Journal of Clinical and Translational Pathology 2024 vol. 4(1)

DOI: 10.14218/1JCTP.2023.00068

Review Article

The World Health Organization Reporting System for Lung
Cytopathology—A Review of the First Edition

Darin Dolezal', Ivana Kholova?3 and Guoping Cai'**

18-35

Y =

Check for
updates

1Department of Pathology, Yale School of Medicine, New Haven, Connecticut, USA; 2Faculty of Medicine and Health Technol-
ogy, Tampere University, Tampere, Finland; 3Pathology, Fimlab Laboratories, Tampere, Finland; 4Yale Cancer Center, Yale

School of Medicine, New Haven, Connecticut, USA

Received: December 17, 2023 | Revised: January 27, 2023 | Accepted: February 10, 2024 | Published online: March 11, 2024

Abstract

The World Health Organization Reporting System for Lung
Cytopathology is the first international system that was de-
veloped to standardize the reporting of lung cytopathology
specimens across all settings of cytopathology practice. The
system is composed of five diagnostic categories, which apply
to all lung cytopathology specimen types. Each category con-
tains cytomorphologic criteria, an estimated risk of malignan-
cy, and clinical management recommendations. International
uniformity in the reporting of lung cytopathology will refine
the communication between cytopathologists and clinicians
and ultimately improve patient care. Furthermore, standard-
izing the cytomorphologic criteria for each lesion will improve
reproducibility among cytopathologists and highlight areas in
lung cytopathology that require further research. The system
also provides best practice recommendations for the selec-
tion of ancillary tests to aid in the diagnosis of each lesion,
or group of lesions, keeping in mind that resources will vary
across different practice settings. The goal of this review is to
summarize the cytomorphologic criteria, potential diagnostic
pitfalls, ancillary testing, estimated risk of malignancy, and
clinical management recommendations for each diagnostic
category.
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Introduction

Lung cancer is the leading cause of cancer death and the
second most common cancer diagnosis in both men and
women.! Lung cytopathology, via examination of sputum,
bronchial brushing (BB), bronchial wash (BW), bronchioalve-
olar lavage (BAL), and fine needle aspiration biopsy (FNAB)
specimens, plays a critical role in the diagnosis of suspected
cancer, which often occurs at a late stage of disease when
prompt and precise diagnosis offers the best opportunity
for effective treatment. In recent years, utility of the lung
FNAB has increased due to integration of endobronchial ul-
trasound (EBUS) bronchoscopy, which allows diagnosis and
staging to be performed by a single EBUS-FNAB procedure.
The increasing clinical importance of molecular testing has
required a more precise classification of lung tumors that are
diagnosed via FNAB and small biopsies. Therefore, consist-
ent terminology and reporting standards are greatly needed
to improve the clarity and reproducibility of communications
between cytopathologists and clinicians, highlight areas in
need of research, and facilitate clinical trial enrollment. The
new first edition of the World Health Organization Report-
ing System for Lung Cytopathology (WHO System) provides
categorical reporting to share information with clinicians in a
uniform manner. It also aims to standardize the cytomorphol-
ogy criteria for diagnosing each entity and provide guidelines
for the selection of diagnostic ancillary testing.

In 2016, the Papanicolaou Society of Cytopathology pro-
posed a 6-tiered lung cytopathology reporting system.23 This
was followed by the proposed 4-tiered system from the Japan
Lung Cancer Society and Japanese Society of Clinical Cytol-
ogy (2020).4 The newly proposed WHO System, developed
by the International Academy of Cytology (IAC) in collabora-
tion with the International Agency for Research (IARC), rep-
resents an international consensus for the reporting of lung
cytopathology. It is designed for use in a variety of practice
conditions and recognizes diversity amongst different insti-
tutions. The five WHO System categories are classified with
their estimated risk of malignancy (ROM): “Insufficient/Inad-
equate/Non-diagnostic,” “Benign,” “Atypical,” “Suspicious for
malignancy,” and “Malignant” (Table 1). The estimated ROM
for each WHO System category has, in this first edition, relied
upon literature that uses older nomenclature and therefore
will require refinement in future editions. Each category is
also associated with further diagnostic recommendations and
clinical management options, each of which considers the
complexities of lung cancer patient populations and regional
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Table 1. The WHO Reporting System-estimated risk of malignancy (ROM) and clinical management following fine needle aspiration biopsy (FNAB)*

Clinical Management Options

Diagnostic Category ROM
Insufficient/Inadequate/Non-diagnostic (1) 43-53%
Benign (1, 2) 19-64%
Inflammatory processes
Benign neoplastic lesions
Atypical (1, 2, 3, 4) 46-55%
Suspicious for malignancy (1, 3, 4) 75-88%
Malignancy (1, 4) 87-100%

Non-small cell carcinomas
Neuroendocrine neoplasms
Lymphoproliferative diseases
Other specific malignancies

Ideally, discuss at a multidisciplinary team meeting.
Repeat FNAB +/— core needle biopsy

Clinically confirmed to be benign?
Routine follow-up in 3-6 months

No clinical confirmation of a benign diagnosis?
Repeat FNAB +/— core needle biopsy

Clinical correlation supports a benign diagnosis?
Routine follow-up in 3-6 months

If there is no correlation with clinical findings?
Repeat FNAB with ROSE +/— core needle biopsy

Clinical correlation supports a malignant diagnosis?
Consider definitive treatment

No clinical correlation that lesion is malignant?
Repeat FNAB with ROSE +/— core needle biopsy

Clinical correlation supports a malignant diagnosis?
Provide definitive treatment

No clinical correlation that lesion is malignant?
Repeat FNAB with ROSE +/— core needle biopsy

Clinical Management Recommendations: (1) All FNAB cytopathology should be correlated with clinical, imaging, and microbiology findings; (2) Follow-up for ‘Benign’
and ‘Atypical’ cases is determined by the patient’s lung cancer risk; (3) A second opinion on the cytopathology should be sought in all ‘Atypical’ and ‘Suspicious for
malignancy’ cases, or in cases with a discrepancy with clinical, imaging, or microbiology findings; (4) If a malignancy is suspected, correlation should take place in
a multidisciplinary team meeting. *Adapted from Schmitt FC, et al. The World Health Organization Reporting System for Lung Cytopathology. Acta Cytologica 2023;
67:80-91. FNAB, fine needle aspiration biopsy; ROM, risk of malignancy; ROSE, rapid on-site evaluation.

differences in the availability of medical resources. In all cat-
egories, management discussions require that cytopathology
be correlated with clinical and imaging findings.

The WHO System report is structured to improve qual-
ity and reproducibility within single practices, across institu-
tions, and between countries. A final report is recommended
to include a category heading, followed by either a specific
diagnosis or likely differential diagnoses and, when applica-
ble, a description of the relevant cytomorphologic features.
Regarding the latter, the WHO System aims to provide cy-
tomorphologic correlation with the entities listed in the 5t
edition of the WHO Classification for Thoracic Tumors. The
establishment of cytomorphologic criteria for each entity
will further improve diagnostic accuracy and clarity in later
WHO editions. Results of ancillary testing are recommended
to be reported as an addendum or supplementary report,
while studies performed at different laboratories (e.g. flow
cytometry or molecular profiling) should also be referenced
within the final report. As highlighted by the authors of this
first edition, these recommendations for structured reporting
are expected to prompt further debate that will inform sub-
sequent WHO editions and ultimately improve patient care.
The purpose of this article is to provide a concise overview of
this new reporting system.

The reporting system

Insufficient/inadequate/non-diagnostic
A specimen that lacks sufficient material, in quantity or

quality, to render a reliable diagnosis (Fig. 1). Although the
terms, “Insufficient”, “Inadequate”, or “Non-diagnostic”, are
equivocal, a single term should be routinely used by a single
cytopathologist or institution.

