epithelioid hemangioendothelioma: an overview and update
on a rare vascular tumor. Oncol Rev. 8(2):259, 2014

7. Biatas M et al: Immunohistochemical investigation of selected endothelial
markers in pulmonary epithelioid haemangioendothelioma. Pol J Pathol.
62(4):236-40, 2011

8.  Weissferdt A et al: Primary vascular tumors of the lungs: a review. Ann Diagn
Pathol. 14(4):296-308, 2010

9.  Schwartz A et al: [Sclerosing intravascular bronchiolo-alveolar tumor.] Rev
Mal Respir. 9(2):219-22, 1992

10. Yousem SA et al: Unusual thoracic manifestations of epithelioid
hemangioendothelioma. Arch Pathol Lab Med. 111(5):459-63, 1987

11. Weiss SW et al: Epithelioid hemangioendothelioma and related lesions.
Semin Diagn Pathol. 3(4):259-87, 1986




Epithelioid Hemangioendothelioma

Immunohistochemistry

Antibody Reactivity Staining Pattern Comment

>
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= CD31 Positive Cytoplasmic
5\ CD34 Positive Cytoplasmic
g FVIIIRAgG Positive Cytoplasmic
o5 Positive Cytoplasmic CD105
E D2-40 Positive Cytoplasmic In some cases
o
=y ERG Positive Cytoplasmic In some cases
(o)
% Vimentin Positive Cytoplasmic
Py FLI-1 Positive Cytoplasmic In some cases
§ TFE3 Positive Cytoplasmic In some cases
ERP Positive Nuclear In some cases only
PRP Positive Nuclear In some cases only
CK-PAN Negative Cytoplasmic Can be positive in many cases
CK5/6 Negative
EMA Negative May be focally positive in some cases
pax-8 Negative
GATA3 Negative
S100 Negative
CD99 Negative

Molecular Features

FISH/RT-PCR A
Reciprocal translocation t(1;3)(p36;q25) Positive
1175 -&%$07$ fusiongene Positive
<$3-7)( fusiongene Positive

Ultrastructural Studies

Electron Microscopy Results
Weibel-Palade bodies Present

Histochemical Features

Stain Result

PAS Negative
PAS-D Negative
Mucicarmine Negative

12. Dail DH et al: Intravascular, bronchiolar, and alveolar tumor of the lung
(IVBAT). An analysis of twenty cases of a peculiar sclerosing endothelial
tumor. Cancer. 51(3):452-64, 1983

13. Bhagavan BS et al: Intravascular bronchiolo-alveolar tumor (IVBAT): a low-
grade sclerosing epithelioid angiosarcoma of lung. Am J Surg Pathol. 6(1):41-
52,1982

14. Weiss SW et al: Epithelioid hemangioendothelioma: a vascular tumor often
mistaken for a carcinoma. Cancer. 50(5):970-81, 1982

15. Weldon-Linne CM et al: Angiogenic nature of the "intravascular
bronchioloalveolar tumor" of the lung: an electron microscopic study. Arch
Pathol Lab Med. 105(4):174-9, 1981

16. Corrin B et al: Histogenesis of the so-called "intravascular bronchioloalveolar
tumour". J Pathol. 128(3):163-7, 1979




Epithelioid Hemangioendothelioma

“7) (Left) This EH shows more

cellular areas in which the

¥l chondromyxoid background is

not that apparent. This
growth pattern may be seen in
other nonvascular tumors of

| the lung. (Right) High-power
. 4 view of EH of the lung shows
| clusters of epithelioid cells

embedded in a hyalinized
acellular stroma. The
epithelioid cells do not show
nuclear atypia or mitotic
activity.

(Left) EH of the lung shows a
polypoid tumor nodule filling
an alveolar space This
histological feature gave rise
to the initial interpretation of
EH as an intravascular

i bronchioloalveolar tumor.
i (Right) EH of the lung shows

extensive hyalinized areas

& with low cellularity. In
| addition, there is an entrapped

epithelial structure [2] which

.- may suggest a biphasic

neoplasm. Note the adjacent

4 inflammatory infiltrate

(Left) /n some areas, EH may
appear as forming papillary
structures [ as illustrated in
this case. However, note the
chondromyxoid background
that is characteristic of EH.
(Right) This EH shows more
cellular areas, and some of the
cells resemble signet ring cells

4 [ Thus, this tumor may

easily be confused for a true
epithelial malignancy.
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Epithelioid Hemangioendothelioma

Rhabdoid Features

(Left) EH of the lung shows
cells with features of rhabdoid
cells [22] This histologic
feature may be easily
confused for a metastatic
sarcoma or carcinoma of the
lung. (Right) EH of the lung is
shown predominantly
composed of spindle cells and
extravasated red cells. Note
the solid growth pattern and
the absence of hyalinized
areas.
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(Left) High-power view shows
a prominent hyalinized area in
an EH of the lung [ In
addition, an inflammatory
infiltrate is also present &=,
This feature may also be
confused with cases of
amyloid deposition in the lung. |
(Right) High magnification
shows the presence of plasma
cells adjacent to areas of
markedly amorphous material
closely mimicking amyloid
deposition.

Pseudoglandular Structures
L ARE

(Left) The inflammatory
changes present in EH of the
lung may include cholesterol
cleft granulomas B3 and
chronic inflammatory cells,
namely plasma cells. (Right) /n
some unusual cases, EH may
involve pulmonary vessels =
The cellular proliferation is
actually forming gland-like
structures [ that may be
confused with an
adenocarcinoma.




Epithelioid Hemangioendothelioma

un

Multinodular Disease Inflammatory Reaction
_ __ i : R

(Left) Pulmonary EH shows 2
independent tumor nodules of
almost similar size. EH in the
lung commonly presents with
multiple bilateral pulmonary
nodules. (Right) Low-power
view shows a pulmonary EH in
which the tumor may be easily
mistaken for an inflammatory
reaction as the intraalveolar
neoplasm can be misconstrued
as fibrinous exudate. Note the
presence of adjacent
inflammatory reaction.
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(Left) Pulmonary EH shows
extensive areas of
hyalinization in which it is
difficult to discriminate tumor
cells. There are still a few
neoplastic cells embedded in
this stroma. (Right) /n some
cases of pulmonary EH, in
addition to the areas of
extensive hyalinization, the
nodules may show fibrosis and
calcification with little or
negative presence of viable
tumor cells.

(Left) Pulmonary EH shows
positive staining for CD31.
This immunostain is helpful in
cases in which the histology
may not be the classic one.
(Right) /n some cases of
pulmonary EH, keratin
staining may show a focal
positive reaction in tumor
cells. Thus, there is a need to
be suspicious and add other
vascular markers to the panel.
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Angiosarcoma

TERMINOLOGY
e Hemangiosarcoma

CLINICAL ISSUES

e Symptomatology
o Shortness of breath
o Hemoptysis
o Frank pulmonary hemorrhage
e Epidemiology
o Rare tumor
o Accounts for < 1% of all primary tumors of lung

MACROSCOPIC

e Single or multiple pulmonary nodules
e Hemorrhagic nodule(s)

MICROSCOPIC

e Epithelioid malignant cells forming vascular channels
e Wialls of vessels lined with hobnail-like cells

(Left) Primary angiosarcoma
of the lung shows a spindle
cell proliferation Sireplacing
lung parenchyma. One is still
able to observe extravasated
red cells. (Right) High-power
view of a pulmonary
angiosarcoma shows
prominent nuclear atypia and
increased mitotic activity [l

(Left) Pulmonary
angiosarcoma shows an
epithelioid malignant cell
proliferation around a
vascular structure. Note the
presence of an inflammatory
response in addition to the
presence of extravasated red
cells. (Right) Pulmonary
angiosarcoma shows mixed
spindle and epithelioid cell
proliferation accompanied by
extravasated red cells.

KEY FACTS

e Mitotic figures are common
e Areas of hemorrhage
e Areas of necrosis

TOP DIFFERENTIAL DIAGNOSES

e Epithelioid hemangioendothelioma
o Lacks increased mitotic activity
o Extensive areas of necrosis are not a feature
o Characteristically shows chondromyxoid background
o Shares similar immunophenotype with angiosarcoma
e (Carcinoma
o Will show negative staining with vascular markers and
positive for epithelial markers
e Metastatic angiosarcoma
o Clinical history is most important feature
o Primary and metastatic angiosarcoma may share similar
presentation

Mitotic Activit

Extravasated Red Cells

T v




Angiosarcoma

TERMINOLOGY
Synonyms
e Hemangiosarcoma

Definitions
e Malignant vascular neoplasm

ETIOLOGY/PATHOGENESIS

Environmental Exposure

e Some cases have been linked to radiation, others to
farming

CLINICAL ISSUES
Epidemiology
e Incidence
o Estimated to account < 1% of all lung tumors
o Age
o Allage groups
e Sex
o No predilection

Presentation

Shortness of breath

o Hemoptysis

e Pulmonary hemorrhage
e Chest pain

Treatment

e Surgical approaches
o Lobectomy
o Chemotherapy
o Radiation

Prognosis

e Poor
e Widespread metastasis

MACROSCOPIC

General Features

e Single or multiple pulmonary nodules
e |ll-defined tumor nodule

e Hemorrhagic tumor nodule

Size

e Varies from 1 to > 5 cm in diameter

Immunohistochemistry

Antibody Reactivity

CD31 Positive Cytoplasmic
CD34 Positive Cytoplasmic
ULEX-1 Positive Cytoplasmic
FVIIIRAg Positive Cytoplasmic
CK-PAN Negative Cytoplasmic

Staining Pattern

MICROSCOPIC

Histologic Features

Epithelioid malignant cells forming vascular channels
Walls of vessels lined with hobnail-like cells

Mitotic figures are common

Spindle cell component

Areas of hemorrhage

Areas of necrosis

Predominant Pattern/Injury Type
e Hemorrhagic

Predominant Cell/Compartment Type
e Epithelioid
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DIFFERENTIAL DIAGNOSIS

Epithelioid Hemangioendothelioma

Does not show increased mitotic activity

e Extensive areas of necrosis are not a component

e Characteristically shows chondromyxoid background
e Shares similar immunophenotype with angiosarcoma

Carcinoma

e Shows negative staining with vascular markers and positive
staining for epithelial markers

Metastatic Angiosarcoma
e Clinical history is most important feature

e Primary and metastatic angiosarcoma may share similar
presentation

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (ross appearance

Pathologic Interpretation Pearls

e Epithelioid or spindle cell neoplasm with vascular
differentiation

SELECTED REFERENCES

1. TanakaH et al: Primary pulmonary angiosarcoma: a case report. Pathol Int.
65(10):554-7,2015

2. Wilson R et al: Complete radiographic response of primary pulmonary
angiosarcomas following gemcitabine and taxotere. Lung Cancer. 61(1):131-
6,2008

3. Herrak L et al: [Primary pulmonary angiosarcoma.] Rev Mal Respir. 24(1):73-
6,2007

4.  Saint-Blancard P et al: [Three-year survival after treatment of a primary
pulmonary angiosarcoma.] Rev Pneumol Clin. 63(1):55-8, 2007

Comment

In vascular component
In vascular component

In vascular component

May be positive in rare cases
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Angiosarcoma

ructures
(Left) Pulmonary 7.7 Y B E s TR G O\ O il
angiosarcoma with prominent | § &A% a0 pod P TR e ] (S : 1 31 - o
papillary-like architecture is an
unusual feature and can be '
confused with other more
common primary lung tumors.
(Right) High magnification )
shows papillary-like structures |*
lined by a neoplastic cellular
proliferation composed of
rather small cells. Mitotic
activity is not prominent.

Dilated Vascular Spaces

5. . 5y

(Left) Angiosarcoma [2]is seen (T
involving a large pulmonary
vessel 2> Although unusual,
such a feature may aid in the
diagnosis of angiosarcoma.
(Right) Low-power view of a
pulmonary angiosarcoma
shows the classic pattern of
dilated vascular spaces
replaced by tumoral cells [=]
mixed with fresh blood

(Left) More conventional areas fi
of angiosarcoma show the
typical vascular proliferation
with flattened endothelial
cells. Marked nuclear atypia
and mitotic activity are not
present. (Right) Angiosarcoma
with solid areas is a
histological feature that may
be confused for an epithelial
tumor, namely, a
neuroendocrine carcinoma.



Angiosarcoma

Single-Cell Necrosis Vasoformative Areas

(Left) Pulmonary
angiosarcoma shows single-
cell necrosis =1 and solid areas
composed of oval, medium-
| sized cells B> Similar features
Y may be seen in high-grade
| carcinomas of the lung. The
{ vascular nature of the tumor is
| not apparent in this growth
pattern. (Right) Pulmonary
angiosarcoma shows
vasoformative areas [=]and
prominent nuclear atypia. The
presence of vasoformative
{ areas should alert one to the
possibility of angiosarcoma.
M Vascular markers should be
helpful.
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(Left) H&E shows pulmonary
angiosarcoma with prominent
spindle cell features and focal
areas of inflammatory
infiltrate The presence of
inflammatory changes
associated with angiosarcoma
is not common, except in areas
4 of necrosis. (Right) This
angiosarcoma is composed of
spindle cells with only focal
areas that show some myxoid
*\ change [2] which may raise

{ the possibility of
hemangioendothelioma.

1) (Left) High-power view of a

| pulmonary angiosarcoma
shows prominent nuclear
atypia and atypical mitotic
| figures [ These features are
more in keeping with a high-
grade angiosarcoma. (Right)
CD31 immunohistochemical
stain shows positive staining in
tumor cells in a pulmonary
angiosarcoma. The use of
immunohistochemical vascular
markers is important in
excluding other primary
epithelial or mesenchymal
w| tumors of the lung.
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Kaposi Sarcoma

KEY FACTS

ETIOLOGY/PATHOGENESIS

e Commonly associated with HIV infection in patients with
AIDS

e Associated with human herpesvirus 8 (HHV-8) infection

CLINICAL ISSUES

e High incidence in homosexual men and intravenous drug
abusers with AIDS

e May also affect immunosuppressed patients and transplant

patients

e Cough, dyspnea, hemoptysis

e Poor prognosis; most patients die within 2 years of
diagnosis

IMAGING

o Bilateralinterstitial infiltrates with ill-defined nodularity

e Discrete, localized intraparenchymatous mass that may be

associated with bronchus

(Left) Scanning magnification
in pulmonary involvement by
Kaposi sarcoma shows
characteristic perivascular
distribution of the atypical
spindle cell proliferation
extending into adjoining
alveolar septa. (Right) Higher
magnification in pulmonary
involvement by Kaposi
sarcoma shows the lumen of
an airspace B surrounded by
a dense atypical spindle cell
proliferation.

(Left) Higher magnification of
pulmonary Kaposi sarcoma

shows dense, atypical spindle .
cell proliferation admixed with | '
afew scattered inflammatory |

blood cells in the interstitium.
(Right) An
immunohistochemical stain for
HHV8 shows strong nuclear
positivity of the tumor cells in
pulmonary involvement by
Kaposi sarcoma for this
antigen.

MICROSCOPIC

Monotonous spindle cell proliferation with fascicular
growth pattern intersecting at right angles
Frequent anastomosing and slit-like vascular spaces
containing abundant extravasated red blood cells

o Spindle cells show mild to moderate cytologic atypia
e Cell nuclei are hyperchromatic and may show occasional

small nucleoli

e Scattered mitoses are commonly present
e Dense extracellular hyaline globules may be seen scattered

in interstitium

Spindle cell population may be admixed with inflammatory
cell elements, including small lymphocytes, plasma cells,
and histiocytes

ANCILLARY TESTS

Kaposi Sarcoma of Lung

Spindle tumor cells are positive for CD34 and CD31
Tumor cells show strong nuclear positivity for HHV8

Peribronchial Distribution




Kaposi Sarcoma

TERMINOLOGY

Definitions

e |Low-grade spindle cell sarcoma derived from vascular
endothelial cells

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Commonly associated with HIV infection in patients with
AIDS
e Associated with human herpesvirus 8 (HHV-8) infection

CLINICAL ISSUES
Epidemiology
e Incidence

o High incidence in homosexual men and intravenous drug

abusers with AIDS
o May also affect immunosuppressed patients and
transplant patients
o Age
o 20-40 years of age

Presentation
e Cough, dyspnea, hemoptysis

Prognosis

e Poor prognosis; most patients die within 2 years of
diagnosis

e Median survivalis slightly better for responders to
chemotherapy

IMAGING

General Features

e Bilateral interstitial infiltrates with ill-defined nodularity

e Discrete, localized intraparenchymatous mass that may be
associated with bronchus

e Mediastinal lymphadenopathy

MICROSCOPIC

Histologic Features

e Lesions follow intrapulmonary fibrous septa with
perivascular and peribronchial distribution

e Monotonous spindle cell proliferation with fascicular
growth pattern intersecting at right angles

e Frequent slit-like vascular spaces containing abundant
extravasated red blood cells

Cytologic Features

o Spindle cells show mild to moderate cytologic atypia

e Cell nuclei are hyperchromatic and may show occasional
small nucleoli

e Scattered mitoses are commonly present

e Dense extracellular hyaline globules may be seen scattered

in interstitium

e Spindle cell population may be admixed with inflammatory

cell elements, including small lymphocytes, plasma cells,
and histiocytes

ANCILLARY TESTS
Immunohistochemistry

Spindle tumor cells are positive for CD34 and CD31
Tumor cells show strong nuclear positivity for HHV8
antibody

DIFFERENTIAL DIAGNOSIS

Leiomyosarcoma

Fascicular spindle cell proliferation of cells displaying blunt
ends and intracytoplasmic vacuoles

Commonly present as large intraparenchymatous tumors
rather than as multiple small nodules

Tumor cells are negative for vascular markers and show
strong positivity for muscle markers (desmin, actin, h-
caldesmon, calponin, etc.)

Spindle cells contain abundant cytoplasmic microfilaments
with focal densities on electron microscopy

Fibrosarcoma

Fascicular spindle cell proliferation with prominent stromal
sclerosis

Commonly presents as large intraparenchymatous tumor
rather than as multiple small nodules

Tumor cells are negative for vascular markers (CD31, CD34)
and only stain positive for vimentin

Synovial Sarcoma

Fascicular spindle cell proliferation composed of
monotonous atypical spindle cells with scant stroma

May show prominent hemangiopericytic growth pattern
but lacks abundance of anastomosing small vessels and
extravasated red blood cells

Commonly presents as large intraparenchymatous tumor
rather than as multiple small nodules

Tumor cells are positive for cytokeratin, EMA, Bcl-2, and
CD99; negative for vascular markers (CD31, CD34)

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

Multifocality and bilaterality of lesions with interstitial
pattern of distribution in HIV(+) patients

Pathologic Interpretation Pearls

Ill-defined nodular lesions composed of spindle cell fascicles
with abundant extravasated red blood cells

e Presence of scattered hyalin globules admixed with spindle

1.

2.

3.

cells

SELECTED REFERENCES

Epelbaum O et al: Pulmonary Kaposi's sarcoma and its complications in the
HAART era: a contemporary case-based review. Lung. 194(1):163-9, 2016
Sigel K et al: Lung malignancies in HIV infection. Semin Respir Crit Care Med.
37(2):267-76,2016

Hoskote SS et al: Pulmonary Kaposi sarcoma in AIDS. Mayo Clin Proc.
87(10).e77,2012

Weissferdt A et al: Primary vascular tumors of the lungs: a review. Ann Diagn
Pathol. 14(4):296-308, 2010

Garay SM et al: Pulmonary manifestations of Kaposi's sarcoma. 1987. Chest.
136(5 Suppl):e30, 2009
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Kaposi Sarcoma

(Left) Scanning magnification
of a pulmonary lesion in
Kaposi sarcoma shows
perivascular distribution of the
process. There is a dense
spindle cell proliferation
concentrically surrounding the |
entire wall of a small-caliber
vessel 5] (Right) Higher
magnification of a pulmonary
lesion in Kaposi sarcoma
shows dense perivascular
spindle cell proliferation [=]
that is sharply circumscribed
and separated from the
surrounding uninvolved lung
parenchyma.
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Solid Spindle Cell Proliferation
(Left) Pulmonary lesion in RS R S
Kaposi sarcoma shows :
fascicles of spindle cells
containing a few scattered
mitotic figures. There are
numerous extravasated red
blood cells scattered in the
interstitium. The presence of
these extravasated red blood
cells should raise the
possibility of Kaposi sarcoma
in the differential diagnosis.
(Right) Higher magnification
of a pulmonary lesion in
Kaposi sarcoma shows spindle
cell proliferation abutting the
wall of a bronchiole ],

(Left) High magnification of a
pulmonary lesion in Kaposi
sarcoma shows atypical
spindle cell proliferation
surrounding ectatic vascular
spaces and vascular slits. The
cells show scattered mitoses
and occasional scattered
extravasated red blood cells.
(Right) High magnification in a
pulmonary lesion of Kaposi
sarcoma shows spindle cell
proliferation displaying mild
cytologic atypia with
scattered nuclear chromatin
and small eosinophilic
nucleoli. Notice the single
mitotic figure 5>




Kaposi Sarcoma

Perivascular Distribution of Spindle Cells

) (Left) Scanning magnification
| of a pulmonary lesion in

| Kaposi sarcoma shows

| perivascular proliferation

| forming a well-defined tumor

nodule replacing the lung
parenchyma. Notice the small
dilated vessel [=]in the center

1 of the nodule. (Right) Higher

magnification of a pulmonary
lesion in Kaposi sarcoma

| shows dense perivascular

cellular proliferation
composed of fascicles of
spindle cells with minimal
cytologic atypia that intersect
at 90° angles.

(Left) High magnification of a
pulmonary lesion in Kaposi
sarcoma shows dense spindle

» | cell proliferation forming
| fascicles that intersect at right
4 angles. This histologic

appearance can be mistaken

| for a benign or malignant
| smooth muscle proliferation

(i.e., leiomyoma, low-grade

| leiomyosarcoma). (Right) High

magnification of a pulmonary
lesion in Kaposi sarcoma

"4 shows spindle cell
x| proliferation with minimal
i atypia and extravasated red

blood cells surrounding a
dilated airspace [=]

(Left) An
immunohistochemical stain for
HHV8 antigen shows strong
nuclear positivity in the
spindle cells of intrapulmonary
Kaposi sarcoma. (Right)
Immunohistochemical staining
of a pulmonary lesion of
Kaposi sarcoma for the
vascular endothelial-related
marker, CD31, shows faint
positivity in many of the
proliferating spindle cells.
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TERMINOLOGY e Rhabdomyosarcoma
e Synonym: Intimal sarcoma e Chondrosarcoma
e Malignant mesenchymal tumor originating from wall of ® O;teosarcoma
pulmonary trunk e |eiomyosarcoma
CLINICAL ISSUES TOP DIFFERENTIAL DIAGNOSES
e Cough ® Metastatic sarcoma
e Chest pain o Clinical history of extrathoracic tumor should lead
e Shortness of breath toward correct interpretation
e Fatigue e Primary intrapulmonary sarcoma
e Syncope o Identification of tumor into lumen of pulmonary artery is
hallmark of this tumor
MACROSCOPIC

DIAGNOSTIC CHECKLIST

e Gross appearance
e Wide spectrum of sarcomatous differentiation

e Most important characteristic is that tumor must be
attached to pulmonary artery

MICROSCOPIC

e Varied mesenchymal differentiation
e Angiosarcoma

High-Grade Sarcoma Pleomorphic Sarcoma

(Left) Pulmonary artery
sarcoma shows a high-grade
sarcoma 2>/ in close
association with the wall of
the pulmonary artery =l
Identification of the
pulmonary vessel is essential
for the diagnosis. (Right) High-
grade sarcoma shows
extensive areas of
pleomorphic cells and atypical
mitotic figures In many
cases, the type of sarcoma is
unclassified.