Diagnostic criteria

o Insufficient cellular material, or cellular degeneration;

e Preparation artifacts, including poor smearing, fixation,
or staining.

e Obscuring artifacts, including blood or mucus.

Absence of cytologic atypia; pathological microorganisms
such as bacteria, fungi and parasites; nuclear or cytoplas-
mic viral cytopathic effects; abundant inflammatory cells or
a granulomatous process; or diagnostic acellular material,
including amyloid and aspiration material.

Specimen adequacy is poorly defined, mainly because
there are no universal criteria for the number of cells re-
quired. Adequate sputum samples should have at least a few
alveolar macrophages, ciliated columnar bronchial cells, and
a sufficient volume to make at least two smears.> Adequate
BW and BAL samples should have >10 alveolar macrophages
per 2 mm?2 (approximately 20 per 10 HPFs).® The number
of bronchial epithelial cells should not exceed the number of
macrophages in bronchial washes and BALs. Adequate bron-
chial brushing specimens should include many bronchial epi-
thelial cells and alveolar macrophages may be present. Tran-
sthoracic FNAB should include alveolar macrophages with
carbon particles, and potentially bronchial epithelial cells,
Type II pneumocytes, and collapsed fragments of alveolar
septal tissue. EBUS-FNABs should include >40 lymphocytes
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Fig. 1. Insufficient/Inadequate/Non-diagnostic. (a) Diff-Quik stained smear preparation with extensive crush/pressure artifact resulting in loss of cellular details.
(b) FNAB specimen from a patient with a lung mass seen on imaging contains benign ciliated bronchial epithelial cells (Pap stain, liquid-based prep). Note that this speci-
men may also be reported as “Benign” with a statement that the material may not be representative of the lesion seen on imaging. FNAB, fine needle aspiration biopsy.

per high power field in an area of the highest cellularity or
reactive bronchial cells.”

Rapid on-site evaluation (ROSE) is generally recommend-
ed at the time of FNAB to maximize adequacy and triage
material for ancillary testing, thereby reducing the need for
repeat procedures. ROSE has been shown to reduce the
number of “Insufficient” FNABs compared to FNABs without
ROSE.&° If ROSE is not available, then multiple FNAB passes
are recommended to improve adequacy rates.

Differential diagnosis and potential pitfalls

If a cytopathology specimen contains only normal-appearing
respiratory epithelial cells and pneumocytes, but the patient
has an abnormal imaging finding such as a pulmonary nod-
ule, should such a specimen be placed in the “Non-diagnos-
tic” or the “"Benign” category? In the Papanicolaou Society of
Cytopathology System, such specimens are assigned to the
“Non-diagnostic” category. In the first edition of the WHO Re-
porting System for Lung Cytopathology, such specimens may
be assigned to the “Benign” category, but the final report
must also include a statement that the sample material may
not be representative of the target lesion and that further bi-
opsy is recommended. Individual cytopathologists or institu-
tions may still choose how they will report on such cases, as
this decision may depend on local accessibility of clinical and
imaging information, historical usage of certain terminology,
and/or potential billing concerns.

Ancillary testing

Results of ancillary testing performed on inadequate speci-
mens are of limited utility due to the high number of potential
false negatives.

Risk of malignancy and clinical management recom-
mendation

The risk of malignancy for the “Non-diagnostic” category is
estimated to be 43-53% depending on the mode of sam-
pling.1% For FNAB samples, the reported ROM is approximate-
ly 40% for endobronchial-guided procedures and as high as
60% for transthoracic procedures.? Non-diagnostic exfolia-
tive specimens including BBs, BWs, and BALs have a ROM of
>60%. A high ROM is reported in non-diagnostic specimens
from patients with a clearly defined pulmonary mass or le-
sion.

Although additional investigations are needed, new reas-
signment of specimens originally classified as “Non-diagnos-
tic” to the “Benign” category will likely increase the risk of
malignancy within the “Benign” category. Regardless, close
clinical follow-up is essential to address the high ROM in both
the “Non-diagnostic” and “Benign” categories. Routine au-
diting of “Non-diagnostic” rates is recommended to identify
potential problems with specimen procurement, triage, and
reporting.

Benign/negative for malignancy

A cytopathology specimen with unequivocally benign fea-
tures, which may or may not be diagnostic of a specific pro-
cess or benign neoplasm. The lesions in this diagnostic cat-
egory may include both inflammatory processes and benign
neoplastic disorders.

Diagnostic criteria

e Cases diagnostic of acute inflammation, granulomatous
disorders, or histiocytic/lymphocytic/eosinophilic inflam-
mation;

e Specific benign neoplasms;

e Cases containing normal lung tissue components (res-
piratory epithelium, macrophages, and pneumocytes).

Inflammatory processes (Table 2)

Acute inflammation/suppuration (Fig. 2)

e Neutrophils predominate, macrophages predominate in
the resolution phase, and fibrinous proteinaceous back-
ground with or without degenerative changes;

e Acutely inflamed fragments of bronchial epithelial cells
and inflamed alveolar septa;

e Variable counts of macrophages, eosinophils, lympho-
cytes, and plasma cells;

e Bacteria or fungal elements commonly observed in spe-
cial stains.

Histiocytic, lymphocytic, and eosinophilic inflammatory
patterns
e Numerous histiocytes of variable cytomorphology, includ-

ing multinucleated cells, and lipid- or hemosiderin-laden
macrophages;
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Table 2. Cytomorphologic features and ancillary testing findings of benign inflammatory processes

Specific entities

Key Cytomorphologic Features

Ancillary Testing

Acute inflammation
Lung abscess

Aspiration pneumonia

Pulmonary infarct

Abundant neutrophils; Dirty necrotic
background ; Variable atypia in epithelium

Neutrophil accumulation (early); Birefringent plant cells
and muscle fibers derived from food; Multinucleated
giant cells and squamous metaplasia (late)

Bronchial cell hyperplasia, enlarged nuclei with
prominent nucleoli; Cytoplasmic vacuolization

and loss of cilia &/or terminal bar; Neutrophils
and hemosiderin-laden macrophages

Histiocytic, lymphocytic, and eosinophilic patterns

Lipoid pneumonia

E-cigarette or vaping
product use-associated
lung injury (EVALI)

Pulmonary alveolar
proteinosis

Amiodarone-induced
lung injury
Asbestosis

Eosinophilic
pheumonia

Langerhans Cell
Histiocytosis

Pneumocystis
pneumonia (PCP)

Viral pneumonias

Granulomatous disorders

Sarcoidosis

Tuberculosis

Aspergillosis (acute
invasive and chronic
necrotizing)

Exogenous lipid-laden macrophages; Foamy
histiocytes with endogenous lipids

Foamy and/or pigment-laden histiocytes;
Mixed inflammatory infiltrate

Macrophages with cytoplasmic proteinaceous material;
Homogenous proteinaceous globules in background

Macrophages with fine, clear
vacuoles, no protein globules

Lipid-laden macrophages; Asbestos bodies
(rod or dumbbell-shaped structures)

Eosinophilia in background; Charcot-Leyden
crystals (slender, pointed, up to 50 um)

Mixed inflammation with larger histiocyte-
like cells; Nuclei with longitudinal grooves
(“coffee beans”); Vesicular chromatin

Foamy exudate with alveolar casts; Organisms
refractile on Pap; Background inflammation

Reactive atypia in epithelial cells, background
lymphocytes; Intranuclear inclusions seen

in HSV, CMV, and adenovirus; Cytoplasmic
inclusions seen in RSV and measles

Clearly demarcated nodules of epithelioid
histiocytes; No necrosis

Small epithelioid granulomas; Background
caseating necrosis; Multinucleate giant cells