Undifferentiated Sarcoma Spindle Cell Sarcoma
(Left) Undifferentiated high- LRI NG e Bl A T B LU ) R TN T o, T )
a4 i e SN A RN G ‘ A PR - |
grade sarcoma shows YErAss e ' : i w B er K e L. A 3"
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immunohistochemistry, no r, o P ) 4 y'r- _; * y J
specific differentiation is . Le ' - < v~ e g
encountered. (Right) Higher 0' F T - -"' i - + "5 -:
magnification §hows the 2 g r v - -1 A"
presence of spindle and h % FOET Wkl
multinucleated cells typical of Wy, A S S Cg w0yt
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high-grade sarcomas. 54 '@ - U7 ook
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Pulmonary Artery Sarcoma

TERMINOLOGY

Abbreviations

e Pulmonary artery sarcoma (PAS)
Synonyms

e |ntimal sarcoma

Definitions

e Malignant mesenchymal tumor originating from wall of
pulmonary trunk

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare tumors representing < 1% of all malignant
mesenchymal tumors of lung
e Age
o Usually occurs in adults

Presentation

Cough

Chest pain

Shortness of breath

Fatigue

Syncope

Often confused for other medical conditions, such as
pulmonary hypertension, pneumonia, or asthma

Treatment
e Surgical approaches

o Lobectomy or pneumonectomy
e Adjuvant therapy

o Chemotherapy &/or radiation may be of use depending

on type of sarcoma

Prognosis

e Intrathoracic metastasis may occur in 50% of patients

e Extrathoracic metastasis may occurin ~ 15% of patients

e Death may occurin period of 12 months after initial
diagnosis

MACROSCOPIC

General Features
e Tumor obliterating lumen of artery

Immunohistochemistry

e |dentification of pulmonary trunk
e |dentification of pulmonary artery
e Polypoid tumor in intraluminal location

MICROSCOPIC

Histologic Features

e Varied mesenchymal differentiation
o Angiosarcoma

Rhabdomyosarcoma

Chondrosarcoma

Osteosarcoma

Leiomyosarcoma

O O O O

DIFFERENTIAL DIAGNOSIS

Metastatic Sarcoma

e (Clinical history of extrathoracic tumor should lead to
correct interpretation

Primary Intrapulmonary Sarcoma

e |dentification of tumor growing into lumen of pulmonary
artery is hallmark of this tumor

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e (ross appearance

Pathologic Interpretation Pearls

e Tumor obliterating lumen of vessel
e Polypoid tumor protruding into arterial lumen
e Wide spectrum of sarcomatous differentiation

SELECTED REFERENCES

1. Nijar PS et al: Primary pulmonary artery sarcoma masquerading as
pulmonary embolism: role of cardiac MRI. Eur Heart J. ePub, 2016

2. GadabanahalliK et al: Primary extraskeletal myxoid chondrosarcoma of
pulmonary arteries: a rare mimic of acute pulmonary thromboembolism.
Interact Cardiovasc Thorac Surg. 20(4):565-6, 2015

3. HuoLetal: Pulmonary artery sarcoma: a clinicopathologic and
immunohistochemical study of 12 cases. Am J Clin Pathol. 125(3):419-24,
2006

4. Huo L et al: Pulmonary artery angiosarcoma: a clinicopathologic and
radiological correlation. Ann Diagn Pathol. 9(4):209-14, 2005
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Antibody Reactivity Staining Pattern Comment

CD31 Positive Cytoplasmic If vascular differentiation
CD34 Positive Cytoplasmic If vascular differentiation
Myoglobin Positive Cytoplasmic If rhabdomyosarcoma present
MYOD1 Positive Cytoplasmic If rhabdomyosarcoma present
Desmin Positive Cytoplasmic If muscle differentiation
Muscle specific actin Positive Cytoplasmic If muscle differentiation

S100 Positive Nuclear If chondroid differentiation

SOX9 Positive Nuclear If chondroid differentiation
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(Left) Gross photograph shows
a primary pulmonary artery
sarcoma. It is important to
properly identify the vessel
with intraluminal tumor B3,
the main airway should be
patent and with no evidence
of tumor B2. The remaining
pulmonary parenchyma is
congested but essentially
within normal limits &2,
(Right) /n many cases of
pulmonary artery sarcoma,
special stains, such as elastic
stains, may help in the
identification of a pulmonary
vessel B3,

(Left) Another histochemical
stain that may help in
separating a tumor from a
pulmonary vessel is the
Masson stain, which in this
illustration clearly separates
both components, tumor 2]
and vessel [ (Right) One
additional feature that is
commonly encountered in
cases of pulmonary artery
sarcoma is the presence of
necrosis [5>] This feature is
more common in high-grade
sarcomas.

(Left) Intimal sarcoma in
which a solid spindle cell
proliferation with presence of
ectatic vessels is shown. This
proliferation is much in
keeping with leiomyosarcoma.
(Right) Higher magnification
of a leiomyosarcoma of the
pulmonary artery is shown.
The tumor shows the classic
characteristics of
leiomyosarcomas elsewhere.
Note the presence of mitotic
activity B3.

Pulmonary Artery Sarcoma

Macroscopic Features
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Osteoid Formation
T ;

typical Mitotic Activity

AN

Pulmonary Artery Sarcoma

(Left) High-grade pulmonary
artery sarcoma shows
osteosarcomatous
differentiation. Note the

.« | presence of osteoid formation
* [ (Right) High-grade

pulmonary artery sarcoma

‘*{ shows a mixture of

multinucleated giant cells and
mononuclear malignant cells.

1 This is a common feature of

undifferentiated high-grade

{ sarcomas.

1 (Left) Pulmonary artery

sarcoma shows

| rhabdomyosarcomatous
N differentiation. The cells are

oval, and numerous
rhabdomyoblastic cells are
also present [=] (Right) Closer

| view of a rhabdomyosarcoma

arising in the pulmonary artery
is shown. This differentiation
is not uncommon among the
different types of sarcomas
that may arise from the

.| pulmonary artery.

(Left) High-power view of a

pulmonary artery sarcoma is
4 shown with a pleomorphic

cellular proliferation. Note the
presence of osteoclast-like

{ multinucleated giant cells [2]

and atypical mitotic figures

% (Right) High-power view of
\ apulmonary artery sarcoma

displays a spindle cellular

¥4 proliferation admixed with
%! mitotic figures. The features

highly suggest a neurogenic
sarcoma.
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Pulmonary BALT Hyperplasia

KEY FACTS

TERMINOLOGY

e Polyclonal proliferation of small lymphocytes arising within
lung parenchyma

e Pseudolymphoma, nodular lymphoid hyperplasia, lymphoid
interstitial pneumonia

ETIOLOGY/PATHOGENESIS

e Commonly associated with underlying autoimmune
disorders, such as Sjégren syndrome, rheumatoid arthritis,
and collagen vascular diseases

e Associated with viralinfection, including HIV and Epstein-
Barr virus

e Associated with immunodeficiency, including common
variable immunodeficiency, AIDS, and bone marrow
transplants

CLINICAL ISSUES

e Mostly asymptomatic; discovered incidentally
e Adults 40-70 years (average: 50 years)

(Left) Diffuse BALT
hyperplasia of the lung shows
massively distended alveolar
septa occupied by a
population of small lymphoid
cells. (Right) Higher
magnification of diffuse BALT
hyperplasia shows a dense
population of small lymphoid
cells abutting the respiratory
lining mucosa [2]. The
lymphoid cell infiltrate is
composed of polyclonal small
lymphocytes and plasma cells.

e Diffuse form of disease is more common in children
e Female predilection

MICROSCOPIC

e Nodular lymphoid hyperplasia (nodular BALT
hyperplasia)
o Multiple coalescent, enlarged follicles showing
prominent germinal centers
o Interfollicular lymphoplasmacytosis
o Follicular bronchiolitis
o Discrete accumulations of small lymphoid aggregates in
peribronchiolar location
o Sparing of alveolar septa by lymphoid infiltrates
e Diffuse lymphoid (BALT) hyperplasia (diffuse interstitial
pneumonia)
o Predominantly interstitial proliferation of small
lymphocytes distending alveolar septa
o Process is generally bilateral and diffuse

Higher Magnification

(Left) Nodular BALT
hyperplasia is characterized by
a localized, expansile nodule
within lung parenchyma that
is composed of a dense
lymphoid infiltrate with
hyperplastic lymphoid follicles
containing reactive germinal
centers. (Right) Higher
magnification from nodular
BALT hyperplasia shows a
hyperplastic follicle with
reactive germinal center. The
lymphoid cell population in
nodular BALT hyperplasia is
polyclonal.




Pulmonary BALT Hyperplasia

TERMINOLOGY
Synonyms

e Pseudolymphoma, nodular lymphoid hyperplasia, lymphoid
interstitial pneumonia

Definitions

e Polyclonal proliferation of small lymphocytes arising within
lung parenchyma

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Commonly associated with underlying autoimmune
disorders, such as Sjégren syndrome, rheumatoid arthritis,
and collagen vascular diseases

e Associated with viralinfection, including HIV and Epstein-
Barr virus

e Associated with immunodeficiency, including common
variable immunodeficiency, AIDS, and bone marrow
transplants

e |diopathic

CLINICAL ISSUES
Epidemiology
e Age
o Adults 40-70 years (average: 50 years)
o Diffuse form of disease is more common in children
e Sex
o Female predilection

Presentation

e Cough, dyspnea; may be asymptomatic and discovered
incidentally

e Asymptomatic; discovered incidentally

Treatment

e Surgical excision for localized lesions
e Steroid therapy for diffuse lesions

Prognosis

e Variable course depending on extent and progression of
disease

e Complete resolution is most common outcome

e Diffuse cases may progress to end-stage pulmonary fibrosis
with "honeycombing" of lung parenchyma

e Diffuse cases may progress to diffuse lymphocytic
lymphoma (MALT lymphoma)

e Death may ensue due to comorbid conditions,
superinfection, or renal failure

MICROSCOPIC

Histologic Features

e Nodular lymphoid hyperplasia (nodular BALT

hyperplasia)

o Multiple coalescent, enlarged follicles show prominent
germinal centers

o Interfollicular lymphoplasmacytosis

o Hyperplastic follicles display prominent polarity

o Well-demarcated follicle mantle zones contain
cytologically bland, small lymphocytes

o Lymphoid process does not extend along alveolar septa
orinto alveolar walls
e Follicular bronchiolitis
o Discrete accumulations of small lymphoid aggregatesin
peribronchiolar location
o Sparing of alveolar septa by lymphoid infiltrates
o Considered small airway equivalent of nodular lymphoid
hyperplasia
e Diffuse lymphoid (BALT) hyperplasia (diffuse interstitial
pneumonia)
o Predominantly interstitial proliferation of small
lymphocytes distending alveolar walls
o Occasional residual germinal centers may be seen
o Process is generally bilateral and diffuse
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Cytologic Features

e Lymphoid cell population in nodular lymphoid hyperplasia
and follicular bronchiolitis consists of polyclonal B
lymphocytes and plasma cells

e Lymphoid cell population in diffuse lymphoid hyperplasia is
composed primarily of small T cells admixed with polyclonal
B lymphocytes

ANCILLARY TESTS

Immunohistochemistry

e Nodular lymphoid hyperplasia
o Polyclonal pattern of light chain expression in small
lymphocytes and plasma cells
o CD5(-), CD10(-), CD23(-)
o CD21 highlights dendritic cell network in germinal
centers
e Diffuse lymphoid hyperplasia
o Polyclonal population of small B lymphocytes and
plasma cells
o Abundance of small T lymphocytes in interstitial
infiltrates
o Cases occurring in context of AIDS will show
immunoreactivity for p21 protein of HIV

Genetic Testing

e Absence of clonality or gene rearrangements by molecular
studies

DIFFERENTIAL DIAGNOSIS

MALT Lymphoma (Primary Pulmonary Marginal Zone

Lymphoma)

e Diffuse proliferation of monoclonal small B lymphocytes
showing kappa or lambda light chain restriction

e Colonization of germinal centers by marginal zone
lymphocytes

e Formation of lymphoepithelial lesions

e Demonstration of t(11;18) (AP12/MALT1) translocation

SELECTED REFERENCES

1. Tashtoush B et al: Follicular bronchiolitis: a literature review. J Clin Diagn Res.
9(9):0E01-5, 2015

2. Bégueret H etal: Primary lung small B-cell lymphoma versus lymphoid
hyperplasia: evaluation of diagnostic criteria in 26 cases. Am J Surg Pathol.
26(1):76-81, 2002

3. Abbondanzo SL et al: Nodular lymphoid hyperplasia of the lung: a
clinicopathologic study of 14 cases. Am J Surg Pathol. 24(4):587-97, 2000




Pulmonary BALT Hyperplasia

Nodular BALT Hyperplasia

(Left) Scanning magnification
of nodular BALT hyperplasia
of the lung shows a well-
delineated area of
consolidation Bl separated
from the surrounding lung
parenchyma. The area of
consolidation is composed of
numerous small lymphoid cells
with scattered reactive
follicles. (Right) Higher
magnification of nodular BALT }
hyperplasia shows an enlarged |
lymphoid follicle with a
germinal center. The lymphoid
cell population in this case
was shown to be polyclonal.
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(Left) Scanning magnification
in nodular BALT hyperplasia
shows a lymphoid follicle
with a reactive germinal
center B> The lymphoid
follicle shows good
"polarization” (i.e., the mantle P
zone surrounding the germinal
center is not uniformly
enlarged). (Right) Higher
magnification from nodular
BALT hyperplasia shows a
portion of a germinal center
[Zladjacent to an expanded
interfollicular area that
contains polyclonal small
lymphocytes and plasma cells.

(Left) Scanning magnification
of follicular bronchiolitis
shows the discrete
accumulation of small
lymphoid aggregates in a
peribronchiolar location [=]
Notice the sparing of the ;
alveolar septa by the lymphoid |
infiltrates. (Right) Higher
magnification of follicular
bronchiolitis shows a well-
formed lymphoid aggregate
compressing the lumen of a
small bronchiole Z>I The
follicle shows the presence of
an immature germinal center
in the center of the follicle =l
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Pulmonary BALT Hyperplasia

(Left) Scanning magnification
of diffuse BALT hyperplasia

| (lymphoid interstitial
#| pneumonia) shows expansion

of the alveolar septa by a
diffuse infiltrate primarily
composed of small lymphoid

{ cells. (Right) Higher

magnification of diffuse BALT

1 hyperplasia of the lung

 (lymphoid interstitial

=1 pneumonia) shows widening
| of the alveolar septa Z>1by a

dense lymphoid cell
population. The underlying
epithelial lining of the alveolar

| wall remains preserved and
4 intact.

(Left) Higher magnification of
diffuse BALT hyperplasia of

| the lung (lymphoid interstitial
.| pneumonia) shows expansion

of the alveolar wall by a
mononuclear population of
lymphoid cells, including small
lymphocytes, plasma cells, and

& histiocytes. No atypical cells

are seen in the infiltrate.
(Right) Higher magnification
of diffuse BALT hyperplasia
(lymphoid interstitial
pneumonia) shows a dense
polyclonal population of small
lymphocytes admixed with
plasma cells.

(Left) Diffuse BALT
hyperplasia (lymphoid

LSS | interstitial pneumonia) of the

lung shows widening of

“| alveolar septa displaying a

prominent lymphoid follicle
Cases showing these
features can overlap with

: 1 follicular bronchiolitis but are

distinguished by the diffuse
nature of the lymphoid

{ infiltrates. (Right) Diffuse
| BALT hyperplasia (lymphoid

interstitial pneumonia) in an
advanced stage shows
prominent interstitial fibrosis
with only 1 small, abortive
residual follicle present 2>
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Pulmonary BALT Lymphoma

KEY FACTS
TERMINOLOGY e Reactive lymphoid follicles may show extensive infiltration
e Monoclonal proliferation of small lymphocytes arising from by .marﬂ?'“a‘ Zone lymphocy;es (folllcular CO[O”'Zat',On)
marginal zone of B-cell follicles * Infiltration of underlying epithelial structures forming
"lymphoepithelial" lesions is characteristic
CLINICAL ISSUES e Cytomorphology of neoplastic small lymphocytes is variable
e Most common presentation is solitary mass on routine and includes centrocytic cells, plasmacytoid cells, and
imaging studies monocytoid cells
Most patients are asymptomatic ANCILLARY TESTS

Favorable prognosis; 5-year survival in ~ 85-95%

May be localized or diffuse

Small proportion of cases may progress to diffuse large B-

cell lymphoma

IMAGING

e May present as single, solitary nodule or as diffuse bilateral
disease mimicking diffuse interstitial pneumonia

MICROSCOPIC

e Diffuse lymphoid infiltrates composed of small
lymphocytes admixed with reactive lymphoid follicles

e Neoplastic cells are CD19, CD20, CD793, and Bcl-2 (+)

e Tumor cells are CD5, CD10, CD23, Bcl-1, and Bcl-6 ()

e £(11;18)(g21;g21) is most common genetic abnormality
(encountered in ~ 50% of cases)

BALT Gross Appearance BALT of Lung: Low Power

S es. 3N

(Left) Gross appearance of
BALT lymphoma of the lung
shows nodular, ill-defined,
confluent areas of lung
parenchyma replaced by tan-
white, homogeneous, rubbery
tissue. (Right) Characteristic
histologic appearance of
pulmonary BALT lymphoma
shows expansion of alveolar
septa by a monotonous
population of small lymphoid
cells with lymphangitic
distribution.

(Left) Prominent lymphoid
follicle is seen in the
submucosa of the bronchial
lining. The enlarged lymphoid
follicles are surrounded by
dense and monotonous sheets
of mildly atypical lymphoid
cells. (Right) The cell
population in BALT lymphoma
is comprised of sheets of
small, monotonous
lymphocytes with minimal
nuclear irregularities and a
clear perinuclear halo that
imparts them with a
monocytoid appearance.




Pulmonary BALT Lymphoma

TERMINOLOGY
Synonyms

e Marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue (MALT) type

Definitions

e Monoclonal proliferation of small lymphocytes arising from
marginal zone of B-cell follicles

CLINICAL ISSUES
Epidemiology
e |ncidence
o Accounts for ~ 80% of primary lung lymphomas

Presentation

e Most common presentation is solitary mass on routine
imaging studies; most patients are asymptomatic

e May be localized or diffuse

e Some patients may present with cough, dyspnea, and chest
pain

Treatment

e Surgical approaches
o Surgical excision achieves excellent results in localized,
resectable tumors
e Adjuvant therapy
o Indicated in patients with diffuse or bilateral involvement

Prognosis

e Favorable prognosis; 5-year survivalin ~ 85-95%
e Small proportion of cases may progress to diffuse large B-
celllymphoma

MACROSCOPIC

Cut Surface

e Tan-white, fleshy, homogeneous rubbery tissue
e Involved area of lung parenchyma can be nodular and well
circumscribed or diffuse

MICROSCOPIC

Histologic Features

e Diffuse lymphoid infiltrates composed of small
lymphocytes admixed with reactive lymphoid follicles

e Reactive lymphoid follicles may show extensive infiltration
by marginal zone lymphocytes (Follicular colonization)

e Infiltration of underlying epithelial structures forming
"lymphoepithelial" lesions is characteristic

e Scattered larger, immunoblastic cells may be seen admixed
with small lymphoid cell infiltrate

e Lymphangitic distribution characteristically observed at
edges of lesions

e Stromal hyalinization and fibrosis may be seen in advanced
lesions

Cytologic Features
e Cytomorphology of neoplastic small lymphocytes is variable
and includes
o Small lymphocytes with minimal nuclear irregularities
resembling germinal center centrocytes
o Plasmacytoid small lymphocytes

o "Monocytoid" B lymphocytes showing clear perinuclear
halos and ample cytoplasm

ANCILLARY TESTS

Immunohistochemistry

e Neoplastic cells are CD19, CD20, CD79a, Bcl-2, and Bcl-10
(+)

e Tumor cells are CD5, CD10, CD23, Bcl-1, and Bcl-6 ()

e Cytokeratin stains may be helpful to highlight
lymphoepithelial lesions

e Light chain restriction for k/A can be demonstrated in
paraffin sections only in minority of cases

e Stains for follicular dendritic cells, such as CD21, CD23, and
CD35, can highlight reactive follicles disrupted by
neoplastic cells

Genetic Testing

e £(11;18) translocation produces fusion protein involving
%,5& (API2)and 0$/7 genesand can be detected by
expression of Bcl-10

e £(11;18)(g21;g21) is most common genetic abnormality
(encountered in ~ 50% of cases)

e £(1:14) and (14;18) or trisomy 3 and 18 may also occur

PCR

e Clonalimmunoglobulin heavy chain rearrangements are
identified in majority of cases, even in absence of light chain
restriction

DIFFERENTIAL DIAGNOSIS

Nodular Lymphoid Hyperplasia

e Composed of polyclonal population of lymphoid cells
without lymphoepithelial lesions

e Lymphocytes do not show light chain restriction or heavy
chain gene rearrangements by PCR

Diffuse Lymphoid Hyperplasia (Lymphocytic
Interstitial Pneumonia)

e Interstitial lymphocytes in diffuse lymphoid hyperplasia
stain as CD3(+) T cells

e Bcellsin diffuse lymphoid hyperplasia do not show light
chain restriction or heavy chain gene rearrangements

SELECTED REFERENCES
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Pulmonary BALT Lymphoma

Expansion of Alveolar Septa Lymphangitic Distribution
(Left) Scanning magnification e ; R
of BALT lymphoma of the lung
(pulmonary marginal zone B-
cell ymphoma) shows sheets
of small lymphocytes
expanding alveolar septa and
forming a tumor nodule. The
histologic appearance of this
lesion can be indistinguishable
from diffuse BALT hyperplasia.
(Right) Scanning magnification
of BALT lymphoma of the lung
shows a lymphangitic type of
distribution with small nodules
composed of lymphoid cells
distributed along the course of iz
the lymphatic vessels. :

Reactive Germinal Center
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Lymphoid Hyperplasia

T
L

(Left) Scanning magnification
of BALT lymphoma of the lung
(marginal zone B-cell
lymphoma) shows
involvement of a bronchus
with destruction of the
bronchial cartilage and a few
residual hyperplastic lymphoid
follicles B>]. (Right) BALT
lymphoma of the lung shows a
residual hyperplastic lymphoid
follicle with a reactive
germinal center surrounded by
monotonous interfollicular
proliferation of small
lymphocytes. Note abundant
tingible body macrophages =/
within the germinal center.

Sheets of Monocytoid Lymphocytes
(Left) Scanning magnification F e
of diffuse BALT lymphoma of
the lung shows a dense small
lymphocytic proliferation
distributed around a bronchial
lumen 3] and displaying
vague nodularity. (Right)
Higher magnification of
pulmonary BALT lymphoma
(marginal zone B-cell
lymphoma) shows a partially
effaced lymphoid follicle with
a burned-out, residual
germinal center showing
irregular infiltration by small
marginal zone lymphocytes
= This process is known as
"colonization" of follicles.




Pulmonary BALT Lymphoma
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Lymphoepithelial Lesion
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| (Left) Pulmonary BALT

lymphoma (marginal zone B-
cell lymphoma) shows multiple
entrapped airspaces showing
irregular infiltration of the
mucosa by small lymphocytes.

' (Right) Higher magnification

of pulmonary BALT lymphoma
(marginal zone B-cell
lymphoma) shows numerous
lymphocytes expanding and
replacing the epithelial lining

% in an airspace [2] The

infiltrate is mononuclear as
opposed to infiltration by
neutrophils and eosinophils in
acute bronchitis and
bronchiolitis.

(Left) Pulmonary BALT
lymphoma (marginal zone B-
cell lymphoma) shows a small
airspace infiltrated by small
lymphocytes. There is

{ distortion of the bronchiolar

lumen, and some of the small
lymphocytes are seen to be
spilling into the lumen >,
(Right) Higher magnification
of a pulmonary BALT
lymphoma shows a well-
developed lymphoepithelial
lesion. The wall of this
bronchiole has been almost
entirely replaced by the
infiltrating small lymphocytes,

some of which appear

plasmacytoid.

(Left) Pulmonary BALT
lymphoma shows a bronchiole
with infiltration by small
lymphocytes leading to the
creation of a lymphoepithelial
lesion. The respiratory mucosa
displays a moth-eaten
appearance resulting from the
infiltrating lymphocytes.
(Right) High magnification of a
pulmonary BALT lymphoma
(marginal zone B-cell
lymphoma) shows close detail
of a lymphoepithelial lesion
with tall columnar respiratory
mucosa harboring a
mononuclear cell population.
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Pulmonary BALT Lymphoma

Monotonous Lymphoid Cells

(Left) Pulmonary BALT
lymphoma (marginal zone B-
cell lymphoma) shows a
monotonous population of
small B lymphocytes that
resemble germinal center
centrocytes. The infiltrate is
very similar to that seen in
small lymphocytic
lymphoma/chronic
lymphocytic leukemia (CLL),
but the cells are CD5, CD10,
and Bcl-6 (-). (Right) Higher
magnification of pulmonary
BALT lymphoma (marginal
zone B-cell lymphoma) shows
a monotonous population of
small lymphocytes with
minimal nuclear irregularities.
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(Left) Pulmonary BALT
lymphoma shows a
monotonous population of
small lymphocytes with a
striking monocytoid
appearance. The cells appear
less crowded than in
conventional small
lymphocytic lymphoma
because of more abundant
cytoplasm. (Right) Higher
magnification of monocytoid
marginal zone B cells in
pulmonary BALT lymphoma
shows clear perinuclear halos.
These cells are positive for Bcl-
2 in contrast to reactive
monocytoid B cells, which are
negative.

(Left) Pulmonary BALT
lymphoma (marginal zone B-
cell lymphoma) shows a
population of small
lymphocytes with
plasmacytoid features.
Plasmacytic differentiation
can be a prominent feature in
these tumors that may lead to
confusion with plasmacytoma.
(Right) Pulmonary BALT
lymphoma shows prominent
stromal sclerosis. This
phenomenon is often present
in advanced and late lesions.
Some tumors with plasmacytic
differentiation can also display |g*
deposition of stromal amyloid.




Pulmonary BALT Lymphoma

CD20 Immunostaining CD5 Immunostaining

(Left) Immunohistochemical
staining of pulmonary BALT
lymphoma (marginal zone B-
cell lymphomay) for CD20
shows strong positivity of the
tumor cells for this marker.
The tumor cells in BALT
lymphoma are also positive for
the pan-B-cell marker, CD79-a.
(Right) Immunohistochemical
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Dy e e RN 5t PORK ] e 30 gTR ae S sta{n/ng of a lymphoepithelial
T R s lesion in pulmonary BALT
- ;.ﬂ'. o - lymphoma for CD5 shows

negative staining of the
infiltrating lymphocytes,
 distinguishing it from small
‘2 lymphocytic lymphoma/CLL.
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| (Left) Immunohistochemical
| staining of pulmonary BALT
| lymphoma (marginal zone B-
| cell lymphomay) for the Bcl-2
oncogene shows cytoplasmic
positivity in the neoplastic
lymphoid cells. (Right)
Immunohistochemical staining
of pulmonary BALT lymphoma
(marginal zone B-cell
lymphoma) for Bcl-2 shows a
rim of positive small
| lymphocytes surrounding a
| lymphoid follicle ] with a

| few scattered Bcl-2(+)
| lymphoid cells percolating into

| the follicle (follicular

colonization).