Aspergilloma (ball of fungus) with necrotic center;
Slender septate hyphae (3-6 um) with acute
branching; Abundant epithelioid histiocytes

Other specific benign entities

Amyloidoma
(Amyloid tumor)

Dense acellular material, scant inflammation

Cultures for aerobic and
anaerobic bacteria; Acid-fast
bacteria as well as fungi

GMS, PAS, Gram, and acid-fast stains;
Cultures for bacteria and fungi;
ICC and PCR for viral infections

GMS, PAS, and AFB stains to evaluate
for fungi and acid-fast bacteria

Oil-Red-0 or Sudan stain
highlights lipid droplets

Negative for bacteria, fungi,
and AFB; Macrophages may
stain positive with Qil-Red-0O

Globules may be resistant to
Pap stain; PAS stain is positive
in proteinaceous material

Oil-Red-0 and PAS stains negative

Asbestos bodies are highlighted
by iron stain; mass spectrometry
may help in identification

Evaluate for parasites and
other infection; Evaluation
for drug-related toxicity

S100, CD1a, and Langerin positive;
Birbeck granules seen on electron
microscopy; BRAF V600E common

GMS stain shows oval or crescentic
cysts (2-5 ym); P. jirovecii
immunofluorescence staining; PCR

ICC and PCR for specific organisms

Negative GMS and AFB stains

Ziehl-Neelsen, Kinyoun, Fite stains
show slender rods of acid-fast
bacilli; PCR is more sensitive

Septate hyphae at acute branch
angles seen on GMS and PAS stains;
Serum galactomannan assay

Congo Red stain displays
apple-green birefringence

AFB, acid-fast bacilli; GMS, grocott methenamine silver stain; ICC, immunocytochemistry; PAS, periodic acid-Schiff stain; PCR, polymerase chain reaction.

¢ Numerous lymphoid cells of variable size and morphology,
admixed with plasma cells, histiocytes, and eosinophils;
e Numerous eosinophils, occasionally Charcot-Leyden crys-

tals.

Granulomatous disorders (Figs. 3 and 4)

e Epithelioid histiocytes in tissue fragments, elongated, in-
dented nuclei, vaguely demarcated cytoplasm;

e Necrosis present or absent, variable amount of hyaline

Journal of Clinical and Translational Pathology 2024 vol. 4(1) |
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Fig. 2. Aspergilloma. (a) Diff-Quik stained smear showing the branched, septate hyphae of Aspergillus admixed with necrotic debris. (b) A mass of hyphal organisms
that are strongly positive for GMS stain. GMS, Grocott methenamine silver stain.

Fig. 3. Tuberculosis. (a) A small, loose-appearing epithelioid granuloma with background necrosis seen in a patient with Mycobacterium tuberculosis (Pap stain,
liquid-based prep). (b) Loose-appearing granuloma composed of epithelioid histiocytes with foamy cytoplasm (H&E stain, cell block).

sclerosis; Mucormycosis, Francisella tularensis, and Pneumocystis
e Possible microorganisms such as Mycobacterium tubercu- Jirovecii;

losis, atypical mycobacteria, Aspergillus spp., Blastomy- e Correlate with microbiology studies, including culture and

ces, Cryptococcus, Coccidioides immitis, histoplasmosis, PCR-based tests;

»

#gﬁ% 4

Fig. 4. Sarcoidosis. (a) Pap-stained FNAB smear shows a non-necrotizing granuloma composed of epithelioid histiocytes (Pap stain, liquid-based prep). (b) H&E-
stained cell block showing many epithelioid histiocytes with delicate cytoplasm and elongated nuclei. FNAB, fine needle aspiration biopsy.
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Fig. 5. Hamartoma. Diff-Quik stained smear from lung FNAB showing fibromyxoid stroma with bland stellate cells (a) and admixed adipose tissue (b). The cell block
from the same case shows myxoid area with bland spindle cells (c) and cartilaginous metaplasia (d, H&E stain). FNAB, fine needle aspiration biopsy.

Autoimmune diseases, foreign body reactions, hypersen-
sitivity pneumonitis, and drug-related reactions.

Benign neoplastic lesions

Pulmonary hamartoma (Fig. 5)

Epithelial components can be prominent, in sheets;
Wispy fibromyxoid stroma with feathery outlines, con-
taining bland fusiform and stellate stromal cells;

Mature cartilage tissue, and other mesenchymal ele-
ments such as adipose, bone, and muscle;
Immunocytochemistry: CK7 and TTF1 positive; fibro-
myxoid stroma can express S100.

Sclerosing pneumocytoma

Papillary fragments with stromal cores;

Dual population of epithelioid cells (polygonal to cuboi-
dal) and stromal cells (round to spindled);

Nuclei can show varying degrees of atypia and mild ani-
sonucleosis, and may contain intranuclear pseudoinclu-
sions, nuclear grooves, and indistinct nucleoli;
Hyalinized stromal fragments may be seen;
Immunocytochemistry: surface cells are pan-CK, CK7,
EMA, TTF1, and Napsin A positive; round cells are TTF1,
EMA, and sometimes SMA and PR positive, but often neg-
ative for cytokeratins and Napsin A.

Solitary tracheobronchial papilloma

Rare; may be glandular, squamous, or mixed;

Journal of Clinical and Translational Pathology 2024 vol. 4(1) |

Loosely cohesive fragments of squamous cells £ keratini-
zation, anucleated cells, koilocytic atypia;

Enlarged or hyperplastic columnar cells, cilia may be re-
tained.

Salivary gland neoplasms

Pleomorphic adenoma - epithelial cells, myoepithelial
cells, and chondromyxoid or fibrillary matrix;
Myoepithelioma - loose tissue fragments and single cells
with clear, spindled, epithelioid, or plasmacytoid fea-
tures; variable fibrillary or myxoid matrix;

Oncocytoma - loosely cohesive, large epithelioid cells,
abundant granular cytoplasm, round nuclei with promi-
nent nucleoli.

PEComa

Moderately cellular smears;

Cohesive fragments traversed by thin capillaries and
scattered spindle cells;

Bland cells with round to oval nuclei, mild anisonucleosis,
indistinct nucleoli; no atypia or mitoses;

Abundant clear or finely vacuolated cytoplasm; numer-
ous bare nuclei may be observed in the background;
Immunocytochemistry: HMB45, S100, MART1, MyoD1,
SMA, alpha-1 antitrypsin, NSE, and synaptophysin posi-
tive, PAS stain positive reflecting abundant glycogen.

Spindle cell tumors

Benign spindle cell tumors include Schwannoma, desmoid

18-35 23



tumor, leiomyoma, solitary fibrous tissue, and inflamma-
tory fibroblastic tumor. Their cytomorphologic features
and ancillary testing are detailed in Table 3.

Meningiomas

e Cohesive small sheets occasionally with a whorled pat-
tern, spindled or epithelioid cells;

e Fusiform nuclei, fine chromatin and small nucleoli, pres-
ence or absence of necrosis and mitoses, psammoma
bodies;

e Immunocytochemistry: EMA variable; vimentin positive.

Granular cell tumor (Fig. 6)

e Medium to large-sized monomorphic round to oval po-
lygonal cells, round nuclei, and small nucleoli;

e Characteristic eccentric granular eosinophilic cytoplasm;
fragile granules observed in the background;

e Immunocytochemistry: S100, CD68, calretinin, and PAS
positive; negative for cytokeratins, TTF1, SOX10 and
DOG1.