CD20 Immunostaining CD20 Immunostaining

(Left) Immunohistochemical
staining of lymphoepithelial
lesion in pulmonary BALT
lymphoma (marginal zone B-
cell ymphoma) shows
numerous cells displaying
strong positivity for CD20
percolating between the
epithelial cells. (Right) Higher
magnification of

\ immunohistochemical staining
with CD20 in lymphoepithelial
lesion from a patient with
pulmonary BALT lymphoma
shows strongly positive small
lymphocytes percolating in
between the bronchial
epithelial cells [
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Diffuse Large Cell Lymphoma

KEY FACTS

ETIOLOGY/PATHOGENESIS

e May arise from progressive transformation of preexisting
low-grade MALT lymphoma

CLINICAL ISSUES

e Adults from 50-70 years of age
e Usually peripheralin location
e Cough, dyspnea, fever, and night sweats

MACROSCOPIC

e Well-circumscribed, tan-white tumor mass with rubbery cut
surface

MICROSCOPIC

e Sheets of large lymphoid cells with irregularly shaped,
vesicular nuclei and prominent nucleoli

e Areas of low-grade MALT-type lymphoma may be present
focally

e Tumors show sharp interface with surrounding lung
parenchyma

e (Can show variable cytomorphology depending on cell type
involved
o Diffuse large B-cell lymphoma (DLBCL)
o B-immunoblastic lymphoma (BIL)
o Anaplastic large cell lymphoma (ALCL)
o Peripheral T-cell lymphoma (PTCL)

ANCILLARY TESTS

e DIBCLandBIL
o Positive for CD20, CD79-q, and kappa/lambda light chain
restriction
o ALCL
o Strong paranuclear and membrane staining with CD30
and pan-T-cell antigens
o Positivity for ALK1 in subset of cases
e PTCL
o Positive for pan-T-cell markers (CD3, CD45RO)

Diffuse Large Cell Lymphoma of Lung

(Left) Gross appearance of
diffuse large B-cell ymphoma
of the lung on cut section
shows a well-circumscribed,
tan-white nodule that is
extensively replacing the lung
parenchyma. (Right) Sheets of
large, atypical lymphocytes
are seen replacing lung
parenchyma and alveolar
spaces with a few remnants of
alveolar walls and small
vessels seen in the

background.
Diffuse Large Cell Lymphoma: High
Magnification
(Left) Histological appearance !
of diffuse large B-cell » %« L+

lymphoma of the lung shows a @& . " h
population of large lymphoid |- 4. » N )’
cells that are at least the same % ) ‘ w
size as or larger than ? ‘ 7 @ -
histiocytes. The nuclei show > ¥
dispersed chromatin with 0
prominent nucleoli. (Right)
Immunohistochemical staining
for CD20 (B-cell marker) -
shows strong membrane
positivity of the large cells in
the infiltrate for this antigen.

CD20 Immunostaining in Diffuse Large Cell
Lymphoma




Diffuse Large Cell Lymphoma

TERMINOLOGY

Abbreviations
e Diffuse large cell lymphoma (DLCL)

ETIOLOGY/PATHOGENESIS

Etiology

e Can occur as complication of immunosuppression
e May arise from progressive transformation of preexisting
low-grade MALT lymphoma

CLINICAL ISSUES
Epidemiology
e Incidence
o Represents 10-20% of all pulmonary lymphomas
e Age
o Adults from 50-70 years of age

Presentation
e Cough, dyspnea, fever, and night sweats

IMAGING
Radiographic Findings
e Chest x-rays show multiple or single opacity

MACROSCOPIC

General Features

e Well-circumscribed, tan-white tumor mass with rubbery cut
surface

MICROSCOPIC

Histologic Features

e Sheets of large lymphoid cells with irregularly shaped,
vesicular nuclei with prominent nucleoli

Cytologic Features

e Can show variable cytomorphology depending on cell type
involved
o Diffuse large B-cell lymphoma (DLBCL)

— Large cells with enlarged nuclei displaying coarse
chromatin pattern and prominent single nucleoli

— Some tumors may show polylobated nuclei and
multinucleated cells

— Frequent mitotic figures and areas of tumor necrosis

— Destruction of underlying structures and lung
parenchyma

o B-immunoblastic lymphoma (BIL)

— Large nuclei containing single, large eosinophilic
nucleoli, thick cell membranes, and abundant rim of
cytoplasm

— Frequent areas of necrosis and high mitotic activity

o Anaplastic large cell lymphoma (ALCL)

— Most commonly of T-cell type [although subset of
CD30(+) lymphomas may be of B-cell type]

— Sheets of large, bizarre tumor cells with pleomorphic
nuclei and abundant cytoplasm

— Cells may resemble Reed-Sternberg cells or metastatic
carcinoma cells

— Horseshoe- or kidney-shaped nuclei are characteristic
of ALCL
o Peripheral T-cell lymphoma (PTCL)
— Admixture of large and medium-sized atypical
lymphocytes with prominent nuclear convolutions
and nuclear hyperchromasia

ANCILLARY TESTS

Immunohistochemistry

e DLBCLandBIL
o Tumor cells are positive for CD20 and CD79-a and show
kappa/lambda light chain restriction
e ALCL
o Strong paranuclear (Golgi zone) and membrane staining
with CD30
o Positivity of tumor cells for pan-T-cell antigens (CD3,
CD45R0) and ALK1
e PTCL
o Positive for pan-T-cell markers (CD3, CD45RO)

Genetic Testing
e Clonal gene rearrangements of immunoglobulin heavy
chain can be demonstrated by PCR in DLBCL
e Demonstration of t(2;5) chromosomal translocation in ALCL
e Demonstration of clonal gene rearrangement of 7 & 5 (T-cell
receptor) genes in PTCL
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DIFFERENTIAL DIAGNOSIS

Primary or Metastatic Poorly
Differentiated/Anaplastic Carcinoma

e Sheets of large, atypical cells with dyscohesive growth
pattern that can mimic ALCL

e Positivity of tumor cells for epithelial markers (i.e., low
molecular weight cytokeratins, EMA, MOC-31)

Metastatic Malignant Melanoma

e Sheets or nests of large, atypical tumor cells with
prominent nucleoli and abundant cytoplasm

e Tumor cells are strongly positive for S100 protein and other
melanoma-associated markers (HMB-45, Melan-A,
tyrosinase)

Lymphoepithelioma-Like Carcinoma

e Sheets of large atypical cells with scant cytoplasm and
prominent nucleoli that can resemble DLCL

e Syncytial growth pattern with dense stromal lymphoid cell
infiltrates are characteristic

e Strong positivity for cytokeratins and negative staining for
lymphoid markers
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Diffuse Large Cell Lymphoma

Sheets of Large Lymphoid Cells Atypical Lymphoi
(Left) Scanning magnification (7= Fa 1?"‘ D e S T P
of diffuse large B-cell = ' WA 3 80
lymphoma of the lung shows a
monotonous tumor cell

population composed of
sheets of large lymphoid cells
that are sharply circumscribed
from the surrounding
uninvolved lung parenchyma
=1 (Right) Diffuse large B-cell
lymphoma of the lung shows
sheets of large lymphoid cells
growing with a dyscohesive
growth pattern. The
differential diagnosis in these
cases includes anaplastic
carcinoma and round cell
sarcomas.

>
—
5]
E
y=
a
)
c
5]
c
2
©
b
")
E
(%]
i@
a
o
7
z
y
c
=]
|

Atypical Lymphocytes: Higher
Magnification
(Left) Higher magnification of — -

diffuse large B-cell lymphoma %+ -' . &".g‘: - . A ‘df'{ h’&‘
of the lung shows a . .ﬁ?iﬁ“é % %Q‘g“,‘« -
monotonous population L@ Was A L & » g B
composed of sheets of Y % ; "

dyscohesive large lymphoid

cells with large nuclei and 5t

abundant cytoplasm. (Right) P& Lagh P
Diffuse large B-cell lymphoma “4&* e 0 :$ f‘& S
of the lung shows entrapment [s @® . - ® Qg"a Lof ~0 %
of asmall airspace []by the | %y £@3 fk@'
tumor. Notice that the Yo %
atypical lymphoid cell : (2% o
population neither infiltrates -
the epithelial structures nor
damages the epithelial lining
of the entrapped airspace.

’ : " L\ PR e
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CD20 Positivity in Diffuse Large Cell
Atypical Lymphoid Cells: High Power Lymphoma

(Left) Higher magnification of
diffuse large B-cell ymphoma
of the lung shows cells with
enlarged nuclei that are at
least the size of a normal
macrophage with prominent
eosinophilic nucleoli and a
scant rim of amphophilic
cytoplasm. (Right)
Immunohistochemical staining
of diffuse large B-cell
lymphoma of the lung with
the pan-B-cell marker CD20
shows strong positivity of the
tumor cells for this antigen.
The tumor cells will also react
with antibodies to CD79-a and
CD45.




Entrapment of Bronchial Cartilage
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Diffuse Large Cell Lymphoma

(Left) Scanning magnification
of diffuse large B-cell
lymphoma of the lung shows
infiltration and destruction of

i . bronchial cartilage by the

tumor. On rare occasions, the
tumors can display an
endobronchial location with
prominent occlusion of the
lumen. (Right) Diffuse large B-
cell lymphoma of the lung
shows entrapment of
bronchial glands by the tumor.
The tumor cells in this case
were strongly positive for pan-

| B-cell markers, including CD20

and CD79-a.

(Left) Diffuse large B-cell
lymphoma of the lung shows a

i focus of perineural invasion

1 The perineurial sheath of
| the small nerve [=]in the

| center is infiltrated by the

large, atypical lymphocytes.

| (Right) Diffuse large B-cell
| lymphoma of the lung shows
| perivascular infiltration by the
| tumor. The tumor cells are

seen to splay and replace the

1 media in this large-caliber

| vessel[2] Cases like these

1 need to be distinguished from
{ lymphomatoid

1 granulomatosis.

(Left) Diffuse large B-cell
lymphoma of the lung shows
an unusual pattern of stromal
hyalinization resulting in
compartmentalization of
tumor cells into small "nests”
simulating carcinoma. This
histologic appearance is very
similar to that observed in
primary diffuse large cell
lymphomas of the

| mediastinum. (Right) Diffuse

large B-cell lymphoma of the
lung shows lymphoid cell
infiltrate distributed
underneath the bronchial
mucosa, which does not
infiltrate it.
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Diffuse Large Cell Lymphoma

(Left) Large cell
immunoblastic ymphoma of 3
the lung shows entrapment of |5,
an airspace by a dense, X
homogeneous population of
large, atypical lymphoid cells.
(Right) /mmunoblastic large
cell ymphoma involving the
lung shows prominent areas of |
necrosis [=]surrounded by a
diffuse atypical large lymphoid
cell population. Immunoblastic
lymphomas are high-grade
malignancies that are often
accompanied by extensive
areas of tumor cell necrosis.

CD20 Positivity in Immunoblastic
Lymphoma

(Left) Higher magnification of
diffuse large B-cell ymphoma
of the lung with s
immunoblastic features shows P i Y
large tumor cells with large, ;
vesicular nuclei and prominent ’-‘ o~
eosinophilic nucleoli. Thecells |~ =
also contain abundant P ,“' v
eosinophilic cytoplasm. (Right) | & -
Immunohistochemical staining |~
of large immunoblastic o ’
lymphoma of the lung for e - a
CD20 shows positive staining - ),' o
in the large tumor cells. Stains ’f‘ %‘ .

for T-cell markers, CD30,and |~ = 1"
ALK1, were negative in this v B
tumor. P

Immunoblastic Lymphoma of Lung

=

(Left) Diffuse large B-cell el e, g
lymphoma of the lung ¥ )
(immunoblastic type) shows
sheets of large mononuclear
cells with enlarged nuclei
containing prominent nucleoli
and surrounded by an
abundant rim of cytoplasm.
(Right) Higher magnification
of immunoblastic large cell
lymphoma of the lung shows
large mononuclear cells with
enlarged nuclei containing
prominent eosinophilic
nucleoli and abundant
cytoplasm. These tumors are
generally positive for CD20
and other pan-B-cell antigens.




Diffuse Large Cell Lymphoma

Entrapment of Airspaces in Anaplastic
Anaplastic Large Cell Lymphoma of Lung Large Cell Lymphoma
3 , o : 2 AR 2%

i

Power Power

Anaplastic Large Cell Lymphoma: CD30 Anaplastic Large Cell Lymphoma: CD45
Immunostaining Immunostaining

(Left) Scanning magnification

%| of anaplastic large cell

lymphoma of the lung shows a
well-circumscribed neoplastic

| population of cells composed

of sheets of large, dyscohesive
tumor cells. The tumor is

=| sharply demarcated from the
| surrounding pulmonary

parenchyma [=] (Right) Higher

| magnification of an anaplastic

large cell lymphoma of the
lung shows entrapment of

| airspaces within the tumor

with plugging of alveolar
spaces 2] by large, atypical
tumor cells.

(Left) Higher magnification of
an anaplastic large cell
lymphoma of the lung shows
large atypical cells with
abundant cytoplasm and
epithelioid morphology =7
blending with atypical spindle
cell proliferation (lower right).
Sarcomatoid appearance is an
unusual feature of these
tumors. (Right) Higher
magnification of an anaplastic
large cell lymphoma shows a
mixed population composed of

| scattered small lymphocytes

admixed with larger, round
epithelioid cells.

(Left) Immunohistochemical
staining of anaplastic large
cell lymphoma of the lung
with CD30 antibody shows
strong membranous and
paranuclear (Golgi zone, dot-
like) B staining in the large
tumor cells. (Right)
Immunohistochemical staining
of an anaplastic large cell
lymphoma of the lung with
CD45RO0 (UCHL-1) pan-T-cell
marker shows positivity of a
few scattered small
lymphocytes and also
membrane positivity in the
large, atypical lymphoid cells
B
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(Left) Scanning magnification
of an anaplastic large cell
lymphoma of the lung shows a
neoplastic population
composed of sheets of large,
atypical cells with bizarre
nuclei admixed with scattered
small lymphocytes. (Right)
Characteristic histology of
anaplastic large cell
lymphoma of the lung shows
large atypical cells with
enlarged nuclei adopting a
kidney-shaped or horseshoe
configuration B> This type of
cell is highly distinctive
(hallmark cell) for this tumor.

(Left) Higher magnification of
an anaplastic large cell
lymphoma of the lung shows
bizarre multinucleated tumor
cells with multiple overlapping
nuclei with prominent
eosinophilic nucleoli
resembling a Reed-Sternberg
cell. (Right) Higher
magnification in an anaplastic
large cell lymphoma of the
lung shows a Reed-Sternberg-
like binucleated cell with
prominent eosinophilic
nucleoli 53] Cases like this can
be difficult to distinguish from
Hodgkin lymphoma.

(Left) Immunohistochemical
staining of an anaplastic large
cell ymphoma for CD30
antibody shows strong
membranous and dot-like,
paranuclear cytoplasmic
staining in the large, atypical
tumor cells. (Right)
Immunohistochemical staining
of an anaplastic large cell
lymphoma for CD20 shows
scattered positive small
lymphocytes. Notice, however,
that the large atypical cells in
the background are negative
[ These tumors can stain
positive for ALK1 and for pan-
T-cell markers.

Diffuse Large Cell Lymphoma

Anaplastic Large Cell Lymphoma: Scanning

Magnification

Anaplastic Large Cell Lymphoma:
Multinucleated Tumor Cells

Anaplastic Large Cell Lymphoma: CD30
Immunostaining

Anaplastic Large Cell Lymphoma: Hallmark
Cells

Anaplastic Large Cell Lymphoma: Reed-
Sternberg-Like Cells

Anaplastic Large Cell Lymphoma: CD20
Immunostaining

v




Diffuse Large Cell Lymphoma

Pulmonary Peripheral T-Cell Lymphoma:
Higher Magnification

(Left) Peripheral T-cell
lymphoma of the lung shows
sheets of lymphoid cells
composed of a mixed
population, including small
lymphocytes, plasma cells,
eosinophils, and scattered
large, atypical lymphocytes.
Notice the prominent stromal
hypervascularity. (Right)
Higher magnification of a
pulmonary peripheral T-cell
lymphoma shows a mixed
population of cells, including
small lymphocytes, plasma
cells, eosinophils, and
scattered, large, atypical
lymphoid cells with
convoluted nuclei (=]
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Pulmonary Peripheral T-Cell Lymphoma:
Higher Magnification

(Left) Higher magnification of
a pulmonary peripheral T-cell
lymphoma shows atypical
lymphoid cells [2] with
enlarged nuclei displaying
irregular nuclear contours
with a scant rim of
amphophilic cytoplasm.
(Right) Immunohistochemical
staining of pulmonary
peripheral T-cell ymphoma
with a pan-T-cell marker
[CD45RO (UCHL-1)] shows
strong positive staining of the
atypical T lymphocytes and
negative staining in the
smaller B cells scattered in the
background.

Pulmonary Peripheral T-Cell Lymphoma: Pulmonary Peripheral T-Cell Lymphoma:
CD3 Immunostaining CD20 Immunostaining

(Left) Immunohistochemical

« staining of pulmonary

| peripheral T-cell ymphoma for
CD3 antibody shows numerous
positive cells with enlarged,
irregular nuclei. Notice that
the smaller, normal B
lymphocytes in the
background are negative.
(Right) Immunohistochemical
staining of pulmonary

.-y

,;:fc % 2s 0 % 4 . 'c#| peripheral T-cell ymphoma

53 with antibodies for the pan-B-
cell marker (CD20) shows a
few scattered positive cells
[Z>] The larger, neoplastic T
cells seen in the background

| are negative.
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Hodgkin Lymphoma

KEY FACTS

CLINICAL ISSUES

e Hodgkin lymphoma (HL) arising primarily in lungs is
extremely rare

e Pulmonary involvement is most often seen in course of
regional or systemic dissemination

e Mediastinal, cervical, or supraclavicular lymphadenopathy

e Primary extranodal pulmonary HL tends to follow more
aggressive behavior than nodal-based HL

MICROSCOPIC

e Majority of cases are of nodular sclerosis subtype and rest
are of mixed cellularity

e Nodules consist of varying numbers of lymphocytes, plasma
cells, and eosinophils admixed with scattered Reed-
Sternberg cells

e Neoplastic cells are represented by transformed atypical
lymphocytes (Hodgkin cells and Reed-Sternberg cells)

e Hodgkin cells are large, mononuclear cells with large
nucleus containing single prominent eosinophilic nucleolus

e Reed-Sternberg cells are bi- or multinucleated cells
containing prominent eosinophilic nucleoli

e Neoplastic cells always represent minority of infiltrate (0.1-
10% of cells in infiltrate)

e Background infiltrate is polymorphous and composed of
small lymphocytes, plasma cells, eosinophils, and histiocytes

ANCILLARY TESTS

e Immunohistochemistry

o Reed-Sternberg cells and their variants show strong
membranous and paranuclear (Golgi zone) positivity for
CD30and CD15

o Reed-Sternberg cells show weak positivity for pax-5 and
can express EBV-encoded LMP-1

o Reed-Sternberg cells are negative for CD45, CD79-3, and,
in majority of cases, CD20

Pulmonary Hodgkin Lymphoma

(Left) Multiple tumor nodules
are seen in this lung involved
with Hodgkin lymphoma. The
infiltrate is composed of a
mixed population of
lymphocytes, plasma cells,
eosinophils, and scattered,
large atypical cells. The tumor
completely effaces the
underlying pulmonary
architecture. (Right) Higher
magnification shows a mixed
dense lymphoid infiltrate
composed of lymphocytes,
plasma cells, histiocytes,
eosinophils, and scattered
Reed-Sternberg cells and their
variants.

Reed-Sternberg Cell

(Left) High magnification of a
pulmonary nodule in Hodgkin
lymphoma shows a
characteristic binucleated
Reed-Sternberg cell with
double nuclei and prominent
"owl-eyed" eosinophilic
nucleoli B3] (Right)
Immunohistochemical staining
with CD30 antibody shows
membrane and dot-like
paranuclear positivity of a
Reed-Sternberg cell in the
infiltrate.




Hodgkin Lymphoma

TERMINOLOGY
Abbreviations
e Hodgkin lymphoma (HL)
Definitions

e Lymphoid neoplasm composed of scattered mononuclear
and multinucleated atypical lymphoid cells amid mixed
lymphoreticular infiltrate

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Epstein-Barr virus (EBV) has been claimed to play role in
subset of cases

e EBVinfection may be cofactor in genetic cascade of events
leading to development of HL

e Neoplastic cells are derived from mature B cells at germinal
center stage of differentiation in > 98% of cases

CLINICAL ISSUES

Epidemiology
e |ncidence

o HL arising primarily in lungs is extremely rare

o Pulmonary involvement is most often seen in course of

regional or systemic dissemination

Presentation
e Mediastinal, cervical, or supraclavicular lymphadenopathy

Treatment
e Adjuvant therapy

o Combination chemotherapy
Prognosis

e Primary extranodal pulmonary HL tends to follow more
aggressive behavior than nodal-based HL

IMAGING

General Features

e Morphology
o Single or multiple nodules
o Bilateral reticulonodular infiltrates are seen less
frequently
o Absence of associated lymphadenopathy in primary lung
cases

MACROSCOPIC

General Features

e Well-circumscribed gray-white masses with areas of
consolidation of lung parenchyma

e Nodules may be single or multiple and randomly
distributed

MICROSCOPIC

Histologic Features

e Majority of cases are of nodular sclerosis subtype and rest
are of mixed cellularity

e Nodules consist of varying numbers of lymphocytes, plasma
cells, and eosinophils admixed with scattered Reed-
Sternberg cells

Cytologic Features

e Neoplastic cells are represented by transformed atypical
lymphocytes (Hodgkin cells and Reed-Sternberg cells)

e Hodgkin cells are large, mononuclear cells with large nuclei
containing single prominent eosinophilic nucleoli

e Reed-Sternberg cells are bi- or multinucleated cells
containing prominent eosinophilic nucleoli

e Cells with condensed cytoplasm and large pyknotic
basophilic nuclei are known as "mummy" cells

e Neoplastic cells always represent minority of infiltrate (0.1-
10% of cells in infiltrate)

e Background infiltrate is polymorphous and composed of
small lymphocytes, plasma cells, eosinophils, and histiocytes
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ANCILLARY TESTS

Immunohistochemistry

e Reed-Sternberg cells and their variants show strong
membranous and paranuclear (Golgi zone) positivity for
CD30and CD15

e Reed-Sternberg cells are negative for CD45, CD79-3, and, in
majority of cases, CD20

e Reed-Sternberg cells show weak positivity for pax-5 and can
express EBV-encoded LMP1

In Situ Hybridization

e EBV-infected Reed-Sternberg cells show strong expression
of EBER in their nuclei by in situ hybridization

Genetic Testing

e Reed-Sternberg cells contain clonalimmunoglobulin (Ig)
gene rearrangements in > 98% of cases

e Minority of cases (< 2%) may show T-cell receptor (TCR)
gene rearrangements

DIFFERENTIAL DIAGNOSIS

Anaplastic Large Cell Lymphoma

e Sheets of anaplastic tumor cells resembling Reed-
Sternberg cells in which anaplastic cells predominate

e Majority of anaplastic large cell ymphoma (ALCL) are of T-
cell lineage and express ALK1 and T-cell markers

e ALK negative ALCL may be difficult to distinguish from HL,
but it consistently demonstrates TCR gene rearrangements

Lymphomatoid Granulomatosis

e Lymphomatoid granulomatosis (LYG) may show similar
histologic appearance to HL with scattered large atypical
cells against mixed inflammatory background

e Atypical cells in LYG are CD20(+) and EBER(+) and do not
stain for CD15 or CD30

SELECTED REFERENCES

1. Cooksley N et al: Primary pulmonary Hodgkin's lymphoma and a review of
the literature since 2006. BMJ Case Rep. 2014

2. Rodriguez J et al: Hodgkin lymphoma presenting with exclusive or
preponderant pulmonary involvement: a clinicopathologic study of 5 new
cases. Ann Diagn Pathol. 10(2):83-8, 2006

3. Costa MB et al: Histologic patterns of lung infiltration of B-cell, T-cell, and
Hodgkin lymphomas. Am J Clin Pathol. 121(5):718-26, 2004
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Hodgkin Lymphoma

Polymorphous Lymphoid Infiltrate

(Left) Scanning magnification
of Hodgkin lymphoma
involving the lung shows a
well-defined solid nodule in a
subpleural location
surrounded by normal-
appearing pulmonary
parenchyma. (Right) Lung
involvement in Hodgkin
lymphoma shows a well-
defined area of condensation
of pulmonary parenchyma
The differential diagnosis for
lesions with this morphology
incudes diffuse large cell
lymphoma, anaplastic large
cell ymphoma, and
lymphomatoid
granulomatosis.

(Left) Higher magnification of
a pulmonary nodule in a
patient with Hodgkin
lymphoma shows a mixed cell
population containing small
lymphocytes, plasma cells,
eosinophils, and histiocytes as
well as scattered larger
lymphoid cells. Some of the
larger cells show pyknotic
nuclei ("mummy” cells) [2].
(Right) Higher magnification
of a lung nodule involved with
Hodgkin lymphoma shows a
large mononuclear cell with a
prominent eosinophilic
nucleolus (so-called Hodgkin
cell).

(Left) Higher magnification of
a lung nodule involved with
Hodgkin lymphoma shows a
classic binucleated Reed-
Sternberg cell with the
characteristic "owl-eyed"
eosinophilic nucleoli.
Mononuclear Hodgkin cells
and bi- or multinucleated
Reed-Sternberg cells are the
neoplastic proliferating cells in
Hodgkin lymphoma. (Right)
High magnification of a lung
nodule in Hodgkin lymphoma
shows a multinucleated Reed-
Sternberg cell with 3 nuclei
containing prominent
eosinophilic nucleoli.




Focus of Pulmon

ary Hodgkin Lymphoma

Hodgkin Lymphoma

LB

Polymorphous Lymphoid Infiltrate
IV

(Left) Scanning magnification
of a lung lesion in a patient
with Hodgkin lymphoma
shows a well-circumscribed
area of parenchymal
condensation [=]surrounded
by normal lung parenchyma
with intraalveolar edema
fluid. (Right) Higher
magnification from a lung

A nodule with Hodgkin
| lymphoma shows a mixed
| population of inflammatory

cells including small
lymphocytes, plasma cells,
histiocytes, and eosinophils
admixed with scattered larger
lymphoid cells with prominent

g | nucleoli (Hodgkin cells).

| (Left) Higher magnification of

a lung nodule in a patient with
Hodgkin lymphoma shows
large, mononuclear and
multinucleated atypical cells.
Bi- and multinucleated Reed-
Sternberg cells in the nodular
sclerosis subtype are
designated "lacunar” cells due

M o their clear perinuclear

clearing 2> (Right) Hodgkin

8 ymphoma involving the lung
* shows an interstitial pattern

of spread with widening of the
intraalveolar septa by a mixed
population of lymphoid cells

containing a few Hodgkin cells

(Left) Immunohistochemical
staining of pulmonary Hodgkin

lymphoma with CD30 shows

membrane and paranuclear
(Golgi zone) positivity in Reed-
Sternberg cells. This antibody
is expressed in 100% of cases
in Hodgkin lymphoma. (Right)
Immunohistochemical staining
of pulmonary Hodgkin

. | lymphoma for CD15 shows

membrane and paranuclear
(Golgi zone) positivity in the
large atypical cells. CD15
stains these cells less
frequently than CD30 (only in
about 65% of cases).
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Plasmacytoma

KEY FACTS
CLINICAL ISSUES e Tumors 2-8 cm in diameter
e Incidence e Important to submit hilar lymph nodes, as they may also be
involved

o Primary plasmacytomas of lung are rare
o May represent ~ 5% of all extramedullary MICROSCOPIC
plasmacytomas

) S e Diffuse plasma cell proliferation
o Tumor has been described essentially in adults

Subtle nested pattern

~ Patients 50-80 years old e Focal angiectatic areas
® Symptoms e Monoclonal gammopathy
o Cough . e Plasma cell with Dutcher bodies
o Hemoptysis
o Dyspnea TOP DIFFERENTIAL DIAGNOSES
o Multiple myeloma e Inflammatory pseudotumor, plasma cell type
o Asymptomatic e Pneumonia
e Prognosis e (Carcinoma
o 2-yearsurvival rate: ~ 66% e Malignant lymphoma with plasmacytoid features
o 5-year survival rate: ~ 40%
MACROSCOPIC

e Hilar or parenchymal mass

Central Tumor Diffuse Pattern

(Left) Pulmonary
plasmacytoma shows
destruction of the lung
parenchyma by a
homogeneous neoplastic
cellular proliferation 3. Note
the bronchial cartilage that is
without invasion (Right)
Closer view shows the
neoplastic cellular
proliferation composed
exclusively of atypical plasma
cells. There is no special
growth pattern.

Cords of Neoplastic Cells
S e S

(Left) Primary plasmacytoma
of the lung shows a neoplastic
cellular proliferation arranged
in cords with a subtle nested
pattern. (Right) Primary
plasmacytoma of the lung
shows a diffuse plasma cell
proliferation composed of
atypical plasma cells. Mitotic
activity is present ==.




Plasmacytoma

TERMINOLOGY

Definitions

e Malignant neoplasm composed of proliferation of
monoclonal plasma cells

ETIOLOGY/PATHOGENESIS

Etiology
e Plasma cell dyscrasia

CLINICAL ISSUES
Epidemiology
e Incidence
o Primary plasmacytomas in lung are rare
— Represent ~ 5% of all extramedullary plasmacytomas
e Age
o Described essentially in adults
— Usually 50-80 years old

Presentation

e Cough

Shortness of breath
Hemoptysis
Multiple myeloma
Asymptomatic

Prognosis

e 2-year survival rate: ~ 66%
e 5-year survival rate: ~ 40%
e Good possibility for long-term survival

MACROSCOPIC

General Features

e Hilar or parenchymal mass
e Well circumscribed and firm
e Yellowish to gray in color
Sections to Be Submitted

e |mportant to submit hilar lymph nodes, as they may also be
involved

Size
e Tumors 2-8 cm in diameter

MICROSCOPIC

Histologic Features
e Diffuse plasma cell proliferation

Immunohistochemistry

Plasma cell with Dutcher bodies
Subtle nested pattern

Focal angiectatic areas
Monoclonal gammopathy

DIFFERENTIAL DIAGNOSIS

Inflammatory Pseudotumor, Plasma Cell Type

e Plasma cell proliferation in plasmacytomas is monoclonal
e Ininflammatory pseudotumor, plasma cells are usually
admixed with spindle myofibroblastic cells

Pneumonia

o Infiltrate is mixture of plasma cells and polymorphonuclear
leukocytes

e No monoclonality in pneumonia

Carcinoma

e Presence of plasma cell differentiation is important to
establish proper diagnosis

e Use of immunohistochemical studies will lead to correct
interpretation

Malignant Lymphoma With Plasmacytoid Features

e Plasmacytomas will have exclusive plasma cell proliferation
e Use of markers of plasma cells may be of help
e Possible association with multiple myeloma may be of help

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Age distribution

Pathologic Interpretation Pearls

e Plasma cell proliferation
e Monoclonal gammopathy

SELECTED REFERENCES

1. ZhangLetal: 18F-FDG PET/CT metabolic activity in a patient with solitary
extramedullary plasmacytoma of the lung. Clin Nucl Med. 41(3):232-4, 2016

2. Agrawal SR et al: Pulmonary plasmacytoma with endobronchial extension: A
rare presentation of solitary extramedullary plasmacytoma: A case report
and brief review of literature. J Cancer Res Ther. 11(4):1026, 2015

3. Pifa-Oviedo S et al: Primary pulmonary lymphomas. Adv Anat Pathol.
22(6):355-75, 2015

4. Huwer H et al: Solitary pulmonary plasmacytoma: report of two cases. Med
Oncol. 27(1):59-61,2010

5. Koss MN et al: Pulmonary plasmacytomas: a clinicopathologic and
immunohistochemical study of five cases. Ann Diagn Pathol. 2(1):1-11, 1998
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Antibody Reactivity Staining Pattern Comment

CD138 Positive Cytoplasmic

CD20 Positive May be positive in some cases
Kappa or Lambda Positive Cytoplasmic Monoclonal gammopathy
EMA Positive Cell membrane In some cases

CD45 Positive Cytoplasmic In some cases
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Plasmacytoma

Nested Pattern

(Left) Pulmonary
plasmacytoma shows sheets
of plasma cells. Endobronchial
glands are present 5]
however, these glands are not
infiltrated by the plasmacytic
proliferation [=] (Right)
Pulmonary plasmacytoma
shows a subtle nesting pattern
B3 that can be seen in other
more common tumors of the
lung, mainly neuroendocrine
carcinomas. The tumor cells,
however, are entirely
composed of mature plasma
cells.

Vascular Involvement

B o b Mk T Y B

(Left) Pulmonary
plasmacytoma shows sheets
of neoplastic cells around a
pulmonary vessel [2]
containing edematous fluid in
its lumen. (Right) /n other
areas, the pulmonary vessels
can show extensive neoplastic
cellular proliferation involving
the endothelial cells and
forming a neoplastic vasculitis

Diffuse Pattern
(Left) The predominant 3?‘ AR
feature of pulmonary g
plasmacytoma is a neoplastic
homogeneous cellular
proliferation growing in
sheets. No definitive growth
pattern is present in this case.
(Right) /n some cases of
pulmonary plasmacytomas,
there may be focal areas of
necrosis > However, such a
finding is not common in
plasmacytomas of the lung.
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Plasmacytoma

(Left) High-power view of a
less-differentiated

% plasmacytoma of the lung is
< shown. Note the presence of

nuclear atypia and easily
identifiable mitotic figures,

) some of them atypical

(Right) High-power view of a

¥ plasmacytoma of the lung is

shown with a fairly
homogeneous cellular
proliferation and scattered
multinucleated giant cells
Rare mitotic figures are also

#| present[>]

(Left) High-power view shows

¢ the classic features of a

pulmonary plasmacytoma

with an atypical plasma cell
proliferation, some of them

containing Dutcher bodies.
(Right) High-power view of a
plasmacytoma of the lung is
shown with unusual features

| of hemorrhage and
\ pseudoglands [=] Note the
| presence of nuclear

pleomorphism even at this
magnification.

) (Left) Some cases of

plasmacytoma may also show

i extensive areas of collagen

deposition [22] which may be
easily confused for amyloid.
(Right) /n some cases, the
presence of marked collagen
fibers B3 can be so extensive
that the tumor can be easily
missed or misinterpreted as an
inflammatory reaction.
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Lymphomatoid Granulomatosis

KEY FACTS

TERMINOLOGY
e Lymphomatoid granulomatosis (LYG): Angiocentric

lymphoproliferative disorder composed of Epstein-Barr-
infected B cells admixed with reactive T cells

CLINICAL ISSUES

e Cough

e Dyspnea

e Disease is most often confined to lung but can involve
other organs, including skin, CNS, and kidney

e Some cases may progress to diffuse large B-cell lymphoma

e LYG associated with up to 70% mortality, but some cases
may regress spontaneously

MICROSCOPIC

e Sheets of mixed, polymorphous atypical lymphoreticular
infiltrates with destruction of lung parenchyma and
extensive areas of necrosis

Gross Appearance

(Left) Cut surface of the lung
in a patient with
lymphomatoid granulomatosis
(LYG) shows a well-
circumscribed, gray-white
fleshy nodule with areas of
necrosis. (Right) LYG of the
lung shows characteristic
concentric perivascular
arrangement of atypical
lymphoid cells. There is an
area of necrosis present in the
lower left corner.

(Left) LYG involving lung at
high magnification shows
sheets of large, atypical
lymphocytes with nuclear
irregularities and prominent
eosinophilic nucleoli admixed
with scattered, small
lymphocytes in the
background. (Right) DNA in
situ hybridization test for
Epstein-Barr virus (EBER) in a
patient with LYG of the lung
shows strong positive signal
(dark blue dots) in the infected |
tumor cells. A positive EBER
test is required for making this |*
diagnosis.

Most salient feature is prominent angiocentricity of atypical
lymphoid cells with concentric arrangement of lymphoid
cells replacing intima and media

Atypical lymphoid cells may be large and mononuclear or
binucleated, resembling Reed-Sternberg cells

LYG subdivided into 3 grades based on number of large,
EBV(+) cells ininfiltrate

ANCILLARY TESTS

Bulk of infiltrate is composed of reactive small CD2(+),
CD3(+), CD4(+) T-helper lymphocytes

e |arger, atypical cells are CD20 and CD79-a (+)
e large, atypical cells are EBV-latent membrane protein (+)
e Large atypical cells react positively for EBV-encoded

ribonucleotides (EBER) by in situ hybridization technique

EBER DNA In Situ Hybridization




Lymphomatoid Granulomatosis

TERMINOLOGY
Abbreviations
e Lymphomatoid granulomatosis (LYG)
Synonyms
e Angiocentricimmunoproliferative lesion
Definitions

e Angiocentric lymphoproliferative disorder composed of
Epstein-Barr-infected B cells admixed with reactive T cells

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Epstein-Barr-driven lymphoproliferative disorder arising in
background of immune deficiency

CLINICAL ISSUES
Epidemiology
e |ncidence
o Rare disorder most commonly encountered in
immunosuppressed patients
o Seen in association with AIDS, transplants, or Wiskott-
Aldrich syndrome
o Age
o Most common in middle-aged adults; may also occurin
children and young adults

Presentation
e Cough, dyspnea

Natural History

e Disease is most often confined to lung but can involve
other organs, including skin, CNS and kidney

e Some cases may progress to diffuse large B-cell lymphoma

e LYGis associated with up to 70% mortality, but some cases
may regress spontaneously

IMAGING
Radiographic Findings
e Multiple bilateral and peripheral nodular opacities +
cavitation

e May also present with diffuse reticulonodular infiltrates or
with solitary mass

MACROSCOPIC

General Features

e Well-circumscribed tumor mass with homogeneous gray-
white cut section

e Lesions frequently contain central areas of necrosis

MICROSCOPIC

Histologic Features

e Sheets of mixed, polymorphous atypical lymphoreticular
infiltrates with destruction of lung parenchyma and
extensive areas of necrosis

e Most salient feature is prominent angiocentricity of atypical
lymphoid cells

o Transmural infiltration of small and medium-sized vessels
by atypical lymphocytes

o Concentric arrangement of lymphoid cells replacing
media and intima of vessels

Cytologic Features
e Infiltrate is polymorphous and contains abundant small
lymphocytes, plasma cells, histiocytes, and scattered
atypical lymphoid cells
e Atypical lymphoid cells may be large and mononuclear or
binucleated, resembling Reed-Sternberg cells
e LYGissubdivided into 3 grades based on number of large,
EBV(+) cells in infiltrate
o Grade I: Small lymphocytes predominate, and large,
EBV(+) B lymphocytes are scarce (< 5% of infiltrate)
o Grade II: Large, EBV(+) B lymphocytes are increased and
account for 5-20% of lymphoid infiltrate
o Grade lll: Large, EBV(+) B lymphocytes predominate, and
lesion resembles diffuse large-cell lymphoma

ANCILLARY TESTS

Immunohistochemistry

e Bulk of infiltrate is composed of reactive small CD2(+),
CD3(+), CD4(+) T-helper lymphocytes

e Larger, atypical cells are CD20 and CD79-a (+)

e large, atypical cells are EBV-latent membrane protein (+)

In Situ Hybridization

e Large atypical cells react positively for EBV-encoded
ribonucleotides (EBER) by in situ hybridization technique

DIFFERENTIAL DIAGNOSIS

Wegener Granulomatosis

e Lesions are characterized by neutrophil-rich areas of
necrosis and true granulomas with multinucleated
histiocytic giant cells

e Infiltrate is devoid of large, atypical CD20(+) B cells and
EBER(+) lymphocytes

Hodgkin Lymphoma

e Hodgkin lymphoma lesions rarely display angiocentric
distribution of lymphoid infiltrates

e Large atypical cells are CD30 and CD15 (+) and CD20 and
CD79-a ()

T-Cell-Rich B-Cell Lymphoma

e T-cell-rich B-cell lymphoma has similar cell population as

LYG but without tumoral necrosis and angiocentricity
e Large atypical B cells are EBV(-)

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Term granulomatosis is misnomer; granulomas and giant
cells are not feature of process

SELECTED REFERENCES

1. SongJY et al: Lymphomatoid granulomatosis—a single institute experience:
pathologic findings and clinical correlations. Am J Surg Pathol. 39(2):141-56,
2015

2. Tagliavini E et al: Lymphomatoid granulomatosis: a practical review for

pathologists dealing with this rare pulmonary lymphoproliferative process.
Pathologica. 105(4):111-6, 2013
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Lymphomatoid Granulomatosis

Dense Lymphoid Cell Proliferation

(Left) Scanning magnification B

in a patient with pulmonary
LYG shows that the dense,
well-circumscribed
proliferation of lymphoid cells
is sharply separated from the
surrounding lung parenchyma
Notice the entrapment of
airspaces within the lesion B>
(Right) Higher magnification
of a lung lesion in LYG shows
entrapped normal airspaces
surrounded by dense lymphoid |
cell infiltrate admixed with |
plasma cells and histiocytes.
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Concentric Infiltration of Vessel Wall

(Left) Scanning magnification " Jﬁ 7 7 o R O e S T Y \ g, T e Ry
of a pulmonary lesion in LYG e : X A ] "3

shows an extensive area of
tumor cell necrosis 53] The
bottom 1/2 of the field shows
dense infiltration by a
pleomorphic cell population
containing large, atypical
lymphocytes admixed with
small lymphocytes. (Right)
Higher magnification of a
pulmonary lesion in LYG shows |
concentric infiltration of the
wall of a small vessel within
the lung parenchyma by
atypical lymphocytes.

(Left) Scanning magnification
of a pulmonary lesion of LYG
shows a large-caliber vessel
with complete replacement
and destruction of the
adventitia and the media by a
dense lymphoid cell
population The top portion
of the field is also populated
by a similar atypical lymphoid
cell population. (Right)
Pulmonary lesion in a patient
with LYG shows transmural
infiltration of a small-caliber
vessel wall by the lymphoid
cell population.




Lymphomatoid Granulomatosis

) (Left) Distinctive angiocentric
pattern of infiltration of
lymphoid cells in the wall of a
small-caliber vessel in LYG
shows a concentric linear
arrangement of lymphocytes
along the circumference of the
vessel wall. (Right) Higher
magnification of a small-
caliber vessel in LYG shows a
concentric, linear arrangement
of the lymphocytes in the
vessel wall with an "onion
skin" distribution.
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Complete Infiltration of Vessel Wall

e e G e - R T Z U N (Left) Vessel wallin pulmonary
' 2 | LYG shows complete
obliteration and replacement
by sheets of lymphocytes
invading the intima, media,
and adventitia 2] (Right)
Higher magnification of the
wall of a middle-caliber vessel
in a patient with pulmonary
LYG shows complete
replacement of the media and
intima by dense lymphoid cell
infiltrate. The lymphoid cell
infiltrate is polymorphous and
contains atypical lymphocytes.

ey -'t.i AR BN LT3 (Left) Scanning magnification
7 OB < . %d5] i LYG of the lung shows a

; discrete, well-circumscribed
nodular area 551
corresponding to a small
vessel that has been
completely replaced by dense
atypical lymphoid cell
infiltration. (Right) Higher
magnification shows an area
in pulmonary LYG containing a
small blood vessel that has
been completely replaced by
| the atypical lymphoid
| infiltrate. Notice that the
| lumen of the vessel has been
completely obliterated.

P




Lymphomatoid Granulomatosis

Grade I LYG

(Left) Grade I lesion in LYG of
the lung shows a
polymorphous lymphoid cell
population composed _
predominantly of small, round
lymphocytes admixed with a
few scattered, larger, atypical
lymphoid cells [2] (Right)
Higher magnification in a
grade | LYG of the lung shows
an abundance of normal-
appearing small lymphocytes
admixed with a few scattered
larger, atypical lymphoid cells
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(Left) Grade Il lesion in LYG of
the lung shows a dense
lymphoid cell population with
an increased number of large,
atypical lymphoid cells
admixed with numerous small,
round, normal-appearing
lymphocytes. (Right) Higher
magnification of a grade Il
lesion in LYG of the lung
shows large, atypical lymphoid |
cells [2] admixed with small
lymphocytes. The small
lymphocytes correspond to
helper T cells, and the larger
lymphocytes are Epstein-Barr
virus (EBV) (+).

(Left) Grade Ill lesion in LYG of (@&
the lung shows a dense |
population of atypical
lymphoid cells with enlarged
nuclei and prominent nucleoli
admixed with a small number
of small lymphocytes. The
histologic appearance is
indistinguishable from a
diffuse large B-cell ymphoma. |=
(Right) Higher magnificationin | =
a grade Il lesion of LYG of the
lung shows sheets of large,
atypical lymphocytes with very
few small lymphocytes.




Lymphomatoid Granulomatosis

CD3 Immunostaining CD4 Immunostaining

(Left) Immunohistochemical
staining for CD3 antigen in
LYG of the lung shows
numerous positive small
lymphocytes admixed with
larger atypical cells. (Right)
Immunohistochemical staining
of small lymphocytes in LYG of
the lung for CD4 antigen
identifies these cells as helper
T cells. The neoplastic cells in
this condition are actually the
larger, atypical EBV(+),
CD20(+) B lymphocytes.
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(Left) Immunohistochemical
staining for CD20 (pan-B-cell
antigen) in LYG of the lung
shows numerous large,
atypical cells with cytoplasmic
positivity. The smaller
lymphocytes scattered in the
background correspond to
helper T lymphocytes. (Right)
Immunohistochemical staining
for the pan-B-cell marker,
CD79-a, shows strong
positivity in the large atypical
cells and a negative reaction
in the smaller T lymphocytes in
the background.

EBER DNA In Situ Hybridizatio EBER(+) Cells

' ' ' A (Left) In situ hybridization
assay for the EBV-encoded
e RNA (EBER) shows scattered
§ | positive cells infiltrating a
] ; vessel wall =] and the areas
surrounding it. The number of
EBER(+) cells (dark blue dots)
in relation to the smaller,
| polymorphous lymphoid cells
in the background form the
basis for the histologic grading
of these tumors. (Right) Higher
magnification shows EBER(+)
in situ hybridization in LYG of
v | thelung.
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Ganglioneuroblastoma

KEY FACTS
TERMINOLOGY MICROSCOPIC
e Pulmonary ganglioneuroblastoma (GNB) e Small cell proliferation
CLINICAL ISSUES * Neuropil
. o Larger cells with prominent nucleoli
® Incidence ) ) e Necrosis &/or hemorrhage
o GNBs are exceedingly rare tumors in lung
o Cases described have been in adult patients TOP DIFFERENTIAL DIAGNOSES
o M=F e Small cell carcinoma
e Symptoms o Carcinoma will display positive staining for keratin
o Cough e Neuroendocrine carcinoma (carcinoid tumor)
o Hypercalcemia o GNBis negative for neuroendocrine markers
o Gastric ulcers e Rhabdomyosarcoma
o Multiple endocrine neoplasia o GNBis negative for muscle markers
o Asymptomatic e Melanoma
MACROSCOPIC o GNBis negative for Mart-1 &/or HMB-45

e Intraparenchymal tumor
e Peribronchial tumor impinging into bronchial lumen

(Left) H&E shows pulmonary
ganglioneuroblastoma (GNB)
with a neoplastic cellular
proliferation just underneath
the bronchial cartilage
(Right) H&E shows pulmonary
GNB with a rather small
cellular proliferation admixed
with areas of amorphous
acellular material.

(Left) Small cellular
proliferation in a pulmonary
GNB is shown. The
arrangement of the cells is in
cords but without any
particular growth pattern.
(Right) H&E shows pulmonary
GNB with areas of neoplastic
small cells admixed or
embedded in an acellular ke
stroma, which is fibrillary. This ;
acellular material represents
neuropil.




Ganglioneuroblastoma

TERMINOLOGY

Abbreviations
e Pulmonary ganglioneuroblastoma (GNB)

Definitions
e Malignant neoplasm of neural origin

ETIOLOGY/PATHOGENESIS

Etiology

e Although etiology of these tumors is unknown, it is possible
that they may arise from residual neural tissue in lung

CLINICAL ISSUES
Epidemiology
e Incidence
o GNBs are exceedingly rare tumorsin lung
o Age
o Cases described have been in adults

e Sex
o M=F
Presentation
e Cough
Multiple endocrine neoplasia
Gastric ulcers
Hypercalcemia
Asymptomatic

Treatment

e Surgical approaches

o Lobectomy or pneumonectomy
e Adjuvant therapy

o Questionable additional therapy

Prognosis

e Difficult to evaluate due to limited number of cases
reported

MACROSCOPIC

General Features

Well circumscribed

Tan to white

Homogeneous cut surface

Intraparenchymal tumor

Peribronchial tumor impinging into bronchial lumen

Size
e Variable size from 1-5 cm in diameter

MICROSCOPIC

Histologic Features

Small cell proliferation

Neuropil

Nuclear atypia

Mitotic activity

Larger cells with prominent nucleoli
Cystic changes

Necrosis &/or hemorrhage

Predominant Pattern/Injury Type
e Diffuse

Predominant Cell/Compartment Type
e Nervous, neural

DIFFERENTIAL DIAGNOSIS

Small Cell Carcinoma

e Carcinoma will display positive staining for keratin

e Does not show presence of neuropil

e Ganglion differentiation is not present in small cell
carcinomas

Neuroendocrine Carcinoma (Carcinoid Tumor)

e GNB s negative for neuroendocrine markers
e Nested or trabecular growth pattern and presence of
rosettes are not features of GNB
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Rhabdomyosarcoma

e GNB s negative for muscle markers

e May show more pleomorphic features with increased
cellular atypia and mitotic activity

e Presence of rhabdomyoblast is not feature of GNB

Melanoma

e GNBis negative for Mart-1 &/or HMB-45

e Although melanoma may have wide range of different
growth patterns, it would be unusual to show presence of
neuropil

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Nuclear features

Pathologic Interpretation Pearls

e Proliferation of small cells embedded in neuropil
e Admixture of larger cells with prominent nucleoli

SELECTED REFERENCES

1. AdamsK et al: Pleural-based neuroblastoma-like schwannoma: a case report
with cytologic findings and review of literature. Diagn Cytopathol. 43(8):650-
3,2015

2. Weissferdt A et al: Ewing sarcoma with extensive neural differentiation: a
clinicopathologic, immunohistochemical, and molecular analysis of three
cases. Am J Clin Pathol. 143(5):659-64, 2015

3. JrebiNY et al: Review of our experience with neuroblastoma and
ganglioneuroblastoma in adults. World J Surg. 38(11):2871-4, 2014

4. Freeman JK et al: Combined carcinoid tumor and ganglioneuroblastoma of
the lung: a case report. Int J Surg Pathol. 9(2):169-73, 2001

5. Hochholzer L et al: Primary pulmonary ganglioneuroblastoma: a
clinicopathologic and immunohistochemical study of two cases. Ann Diagn
Pathol. 2(3):154-8, 1998

6.  Shields TW et al: Neurogenic tumors of the thorax. Surg Clin North Am.
68(3):645-68, 1988

7. Cooney TP: Primary pulmonary ganglioneuroblastoma in an adult:
maturation, involution and the immune response. Histopathology. 5(4):451-
63,1981

8. ReedJCetal: Neural tumors of the thorax: subject review from the AFIP.
Radiology. 126(1):9-17,1978




Ganglioneuroblastoma

Central Tumor Rich Neuropil

R AR RAT

(Left) Low-power view of a [
primary pulmonary GNB shows

a neoplasm rich in neuropil
Note the demarcation of the
tumor just beneath the
bronchial cartilage [2] Also
note that the bronchial lumen
is not obstructed 5> (Right)
Toward the periphery of a
pulmonary GNB, one is able to
identify lung parenchyma 5>
Note that the tumor 3] is not
encapsulated.