Ectopic thyroid tissues

e Cytomorphologic features of ectopic thyroid tissue in-
clude abundant thin colloids, macrophages, and follicular
sheets without nuclear atypia;

e Immunocytochemistry: Thyroid tissue confirmed with
TTF1, thyroglobulin, and PAX8 antibodies.

Ectopic parathyroid tissues

e Ectopic parathyroid neoplasms are hypercellular, display
sheets and acini of epithelial cells with round nuclei, clear
to dense cytoplasm, and have thin traversing blood ves-
sels;

e Immunocytochemistry: Parathyroid origin confirmed with
PTH, GATA3, and chromogranin.

Differential diagnosis and potential pitfalls

The WHO System “Benign” category includes BWs, BBs,
and FNABs containing normal bronchial cells and that lack
evidence of a specific benign process or lesion. Under the
Papanicolaou Society of Cytopathology system, such speci-
mens would be assigned to the ‘Non-diagnostic’ category.
This change in definition seeks to minimize the number of in-
sufficient specimens while balancing risk of false-negative di-
agnoses. In cases with suspicious imaging findings but where
only respiratory epithelial cells are observed on smears, the
final report should include a statement that material may not
be representative of the lesion observed via imaging.

In this new WHO System, neoplasms with uncertain ma-
lignant potential are assigned to the “Benign” category, in-
cluding such entities as solitary fibrous tumor and inflam-
matory myofibroblastic tumor (Table 3). Smears of these
entities may show bland spindled cells without the distinctive
features to arrive at a specific diagnosis. Such cases may
be reported as ‘benign spindle cell tumor’ and immunocyto-
chemistry (ICC) on cell blocks may help to arrive at a more
specific diagnosis. In general, when tumors of uncertain ma-
lignant potential are included in the differential diagnosis, the
final report should include a statement about their possible
aggressive nature.

Risk of malignancy and clinical management recom-
mendation

The “Benign” category has a published ROM that varies from
19% to 64% across different practices.3:10 The final report of
a benign specimen should be correlated with clinical and im-

Dolezal D. et al: WHO lung cytopathology reporting system

aging findings when available (i.e. the ‘Triple Test’). In cases
with discordant clinical/imaging and cytopathology findings,
a statement should be included in the final report to commu-
nicate that the material in the specimen may not represent
the lesion seen on imaging (Table 1). If a specific diagnosis
cannot be established via cytology, recommendations for fur-
ther diagnostic testing should be offered in the final report.

When a cytologic diagnosis of an inflammatory process
correlates with imaging findings, then routine follow-up at
3-6 months (e.g. following treatment of infection) may be
recommended. For benign neoplasms diagnosed on cytology
that correlate with imaging findings, the decision of wheth-
er to perform a limited surgical resection depends on the
type of tumor and the patient’s symptoms (e.g. bronchial
obstruction). Benign sputum samples from patients with in-
determinant or suspicious imaging findings should prompt
consideration of a BW, BB, or FNAB. A FNAB with a benign
categorization that does not correlate with clinical/imaging
findings should prompt consideration of either repeat sam-
pling with a core needle biopsy or a limited resection if clini-
cally appropriate.

Atypical

A specimen with cytomorphologic features that are predomi-
nantly benign, but there are some features that may raise
the possibility of a malignant lesion.

Diagnostic criteria

e Scant cellularity specimens with features suggestive of
epithelial malignancy or lymphoproliferative disorder;

e Nuclear atypia secondary to iatrogenic effects, particu-
larly radiation and chemotherapy:
= |ow N:C ratio, cytoplasmic vacuolization, nucleomega-

ly and pleomorphism;

e Atypical bronchial or epithelial cells with extreme reactive
or reparative changes:
= | oss of architectural polarity, cytomegaly, anisonucle-

osis, minor nuclear membrane irregularities, lack of
cilia;

e Reserve cell hyperplasia (RCH):
= Small cells with high N:C ratio, round nuclei, and hy-

perchromasia;

e Squamous or other metaplastic changes (e.g. goblet cell
hyperplasia mimicking mucinous adenocarcinoma):
= Low N:C ratio, hyperchromasia, round/elongated nu-

clei;

e Background elements suggestive of a neoplasm, such as
necrotic or keratinous debris, thick mucin, or apoptotic
cells;

e Spindle cell lesions with bland cytopathology, in the ab-
sence of (or prior to result of) ancillary testing that can
provide a more definitive diagnosis.

Differential diagnosis and potential pitfalls

The “Atypical” category includes lesions with intrinsic cyto-
pathological characteristics that cannot be confidently called
benign. Distinction should be made as to whether the atypi-
cal cells represent a distinct cell population, which favors a
neoplastic lesion, or whether there is a continuum of normal
to atypical respiratory epithelial cells, which favors a reactive
process.23:11 Before categorizing a specimen as “Atypical,”
it is recommended that clinical and imaging findings are re-
viewed. Chest imaging studies are helpful in differentiating
mass-forming lesions from diffuse, cystic, or cavitary lesions.

Nonspecific reactive changes may be present in the setting
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Table 3. Cytmorphologic features and ancillary testing findings of spindle cell neoplasms

Specific entities

Key Cytomorphologic Features

Ancillary Testing (1,2)

Benign
Schwannoma

Desmoid tumor
(fibromatoses)

Leiomyoma

Solitary fibrous tumor

Inflammatory
fibroblastic tumor

Malignant
Malignant peripheral

nerve sheath tumor

Leiomyosarcoma

Type A thymoma

Lymphangioleiomyomatosis

Synovial sarcoma

Sarcomatoid mesothelioma

Spindle cell carcinoma

Spindle cell melanoma

Spindle cell
neuroendocrine tumor

Pulmonary artery
intimal sarcoma

Focal palisading; spindled or wavy nuclei with
pointed ends and fine, smooth chromatin;
Fibrillary, fibrotic, or myxoid stroma; rare atypia

Long fascicular fragments; Bland
spindled fibroblasts/myofibroblasts;
Oval nuclei with even chromatin

Irregular contoured cohesive fragments;
Bland ovoid nuclei with blunted ends; Dense
cytoplasm with distinct boundaries

Discohesive fragments, irregular fascicles;
Bland spindle cells, pale indistinct cytoplasm;
Fusiform nuclei, prominent collagenous stroma

Fibroblast-like to epithelioid cells; Prominent
nuclear atypia and nucleoli; Abundant
plasma cells and lymphocytes

Fascicles of spindle or epithelioid cells;
Enlarged slender, wavy nuclei; Marked
pleomorphism and mitoses

Hypercellular; fascicles and dispersed
cells; Blunt-ended nuclei, eosinophilic
cytoplasm; Mitoses and necrosis

Spindled cells with oval nuclei and inconspicuous
nucleoli; Type AB: admixed with lymphocytes

Spindled to cuboidal cells with oval
nuclei and minimal atypia

Monophasic: Uniform spindle cells with
ovoid nuclei. Biphasic: Spindle and
epithelioid cells in varying proportions

Hypocellular smears; few cohesive fragments
of atypical spindle cells, ranging from bland to
pleomorphic, occasionally collagenous stroma

Fascicles and single spindle cells with
pleomorphism, mitosis, and necrosis

Whorls and single slender spindle cells; Variable
nuclear pleomorphism; melanin pigment

Single cells, uniform ovoid or spindle nuclei:
+/— plexiform vessels Carcinoid v. atypical
carcinoid; +/— atypia, necrosis, mitosis

Loosely cohesive fascicles of malignant-
appearing spindle cells; Variable nuclear atypia

Diffuse, strong S100 and SOX10;
Pancytokeratin staining is common;
GFAP and CD34 is variable