>
—
5]
E
y=
a
)
c
5]
c
2
©
b
)
E
(%]
G
a
o
]
z
y
c
=]
|

(Left) Primary GNB of the lung
shows classic features of a
small cellular proliferation
embedded in a background of
eosinophilic acellular material
(neuropil) and focal
calcification = There are also
dilated vascular spaces
admixed with the tumor (2]
(Right) /n some cases of
pulmonary GNB, the presence
of neuropil Sl can be
extensive, making an
unequivocal diagnosis of
malignancy difficult. However,
the presence of neutrophils
should suggest a neural tumor.

(Left) Ganglioneuroblastoma
shows alternating areas of
hypo-[=]and hypercellularity
[] These features are classic
for this tumor. (Right) High-
power view of a GNB shows
small cells with scant
cytoplasm, indistinct cell
borders, and the absence of
mitotic activity. The neoplastic
cellular proliferation is B
embedded in neuropil.




Ganglioneuroblastoma

Malignant Cells With Neuropil
1 : 4 ,.." .o

(Left) /n some cases, the
neoplastic cells have a
tendency to be around vessels;
however, note that the intima
4 of the vessel is not involved.
4 (Right) /n contrast to the
| previous image, the presence
| of neuropil B31is diagnostic of
% GNB. Note the presence of
.4 atypical cells around the
}| neuropil (2]
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Subtle Nested Pattern

) (Left) Pulmonary GNB is
| shown in which the tumor cells
| arearranged in a small nest,
- | giving a neuroendocrine
| growth pattern. (Right)
Primary pulmonary GNB
| shows 2 populations of cells.
| One is composed of larger
| cells with prominent nucleoli
| and abundant eosinophilic
| cytoplasm [=] and the other is
%= composed of smaller cells with
{ indistinct cell borders [2]

R

(Left) Immunohistochemistry
for synaptophysin shows
positive staining in the
neuropil component of a
% pulmonary GNB. (Right)

| Immunohistochemical stain
for PGP9.5 shows positive
staining (nuclear and
cytoplasmic) in the tumor cells
\ of aprimary GNB of lung.
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Bronchial Malignant Melanoma

KEY FACTS

CLINICAL ISSUES e Spindle cell pattern
e Incidence e Pigmented lesion

o ~0.01% of all lung neoplasms e Immunohistochemical support is highly important

o More common in adults in 6th decade of life TOP DIFFERENTIAL DIAGNOSES
e Symptoms e Carcinoma

o Cough o Will show negative staining for S100 protein, HMB-45,

© Dyspnea . &/or MART-1

o Chest pain hemoptysis e Neuroendocrine carcinoma

o Fever S o Melanomas are generally negative for neuroendocrine
e Endoscopic findings markers, i.e., chromogranin-A and synaptophysin

o Possible pigmented lesion e Neurogenic sarcoma
e Clinical History o S100 may show positive staining in both tumors

o Itis critical to obtain any previous history of pigmented o Negative for HMB-45 and MART-1

lesion elsewhere e Metastatic melanoma

o Sole presence of bronchial tumor does not necessarily

Dror o Clinical history is most important and reliable way to
rule out metastatic disease

determine primary site
MICROSCOPIC o Ocular evaluation is highly important

e Nested pattern

Bronchial Tumor

(Left) Primary bronchial
melanoma involving full
thickness of the bronchial
epithelium. Note the presence
of residual endobronchial .
glandular structures &= as m— :
well as bronchial cartilage B3] ==
(Right) High-power view of a [ o
bronchial malignant
melanoma shows prominent
nuclear atypia and mitotic
activity. Cellular
pleomorphism is a common
feature of bronchial
melanoma.

(Left) Bronchial melanoma in
which the tumor cells appear
forming glandular-like
structures, which can be easily
misinterpreted as carcinoma,
more specifically
adenocarcinoma. (Right)
Bronchial melanoma showing
sheets of neoplastic cells in
which the cellular
proliferation does not have
any specific pattern. Once
again, this proliferation can be 4
easily misinterpreted as L
carcinoma.



Bronchial Malignant Melanoma

TERMINOLOGY
Synonyms
e Pulmonary malignant melanoma
Definitions
e Malignant neoplasm of possible neural crest derivation

ETIOLOGY/PATHOGENESIS

Etiology

e No specific etiology for these tumors when they occur in
lung

CLINICAL ISSUES
Epidemiology
e |ncidence
o Estimated that primary pulmonary melanomas represent
~0.01% of all lung neoplasms
o Age
o More common in adults in 6th decade of life

Presentation
e Cough

e Shortness of breath
e Chest pain

o Hemoptysis

e Fever

Endoscopic Findings
e Possible pigmented lesion

Prognosis

e Variable
o Death within 30 months after initial diagnosis
o Possible survival at 5 years of 40%

MACROSCOPIC

General Features

Well-defined tumor mass

Pigment

Homogeneous surface

Areas of necrosis &/or hemorrhage may be seen
Polypoid bronchial mass in some cases

Immunohistochemistry

Antibody Reactivity

S100 Positive Cytoplasmic
HMB-45 Positive Cytoplasmic
Mart-1 Positive Cytoplasmic
Melan-A Positive Cytoplasmic
SOX10 Positive Nuclear
CEA-M Negative

CK-PAN Negative

Staining Pattern

MICROSCOPIC

Histologic Features

Nested pattern

Spindle cell pattern
Pigmented lesion

Cells with prominent nucleoli
Pseudonuclear inclusion
Mitotically active
Hemorrhage &/or necrosis

Predominant Pattern/Injury Type
e Nesting

Predominant Cell/Compartment Type
e Epithelioid

DIFFERENTIAL DIAGNOSIS

Carcinoma

o Will show negative staining for S100 protein, HMB-45, &/or
MART-1

e Melanomas and carcinomas may share positive staining for
CEA-M

Neuroendocrine Carcinoma

e Melanomas are generally negative for neuroendocrine
markers, i.e., chromogranin-A and synaptophysin

e Neuroendocrine carcinomas may show positive staining for
S100 protein in sustentacular cells

Neurogenic Sarcoma

e 5100 may show positive staining in both tumors
e Negative for HMB-45 and MART-1

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Pigmented tumor composed of larger cells with prominent
nucleoli or spindle cells

SELECTED REFERENCES

1. Watanabe M et al: Primary pulmonary melanoma: a report of two cases.
World J Surg Oncol. 13:274, 2015

2. Wilson RW et al: Primary melanoma of the lung: a clinicopathologic and
immunohistochemical study of eight cases. Am J Surg Pathol. 21(10):1196-
202,1997

Comment
May be focal

May not be positive in spindle cell tumors

May be positive in some cases
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Bronchial Malignant Melanoma

In Situ Change in Bronchial Epithelium Residual Bronchial Glands

(Left) Low-power view of a
bronchial melanoma shows in
situ changes in the surface
epithelium. It is still possible to
see some residual respiratory
epithelium [3in the surface,
which is helpful in cases of
primary bronchial melanoma.
(Right) Endobronchial glands
(=] are spared by a primary
bronchial melanoma. This is an
unusual feature as the tumor
has a tendency to obliterate
normal structures.

Extensive Necrosis
(Left) Bronchial melanoma e e e i e e pu— PRE TR M
shows admixture of spindle *£ 2 ; i
and epithelioid cells. Both
components show prominent
nuclear atypia. This growth
pattern may be seen in other
primary malignant neoplasms
of epithelial or mesenchymal
origin. (Right) Spindle cell
melanoma shows areas of
necrosis 5> The presence of
necrosis can be either focal or
extensive.

(Left) Melanoma shows a
nested pattern is composed of
epithelioid cells closely
mimicking a high-grade
neuroendocrine carcinoma.
Melanin pigment is absent.
(Right) Higher magnification
of the rhabdoid-like features
of a bronchial melanoma
shows displacement of the
nuclei toward the periphery.
Some of the cells show
intranuclear inclusions =]
Similar features may be seen
in rhabdoid carcinomas of the
lung.




Bronchial Malignant Melanoma

(Left) Mucous endobronchial
glands are dilated and

4 surrounded by a rather small

cellular proliferation,

mimicking a neuroendocrine

carcinoma. (Right) High-power

1 view of a bronchial melanoma
| with cellular features is
reminiscent of a

neuroendocrine carcinoma.
This growth pattern can be

| easily misdiagnosed for

carcinoid tumor. However, the

| use of immunohistochemical

studies may lead to the correct
interpretation.

(Left) Spindle cell melanoma
with scattered multinucleated
giant cells is shown. Note the
subtle presence of

| intracellular melanin In

some tumors, melanin can be

1 absent or only minimally

present. (Right) High-power
view shows the papillary-like

' structures of a bronchial

malignant melanoma, which
are composed of rather small
cells with round nuclei and
oncocytic cytoplasm. Similar
features may be seen in
primary lung carcinomas.

(Left) Bronchial malignant

{ melanoma shows epithelioid

features and extensive areas

5 of melanin pigment 5. The

use of histochemical stains for
melanin may be helpful to

8l separate melanin from iron

pigment. (Right) High-power

2 & view of a bronchial melanoma
2 shows prominent spindle cell

features and scattered

® multinucleated giant cells
' Melanomas in the lung, like

those in the skin, may show

w5 variability in their growth
¢o# patterns.
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Inflammatory Pseudotumor

TERMINOLOGY
e Myofibroblastic tumor

ETIOLOGY/PATHOGENESIS

e Some cases linked to human herpesvirus-8
e Clonality demonstrated in some cases

CLINICAL ISSUES

e Tumor more common in young individuals < 40 years old
e Tumor can occur in pediatric age group

e Good prognosis if completely resected

e Recurrence if not completely resected

MACROSCOPIC

e Central tumor may grow in polypoid fashion, obstructing
airway

e Peripheral tumors are larger with yellowish color

e Extrapulmonary involvement may be seen in some cases

e Tumors vary in size from 1-10 cm in diameter

Inflammatory Pseudotumor

b Eal

(Left) Gross photograph shows
an ill-defined tumor mass
growing along vascular and
bronchial structures. The
tumor is grayish in color and
does not show areas of
necrosis &/or hemorrhage.
(Right) Centrally located
pseudotumor of the lung is
shown. Note the presence of
uninvolved respiratory
epithelium The bronchial
wall has been replaced by a
spindle cellular proliferation.

(Left) Inflammatory
pseudotumor shows a spindle
cell proliferation composed of |
elongated cells in a loose
edematous background. There
is not mitotic activity and no
defined specific growth
pattern. (Right) Spindle cell
proliferation is seen admixed
with inflammatory cells E2.
Note that the spindle cells do
not show mitotic activity or
cellular pleomorphism.

KEY FACTS

MICROSCOPIC

e Plasma cell variant
e Fibrohistiocytic variant

TOP DIFFERENTIAL DIAGNOSES

e Plasmacytoma

Sarcoma

Sarcomatoid carcinoma of lung
Intrapulmonary solitary fibrous tumor
IgG4-related disease

DIAGNOSTIC CHECKLIST

e Plasma cell admixed with spindle fibroblastic proliferation
e Spindle cell fibrohistiocytic proliferation lacking nuclear
atypia and increased mitotic activity

Central Tumor




Inflammatory Pseudotumor

TERMINOLOGY
Abbreviations
e Inflammatory pseudotumor (IPT)
Synonyms
e Myofibroblastic tumor
Definitions
e Benign neoplasm of uncertain histogenesis

ETIOLOGY/PATHOGENESIS

Etiology

e Considerable debate whether IPT represents true tumor or
inflammatory reaction

e Some cases may be associated to human herpesvirus-8

e Clonality has been demonstrated in some cases

e Uncertain histogenesis

CLINICAL ISSUES
Epidemiology
e Incidence

o Tumor more common in individuals < 40 years old
o Tumor can also occur in pediatric age group

Site
e Central tumor in endobronchial location

e Peripheral tumor
e Tumor may invade adjacent structures

Presentation
Cough

Fever

Chest pain
Dyspnea
Hemoptysis
General malaise
Asymptomatic

Treatment
e Surgical approaches

o Complete surgical resection

o Spontaneous regression has been documented
Prognosis

e Good

e Recurrence if not completely resected

e Plasma cell variant appears to follow less aggressive course
e Fibrohistiocytic variant appears to be more aggressive

IMAGING

General Features

e |ntrapulmonary mass
o Central
o Peripheral

MACROSCOPIC

General Features

e Central tumor may grow in polypoid fashion, obstructing
airway

e Peripheral tumors are larger with yellowish color
e Extrapulmonary involvement may be seen in some cases

Size
e Tumors vary in size from 1-10 cm in diameter

MICROSCOPIC

Histologic Features

e Marked plasma cell component

e Presence of Russell bodies

e Plasma cell proliferation admixed with spindle
myofibroblastic cells

e Predominant fibrohistiocytic spindle cell proliferation

e Mitotic activity rare but occasional mitoses may be seen

Predominant Pattern/Injury Type
e Mixed

Predominant Cell/Compartment Type
e Histiocyte/macrophage
e Plasma cell

DIFFERENTIAL DIAGNOSIS

Plasmacytoma

e Plasma cellsin IPT are polyclonal

e Generally in plasmacytomas, plasma cell proliferation is not
mixed with spindle myofibroblastic cells

e Dutcher bodies are common in plasmacytomas

Sarcoma

e |PT fibrohistiocytic variant does not show marked nuclear
atypia or increased mitotic activity

e Immunohistochemical studies will be useful to determine
cell type involved

Sarcomatoid Carcinoma of Lung

o Spindle cell (myofibroblastic) proliferation in IPT lacks
marked nuclear atypia &/or increased mitotic activity

e Immunohistochemical studies for epithelial markers, such
as keratins and EMA, may show strong positive reaction in
sarcomatoid carcinoma

e Presence of inflammatory component composed mainly of
plasma cells would be unusual for sarcomatoid carcinoma

Intrapulmonary Solitary Fibrous Tumor

e Solitary fibrous tumor (SFT) commonly show hyper and
hypocellular areas

e Growth pattern of SFT shows more morphological
variability

e Marked inflammatory reaction composed mainly of plasma
cell would be unusual

e Immunostain for STAT6 is commonly positive in SFT

e ALK1immunostain is generally negative in SFT

IgG4-Related Disease

e Similar features in term of extensive fibrosis and plasma
cells

e |gG4-related disease will show increase IgG in serum

e |gG4 immunostain will show positive staining
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Lung: Neoplasms, Malignant, Primary

Inflammatory Pseudotumor

Immunohistochemistry

Antibody

Reactivity

ALK1 Positive Cytoplasmic
Actin-sm Positive Cytoplasmic
Vimentin Positive Cytoplasmic
CD68 Positive Cytoplasmic
K light chain Positive Cytoplasmic
Kappa or Lambda Positive Cytoplasmic
CK-PAN Positive Cytoplasmic
p80 Positive Cytoplasmic
p40 Negative

STAT6 Negative

Desmin Negative

TTF-1 Negative

NAPSIN-A Negative

EMA Positive Cell membrane
CK5/6 Negative

CD136 Positive Cytoplasmic
S100 Negative

CD34 Negative

CD15 Negative

Molecular Findings

FISH

Whole-genome and transcriptome sequencing

526
3'*)
5(7

5%

DIAGNOSTIC CHECKLIST
Pathologic Interpretation Pearls

Plasma cell admixed with spindle fibroblastic proliferation
Spindle cell fibrohistiocytic proliferation lack nuclear atypia
and increased mitotic activity

SELECTED REFERENCES

Alassiri AH et al: ETV6-NTRK3 Is expressed in a subset of ALK-negative
inflammatory myofibroblastic tumors. Am J Surg Pathol. 40(8):1051-61,
2016

Delteil C et al: [[mmunoglobulin G4-related lung disease: case report and
literature review.] Ann Pathol. 36(3):218-21,2016

Giuseppucci C et al: Primary lung tumors in children: 24 years of experience
at areferral center. Pediatr Surg Int. 32(5):451-7, 2016

Keenan JC et al: IgG4-related lung disease: a case series of 6 patients and
review of the literature. Sarcoidosis Vasc Diffuse Lung Dis. 32(4):360-7, 2016
Surabhi VR et al: Inflammatory myofibroblastic tumors: current update.
Radiol Clin North Am. 54(3):553-63, 2016

Antonescu CR et al: Molecular characterization of inflammatory
myofibroblastic tumors with frequent ALK and ROS1 gene fusions and rare
novel RET rearrangement. Am J Surg Pathol. ePub, 2015

Bhagat P et al: Pulmonary inflammatory myofibroblastic tumor and IgG4-
related inflammatory pseudotumor: a diagnostic dilemma. Virchows Arch.
463(6):743-7,2013

Sunbul M et al: A rare case of inflammatory pseudotumor with both
involvement of lung and heart. Thorac Cardiovasc Surg. 61(7):646-8, 2013

Staining Pattern

Result
(79-175.

Comment
30-40% of cases
In spindle cells
In spindle cells
In some fibrohistiocytic tumors
Polyclonal

Polyclonal

Focalin some cases

In~30%

Focally and weakly positive in some cases

In plasma cells

fusion transcript

In few cases

In few cases

Rearrangement

Ezzine-Baccari S et al: Inflammatory myofibroblastic tumor of the lung: a
benign lesion with aggressive behavior. Gen Thorac Cardiovasc Surg.
60(8):531-3, 2012

Siminovich M et al: Inflammatory myofibroblastic tumor of the lung in
children: anaplastic lymphoma kinase (ALK) expression and clinico-
pathological correlation. Pediatr Dev Pathol. 15(3):179-86, 2012

. Takeda S et al: Clinical spectrum of pulmonary inflammatory myofibroblastic

tumor. Interact Cardiovasc Thorac Surg. 7(4):629-33, 2008

Moran CA et al: Unusual non-neoplastic lesions of the lung. Semin Diagn
Pathol. 24(3):199-208, 2007

Kobashi Y et al: Inflammatory pseudotumor of the lung: clinicopathological
analysis in seven adult patients. Int J Clin Oncol. 11(6):461-6, 2006
Checrallah A et al: [Inflammatory pseudotumors of the lung with
spontaneous regression.] J Med Liban. 53(4):229-33, 2005

Cerfolio RJ et al: Inflammatory pseudotumors of the lung. Ann Thorac Surg.
67(4):933-6, 1999

Su LD et al: Inflammatory myofibroblastic tumor: cytogenetic evidence
supporting clonal origin. Mod Pathol. 11(4):364-8, 1998

Gal AA et al: Prognostic factors in pulmonary fibrohistiocytic lesions. Cancer.
73(7):1817-24, 1994

Spencer H: The pulmonary plasma cell/histiocytoma complex.
Histopathology. 8(6):903-16, 1984

Bahadori M et al: Plasma cell granulomas of the lung. Cancer. 31(1):191-208,
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Inflammatory Pseudotumor

Obstruction of Bronchial Lumen Residual Normal Bronchial Glands

(Left) Bronchial inflammatory
pseudotumor is seen
obliterating most of the
bronchial lumen. This is a fairly
common presentation of
inflammatory pseudotumor.
(Right) /nflammatory
pseudotumor is shown in an
endobronchial location. The
epithelial surface is eroded,
and there is a spindle cell
proliferation B admixed with
areas of hemorrhage. Note the
preservation of endobronchial
glandular structures >,
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(Left) Inflammatory
pseudotumor of the
fibrohistiocytic type with focal
multinucleated giant cells
(Touton type) B3 is admixed
with spindle cells. This feature,
although helpful, is not
commonly seen in these cases.
(Right) Spindle fibrohistiocytic
proliferation is admixed with
large foamy macrophages 5>
This is a helpful hint in the
diagnosis of inflammatory
pseudotumor. Note the
absence of cellular atypia or
mitotic activity.

(Left) Inflammatory
pseudotumor of the
fibrohistiocytic type is seen
with numerous giant cells
(Touton type) B3, solid
histiocytic proliferation
and foamy macrophages
(Right) Spindle cell
proliferation is admixed with
clusters of xanthomatous
cells. This is a commonly seen
feature in an inflammatory
pseudotumor, and these
features are seen invariably in
the majority of cases.




Inflammatory Pseudotumor

Residual Alveolar Component Extensive Hyalinization

(Left) Hematoxylin and eosin
shows an inflammatory
pseudotumor, plasma cell
type, with entrapped alveoli
fibrosis, and inflammation.
These histological features are
nondiagnostic of
inflammatory pseudotumor
but may be seen adjacent to
the main tumoral lesion.
(Right) Extensive areas of
hyalinization B and focal
calcification [=] are seen in an
inflammatory pseudotumor,
plasma cell type. This feature
may make the diagnosis of
inflammatory pseudotumor
difficult to establish.
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Subtle Storiform
(Left) A well-circumscribed but (3% 48 T ‘ i Ry R
unencapsulated inflammatory 4
pseudotumor is seen in the
periphery of the lung
parenchyma. (Right) Low-
power view of an
inflammatory pseudotumor
shows a vague storiform
pattern. The tumor is
composed of a spindle cell
fibroblastic proliferation
admixed with inflammatory
cells, namely plasma cells. This
is a common occurrence in
these tumors.

(Left) Inflammatory
pseudotumor shows areas of
extravasated blood admixed
with a spindle cellular .
proliferation and collections of [##5
macrophages. Areas like this
one can be easily overlooked
in small biopsies. (Right)
Inflammatory pseudotumor
shows a more solid spindle
cellular proliferation
interspersed with collections
of foamy macrophages
These features are
characteristics of this tumor.




Inflammatory Pseudotumor

Lymphoma-Like Appearance Plasma Cell Prolifera

(Left) Low-power view shows
an inflammatory pseudotumor
with prominent areas of
plasma cell proliferation.
These areas can appear
worrisome and may prompt
the investigation of

. lymphoproliferative disorder.
| (Right) Inflammatory
pseudotumor, plasma cell

{ type, shows increased plasma
cells B2 with scattered
entrapped alveolar structures
B=. This pattern may be easily
confused for a pneumonic
process.

Plasma Cell With Scattered Spindle Cells Mature Plasma Cells

(Left) Hematoxylin eosin
shows marked presence of
plasma cells with only
scattered fibroblasts This

| pattern would also suggest a
plasma cell proliferation, thus
the importance of using
clonality studies to rule out

| the diagnosis of

| plasmacytoma. (Right) High-
power view shows an
inflammatory pseudotumor
composed predominantly of
mature plasma cells. There is a
discrete deposition of collagen
fibers, which have been
dissected by plasma cells.
Clonality studies are
important in these cases.

\ (Left) /nflammatory
pseudotumor of the lung
shows a combined cellular
proliferation of plasma cells
and spindle myofibroblastic
cells. This type of combination
is more common in these
tumors. (Right) /Inflammatory
pseudotumor shows a
proliferation of spindle cells
admixed with histiocytes and
multinucleated giant cells.
Note the absence of cellular
atypia or mitotic activity.
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IgG4 Sclerosing Lung Disease

KEY FACTS

TERMINOLOGY

e Systemic disease of unknown etiology characterized by
elevated production of IgG4(+) plasma cells and tissue
stromal sclerosis

ETIOLOGY/PATHOGENESIS

e Unknown, but autoimmune mechanism or hypersensitivity
reaction has been postulated

e (irculating autoantibodies are present in many patients

e May be associated with other autoimmune disorders, e.g.,
Sjogren syndrome

CLINICAL ISSUES

e Slowly progressive disease with involvement of multiple
sites over period of years with elevation of serum titers of
IgG4

e Most commonly involved sites include pancreas,
hepatobiliary tract, salivary gland, orbit, and lymph nodes

e Middle-aged and elderly patients

e Male predominance

MICROSCOPIC

e 3 histologic patterns of involvement recognized in lung:
Inflammatory pseudotumor-like, bronchovascular, and
interstitial fibrosis-like

e Inflammatory infiltrate composed of small lymphocytes and
mature plasma cells admixed with stromal fibrosis

e Eosinophils commonly present accompanying
inflammatory infiltrates

e Lymphoid follicles may be presentin 50% of cases

e Prominent vascular component characterized by
endothelialitis of veins and arteries with narrowing and
obliteration of vascular lumen

ANCILLARY TESTS

e Increased number of IgG4(+) plasma cells in tissue sections
(> 50 per 10 HPF, with IgG4/1gG ratio of > 40%)

e Raised serum level of IgG4 (> 135 mg/dL) commonly seen
but not essential for diagnosis

IgG4 Sclerosing Disease of Lung

(Left) /gG4 sclerosing lung
disease shows a nodular, well-
circumscribed area of lung
parenchyma with prominent
stromal sclerosis and reactive
lymphoid follicles in the
periphery. (Right) Higher
magnification from an area of
stromal sclerosis in IgG4
sclerosing disease of the lung
shows dense infiltrate
composed of plasma cells
admixed with the sclerotic
stroma.

(Left) Higher magnification
from IgG4 sclerosing disease
of the lung shows alveolar
walls distended by a dense,
mature plasma cell
population. (Right)
Immunohistochemical staining
with antibodies against IgG4
shows numerous plasma cells
with strong positivity for this
antibody.




IgG4 Sclerosing Lung Disease

TERMINOLOGY

Definitions
e Systemic disease of unknown etiology characterized by

elevated production of IgG4(+) plasma cells and tissue
stromal sclerosis

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Unknown, but autoimmune mechanism or hypersensitivity
reaction has been postulated

e Circulating autoantibodies present in many patients

e May be associated with other autoimmune disorders, e.g.,
Sjogren syndrome

CLINICAL ISSUES
Epidemiology
e Age
o Middle-aged and elderly patients

e Sex
o Male predominance

Presentation

e Asymptomatic incidental finding in chest x-ray
e Cough, hemoptysis, dyspnea, and pleural effusion

Natural History

e Slowly progressive disease with involvement of multiple
sites over period of years with elevation of serum titers of
lgG4

e Most commonly involved sites include pancreas,
hepatobiliary tract, salivary gland, orbit, and lymph nodes

e Benign clinical course with good response to steroids

e Some cases may evolve to malignant lymphoma or may be
associated with development of carcinoma

Prognosis
e Excellent response to steroid therapy

MICROSCOPIC

Histologic Features

e 3 histologic patterns of involvement recognized in lung
o Inflammatory pseudotumor-like
— Solid, nodular growth pattern characterized by well-
circumscribed area of sclerosis admixed with
lymphocytes and plasma cells
— Lesions closely resemble inflammatory
myofibroblastic tumor and inflammatory
pseudotumor of lung
— Fibrosis mostly paucicellular with few myofibroblasts
o Bronchovascular pattern of involvement
— Lymphoplasmacytic infiltration and fibrosis centered
around bronchovascular bundles with lymphanagitic
distribution
— Expansion along interlobular septa and pleura with
paucicellular fibrosis
o Interstitial fibrosis-like
— Diffuse interstitial lymphoplasmacytic infiltrates and
fibrosis involving alveolar septa

— Pattern closely resembles lymphocytic interstitial
pneumonia (LIP) or cellular nonspecific interstitial
pneumonia (NSIP)

— Fibrosis mostly paucicellular with few myofibroblasts

— Prominent vascular involvement may closely resemble
lymphomatoid granulomatosis, grade |

Cytologic Features

e Inflammatory infiltrate is composed of small lymphocytes
and mature plasma cells admixed with stromal fibrosis

e Eosinophils are commonly present accompanying
inflammatory infiltrates

e Lymphoid follicles may be present in 50% of cases

e Prominent vascular component characterized by
endothelialitis of veins and arteries with narrowing and
obliteration of vascular lumen

e Prominent histiocytes with emperipolesis reminiscent of
Rosai-Dorfman disease may be seen
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ANCILLARY TESTS

Immunohistochemistry

e Increased number of IgG4(+) plasma cells in tissue sections
(> 50 per 10 HPF, with IgG4/1gG ratio of > 40%)

Serologic Testing

e Raised serum level of IgG4 (> 135 mg/dL) commonly seen
but not essential for diagnosis

DIFFERENTIAL DIAGNOSIS

Inflammatory Pseudotumor/Inflammatory
Myofibroblastic Tumor

e Prominent myofibroblastic component, which is usually not
presentin IgG4(+) sclerosing disease

e Inflammatory pseudotumor/myofibroblastic tumor is
negative for IgG4(+) plasma cells

Rosai-Dorfman Disease

e Contains dense lymphoplasmacytic infiltrates admixed with
prominent histiocytic proliferation with emperipolesis

e Rosai-Dorfman disease may contain numerous IgG4(+)
plasma cells

e Histiocytes in Rosai-Dorfman disease are always S100(+),
unlike those in IgG4(+) sclerosing disease, which are
negative

Lymphomatoid Granulomatosis, Grade |

e Dense lymphoplasmacytic interstitial infiltrates with
prominent vascular involvement

e Proliferating cells are strongly EBV(+) by EBER in situ
hybridization, while plasma cells in IgG4(+) disease are
negative for EBER

SELECTED REFERENCES

1. FeiY etal: Intrathoracic involvements of immunoglobulin G4-related
sclerosing disease. Medicine (Baltimore). 94(50):e2150, 2015

2. Shigemitsu H et al: IgG4-related interstitial lung disease: a new and evolving
concept. Curr Opin Pulm Med. 15(5):513-6, 2009

3. Yamamoto H et al: Inflammatory myofibroblastic tumor versus IgG4-related
sclerosing disease and inflammatory pseudotumor: a comparative
clinicopathologic study. Am J Surg Pathol. 33(9):1330-40, 2009

4. ZenY etal:IgG4-related lung and pleural disease: a clinicopathologic study
of 21 cases. Am J Surg Pathol. 33(12):1886-93, 2009
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IgG4 Sclerosing Lung Disease

1gG4 Sclerosing Lung Disease Area of Fibrosis

(Left) Scanning magnification
of inflammatory pseudotumor-
like IgG4(+) sclerosing lung
disease shows a well-
circumscribed,
intraparenchymatous lung
nodule B that is sharply
separated from the L
surrounding lung parenchyma. |
(Right) Higher magnification |
from inflammatory
pseudotumor-like IgG4(+)
sclerosing lung disease shows
a population of mature
plasma cells set against a
collagenous stroma. The
fibrosis in these cases is
paucicellular with scattered
myofibroblasts.

(Left) Bronchovascular pattern
of involvement of the lung in
1gG4(+) sclerosing lung disease
shows an area of fibrosis
surrounded by multiple
lymphoid follicles at the
periphery and following the
distribution of
bronchovascular bundles. Note
the sclerosed vessel 5>]in the
center of the field. (Right)
Higher magnification of
bronchovascular pattern of
involvement in IgG4(+)
sclerosing lung disease shows
dense lymphoplasmacytic
infiltrates with scattered
eosinophils surrounding an
area of sclerosis.

Dense Plasma Cell Infiltrate
(Left) Pattern of interstitial # F B I
pneumonia in 1gG4 sclerosing y
lung disease is characterized
by expansion of alveolar septa
by dense lymphoplasmacytic
infiltrates with obliterative
vascular changes. Lesions
showing this growth pattern
can be confused for the
cellular form of NSIP,
lymphoid interstitial
pneumonia, or grade |
lymphomatoid

magnification of an interstitial
pattern in IgG4 sclerosing lung
disease shows dense
plasmacytic infiltration of the
alveolar wall.




IgG4 Sclerosing Lung Disease

Plasma Cells and Eosinophils Reactive Lymphoid Follicle

AT

(Left) Characteristic changes
in 1gG4 sclerosing lung disease
include paucicellular stromal
fibrosis and a
lymphoplasmacellular
inflammatory infiltrate that

| ‘may harbor a prominent
eosinophilic component.
(Right) Reactive lymphoid

1 follicles B are present in ~

| 50% of IgG4(+) sclerosing lung
| disease cases. Lymphoid

{ follicles may be abundant. In

| some instances, the follicles
may display features of

| progressive transformation of
| germinal centers or Castleman
| disease.
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(Left) Scanning magnification
of lung in IgG4(+) sclerosing
lung disease shows narrowing
of the lumen of a midcaliber
vessel by concentric sclerosis
- andinflammation
Obliterative vascular changes
are a common finding in
1gG4(+) sclerosing disease of
the lung and tend to affect
both the veins and arteries.
(Right) Small vessel in the
interstitium of the lung in a
patient with IgG4(+) sclerosing
lung disease shows prominent
endothelialitis (2]

(Left) IgG4(+) sclerosing lung
disease shows an area with
lymphoplasmacellular
inflammatory infiltrates
admixed with abundant
histiocytes showing

B emperipolesis. Such areas can

\ be closely reminiscent of
Rosai-Dorfman disease. (Right)
Immunohistochemical staining
for 1gG4 shows numerous
plasma cells with strong
cytoplasmic positivity in
1gG4(+) sclerosing lung
disease. There should be > 50
1gG4(+) plasma cells per 10
HPF, with an I1gG4/1gG ratio of
>40%.
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Juvenile Xanthogranuloma

KEY FACTS

TERMINOLOGY

e Abbreviation

o Pulmonary juvenile xanthogranuloma (JXG)
e Definition

o Non-Langerhans histiocytic lesion

ETIOLOGY/PATHOGENESIS

e Contrary to other histiocytic lesions, cell of origin for JXG is
unknown
o Plasmacytoid monocyte has been speculated as possible
origin for JXG

CLINICAL ISSUES

e Presentation
o Bilateral or unilateral involvement of lung parenchyma
Multiple pulmonary lesions
Rarely, lesion will be single
Dermal involvement is common
Involvement of other organ systems may occur

O O O O

MICROSCOPIC

e Cellular proliferation destroying lung parenchyma

e Histocytes admixed with inflammatory infiltrate composed
of lymphocytes and plasma cells

e Multinucleated giant cells may be present but scattered

e Absence of nuclear atypia or mitotic activity

ANCILLARY TESTS

e This lesion may show positive staining for CD68, FXIIIA, and
S100 protein while negative for CD1a

TOP DIFFERENTIAL DIAGNOSES

e Langerhans cell histiocytosis
Rosai-Dorfman disease of lung
Erdheim-Chester disease
Pulmonary malacoplakia
Mycobacterial infection

Replacement of Lung Parenchyma

(Left) Low-power view of a
Juvenile xanthogranuloma
(JXG) shows replacement of
the lung parenchyma by a
histiocytic proliferation
admixed with inflammatory
infiltrate. (Right) Pulmonary
JXG shows a histiocytic
proliferation, which is
encircling the airway.
However, the normal
respiratory epithelium remains
uninvolved by the process.

(Left) Diffuse histiocytic
proliferation in this pulmonary
JXG is shown. Note that the
proliferation is also mixed
with some inflammatory cells
and scattered multinucleated
giant cells B5. (Right) High-
power view of the histiocytic
proliferation shows large
histiocytes [2] with round
nuclei and prominent nucleoli.
A subtle inflammatory
infiltrate is also present [=]




Juvenile Xanthogranuloma

TERMINOLOGY

Abbreviations
e Pulmonary juvenile xanthogranuloma (JXG)

Definitions
e Non-Langerhans histiocytic lesion

ETIOLOGY/PATHOGENESIS

Etiology
e Contrary to other histiocytic lesions, cell of origin for JXG is
unknown
o Plasmacytoid monocyte has been speculated as possible
origin for JXG

CLINICAL ISSUES

Presentation

Bilateral or unilateral involvement of lung parenchyma
Multiple pulmonary lesions

Rarely, lesion will be single

Dermal involvement is common

Involvement of other organ systems may occur

Prognosis

e Due to rarity of lesion in lung, it is difficult to unequivocally
determine prognosis

e May be determined by extent of the process

MACROSCOPIC

General Features

e Tumor mass can range in size from 1-3 cm
e Well circumscribed but not encapsulated
e Soft and tan or yellowish in color

MICROSCOPIC

Histologic Features

e Cellular proliferation destroying lung parenchyma

e Histiocytic proliferation composed of small- to medium-
sized histiocytes

e Histocytes admixed with inflammatory infiltrate composed
of lymphocytes and plasma cells

e Multinucleated giant cells may be present but scattered

e Absence of nuclear atypia or mitotic activity

Immunohistochemistry

Antibody Reactivity

CD68 Positive Cytoplasmic
FXIIA Positive Cytoplasmic
CD45 Positive Cytoplasmic
HLA-DR Positive Cytoplasmic
5100 Positive Cytoplasmic
CD4 Positive Cytoplasmic

CD1a Negative

Staining Pattern

DIFFERENTIAL DIAGNOSIS

Langerhans Cell Histiocytosis

e Lesionsin Langerhans cell histiocytosis (LCH) may vary from
cellular to fibrotic

e Presence of large number of eosinophils is more common
inLCH

e Histiocytes have characteristic grooving of nucleus

e | CH lesions have characteristic Medusa head, which is not
presentin JXG

e Usually associated with diffuse interstitial pneumonia-like
reaction in adjacent lung parenchyma

e Positive for CD1a and S100

Rosai-Dorfman Disease of Lung

e Histiocytes in Rosai-Dorfman (R-D) disease are large with
prominent nucleoli

e Enteropoiesis is characteristic of R-D disease

e Presence of prominent plasma cell component is more in
favor of R-D disease

e Would be unusual for R-D disease to show presence of
multinucleated giant cells

e S100is strongly positive

e Usually single massin lung

Erdheim-Chester Disease

e Histiocytic proliferation in Erdheim-Chester (E-C) disease
characteristically follows septum and pleura

Histiocytes in E-C disease are rather smaller
Characteristically involves bones in symmetrical fashion
S100 protein may show variable staining

May share similar immunophenotype with JXG

SELECTED REFERENCES

1. ZaveriJ et al: More than just Langerhans cell histiocytosis: a radiologic review
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2. LinLetal: Solitary juvenile xanthogranuloma in the lung of a young adult.
Pathology. 43(5):503-7, 2011

3. Bakir B etal: Atypical lung involvement in a patient with systemic juvenile
xanthogranuloma. Pediatr Radiol. 37(3):325-7, 2007

4. Snijders D et al: Case for diagnosis: 4-month-old infant with increasing cough,
hemoptysis, and anemia. Pediatr Pulmonol. 42(9):844-6, 2007

5. CauroFetal: [Cerebellar, pulmonary and cutaneous localizations of juvenile
xanthogranuloma.] Ann Dermatol Venereol. 129(3):307-10, 2002

6.  Guthrie JA et al: Case report: juvenile xanthogranuloma with pulmonary,
subcutaneous and hepatic involvement. Clin Radiol. 49(7):498-500, 1994

7. Gupta AK et al: Juvenile xanthogranuloma with pulmonary lesions. Pediatr
Radiol. 18(1):70, 1988

Comment

Global and strong

May be focal

In lymphocytic component
May be focal

May be focal

May be focal
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Juvenile Xanthogranuloma

Uninvolved Airway Partial Destruction of Airway

(Left) Low-power view of a
JXG shows an airway [2] that
is uninvolved by the histiocytic
proliferation, even though
some histiocytes are present
within the lumen of the
airway. Adjacent lung
parenchyma shows
inflammatory changes. (Right)
In some cases of JXG, the
histocytic proliferation
destroys, not only lung
parenchyma, but also airway
structures. In this particular
case, there is only residual
bronchial epithelium [
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Well-Defined Tumor Lesion

(Left) Although the majority of i N & AR : g i 5
cases of JXG consist of well- 1 2o :

circumscribed lesions, they are
not encapsulated. The
histiocytic proliferation
involves alveolar spaces [2] as
can be seen in this case.
(Right) /n some other cases of
JXG, the lesion appears to be
well delimited by
fibrocollagenous tissue 5>,
However, note that the
histiocytic proliferation goes
beyond that boundary [2]into
the lung parenchyma proper.

(Left) Extensive areas of
fibrosis with an inflammatory
reaction composed of
lymphocytes, plasma cells, and
eosinophils are commonly
seen in association with the
histocytic proliferation, which
can be scanty and subtle
(Right) Extensive areas of
collagen deposition admixed
with plasma cells,
lymphocytes, and
multinucleated histocytes [2]
are common features of JXG.
However, similar features may
also be seen in other types of
histiocytosis.




Juvenile Xanthogranuloma

Marked Inflammatory Component

(Left) Extensive histiocytic
proliferation B> with minimal
inflammatory infiltrate [Slis
shown. Note the presence of
multinucleated giant cells [=]
admixed with histiocytic
proliferation. (Right) /n other
cases of JXG, the
inflammatory infiltrate can be
marked. The presence of this
inflammatory infiltrate,
composed mainly of plasma
cells and lymphocytes, may
also be observed in other
types of histiocytosis.

(Left) JXG shows a more solid
proliferation of histiocytes
with only minimal
inflammatory reaction. This
type of proliferation can also
be easily confused for a
malignant neoplasm. (Right)
High-power view of the
histiocytic proliferation of JXG
shows large histiocytes with
round nuclei and prominent
nucleoli. Note the ample
cytoplasm of the histiocytes
with more classic features of
xanthomatous change [2]

(Left) /n some cases of JXG,
the histiocytic proliferation
appears to actually show a
subtle nested pattern. Similar
features may be seen in some
malignant neoplasms. (Right)
In other cases of JXG, the
histiocytic proliferation is
rather solid and composed of
large histiocytes but without
evidence of mitotic activity
&/or nuclear atypia. Note that,
in this particular illustration,
the inflammatory reaction is
minimal.
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Hyalinizing Granuloma

KEY FACTS

ETIOLOGY/PATHOGENESIS

e Unusual condition of unknown origin

e May have autoimmune origin

e Pulmonary hyalinizing granuloma may be associated with
conditions with similar histological features, including
o Retroperitoneal fibrosis
o Sclerosing mediastinitis

CLINICAL ISSUES
e Epidemiology
o Rare occurrence
o Any age group, but more common in middle-aged adults
e Symptoms
o Cough
o Dyspnea
o Chest pain
o Fever
e Laboratory findings
o Antinuclear antibodies

Central Tumor

o Rheumatoid factor may be positive
o Coombs-positive hemolithic anemia may be positive

IMAGING
e Single or multiple pulmonary nodules

MICROSCOPIC

e Prominent, dense, fibrocollagenous deposition
e Inflammatory reaction

e Dilatation of vascular spaces

e Focal calcification may be present

TOP DIFFERENTIAL DIAGNOSES

Amyloid tumor

Intrapulmonary solitary fibrous tumor
Inflammatory pseudotumor, plasma cell type
IgG4 disease

Sclerosing mediastinitis

Replacement of Lung Parenchyma

(Left) Hyalinizing granuloma
of the lung shows a centrally
located tumor in which the
tumor appears not to be
involving the superficial
respiratory epithelium. Also
note that the bronchial
cartilage is not involved.
(Right) Low-power view of a
hyalinizing granuloma of the
lung is shown. Note the
extensive fibrocollagenous
tissue deposition =]
accompanied by an
inflammatory reaction [=],

(Left) High-power
magnification shows dense
fibrocollagenous tissue [=]
rather acellular, accompanied
by an inflammatory reaction
(2] (Right) Hyalinizing
granuloma of the lung shows
prominent fibrocollagen and
very little inflammatory
reaction. Some of these
features may be seen in other
intrapulmonary tumors such
as solitary fibrous tumor.




Hyalinizing Granuloma

TERMINOLOGY

Abbreviations
e Pulmonary hyalinizing granuloma (PHG)

Definitions

e Benign reactive process, probably inflammatory or
autoimmune

ETIOLOGY/PATHOGENESIS

Etiology

e Unusual condition of unknown etiology
e May have autoimmune origin
Associated Conditions

e PHG may be associated with conditions with similar
histological features, including
o Retroperitoneal fibrosis
o Sclerosing mediastinitis

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare occurrence
e Age
o Any age group, but more common in middle-aged adults
e Sex
o No sex predilection
Presentation
e Cough
e Dyspnea
e Chest pain
e Fever
e Asymptomatic
Laboratory Tests

e Antinuclear antibodies may be positive
e Rheumatoid factor may be positive
e Coombs-positive hemolytic anemia may be positive

Treatment

e Surgical approaches
o Complete surgical resection

Prognosis
e Good

IMAGING

General Features
e Single or multiple pulmonary nodules

MACROSCOPIC
General Features
e Nodules are firm and light tan in color
Size
e Vary from 1 cm to > 10 cmin diameter

MICROSCOPIC

Histologic Features

e Prominent, dense, fibrocollagenous deposition

e Replacement of normal lung parenchyma

e Inflammatory reaction, mainly lymphocytes and plasma
cells

e Dilatation of vascular spaces

e Focal calcification may be present

DIFFERENTIAL DIAGNOSIS

Amyloid Tumor

e Usually shows presence of giant cells

e Congo red is generally positive

e Amorphous material is usually acellular with no
inflammatory reaction

Intrapulmonary Solitary Fibrous Tumor

Spindle cellular proliferation usually present

Shows hemangiopericytic growth pattern

Presence of an inflammatory reaction would be unusual
Immunohistochemical studies for CD34, Bcl-2, and STAT6
are commonly positive

Inflammatory Pseudotumor, Plasma Cell Type

e Marked presence of plasma cells with collections of foamy
macrophages

e Likely shows positive staining for smooth muscle actin &/or
ALK

IgG4 Disease

e |gG4 disease is characterized by the presence of marked
plasma cell component

e Positive staining by immunohistochemistry for IgG

e Usually increase of IgG in serum

Sclerosing Mediastinitis

e Inunusual cases, it may involve lung parenchyma

e Cenerally it will present with anterior mediastinal mass

e Histologically, both conditions may share similar
histopathology

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Dense fibrocollagenous tissue
e Inflammatory reaction
o |ll-defined lesion replacing normal lung parenchyma

SELECTED REFERENCES

1. Keenan JC et al: IgG4-related lung disease: a case series of 6 patients and
review of the literature. Sarcoidosis Vasc Diffuse Lung Dis. 32(4):360-7, 2016

2. Pfeifer K et al: Radiographic and pathologic manifestations of uncommon
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Hyalinizing Granuloma

Inflammatory Reaction

(Left) Hyalinizing granuloma
of the lung shows the classic
histopathological features of
dense fibrocollagenous tissue
and inflammatory reaction.
Note that the lesion is not
encapsulated and appears to
penetrate into alveolar tissue.
(Right) Extensive hyalinization
[=2]with marked inflammatory
reaction [=]is shown. At this
power, the morphological
features would suggest a
granulomatous reaction;
however, the presence of
granulomas would be unusual
for this condition.
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(Left) /n some areas of
hyalinizing granuloma where
there are marked
inflammatory changes, there
may be entrapped vessels [2]
giving the appearance of
vasculitis. Note also the
presence of entrapped airway
structures [=] (Right) Closer
magnification demonstrates
the presence of hyalinization
represented by dense collagen
fibers > and a marked
inflammatory component
composed mainly of
lymphocytes [=] Note the
entrapped airway structures

(Left) Hyalinizing granuloma
shows pushing borders [2]into
the normal lung parenchyma,
which shows thickening of the
pulmonary septum =1 In
addition, the inflammatory
component is also present in
focal areas in the pulmonary
parenchyma 5], (Right) Higher
magnification shows the
acellular fibrocollagen
admixed with inflammatory
cells, mainly plasma cells. At
this magnification, these
features may also be shared
by other tumoral conditions,
including solitary fibrous
tumor.




Hyalinizing Granuloma

(Left) /n some areas of

| hyalinizing granuloma, the
! typical features may not be as
| easily identifiable. In this

illustration, the presence of
fibrocollagen is rather subtle
and the inflammatory

| component is also marked.

(Right) /n some areas of

| hyalinizing granuloma, the

process appears to be

{ involving and destroying

airway structures The
typical features of the process
are apparent and should not
be mistaken for a simple

3 nonspecific inflammatory
3 process.

(Left) Marked inflammatory
reaction [2] composed of
mature plasma cells and

1 lymphocytes dissecting

fibrocollagen is shown.
However, these changes are
nonspecific and cannot be

| construed as diagnostic for
{ hyalinizing granuloma. (Right)
| Extensive hyalinization with

inflammatory reaction and an

{ ectatic large vessel (s
| shown. These changes can be

easily associated with tumoral

{ conditions such as solitary

fibrous tumors or involvement

" of the lung by sclerosing
r"- mediastinitis.