Nuclear B-catenin staining; CTNNB1
or APC mutations in up to 75%

of cases; Patchy SMA staining,

and rare desmin staining

Positive for SMA and desmin;
Negative for S100, c-kit,
DOG1, B-catenin, and ALK

CD34, STAT6 (nuclear), BCL2,

EMA positive; Negative for
pancytokeratin, S100, desmin, c-kit;
Characteristic NAB2::STAT6 fusion

Positive for SMA and ALK; ALK
gene rearrangements

S100 and SOX10 show patchy positivity

Positive for SMA and desmin;
Negative for S100, c-kit,
DOG1, B-catenin, and ALK

Positive for pancytokeratin,
p63, and p40

Positive for SMA, HMB45,
melan-A, ER and PR; Negative
for pancytokeratin and S100

Positive for BCL2, EMA, pancytokerain,
and CD99; TLE1 positivity is

highly specific, negative for CD34;
Characteristic SS18::SSX fusion

Positive often for low molecular weight
cytokeratin, vimentin, WT1, D2-40,
and calretinin; BAP1 is often retained
in sarcomatoid form; Homozygous
deletion of 9p21 (CDKN2A)

Positive for vimentin, variable
cytokeratin and TTF1 staining; MET
exon 14-skipping mutations

Positive for S100, SOX10, and
MART1; BRAF p.V600E

Positive for neuroendocrine
markers; MEN1 mutations

Variable mesenchymal differentiation,
may be positive for desmin, SMA,
myogenin, S100, ERG, and CD31;
MDM2, PDGFRA, and KIT amplifications

(1) It is recommended that immunocytochemical panel for evaluation of spindle cell neoplasms include pancytokeratin, vimentin, and at least one marker for neuroen-

docrine tumor (e.g. synaptophysin), mesothelioma (e.g. calretinin), and melanoma (e.g. melan-A); (2) Appropriate use of FISH and/or sequencing methods for specific

genetic alterations may allow for a definitive diagnosis to be rendered on cytopathology specimens.

of inflammatory conditions, and such cases usually demon-
strate a prominent inflammatory background. RCH, which is
expressed in chronic inflammation, is a classic mimic of neu-
roendocrine tumors. Specimens displaying RCH usually have

low cellularity and rare, atypical tissue fragments. Individual
cells show a high N:C ratio, coarse chromatin, and single nu-
cleoli. Hyperplastic Type 2 pneumocytes, which display en-
larged nuclei, prominent nucleoli, crowding, and overlapping
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Fig. 6. Granular cell tumor. (a) Diff-Quik stain of FNAB specimen shows abundant bland polygonal cells with dense cytoplasm. The cell block shows tumor cells with
small eccentric nuclei and abundant granular cytoplasm (b, H&E stain) that stain strongly for S100 (c). FNAB, fine needle aspiration biopsy.

(Creola bodies), may be encountered in the setting of acute
respiratory distress syndrome or chronic obstructive pulmo-
nary disease and mimic a mucinous adenocarcinoma. Bron-
chial cells infected with viruses (e.g. HSV, CMV) may display
cytomegaly, abnormal chromatin margination, multinuclea-
tion, and inclusions. It is recommended that inflammatory,
degenerative/regenerative, therapy-related, and other reac-
tive conditions be described as ‘changes’ rather than ‘atypical.

Precursor lesions (i.e. dysplasia) leading to squamous cell
carcinoma of the respiratory tract cannot be diagnosed on
cytopathology and may also be included in the “Atypical” cat-
egory. The category may also include specimens that have
technical issues related to obtaining and preparing the mate-
rial (e.g. poor smear preparation). Suboptimal and paucic-
ellular specimens may remain equivocal, even following at-
tempts at ancillary testing.

Ancillary testing

Following the identification of atypical cells, an attempt
should be made to resolve the diagnosis by performing ad-
ditional tests. Additional liquid-based preparations and/or
cell blocks may be helpful. Atypical lymphoid cells should be
submitted for flow cytometric analysis. Immunohistochem-
istry studies may be helpful for distinguishing, in particular,
spindle cell neoplasms (Table 3). Microbiology cultures and
molecular-based techniques may result in the identifica-
tion of a specific infectious organism. Considering ancillary
test results, ‘Atypical’ cases may be reclassified as “Benign,”
“Suspicious for malignancy,” or “Malignant.” However, in gen-

eral, ancillary studies are not recommended on specimens
with scanty atypical cells due to the high risk of false-nega-
tive results.12-14

Risk of malignancy and clinical management recom-
mendation

Reported ROMs for the “Atypical” category vary widely, in
part due to a limited number of published studies. Consid-
ering all respiratory cytopathology specimens together, the
estimated ROM is reported to be 46-55%, ranging from 22%
to 62% in the literature.3'> The initial step in the clinical
management of an ‘Atypical’ case includes correlation with
clinical and imaging findings. An atypical sputum sample may
be repeated, or a more invasive procedure (e.g. bronchial
washing, brushing, or FNAB) may be indicated. An atypical
FNAB may prompt either a repeat FNAB or a core needle bi-
opsy, if there is clinical suspicion of malignancy. If an atypical
FNAB correlates with benign clinical and imaging findings,
then clinical observation may be appropriate.

Suspicious for Malignancy

A specimen that is most likely malignant but where the fea-
tures are insufficient either in quality or quantity to render a
definitive diagnosis of malignancy.

Diagnostic criteria

e Features of malignancy are either insufficient in quality or
in number to favor a benign or malignant process:
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= Architectural features include the loss of cellular polar-
ity, crowding and overlapping of nuclei, nuclear mold-
ing, and variability in cell size;

= Nuclear features include nuclear size and shape, nu-
cleolar size, and chromatin pattern;

e Presence of significant cytologic atypia (e.g. nuclear en-
largement, anisonucleosis, irregular nuclear membranes,
hyperchromatic chromatin, prominent nucleoli) in only a
small number of cells;

e Prior radiation or chemotherapy may result in atypical
specimens with low cellularity;

¢ Necrosis, inflammation, granulomatous reactions, or fi-
brosis may result in specimens with low cellularity;

e Alternatively, only subtle features of cytologic atypia
(e.g., cells are minimally crowded and overlapping, slight
nuclear enlargement, and mild nuclear pleomorphism)
can be observed:
= Atypical features may overlap with reactive bronchial

epithelium;
= Well-differentiated adenocarcinomas, including those
with a lepidic pattern, show low nuclear atypia.

Differential diagnosis and potential pitfalls

The “Suspicious for Malignancy” category is used to convey a
high degree of concern for malignancy, but making this dis-
tinction is subjective and has high interobserver variability.
The differential diagnosis for the “Suspicious for malignancy”
category usually includes entities in both “Atypical” and “Ma-
lignant” categories. A differential diagnosis should always be
included in the final cytopathology report.

Highly reactive cellular changes can result in cytomegaly
and anisonucleosis, although nuclei tend to show uniform
changes within a given tissue fragment. They may display
nuclear membrane irregularities or indentations. The pres-
ence of cilia is a helpful clue to distinguish normal bronchial
epithelial cells from malignant cells, although it is important
to remember that cilia can still be lost in reactive conditions.
Squamous metaplasia may occur in the setting of abscess,
infection, or following radiotherapy, and may mimic well-
differentiated squamous cell carcinoma. Metaplastic cells
display low N:C ratio, regular round nuclei, and hyperchro-
matic chromatin. Keratinaceous debris may mimic tumor
Necrosis.