(Left) Higher magnification of
a hyalinizing granuloma of the
lung shows the classic
fibrocollagen [2] that in some
respects mimics the ropy
collagen that is described in

| solitary fibrous tumor. (Right)

Uninvolved section of the lung

A parenchyma shows collections

of intraalveolar pigmented
macrophages [2] as well as
inflammatory cells. These are

| common features observed in

the adjacent lung
parenchyma.
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Amyloid Tumor

KEY FACTS

TERMINOLOGY o Gaucher disease
° Synonym. CLINICAL ISSUES
o Amyloidoma e Rare occurrence

e Definition
o Pulmonary mass composed of amyloid without evidence
of systemic disease

e Predominantly in adults
e Laboratory tests
o Potassium permanganate oxidation technique appears

ETIOLOGY/PATHOGENESIS to separate amyloid type AA from other types
e Specific cause to account for presence of amyloid in lung MICROSCOPIC
without systemic disease unknown; speculated to be

e Amorphous acellular material replacing lung parenchyma
e |t may be single mass or several nodules

e Multinucleated giant cells may be present

e Positive staining for Congo red

related to
o Light chainimmunoglobulin
o Plasma cells

e Associated conditions
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o Waldenstrém macroglobulinemia TOP DIFFERENTIAL DIAGNOSES

o Systemic amyloidosis e Hyalinizing granuloma of lung

o Multiple myeloma e Intrapulmonary solitary fibrous tumor
o Familial neuropathy

o Niemann-Pick disease

Focal Inflammatory Response
- )

5 ‘&“"\'.
o

A

(Left) Low-power view of a
pulmonary amyloid tumor
shows dense amorphous
material replacing normal
lung parenchyma 3] Adjacent
lung parenchyma appears to
be within normal limits [=]
(Right) High-power view of a
pulmonary amyloid tumor
shows dense amorphous
acellular material B> with only |
focal areas of inflammatory
reaction [2] These features
are classic for an amyloid
tumor.

Entrapped Airwa

(Left) Extensive areas of
amyloid deposition replaces
lung parenchyma with only
focal areas of cellularity and
vascular proliferation. (Right)
Amyloidoma of the lung shows |,
entrapment of airway
structures. In the majority of
cases, the amorphous material
replaces normal lung
parenchyma.




Amyloid Tumor

TERMINOLOGY
Synonyms
e Amyloidoma

Definitions

e Pulmonary mass composed of amyloid without evidence of
systemic disease

ETIOLOGY/PATHOGENESIS

Etiology
e Specific cause to account for presence of amyloid in lung
without systemic disease is unknown
o Speculated to be related to
— Light chainimmunoglobulin
— Plasma cells

Associated Conditions

Waldenstrém macroglobulinemia
B-cell lymphoma

Systemic amyloidosis

Multiple myeloma

Familial neuropathy
Niemann-Pick disease

Gaucher disease

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare occurrence
e Age
o Predominantly in adults
e Sex
o No gender predilection
e Ethnicity
o No apparent ethnic predilection

Presentation

e Cough

Chest pain
Dyspnea

Sjogren syndrome

Laboratory Tests

e Potassium permanganate oxidation technique appears to
separate amyloid type AA from other forms of amyloid

Treatment
e Surgical approaches
o Surgical resection of tumor mass by wedge resection or
lobectomy
Prognosis
e |t will depend on any possible associated condition

MACROSCOPIC

General Features

e Single or multiple pulmonary nodules

o Soft and well circumscribed

e Size canrange from 1 cmto > 10 cm in diameter

e Lighttanin color

MICROSCOPIC

Histologic Features

e There are essentially 2 patterns in which lung may be
affected
o Interstitial and diffuse pattern
o Nodular

e Acellular amorphous eosinophilic material destroying lung
parenchyma

e Subtle inflammatory infiltrate predominantly in periphery

e Numerous multinucleated giant cells

e Focal areas of ossification may be present

DIFFERENTIAL DIAGNOSIS

Pulmonary Scar

e Negative staining for Congo red amyloid stain

e Does not show subtle inflammatory reaction

e Multinucleated giant cells are generally absent in
pulmonary scar

Hyalinizing Granuloma of Lung

e Negative for Congo red
e Dense ropy fibrocollagen
e Does not show presence of multinucleated giant cells

Pneumocystic Pneumonia

e Stains brightly with silver stains
e Negative for Congo red stain

Intrapulmonary Solitary Fibrous Tumor

e Negative staining for Congo red amyloid stain

e Likely shows hemangiopericytic pattern

e Multinucleated giant cells would be unusual feature for
solitary fibrous tumor

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features

e Some cases may be associated with MALT lymphoma of
lung

Pathologic Interpretation Pearls

e Amorphous acellular material
e Subtle inflammatory infiltrate in periphery
e Presence of multinucleated giant cells

SELECTED REFERENCES
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(Left) Low-power view of a
pulmonary amyloid tumor
shows the classic features of
amorphous acellular material
Breplacing lung
parenchyma. At this
magnification, this can be
easily mistaken for fibrinous
material or scarring of the
lung parenchyma. (Right)
Pulmonary amyloid tumor
shows conventional
histological features. It is
important to note the
presence of a residual airway
(2] an inflammatory reaction
[] and the accumulation of
macrophages 5>,

(Left) Pulmonary amyloid
tumor shows ectatic vessels
and minimal inflammatory
reaction. These features may
be misleading for other
conditions, including solitary
fibrous tumor of hyalinizing
granuloma of the lung. (Right)
In some cases of amyloid
tumor of the lung, the
amorphous acellular material
may be associated with areas
of collagenization, which
makes the distinction of the 2
very difficult. Amyloid [2] and
collagen =] are both depicted
here.

(Left) /n many cases of
pulmonary amyloid tumor, the
nodule is in a subpleural
location; note the residual
mesothelial lining =, In
addition, the amyloid looks
denser B> with areas of
ossification [2] (Right)
Although most cases of
pulmonary amyloid are
characterized by the presence
of well-demarcated nodules, in
some cases, it is possible to
identify areas in which such
demarcation is not well
defined and the amyloid []
transitions subtly into normal
lung parenchyma.

Amyloid Tumor

Extensive Acellular Material
- 'E ,,""M

Accumulation of Macrophages

Ectatic Vascular Structures




Multinucleated Giant Cells

Amyloid Tumor

Calcifications

Inflammatory Response

T

Vi

(Left) The presence of
multinucleated giant cells
at the periphery of the
pulmonary nodule is a
common feature of pulmonary
amyloid tumor. (Right) /n
addition, a pulmonary amyloid
tumor may also show areas of
calcification 2> admixed with
the dense amorphous acellular
material [3]

(Left) /n some cases, the
presence of extensive areas of
ossification 2> can make the
diagnosis of pulmonary
amyloid tumor more
challenging as the ossification
may interfere with the
identification of amyloid.
(Right) Higher magnification
shows the presence of
ossification [=]and
calcification with reactive
inflammatory changes
Adjacent to those changes, it
is possible to identify the
presence of amyloid >

(Left) High-power view shows
transitional areas between
ossification 2 and amyloid
deposition [2] Although easily
identifiable on conventional
stains, the use of Congo red
stain may facilitate the
identification of amyloid in
difficult cases. (Right) The
changes observed in the
adjacent lung parenchyma in
cases of pulmonary amyloid
tumor include the presence of
a desquamative interstitial
pneumonitis-like reaction.
Note the presence of
pigmented intraalveolar
macrophages [,
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Metastatic/Dendriform Calcification

KEY FACTS

TERMINOLOGY

e Nonneoplastic condition characterized by deposition of
calcified material in lung parenchyma

ETIOLOGY/PATHOGENESIS

e This condition may appear in response to different clinical
conditions that may include
o Epithelial malignancies
o Lymphoproliferative disorders
o Post transplant
o Renal failure
e Pathophysiology
o Exact mechanism to account for occurrence of
metastatic calcification is not known
o Serum levels of calcium and phosphates may play role

CLINICAL ISSUES

e Prognosis
o Depends on underlying condition

(Left) Low-power view of a
section of lung shows
extensive presence of calcified
material 3]in a haphazard
pattern. The calcific material
is deposited within the lung
interstitium. (Right) High-
power view of the presence of
calcific material B admixed
with minimal inflammation
and focal fibroblastic
component 53 is shown. Note
the absence of cellular atypia.

3

(Left) Most of the alveolated
lung parenchyma has been
replaced by calcified material.
Note that the airway and
large vessels are not involved
by the process. (Right)
Extensive areas of calcified
material are deposited in the
interstitium and alveolar
walls. In some areas, remnants
of alveoli are still recognizable
containing macrophages.

AT

Calcified Material in Lung Parenchyma

Uninvolved Airway

o Depends on extent of processin lung
o Process may not be limited to lung
e Serum level of calcium and phosphates may be altered

MICROSCOPIC

e Calcified material may follow some specific pattern of
involvement of lung parenchyma

Interstitium

Around bronchial wall

Around airway

Usually follows alveolar outlines

More often bilateral

o Unusual cases may be unilateral

DIAGNOSTIC CHECKLIST

e Pattern of distribution
e Clinical history of associated condition

o

O O O O

Minimal Inflammatory Reaction

iy T f' F a8 [




Metastatic/Dendriform Calcification

TERMINOLOGY
Synonyms
e Metastatic calcification, dendritic calcification

Definitions

e Nonneoplastic condition characterized by deposition of
calcified material in lung parenchyma

ETIOLOGY/PATHOGENESIS

Etiology

e This condition may appear in response to different clinical
conditions that may include

Epithelial malignancies

o Lymphoproliferative disorders

o Post transplant

o Renal failure

o

Pathophysiology

e Exact mechanism to account for occurrence of this disorder
is not known

e Serum level of calcium and phosphates may play role in its
development

CLINICAL ISSUES

Epidemiology
e Incidence

o Difficult to estimate since disorder is secondary to

different clinical conditions

e Age

o Can occurin any age group
Laboratory Tests
e Serum levels of calcium and phosphates may be altered

Natural History

e Develops as secondary process from diverse clinical
conditions
e Process may not be limited to pulmonary system

Treatment

e Surgical approaches
o Patients usually require surgical resection of portion of
lung affected

Prognosis

e Depends on underlying condition
e From strict point of view of calcified deposits in lung
parenchyma, prognosis depends on extent of process

IMAGING

General Features
e Bilateral

e Unusual cases may be unilateral
e Dense

e Asymmetrical

Other Studies

e Dual-energy digital radiography appears to be more
sensitive modality

MACROSCOPIC

General Features

e Lung parenchyma appears congested and gritty
e Cutsurface may be hard in consistency

MICROSCOPIC

Histologic Features
e Haphazard distribution of calcified material in lung
parenchyma
e (alcified material may follow some specific pattern of
involvement of lung parenchyma
o Interstitial deposition
o Around bronchial wall
o Around airway
o (Calcified material usually follows outlines of alveoli
e No cytologic atypia or mitotic activity is present
e No osteoid material is present
e Fibroblast-like intraalveolar proliferation
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DIFFERENTIAL DIAGNOSIS

Metastatic Osteogenic Sarcoma

Clinical history of bone tumor is of utmost importance
e Shows presence of areas of osteoid

e Shows areas of cytologic atypia and mitotic activity

e Shows calcified material destroying lung parenchyma

Dystrophic Calcification
e Histological features may be very similar
e Does not require previous tissue injury
o Dendriform calcification requires previous tissue injury

Pulmonary Chondroma

e Shows areas of cartilage

e Pattern of calcification outlining alveoli is not pattern of
chondromas

e Chondromas are usually lung nodules or masses without
diffuse distribution

Alveolar Microlithiasis

e Pattern of distribution is predominantly intraalveolar

e No preexisting condition accounts for process

e In general, microlithiasis is not associated with serum
abnormalities of calcium or phosphates

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Pattern of distribution

e (Clinical history of associated condition
Pathologic Interpretation Pearls

e C(alcified material following alveolar outlines
e Absent cellular atypia or mitotic activity

SELECTED REFERENCES

1. SarayaT et al: Evidence of unilateral metastatic pulmonary calcification with
a prolonged Fever and arthralgia caused by acute lymphoblastic leukemia in
a chronic dialysis patient. Intern Med. 54(1):63-7, 2015




Metastatic/Dendriform Calcification

Partial Destruction of Lung Parenchyma Subtle Nodular Pattern

(Left) Low-power view of a
section of lung shows
extensive deposition of
calcified material in a manner
mimicking a neoplastic
process. Portions of the lung
parenchyma are replaced by
the presence of calcifications
[=] (Right) /n some cases, the
pattern may appear to be
forming tumor nodules [2]
with very little intervening
normal lung parenchyma. The
deposition of calcified
material can be very extensive,
replacing lung parenchyma
and thus mimicking a
malignant process.
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(Left) In some cases, the
presence of calcified material
is more subtle and can be
easily disregarded as simple
calcification of the lung
parenchyma. Note the
presence of a more cellular
component [ (Right) High-
power view shows calcified
material [2] predominantly
deposited in the lung
interstitium. In some areas,
the calcified material is much
more difficult to recognize, as
it appears to be more dust-like
=i

(Left) The presence of calcified
material is obvious [2]in cases
like this one. However, note
that the calcifications are
more in the interstitium than
within alveolar spaces. It is
also important to note the
absence of cellular atypia.
(Right) A close-up view shows
the calcifications [2] which
are admixed with collections
of histiocytes [=]and minimal
or absent inflammatory
response.




Metastatic/Dendriform Calcification

Y (Left) Low-power view of a
section of lung shows

| calcifications almost following
the normal outlines of the
alveolar architecture [] This
pattern is very common in this
type of process and is an

| important feature for
diagnosis. (Right) Higher
magnification shows areas of
calcification [2] admixed with
areas of a fibroblastic
proliferation This

*| combination is rather common
{ and should not be interpreted
for a malignant process.
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Calcification Around Wall of Vessel

- P ) (Left) Another important

3 : feature of dendriform
calcification is the presence of
calcific material [2] around
vascular structures =1 Also
note that there are more
calcifications involving the
lung parenchyma 5> (Right)
The presence of calcified
material around vessels can be
marked, resembling
ossification [2] In this
particular case, note the
presence of a dilated vessel
and the obvious calcification
| inits wall.

(Left) /n some unusual
conditions, the calcified
material may be admixed with
an inflammatory reaction and
also the presence of
multinucleated giant cells [2]
Such change may be
Y secondary to the presence of
% the foreign material, which, in
| this case, is calcium. (Right)
| Evenin areas of "normal” lung
| parenchyma, the presence of
calcification may be very
subtle, to the point of missing
%] it In this case, note the
1 presence of calcified material
| within the interstitium
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Lipoid Pneumonia (Paraffinoma)

KEY FACTS

TERMINOLOGY

e Synonyms
o Cholesterol pneumonia, lipoid pneumonia, golden
pneumonia
o Definition: Type of pneumonia that could be secondary to
aspiration; can be classified as
o Endogenous
o Exogenous

ETIOLOGY/PATHOGENESIS

e Exogenous

Aspiration of oily substances
Mineral oil

Vegetable oil

Petroleum jelly

Oil mists

Some radiographic contrast media
e Endogenous

[e]
o
[e]
[e]
[e]
[e]

(Left) Low-power view of
lipoid pneumonia shows the
characteristic Swiss cheese
appearance. Note the number
of cystic spaces [/ and focal
areas of inflammation
(Right) With this closer view of
lipoid pneumonia, note the ;
presence of several
multinucleated giant cells [=]
The normal lung architecture
is lost, and the inflammatory
reaction is minimal.

Replacement of Normal Lung Parenchyma
4

o Result of pulmonary obstruction or gastroesophageal
reflux

o May result as breakdown of cell membrane or
lipoprotein secretions

CLINICAL ISSUES

e Rare; may be seen in bedridden patients
e Can occurin any age group, children or elderly
e Prognosis depends on origin

o Insome cases it may follow fatal course

MICROSCOPIC

Proliferation of foamy histiocytes

Cholesterol cleft granulomas

Foreign body giant cell reaction

Fat droplets in interstitium

Histochemical stain for oil red O is positive in fat droplets
Inflammatory reaction may be minimal

Presence of Giant Cells

TS U, TR e b

(Left) Low-power view of a
lipoid pneumonia shows the
classic pattern of Swiss
cheese-like appearance. Note
the presence of areas of
widening of the interstitium
(Right) Higher
magnification of a lipoid
pneumonia shows what
appear to be fat droplets [2].
In addition, there are focal
areas of inflammatory
reaction =]




Lipoid Pneumonia (Paraffinoma)

TERMINOLOGY
Synonyms

e Cholesterol pneumonia, paraffinoma, golden pneumonia,
exogenous/endogenous lipoid pneumonia

Definitions

e Type of pneumonia secondary to aspiration; can be
classified as
o Endogenous
o Exogenous

ETIOLOGY/PATHOGENESIS

Etiology

e Exogenous
o Aspiration of oily substances
Mineral oil
Vegetable oil
Petroleum jelly
Oil mists
— Some radiographic contrast media
e Endogenous
o Result of pulmonary obstruction or gastroesophageal
reflux
o May result from breakdown of cell membrane or
lipoprotein secretions

CLINICAL ISSUES
Epidemiology
e Incidence
o Rare; may be seen in bedridden patients
e Age
o Can occurin any age group, children or elderly

Presentation
e Cough

e Chest pain
e Dyspnea

e Fever

Treatment

e |n cases of endogenous lipoid pneumonia, dealing with
cause of obstruction may be beneficial

e In cases of exogenous lipoid pneumonia, identification and
stopping of probable cause is crucial

e Antibiotics may be necessary

Histochemical Features

Stain

PAS

PAS-D
Mucicarmine
Oilred O

MICROSCOPIC

Histologic Features

e Proliferation of foamy histiocytes

o Intraalveolar

o Interstitial

Cholesterol cleft granulomas

Foreign body giant cell reaction

o Around fat droplets in exogenous pneumonia

o May be absent in cases of endogenous pneumonia
Fat droplets in interstitium

Inflammatory reaction may be minimal

DIFFERENTIAL DIAGNOSIS

Mycobacterial Infection

e Shows organisms with acid-fast bacilli stain
e Unusual to have fat droplets

Rosai-Dorfman Disease

Characteristically shows presence of emperipolesis
Infiltrate is predominantly composed of histiocytes
Does not show presence of fat droplets

Shows negative staining for oil red O

Juvenile Xanthogranuloma

e Presents as pulmonary mass

e Histiocytic infiltrate destroys lung parenchyma

e Qilred Ois negative

e Immunohistochemical studies for histiocytic markers show
positive staining

Langerhans Cell Histiocytosis

e Characteristically shows positive staining for S100 protein
and CD1a

e Characteristically presents as multiple pulmonary nodules

e Presence of eosinophils favors diagnosis of Langerhans cell
histiocytosis

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Fatdroplets
e Positive staining for oil red O
e Giant cell reaction

SELECTED REFERENCES

1. Tavare AN et al: Exogenous lipoid pneumonia mimicking multifocal
bronchogenic carcinoma. J Thorac Oncol. 10(12):1809-10, 2015

Result
Negative for intracellular glycogen

Negative for intracellular mucin
Negative for intracellular mucin
Positive in fat droplets
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Lipoid Pneumonia (Paraffinoma)

Mild Inflammation Cystlc-lee Spaces

(Left) Classic Swiss cheese-like
appearance admixed with
inflammatory reaction is
shown. Note the presence of
large [2] and small =] empty
spaces typical of this process.
The interstitium shows only
mild inflammatory changes.
(Right) Different view of a
lipoid pneumonia with
widening of the interstitium
[ gives the appearance of a
fibrinous component with
focal inflammatory reaction
[ Still, large empty spaces
21 can be identified.
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(Left) Lipoid pneumonia shows
some preservation of lung
architecture in which the
alveoli are filled with
histiocytes [ with focal areas
of inflammatory reaction i
composed of lymphocytes
This pattern would suggest an
infectious process. (Right)
Higher magmﬁcat/on shows

with focal inflammation
and the presence of
multinucleated giant cells
forming an ill-defined
granuloma

(Left) Low-power view shows
collections of intraalveolar
foamy histiocytes [2] giving
the appearance of an
infectious process. In addition,
there are focal areas of
inflammatory reaction
(Right) Closer view of a lipoid
pneumonia shows some
inflammatory changes and
destruction of the normal
pulmonary architecture. Note
the presence of fat droplets of
different sizes [2] '




Lipoid Pneumonia (Paraffinoma)

Distorted Lung Parenchym

S 4 2 XY Y e ) (Left) Distorted pulmonary

o : . 3 parenchyma shows the
presence of fat droplets [2] of
different sizes. There is very
4 little in terms of inflammatory
reaction. (Right) Lipoid
pneumonia shows a giant cell
component [2]around a
1 pulmonary vessel. Such a
finding is common, although,
in some cases the giant cell
reaction is not necessarily
attached to a pulmonary
vessel.
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) (Left) Marked collection of

| intraalveolar macrophages

<4 admixed with more

conventional areas of fat

| droplets [2]is shown with

=4 destruction of the normal lung

{ architecture. These findings

are typical of this process.

(Right) /n some cases, the

process appears to be more

homogeneous with large fat

droplets, which mimic alveolar

structures [2] In addition,

3" thereis a subtle inflammatory
! reaction.

(Left) Closer magnification
reveals the presence of some
intraalveolar macrophages [
Note the presence of
remnants of alveolar lining (=3I,
In addition, numerous fat
droplets are present, which

| are characteristic of lipoid
pneumonia 5=, (Right) Higher
magnification shows foamy
histiocytes admixed with fat
droplets and some remaining
alveolar lining. These features
are typical of lipoid
pneumonia.




TERMINOLOGY

e Synonyms: Placentoid bullous lesion, giant bullous
emphysema, pulmonary lipomatosis

e Benign, unusual condition characterized by bizarre changes
in shape of normal lung parenchyma

ETIOLOGY/PATHOGENESIS

e Some cases have been associated with tobacco use, others
with pneumonic process

CLINICAL ISSUES
e Process can be seen in elderly or young adults

MACROSCOPIC

o |ll-defined process with complete degeneration of normal
lung parenchyma

Cystic changes

Grape-like structures

Soft consistency and yellowish color

Il defined; may involve entire lobe or lobe segment

Macroscopic Features

(Left) This portion of the lung e
shows placental
transmogrification. Note the
grotesque appearance of the
lung parenchyma. (Right)
High-power view shows some
of the placentoid structures
typical of placental
transmogrification of the lung.
Note the presence of the
different sizes and the
edematous internal
composition.

Papillary-Like Features

(Left) Placental
transmogrification of the lung
shows papillary-like structures
or placentoid structures [5>] of
different sizes with minimal
inflammatory reaction. (Right)
Placental transmogrification
of the lung is shown with focal
areas of calcifications The
presence of dystrophic
calcifications may be seen
sporadically in these cases.

2 >
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MICROSCOPIC

e Placental-like pattern
o Lipomatous changes
o Myxoid changes
o Edematous changes

TOP DIFFERENTIAL DIAGNOSES

e Pneumonia
o Shows areas of acute and chronic inflammatory cells,
which are commonly absent in transmogrification
e Emphysema
o There s very little residual alveoli in transmogrification
o Extensive areas of papillary-like structures with adipose
tissue
e Papillary carcinoma
o Most likely would present as pulmonary mass

Placentoid Structures

Calcifications
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Placental Transmogrification

TERMINOLOGY
Synonyms
e Placentoid bullous lesion, giant bullous emphysema,
pulmonary lipomatosis
Definitions

e Benign, unusual condition characterized by bizarre changes
in shape of normal lung parenchyma

ETIOLOGY/PATHOGENESIS

Environmental Exposure
e Some cases have been associated with tobacco use

Infectious Agents
e Some cases have been associated with pneumonic process

CLINICAL ISSUES

Epidemiology
e Incidence

o Canbeseenin elderly or young adults
Presentation
e Cough
e Fever
e Pneumonia
Treatment
e Surgical approaches

o Complete surgical resection
Prognosis
e Good

IMAGING

General Features
o |ll-defined pulmonary mass

MACROSCOPIC

General Features
e |ll-defined process with complete degeneration of normal
lung parenchyma
o Cystic changes
o Grape-like structures
o Soft consistency and yellowish color

Size
e |ll defined; may involve entire lobe or lobe segment

MICROSCOPIC

Histologic Features

e Papillary features without cellular atypia or mitotic activity
e Papillary component may show
o Myxoid changes
o Lipomatous changes
o Edematous changes
o Minimal inflammatory changes
e Placental-like pattern
e In focal areas, residual alveolated tissue may be present

e |nfocal areas, residual airway may be seen
e Lack of pulmonary fibrosis
e Focal calcifications may be seen

Predominant Pattern/Injury Type
o ||l defined

DIFFERENTIAL DIAGNOSIS

Pneumonia

e Show areas of acute and chronic inflammation that are
usually absent in placental transmogrification

e Macroscopic features of pneumonia do not resemble
bizarre features of transmogrification

e Highly unusual for pneumonic process to show presence of
adipose tissue

Emphysema

e Presence of papillary structures with myxoid or lipomatous
changes would be unusual for emphysema

e Entire lung parenchyma is destroyed in transmogrification
o Leaves little residual alveoli

Papillary Carcinoma

e Lack of nuclear atypia or mitosis is feature of placental
transmogrification

e Presence of myxoid or lipomatous changes would be
unusual for carcinoma

e Macroscopic feature of transmogrification is diffuse
o Carcinoma would be localized tumor mass

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Gross appearance: Destruction of normal appearance

Pathologic Interpretation Pearls

e Placentoid-like structures
e Lipomatous change

e Myxoid change

e Papillary-like structures

SELECTED REFERENCES

1. Hochhegger B et al: Placental transmogrification of the lung. Lung.
193(5):855-7,2015

2. Moran CA et al: Unusual non-neoplastic lesions of the lung. Semin Diagn
Pathol. 24(3):199-208, 2007

3. Vogel-Claussen J et al: Placental transmogrification of the lung. J Thorac
Imaging. 20(3):233-5, 2005

4.  Cavazza A et al: Placental transmogrification of the lung: clinicopathologic,
immunohistochemical and molecular study of two cases, with particular
emphasis on the interstitial clear cells. Hum Pathol. 35(4):517-21, 2004

5. Brevetti GR et al: Pulmonary placental transmogrification: diagnosis and
treatment. J Thorac Cardiovasc Surg. 118(5):966-7, 1999

6. Hochholzer L et al: Pulmonary lipomatosis: a variant of placental
transmogrification. Mod Pathol. 10(8):846-9, 1997

7. Horsley WS et al: Unilateral giant bullous emphysema with placental
transmogrification of the lung. Ann Thorac Surg. 64(1):226-8, 1997

8.  Fidler ME et al: Placental transmogrification of the lung, a histologic variant
of giant bullous emphysema. Clinicopathological study of three further
cases. Am J Surg Pathol. 19(5):563-70, 1995

9. MarkEJ etal: Placentoid bullous lesion of the lung. Hum Pathol. 26(1):74-9,
1995

10. McChesny T et al: Placental transmogrification of the lung: a unique case
with remarkable histopathologic features. Lab Invest. 40:245-6, 1979
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(Left) Placental
transmogrification shows the
classic placentoid structures
[=] however, normal alveolar
structures are also present 5],
Most of the time normal lung
parenchyma is only focally
present. (Right) Placental
transmogrification of the lung
shows large and small
placentoid structures 5]
destroying residual normal
lung parenchyma [ This
growth pattern may be seen in
some primary or metastatic
carcinomas of the lung.