Although ROSE has been shown to reduce the rate of “Sus-
picious for malignancy,” there are some tumors with intrinsic
characteristics, such as abundant necrosis or fibrosis, which
limit the ability to obtain highly cellular specimens. Prior ra-
diation and/or chemotherapy may result in a specimen of
low cellularity that displays significant cytologic atypia. Small
tumor size and tumor location may also result in cytopathol-
ogy specimens of low cellularity. In such cases, the ability to
obtain a definitive diagnosis may be limited by the technical
ability of the interventionalist to obtain sufficient tissue.

Ancillary testing

ICC may be employed to confirm the presence of metastatic
tumors or to confirm the presence of tumors with neuroen-
docrine differentiation. Site-specific markers (e.g. breast,
colon, kidney) may be useful to demonstrate the presence
of metastatic carcinoma in suboptimal lung cytopathology
specimens. However, overall poor specimen quantity or qual-
ity may still preclude a definitive diagnosis even following
ICC evaluation. ICC may also be helpful in differentiating
crush artifact from neuroendocrine carcinoma or lymphoma,
although the interpretation ICC in this setting may be chal-
lenging. ICC cannot be used to distinguish primary non-small
cell lung carcinoma (NSCLC) from benign/reactive conditions

because TTF1 (marker of lung adenocarcinoma) and p40
(marker of squamous cell carcinoma) are also expressed in
reactive lung epithelium.

Risk of malignancy and clinical management recom-
mendation

The ROM in this category is 75-88% and can be as high as
100% for exfoliative specimens.#10.16 Cases in this category
are not considered definitive and therefore good communica-
tion with the clinical team is critical. For sputum samples in
this category, a repeat sputum, BW, BB, BAL, or FNAB may
be indicated (Table 1). For suspicious FNABs, repeat FNAB
with ROSE with or without a core needle biopsy may be per-
formed. Definitive treatment may be considered following
discussion in a multidisciplinary setting and when clinical and
imaging findings also support a diagnosis of malignancy.

Malignant

The ‘Malignant’ category is used when a specimen demon-
strates unequivocal cytomorphologic features of malignancy.
Malignant neoplasms include non-small cell carcinomas, neu-
roendocrine neoplasms, lymphoproliferative diseases, and
other malignancies.

Diagnostic criteria
Non-small cell carcinomas

Adenocarcinoma (Fig. 7)

e Variable cellularity, high in BBs and FNABs and low in
sputum samples;

e Patterns include flat sheets, three-dimensional clusters,
glandular/acini formations, papillae with fibrovascular
cores, and disaggregated single cells;

e Large columnar or cuboidal cells with loss of polarity and
basal nuclei;

e Prominent nucleoli, minor nuclear membrane irregulari-
ties, and fine to coarse chromatin;

e Abundant foamy cytoplasm is common; intracytoplasmic
mucin is present in mucinous and enteric variants;

e Background necrotic debris, mucin, and psammoma bod-
ies.

Squamous cell carcinoma (SCC) (Fig. 8)

e Cellular specimen with flat sheets and single cells;

e Orangeophilic (Pap) or ‘robin’s egg’ blue (Diff-Quik) cyto-
plasm in well-differentiated keratinizing SCC;

e Keratinized cells with dense pyknotic nuclei or large an-
gular nuclei with inconspicuous nucleoli common in well
differentiated keratinizing SCC;

¢ Centrally placed, pleomorphic nuclei with dense chroma-
tin and prominent nucleoli observed in poorly differenti-
ated non-keratinizing SCC;

e Basaloid subtype shows high N:C ratio, dense granular
chromatin, and nuclear palisading;

e Background dirty necrosis, keratin debris, or multinucle-
ated giant cells may be prominent.

Non-small cell carcinoma (NSCC), NOS

e Specimens lacking cytopathologic features of glandular
or squamous differentiation, including glandular archi-
tecture, presence of mucin, keratinization, intercellular
bridging, and dense cytoplasm;

e The use of ICC has reduced the proportion of NSCC, NOS
to 7-14%.17.18
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Fig. 7. Adenocarcinoma. (a) Dispersed well-differentiated adenocarcinoma cells with mild anisonucleosis, round nuclei with regular nuclear membranes, and con-
spicuous nucleoli (Pap stain, liquid-based prep). (b) Cohesive fragments of tumor cells with large, peripherally-located nuclei and vacuolated cytoplasm (Diff-Quik stain,
smear). (c) Tumor cells with enlarged round nuclei, occasional macronucleoli, and delicate cytoplasm admixed with inflammatory cells (Pap stain, smear). (d) A crowded
sheet of poorly-differentiated adenocarcinoma cells showing loss of polarity, nuclear pleomorphism, and hyperchromasia (Pap stain, liquid-based prep).

Other specific carcinomas of mucous cells, epidermoid cells, and intermediate cells;
high grade features include solid growth pattern, necro-

Salivary gland-type carcinomas sis, and mitosis;
e Vast majority of primary pulmonary salivary gland-type e Adenoid cystic carcinoma most commonly shows a cribri-
tumors are malignant; form architecture (less commonly tubular or solid) with
e Mucoepidermoid carcinoma is most common and consists small basaloid cells surrounding dense, acellular material.

a

4

-

Fig. 8. Squamous cell carcinoma. (a) A cohesive tumor fragment with dense, waxy cytoplasm and hyperchromatic nuclei on Pap stain (liquid-based prep). (b) Tumor
fragments showing well-demarcated cell borders, pleomorphic nuclei with irregular chromatin, and numerous mitoses (H&E stain, cell block).
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Fig. 9. Carcinoid/neuroendocrine tumors. (a) Pap-stained smear showing loosely-cohesive tumor cells with smooth round nuclei and finely granular chromatin,
admixed with thin fibrovascular strands. (b) Cell block preparation from case shown in (a) (H&E stain).

Adenosquamous carcinoma

e Specimen shows components of both adenocarcinoma
and squamous cell carcinoma;

e Squamous component may be basaloid, keratinizing, or
nonkeratinizing.

Pleomorphic carcinoma

e Large, discohesive, highly pleomorphic cells (either
rounded or spindled);

e Tumor giant cells, necrotic debris, inflammation, and col-
lagen-rich stroma often present in the background.

Pulmonary blastoma

e A biphasic tumor composed of a well-differentiated fetal
adenocarcinoma component, with focal squamoid cells
forming morules, and an adjacent blastemal sarcoma-
tous component;

e ICC: Nuclear and cytoplasmic B-catenin are observed in
both components.

Carcinosarcoma

e A biphasic tumor composed of an adenocarcinoma, squa-
mous, or undifferentiated carcinoma component, with
malignant mesenchymal cells (spindled or giant cell mor-
phology) cells, and heterologous stromal differentiation
including primitive skeletal muscle, and/or malignant
bone or cartilage.

NUT carcinoma

e Tight nests and discohesive single cells, monotonous,
round, and with high N:C ratio;

e Nuclei show finely granular chromatin, prominent nucle-
oli, and abundant mitoses;

e ICC: Pan-cytokeratin and p63 positive; usually negative
for TTF1 and neuroendocrine markers;

Detecting NUTM1 gene rearrangement by FISH or ICC is
useful.

Thoracic SMARCA4-deficient undifferentiated tumor
(SMARCA4-UT)

e Loosely cohesive, relatively monotonous epithelioid cells
(although may be pleomorphic);

e Rhabdoid morphology may be present, eccentric round
nuclei with prominent nucleoli and high mitotic activity;

e ICC: Loss of SMARCA4 (BRG1) expression is sufficient for

diagnosis, cytokeratin and claudin-4 expression is usu-
ally absent or focal/weak, and synaptophysin expression
is common;

e Rare NSCLCs are SMARCA4-deficient, but may be differ-
entiated from SMARCA4-UT by presence of gland forma-
tion or keratinization, absence of rhabdoid morphology,
and strong expression of cytokeratin.

Neuroendocrine neoplasms

Carcinoid/neuroendocrine tumors (Fig. 9)

e Neoplastic cells arranged in nested, trabecular, and pseu-
dorosette patterns;

e Plasmacytoid, spindled, and oncocytic cell morphology;

e Nuclei are uniform, round, and display fine ‘salt and pep-
per’ chromatin;

e Binucleation, neuroendocrine atypia, and naked nuclei
may be present;

e Prominent nucleoli and increased mitoses may be ob-
served in atypical carcinoid;

e Usually, a clean or finely granular background.

Small cell carcinoma (Fig. 10)

e Single discohesive cells, forming into cords and pseudor-
osettes, with molding and crush artifact;

e Malignant cells have high N:C ratio, scant cytoplasm and
pale eosinophilic cytoplasm;

e Nuclei are large, angulated, and display fine ‘salt and
pepper’ chromatin;

e Frequent mitoses, background necrosis and apoptotic
bodies.

Large cell neuroendocrine carcinoma

e Highly cellular with loosely cohesive fragments and single
cells;

e Cytomorphologic features overlap with small cell carcino-
ma (SCLC), including enlarged nuclei displaying fine ‘salt
and pepper’ chromatin, frequent mitoses, and prominent
necrosis;

e Compared to SCLC: less nuclear molding, more abundant
cytoplasm, and more often prominent nucleoli.

Lymphoproliferative discorder

Extranodal marginal zone lymphoma (MZL)
e Monocytoid cells with clear cytoplasm and background
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Fig. 10. Small cell carcinoma. (a) Single intact tumor cells with high N:C ratio and finely granular chromatin admixed with inflammatory cells (Pap stain, liquid-based
prep). (b) Abundant tumor cells displaying scant cytoplasm and small dark nuclei, with background apoptotic debris (H&E stain, cell block).

lymphoglandular bodies;
Plasma cells abundant, amyloid may be present;
Flow cytometry studies are critical in demonstrating
CD20+ clonal B-cells;

e ICC is of limited use due to lack of characteristic pheno-
typic markers.

Primary pulmonary diffuse large B-cell lymphoma
(DLBCL)

e Large discohesive cells with single prominent nucleolus
and eccentric cytoplasm (immunoblastic subtype) or
multiple nucleoli (centroblastic subtype), and scant cy-
toplasm;

Frequent mitoses and apoptotic bodies;
Flow cytometry has lower sensitivity for DLBCL owing to
the fragility of the cells;

e ICCis often required to distinguish from poorly differenti-
ated carcinoma or melanoma.

Pulmonary Langerhans cell histiocytosis

e Large cells with pale nuclei and nuclear grooves, multi-
nucleation, and background inflammatory cells including
eosinophils;

e Immunocytochemistry: Langerhans cells express CDla
and S100.

Erdheim-Chester disease

e Histiocytes with abundant foamy cytoplasm and without
nuclear grooves, and background Touton-type giant cells
may be observed;

e Immunocytochemistry: Positive for CD68 and CD163,
and negative for CD1a, Langerin, and S100 (usually).

Malignant spindle cell tumors (Table 3, Fig. 11) and
other malignancies

Paraganglioma

e Syncytial groups of tumor cells with intervening thin fi-
brovascular septa (Zellballen);

e Epithelioid or spindled cells with round nuclei, even chro-
matin, clear or granular cytoplasm, and showing occa-
sional endocrine atypia;

e Immunocytochemistry: Positive for neuroendocrine
markers and negative for cytokeratins and TTF1 (S100
may highlight sustentacular cells).

Diffuse pleural mesothelioma (Fig. 12)

e Very high cellularity specimen;

e Variable growth pattern, pleomorphism ranging from that
of benign to gigantic cells, atypical mitoses;

e Loss of nuclear BAP1 staining by ICC and homozygous
deletion of CDKN2A by FISH help to distinguish from be-
nign proliferations;

e BerEP4 and MOC31 show focal ICC staining in a signifi-
cant number of mesotheliomas, whereas claudin-4, CEA,
and B72.3 are more specific for carcinoma.

Primary germ cell tumors of the mediastinum

e Seminoma: dispersed tumor cells with a fragile cyto-
plasm, stripped nuclei, prominent nucleoli, and tigroid
(PAS+ glycogen) background;

e Yolk sac tumor (YST): often less uniform than semino-
mas, with background ropy metachromatic material;

e Embryonal carcinoma: high-grade pleomorphism and nu-
merous mitoses;

e Choriocarcinoma: characteristic cytotrophoblasts and/or
intermediate trophoblasts, and bizarre syncytiotropho-
blasts, with abundant necrosis;

e Immunocytochemistry: On limited material, a panel in-
cluding OCT3/4, CD30, glypican-3, AFP, HCG, and pancy-
tokeratin is recommended. OCT3/4 is positive in semino-
matous and embryonal carcinoma components, whereas
YST is positive for glypican-3 and AFP. Embryonal car-
cinoma and choriocarcinoma are positive for CD30 and
HCG, respectively;

e Mature teratomas: benign epithelial components, often
mucoid or cystic background;

e Immature teratomas: small round blue cell tumor with
rosettes, high N:C ratios, and neuropil.

Primary angiosarcoma of the lung

e Single cells and tissue fragments with irregular vascular
spaces, tumor cells with spindled to epithelioid morphol-
ogy, with elongated or pleomorphic nuclei and coarse
chromatin;

e Immunocytochemistry: Positive for endothelial markers
CD31, CD34, ERG, and FLI1; may also be positive for
cytokeratin.

Metastases
e Metastatic adenocarcinoma from breast, prostate, gas-
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a

Fig. 11. Synovial sarcoma. (a) Medium-sized bland spindle cells with tapered borders and finely granular chromatin (Pap stain, liquid-based prep). (b) Spindle cells
with ovoid nuclei and scant cytoplasm, showing no significant atypia (H&E stain, cell block). (c) Bcl2 immunostaining shows robust nuclear and cytoplasmic staining in
tumor cells. (d) Break-apart FISH SYT rearrangement analysis showing split green and red signals in tumor cells, indicating that a SYT gene rearrangement is detected.

trointestinal tract, and kidney mimics their morphology
at primary sites;

e Breast carcinomas frequently show small nests and sin-
gle cells with high N:C ratio, eccentric nuclei and cyto-
plasmic vacuoles;

e Colorectal carcinomas typically show glandular structures
with oriented columnar cells and necrosis;

e Determining primary lung vs. metastatic squamous cell
carcinoma requires clinical/radiologic correlation.

Differential diagnosis and potential pitfalls

Small cell carcinoma vs. mimics

The SCLC differential diagnosis includes other neoplasms
composed of small round blue cells, including carcinoid/
atypical carcinoid, basaloid squamous cell carcinoma, LC-
NEC, adenoid cystic carcinoma, and lymphomas. See Table
4 for distinguishing cytomorphologic and immunophenotypic
features of these entities. SCLC may even be mistaken for
benign elements such as lymphocytes and reserve cell hy-
perplasia, particularly in scant or degenerated samples. Al-
though smaller than adenocarcinoma cells, a typical SCLC
cell is still significantly larger than a lymphocyte (but usually
<3x). SLCLs are usually positive for cytokeratins (character-
istic dot-like cytoplasmic staining) and neuroendocrine mark-
ers chromogranin A, synaptophysin, CD56, and INSM1.19-22
Chromogranin and synaptophysin stains are negative in a
subset of SCLC, and CD56 and INSM1 may be helpful in con-

firming neuroendocrine differentiation in such cases.20-22
Ki-67 can be utilized in cytopathological specimens to help
distinguish between high-grade NEC from atypical carcinoid,
although it is not part of the diagnostic criteria. TTF1 is usu-
ally positive in SCLC cases (~80-90%) but this is not specific
for lung origin, 1920 whereas Napsin A is reliably negative in
SCLC.%23 An extrapulmonary small cell carcinoma cannot be
ruled out by ICC or ancillary testing and this diagnosis must
rely on clinical history. Markers of squamous differentiation
(e.g. p40) are almost always negative in SCLC, although rare
patchy staining may sometimes be observed.19:20