(Left) Some of the placentoid
structures composing
placental transmogrification
may show a more cellular
component [22] while others
remain more edematous 5>/
Focal residual macrophages
are also seen (Right)
Although placental
transmogrification destroys
the normal lung parenchyma,
one is still able to recognize
focal areas in which there is
residual airway B>, It is
important to note that
placental transmogrification
does not involve the airway.

(Left) Small, elongated, more
cellular structures (3] are
present mixed with relatively
normal alveolar structures in
placental transmogrification.
These structures resemble
morular structures present in
some adenocarcinomas.
(Right) Predominantly normal-
appearing alveolar structures
and a couple of classic
structures of placental
transmogrification of the lung
are present. The presence
of these structures in small
biopsies should raise the
possibility of placental
transmogrification.

Placental Transmogrification

Adjacent Normal Lung

Replacement of Lung Parenchyma
T

S Y




Placental Transmogrification

Calcifications Inflammatory Reaction
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(Left) Although an unusual
feature, the presence of
dystrophic calcifications [2]
may be seen in focal areas of
placental transmogrification.
(Right) Placental
transmogrification of the lung
| shows one of the placentoid
structures with marked

1{ inflammatory reaction

| Inflammatory changes are also
not a common feature of this
process; most of these
placentoid structures lack an
inflammatory reaction.
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(Left) Placental
transmogrification of the lung
shows structures of different

| sizes with almost total
replacement of lung

| parenchyma. Note that in
some of these placentoid
structures, adipose tissue is

| present. (Right) Some of the
placentoid structures show
myxoid changes 5>] while
others show more edematous
changes These changes
are commonly seen in these
cases and may represent aging
changes.

=) (Left) Placentoid structures in
placental transmogrification
show prominent lipomatous
changes 5> These histological
features led some authors to

\ coin the term lipomatosis.
(Right) Higher magnification
of placentoid structures in
placental transmogrification
of the lung shows prominent

| lipomatous changes [=]. Note
the adjacent structures with
more myxoid change 5>




Rosai-Dorfman Disease

KEY FACTS

2

£

£ TERMINOLOGY e Prognosis

- e Rosai-Dorfman (R-D) disease o May follow nonaggressive course

= e Synonym: Sinus histiocytosis with massive o Inafew cases, fatal course may be observed, but that is
=) lymphadenopathy (SHML) unusual

= o Some patients may live with persistent disease

= ETIOLOGY/PATHOGENESIS o Number of cases involving lung too small to make

E‘ e Unknown definitive conclusions

2 ° Poss!ble !nFectlous origin MICROSCOPIC

= e Possible immunologic response o ] ) ]
9) e |arge histiocytes engulfing lymphocytes (emperipolesis)
% CLINICAL ISSUES e Marked plasma cell component

Py e R-Ddisease is unusual tumoral condition more commonly e Positive staining for S100 protein in histiocytes

c

s

-

seen in lymph nodes TOP DIFFERENTIAL DIAGNOSES

e May appear in extranodal sites in ~ 20% of cases ]
e Respiratory system most unusual site of occurrence * Infectious process
e Surgical resection is treatment of choice o Histochemical stains for fungi and acid-fast bacilli (-)
e Chemotherapy can be used in more severe and extensive e Erdheim-Chester disease
cases e Langerhans cell histiocytosis
o However, has not shown meaningful results e Juvenile xanthogranuloma

(Left) Primary Rosai-Dorfman
(R-D) disease of the lung
shows residual endobronchial
glands [=]and prominent
histiocytic proliferation
admixed with inflammatory
cells. (Right) Primary R-D
disease of the lung shows
prominent histiocytic
proliferation admixed with
inflammatory cells.

(Left) Pulmonary R-D disease
shows histiocytic proliferation
superficially eroding the
bronchial cartilage. Note the
associated inflammatory
component. (Right) R-D
disease of the lung shows
large histiocytes with round to
oval nuclei and prominent
nucleoli. In addition, there is
an inflammatory component
with numerous plasma cells.




Rosai-Dorfman Disease

TERMINOLOGY
Abbreviations
e Rosai-Dorfman (R-D) disease
Synonyms
e Sinus histiocytosis with massive lymphadenopathy (SHML)
Definitions
e Histiocytic proliferation primarily affecting lymph nodes

ETIOLOGY/PATHOGENESIS

Etiology

e Unknown

e Possible infectious origin

e Possible immunologic response

CLINICAL ISSUES
Epidemiology
e Incidence
o Unusual tumoral condition more commonly seen in
lymph nodes
o May appear in extranodal sites in ~ 20% of cases
o Respiratory system most unusual site of occurrence
e Age
o May occur at any age
— Cases described in lung have been in adults

Presentation

e Cough

e Shortness of breath
e Chest pain

Treatment

e Surgical resection is treatment of choice
e Chemotherapy can be used in more severe and extensive
cases

o However, use has not shown meaningful results

Prognosis

e Generally good
e |nafew cases, fatal course may be seen, but that is unusual
e Some patients may live with persistent disease

Immunohistochemistry

Antibody Reactivity

S100 Positive Cytoplasmic
CD68 Positive Cytoplasmic
CD163 Positive Cytoplasmic
CD15 Positive Cytoplasmic
a-1-antichymotrypsin Positive Cytoplasmic
CD1a Negative

FXINA Negative

Staining Pattern

MICROSCOPIC

Histologic Features

e Diffuse proliferation of large histiocytes

e Presence of histiocytes engulfing lymphocytes
(emperipolesis)

Presence of inflammatory reaction, namely plasma cells
When lung is affected, lymph nodes may also be involved

DIFFERENTIAL DIAGNOSIS

Erdheim-Chester Disease

e May show similar immunophenotype

e Shows histiocytes of normal size, while R-D disease shows
large histiocytes

Absence of emperipolesis

Different growth pattern, namely in septum and pleura

Langerhans Cell Histiocytosis

e Shows positive staining for CD1a, while R-D disease is
negative

e In lung, usually shows numerous nodules, while R-D
presents as single mass

e Histiocytes rather small with grooves, whereas those in R-D
are large without grooves

e Ultrastructural studies usually show classic Birbeck granules

Juvenile Xanthogranuloma

Usually presents as multiple nodules in lung

More common in young adults

Usually also shows dermal involvement

May share similar immunophenotype with R-D disease

DIAGNOSTIC CHECKLIST

Pathologic Interpretation Pearls

e Diffuse presence of large histiocytes

e Marked presence of plasma cells

e Histiocytes engulfing lymphocytes (emperipolesis)

SELECTED REFERENCES

Apperley ST et al: Intrathoracic Rosai Dorfman disease with focal aggregates
of IgG4-bearing plasma cells: case report and literature review. Ann Am
Thorac Soc. ePub, 2016

—

Comment
In large histiocytes

In histiocytes

May stain other inflammatory cells
In histiocytes
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(Left) Low-power view of R-D
disease of the lung shows the
presence of an airway 53] that
is not involved by the process.
Adjacent lung parenchyma is
obliterated by a histiocytic
proliferation (Right) R-D
disease of the lung shows
transitional areas between
normal lung parenchyma [/
and the histocytic process =]
that is obliterating normal
lung parenchyma.

(Left) R-D disease shows a
prominent histiocytic cellular
proliferation approaching the
bronchial cartilage 5.
Although the bronchial
cartilage is not involved, the
process lingers in the
cartilaginous surface. (Right)
R-D disease shows residual
bronchial glands 3] that are
not involved by the process. R-
D disease characteristically
obliterates alveolated lung
parenchyma.

(Left) Histiocytic proliferation
is not easily identified in this
case of R-D disease. The lung
parenchyma appears to be
congested by fresh blood
and the adjacent lung appears
to be heavily inflamed
(Right) Histocytic proliferation
is not easily identified in this
case of R-D disease. The lung
parenchyma has been replaced
by dense collagen with only a
discrete histiocytic infiltrate in
between collagen fibers.

Rosai-Dorfman Disease

Destruction of Lung Parenchyma

Residual Normal Lung




Histiocytes
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Rosai-Dorfman Disease

Uninvolved Vessels

(Left) R-D disease shows
transitional areas between
dense collagenization of the
lung parenchyma =] and a
more prominent histiocytic

; proliferation =] The

histological changes of R-D
disease in the lung may vary in
cellularity as is demonstrated
in this image. (Right) R-D
disease shows several normal
structures entrapped by the
histiocytic proliferation. A
nerve [=] pulmonary vessel

| 3] and ganglion cells [2] are
| shown.

(Left) R-D disease shows a

4 prominent histiocytic

proliferation composed of
large histiocytes with
abundant eosinophilic
cytoplasm [2] In addition,
note the presence of an
inflammatory infiltrate
composed almost exclusively
of plasma cells =] Plasma
cells are invariably present in
all cases of R-D disease.
(Right) R-D disease shows
large histiocytes with round to
oval nuclei and abundant
eosinophilic cytoplasm. Note
the presence of plasma cells

(Left) R-D disease shows the
characteristic histiocytic
proliferation composed of
large histiocytes. However, in
some areas, the inflammatory
response is minimal. (Right) R-
D disease shows large

: '_ histiocytes, some of them

engulfing lymphocytes.
Emperipolesis is one of the
most important characteristics
of R-D disease, even though in
some cases it may be difficult
to identify.
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Angiolymphoid Hyperplasia With Eosinophilia

KEY FACTS

=

£

£ TERMINOLOGY MICROSCOPIC

5 e Angiolymphoid hyperplasia with eosinophilia (ALHE) e Lymphoid hyperplasia

E e Synonym: Epithelioid hemangioma e Endothelial hyperplasia

=) CLINICAL ISSUES ° Inflgmma‘t.ory reaction

© ) e Eosinophilia

= e Presentation

" o Cough TOP DIFFERENTIAL DIAGNOSES

5 o Dyspnea e Hodgkin lymphoma

a o Asthma o Absence of Reed-Sternberg cells in ALHE

o e Treatment of choice: Complete surgical resection o Negative staining for Hodgkin lymphoma markers
? o Lobectomy e Eosinophilic pneumonia

2 o Wedge resection o ALHE characteristically shows presence of vascular
2 e Prognosis: Good proliferation and lymphoid hyperplasia

e Parasitic infection
o ALHE does not show acute inflammation
o Negative staining for infectious organisms

IMAGING

e Single pulmonary mass
o |ll-defined pulmonary mass

Unencapsulated Lesion Vascular Proliferation

\

(Left) Low-power view shows
angiolymphoid hyperplasia
with eosinophilia (ALHE)
presenting as a pulmonary
mass. The lesion is fairly well
circumscribed. (Right) High-
power view of ALHE shows the
characteristic features of
lymphoid aggregates,
proliferation of small vessels,
and prominent eosinophilic
infiltrate.

(Left) ALHE of the lung shows
areas of germinal centers and
prominent lymphoid
proliferation. Also note the
presence of small vessels
admixed with the lymphoid
component. (Right) Adjacent
areas of lung parenchyma
near the main nodule of ALHE
show prominent eosinophilic
component in the interstitium
and alveolar spaces.




Angiolymphoid Hyperplasia With Eosinophilia

TERMINOLOGY
Abbreviations
e Angiolymphoid hyperplasia with eosinophilia (ALHE)
Synonyms
e Epithelioid hemangioma
Definitions

e Benign vascular tumor characterized by vascular
proliferation, lymphoid hyperplasia, and eosinophilia

CLINICAL ISSUES

Presentation
e Cough
e Dyspnea
e Asthma
Treatment
e Surgical approaches
o Complete surgical resection
— Lobectomy
— Wedge resection
Prognosis
e Good when lesions limited to lung

IMAGING

General Features

e Single pulmonary mass
o |ll-defined pulmonary mass

MACROSCOPIC

General Features
e Tumor nodule
o Necrosis &/or hemorrhage are absent
o Well circumscribed but not encapsulated
Size
e 2-3cmin diameter

MICROSCOPIC

Histologic Features

e Eosinophilia and proliferation of epithelioid endothelial
cells

Predominant Cell/Compartment Type

e Endothelial
e Lymphocyte

DIFFERENTIAL DIAGNOSIS
Hodgkin Lymphoma
e Absence of Reed-Sternberg cells in ALHE
e Negative staining for Hodgkin lymphoma (HL) markers
e Often HL presentsin lung with multiple pulmonary nodules
Eosinophilic Pneumonia

e ALHE characteristically shows presence of vascular
proliferation and lymphoid hyperplasia, which are not
present in eosinophilic pneumonia

e Alveoli are filled with eosinophils
e Does not show endothelial or lymphoid hyperplasia

Parasitic Infection

e ALHE does not show acute inflammation
e Negative staining for infectious organisms
e No parasitic organisms are identified on conventional stains

Non-Hodgkin Lymphoma

e Presence of inflammatory infiltrate would be unusual for
lymphoma

e Immunomarkers would show evidence of polyclonality in
ALHE

DIAGNOSTIC CHECKLIST

Clinically Relevant Pathologic Features
e Tissue distribution

Pathologic Interpretation Pearls

e Endothelial and lymphoid hyperplasia are characteristic of
ALHE

e Eosinophilia coupled with endothelial and lymphoid
hyperplasia

SELECTED REFERENCES

1. Adler BL et al: Epidemiology and treatment of angiolymphoid hyperplasia
with eosinophilia (ALHE): A systematic review. J Am Acad Dermatol.
74(3):506-512.e11,2016

2. Rongioletti F et al: Successful management of refractory angiolymphoid
hyperplasia with eosinophilia with thalidomide. J Eur Acad Dermatol
Venereol. 30(3):527-9, 2016

3. YeXetal: Pulmonary embolism as the initial clinical presentation of Kimura
disease: case report and literature review. Blood Coagul Fibrinolysis.
26(4):414-8,2015

4.  Cham E et al: Epithelioid hemangioma (angiolymphoid hyperplasia with
eosinophilia) arising on the extremities. J Cutan Pathol. 37(10):1045-52,
2010

5. Sotiriou E et al: Angiolymphoid hyperplasia with eosinophilia: good response
to photodynamic therapy. Clin Exp Dermatol. 34(8):e629-31, 2009

6. Trindade F et al: Giant angiolymphoid hyperplasia with eosinophilia on the
chest. J Cutan Pathol. 36(4):493-6, 2009

7. KoizumiH et al: Spontaneous regression of generalized angiolymphoid
hyperplasia with eosinophilia in a 2-year-old boy. Acta Derm Venereol.
88(4):395-6, 2008

8. Thompson MJ et al: Angiolymphoid hyperplasia with eosinophilia affecting
the eyelids. Arch Ophthalmol. 125(7):987, 2007

9. Macarenco RS et al: Angiolymphoid hyperplasia with eosinophilia showing
prominent granulomatous and fibrotic reaction: a morphological and
immunohistochemical study. Am J Dermatopathol. 28(6):514-7, 2006

10. Moran CA et al: Angiolymphoid hyperplasia with eosinophilia (epithelioid
hemangioma) of the lung: a clinicopathologic and immunohistochemical
study of two cases. Am J Clin Pathol. 123(5):762-5, 2005

11. Fetsch JF et al: Observations concerning the pathogenesis of epithelioid
hemangioma (angiolymphoid hyperplasia). Mod Pathol. 4(4):449-55, 1991

12. Chan JK et al: Epithelioid haemangioma (angiolymphoid hyperplasia with
eosinophilia) and Kimura's disease in Chinese. Histopathology. 15(6):557-74,
1989

13. Suster S: Nodal angiolymphoid hyperplasia with eosinophilia. Am J Clin
Pathol. 88(2):236-9, 1987

14. Olsen TG et al: Angiolymphoid hyperplasia with eosinophilia. A
clinicopathologic study of 116 patients. J Am Acad Dermatol. 12(5 Pt 1):781-
96, 1985

15. Rosai J et al: The histiocytoid hemangiomas. A unifying concept embracing
several previously described entities of skin, soft tissue, large vessels, bone,
and heart. Hum Pathol. 10(6):707-30, 1979
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Angiolymphoid Hyperplasia With Eosinophilia

Small Vessel Proliferation

(Left) Low-power view of
ALHE shows a prominent
lymphoid component with
hyperplastic changes and an
ill-defined tumor within the
lung parenchyma. Note the
spread of the tumor toward
other areas of lung
parenchyma 2], (Right)
Prominent lymphoid
component in ALHE of the
lung obliterates numerous
small blood vessels B2, The
eosinophilic component is not
marked.
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Dilated Vascular Structure With
Eosinophils

(Left) ALHE shows more classic
features with several germinal
centers 3] blood vessel
proliferation, and prominent
infiltrate of eosinophils.
(Right) ALHE in the lung shows
a large pulmonary vessel with
a prominent inflammatory
infiltrate in the walls. The
lumen is not obstructed;
however, numerous
eosinophils are easily
identified in the walls of the
vessels.

(Left) Different view of a
pulmonary vessel compressed
by the inflammatory infiltrate
is shown. Even in the
compressed lumen, it is still
possible to identify
inflammatory cells
(eosinophils). Note the
prominent eosinophilic
component [=]in the adjacent
lung parenchyma. (Right)
ALHE in the lung involves the
peribronchial soft tissue and
adjacent alveolar structures.
The presence of eosinophils is
easily identified.




Angiolymphoid Hyperplasia With Eosinophilia

Areas of Fibrosis

(Left) Adjacent areas of lung
parenchyma may also be
| affected by ALHE. In this case,
small vessels away from the
main tumor nodule show
inflammatory changes with
lymphoid aggregate. (Right) /n
other areas of the lung, ALHE
demonstrates prominent
eosinophilic infiltrate in areas
of dense fibrosis. Note the
dilated vascular structures =]
lined by hyperplastic
endothelial cells with
prominent epithelioid
features.
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(Left) High-power view of
ALHE reveals numerous
vascular channels showing
hyperplastic changes. Also
note the presence of marked
eosinophilia. (Right) Different
view of ALHE in the lung
shows lymphoid hyperplasia, a
proliferation of vessels, and

{ prominent eosinophilic
infiltrate. It is difficult to
recognize normal lung
parenchyma.

Small and Large Vessels Involvement
I G5 e T R RN e (Left) ALHE in the lung shows
. ; a pattern in which the process
is affecting predominantly
small vessels, which appear
compressed and surrounded
BT e e N by a prominent inflammatory
.é:'-,{g .:«’!‘.1‘., e ae i 0 9 infiltrate composed mainly of
g ,‘.’c‘oﬁ%' 5 ad eosinophils. (Right) CD371
O (o =4 | immunostain shows positive
staining in the vascular
structures [=]in ALHE of the
lung. In some cases,
immunostains are important
to identify the vascular
component.
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Atypical Adenomatous Hyperplasia

KEY FACTS

TERMINOLOGY

e Microscopic proliferation of atypical alveolar lining cells
measuring < 5 mm in greatest diameter

CLINICAL ISSUES

e Incidental microscopic finding in lung tissues removed for
other reasons

MICROSCOPIC
e Lining cells are round, cuboidal, or low columnar

e Hobnail cells or "peg" cells with apical snouts are often seen
e Nuclei are round and hyperchromatic with evenly dispersed

chromatin
Intranuclear inclusions may be present in some cells
Lining cells are round, cuboidal, or low columnar

papillary structures are not seen

(Left) Scanning magnification
of atypical adenomatous
hyperplasia (AAH) of the lung
shows a well-delineated area
[l of lung parenchyma that
stands out from the
surrounding tissue due to the
larger size of the lining cells.
(Right) Higher magnification
of AAH shows alveolar septa
lined by cells with enlarged,
hyperchromatic nuclei with
mild thickening of the
intervening interstitium.

(Left) Higher magnification of
AAH shows large cells lining
the walls of the alveoli. Many
of the cells display a hobnail
configuration with large,
hyperchromatic and eccentric
nuclei protruding into the
alveolar lumen (Right)
Higher magnification of AAH
shows atypical alveolar lining
cells with enlarged,
hyperchromatic nuclei
displaying a hobnail
configuration 5],

Hobnail cells or "peg" cells with apical snouts are often seen
Occasional short tufts of cells may protrude into lumen, but

Nuclei are round and hyperchromatic with evenly dispersed
chromatin

Occasional large, moderately atypical cells may be seen
Intranuclear inclusions may be present in some cells
Mitoses or areas of necrosis are rare

Focal lesion composed of mildly to moderately atypical cells
lining alveoli and, sometimes, respiratory bronchioles

e Absence of background fibrosis or inflammation

Lesions stand out against background lung because of
increased size and hyperchromatism of lining cells

ANCILLARY TESTS

Atypical cells are strongly positive for TTF-1

MIB-1/Ki-67 proliferation index is very low (< 1%)

Atypical cells are strongly positive for TTF-1

MIB-1/Ki-67 proliferation index is very low (< 1%)

EGFR positive

Ultrastructurally show admixtures of cells with features of
Clara cells and of type Il pneumocytes

Alveolar Walls in AAH




Atypical Adenomatous Hyperplasia

TERMINOLOGY

Abbreviations

e Atypical adenomatous hyperplasia (AAH)
Synonyms

e Bronchioloalveolar adenoma

Definitions

e Microscopic proliferation of atypical alveolar lining cells
measuring < 5 mm in greatest diameter

ETIOLOGY/PATHOGENESIS

Pathogenesis

e Recent studies support that these lesions may be earliest
precursors of peripheral lung adenocarcinoma

e Aberrant DNA methylation patterns and increased gene
copy gains of (*) 5 are implicated

CLINICAL ISSUES
Epidemiology
e Incidence
o May be presentin up to 50% of lung specimens surgically
resected for lung adenocarcinoma
o Most commonly associated with adenocarcinoma than
with other histologic types of lung cancer
e Age
o Adults and elderly patients
e Sex
o Appears to be more common in female patients
e Ethnicity
o Higher prevalence in Asians, where lepidic-type
adenocarcinoma is most common type of lung cancer

Presentation

e Incidental finding in lung specimens resected for cancer or
other conditions

Natural History

e Asymptomatic, incidental microscopic finding

e No known morbidity or mortality

e Lesions are believed to represent precursor lesions to well-
differentiated adenocarcinoma

No increased risk of subsequent development of cancer has
been found in patients with these incidental lesions

Prognosis
e Benign lesion

IMAGING

General Features

e Morphology
o Most lesions are completely invisible, even on high-
resolution CT scans

MACROSCOPIC

General Features

e Lesions are grossly very difficult to visualize and most often
pass unnoticed

Size
e <5mmin greatest diameter

e Lesions with similar features > 5 mm in diameter are
generally considered as lepidic adenocarcinoma in situ

MICROSCOPIC

Histologic Features

e Focal lesion composed of mildly to moderately atypical cells
lining alveoli and, sometimes, respiratory bronchioles

e Absence of background fibrosis or inflammation

e Lesions stand out against background lung because of
increased size and hyperchromatism of lining cells

Cytologic Features

e Lining cells are round, cuboidal, or low columnar

e Hobnail cells or "peg" cells with apical snouts are often seen

e Occasional short tufts of cells may protrude into lumen, but
papillary structures are not seen

e Nuclei are round and hyperchromatic with evenly dispersed
chromatin

e Occasional large, moderately atypical cells may be seen

e Intranuclear inclusions may be present in some cells

e Mitoses or areas of necrosis are rare

ANCILLARY TESTS

Immunohistochemistry

e Atypical cells are strongly positive for TTF-1
e MIB-1/Ki-67 proliferation index is very low (< 1%)
e EGFR positive

DIFFERENTIAL DIAGNOSIS

Well-Differentiated Adenocarcinoma, Lepidic Type

e May be indistinguishable morphologically from AAH
e Arbitrary size criterion has been proposed of 0.5-cm
diameter for separating lepidic well-differentiated
adenocarcinoma from AAH
o Size may not be reliable criterion for making this
distinction
o Most cases < 0.5 cm are regarded as AAH
o Most cases > 0.5 cm in diameter are regarded as lepidic
adenocarcinoma in-situ

Reactive Bronchioloalveolar Cell Hyperplasia

e Reactive bronchioloalveolar cell hyperplasia is generally
observed against background of pneumonitis, whereas
AAH is seen against background of normal lung
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Lymphangioleiomyomatosis

KEY FACTS
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£ TERMINOLOGY MICROSCOPIC
o e Lymphangioleiomyomatosis (L