Mesothelial proliferation vs. non-small cell carcino-
ma on fluid cytology

In cases of suspected mesothelioma, ancillary testing is used
to establish mesothelial cell origin and to determine whether
the proliferation is malignant or benign. Two epithelial and
two mesothelial ICC markers are recommended to establish
cell lineage in this setting. The epithelial markers claudin-4,
CEA, and B72.3 are more specific in this setting than Be-
rEP-4 and MOC31, which are known to show focal staining
in a significant portion of mesotheliomas.24-27 Although cal-
retinin and CK5/6 are sensitive mesothelial markers, it is
well-known that they are both also expressed in some carci-
nomas.28-32 Mesothelial markers WT1 and D2-40 cannot be
used to distinguish mesothelioma and serous carcinomas,
which also stain positive.2433 The loss of nuclear BAP1 ex-
pression by ICC is helpful to distinguish mesothelioma from
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Fig. 12. Malignant mesothelioma, epithelioid subtype. (a) Pap-stained smear displaying morular clusters with slightly enlarged nuclei and features otherwise
characteristic of mesothelial cells including windows, scalloped borders, and two-tone cytoplasm. (b) Cell block preparation from case shown in (a) (H&E stain). BerEP4
immunostaining is focally positive (c) and calretinin immunostaining is diffusely and strongly positive (d).

benign mesothelial proliferation.3#-3%8 The homozygous dele-
tion of CDKN2A (9p21) by FISH detects mesothelioma with
high specificity in this setting.36:39-42 MTAP, which is located
adjacent to CDKN2A on chromosome 9, is co-deleted in 90%
of tumors and therefore loss of cytoplasmic MTAP by ICC may
be used as a surrogate for CKDN2A deletion.35:36,39,41,43,44 ¢
is recommended that ICC for BAP1 and MTAP be performed
on formalin-fixed cell blocks, as their performance is report-
ed as suboptimal on alcohol-fixed slides.

Ancillary testing

Non-small cell carcinoma subtyping

Specific classification of NSCC on cytopathology, either as
adenocarcinoma or squamous cell carcinoma, is becoming
increasingly important to guide ancillary biomarker/molec-
ular testing and eventually targeted therapy. If established
cytomorphological criteria are present, such as glandular or
acinar tissue fragments and/or mucin (adenocarcinoma),
or keratinization and/or intercellular bridges (squamous
cell carcinoma), then the classification does not require
ICC. However, in the absence of distinctive morphological
features, a limited ICC panel of TTF1 and p40 is recom-
mended.

In most lung adenocarcinoma cases, TTF1 and Napsin A
are positive and p40 is negative. It is important to note that
mucinous carcinoma may not stain for TTF1 (although it is
often positive for Napsin A) and in such cases, a gastrointes-

tinal primary should be excluded. Another potential pitfall is
recognizing TTF1 positivity in metastatic thyroid carcinoma.
In suspected cases, additional thyroid markers such as PAX8
and/or thyroglobulin should be considered.

p40 is a more specific marker of squamous cell carcinoma
than high-molecular-weight cytokeratins or p63.45-47 Posi-
tive p40 staining should include >50% of tumor cellularity,
although well-differentiated squamous cell carcinomas may
show limited or even no staining.4’ Positive p40 staining es-
sentially excludes a high-grade neuroendocrine carcinoma in
favor of a basaloid squamous cell carcinoma. Distinguishing
primary from metastatic squamous cell carcinoma on cytol-
ogy is challenging if not impossible. Correlation with clinical
and radiological information, and detection of HPV may be
helpful in cases of suspected metastases.

If a confirmed carcinoma lacks established morphologic
features of adenocarcinoma or squamous cell carcinoma,
TTF1, Napsin A, and p40 are all negative, and a metastasis
is ruled out, then a diagnosis of NSCC-NOS can be made. In
the ICC workup of NSCC, it is critical to conserve cell block
material for molecular profiling. Dual immunostains, such as
TTF1/Napsin A help to preserve tissue in limited specimens.
Cytologic smear preparations are also increasingly being
used as a sufficient source of material for molecular studies.

Molecular testing

Cytopathology specimens are a suitable source of DNA/RNA
for molecular analyses, including next-generation sequenc-
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Table 4. Cytmorphologic features and ancillary testing findings of small cell carcinoma and its mimics

Specific entities

Key Cytomorphologic Features

Ancillary Testing

Small cell
carcinoma

Reserve cell
hyperplasia

Large cell
neuroendocrine
carcinoma

Basaloid
squamous cell
carcinoma

Carcinoid/Atypical
carcinoid

Lung
adenocarcinoma

Merkel cell
carcinoma

Ewing sarcoma/
primitive
neuroectodermal
tumor

NUT carcinoma

Adenoid cystic
carcinoma

Lymphomas
Paraganglioma

Melanoma

Metastatic lobular
breast carcinoma

Tumor cells 3x the size of lymphocytes; High N:C
ratio with salt and pepper chromatin; Frequent
mitoses and apoptoses; Molding and crush artifact

Reactive nuclear changes and cellular adhesions;
Minimal molding, no mitoses, no kayorrhexis

Loosely cohesive groups and in syncytial
fragments; Prominent nucleoli and abundant
cytoplasm; Traversing vessels may be present

Cell clusters and peripheral palisading

Single cells and nested/trabecular structures;
Plasmacytoid, spindled, or oncocytic; Prominent
nucleoli, increased mitoses, and focal necrosis
may be seen in atypical carcinoid

3D clusters, prominent nucleoli, coarse
chromatin and vacuolated cytoplasm

Indistinguishable from small cell carcinoma

Tumor cells 1-2x the size of lymphocytes;
Round nuclei, fine chromatin, moderate
vacuolated cytoplasm; tigroid background

Sheets and nests of tumor cells; Abrupt keratinization;
Vesicular chromatin and prominent nucleoli

Luminal epithelial cells surrounded by myoepithelial
cells and arranged in a 3D pattern; Spaces
that may contain metachromatic material

Single intact cells; Lymphoglandular bodies

Nests surrounded by fibrovascular septa;
Abundant eosinophilic or clear cytoplasm

Variable morphology; cherry-red nucleoli;
Melanin pigment in background

Variable morphology; cytoplasmic
vacuolization; Peripherally located nucleus

Positive for pan-CK with dot-like cytoplasmic
staining; Positive for NE markers (some
cases may be negative); Negative for p40
and high molecular weight cytokeratins

(e.g. CK5/6); Ki67 proliferation index
>40%; RB1 and TP53 mutations

Negative for NE markers

Positive for NE markers; Ki67
proliferation index is >40%

Positive for p40 and HMWCKs;
Negative for NE markers

Positive for NE markers; Ki67 helpful
in distinguishing from high grade
neuroendocrine carcinoma

Positive for Napsin A and CK7;
Negative for NE markers

Positive for CK20 in perinuclear,
dot-like pattern; Positive for
Merkel cell polyoma virus

Positive for CD99 and FLI1; Negative
for cytokeratins; EWRS1-FLI1 fusion

Positive for NUT, negative for NE markers
and TTF1; NUTM1 gene rearrangements

Positive for LMWKs and CD117 in epithelial
cells and LMWKs, p40, SMA and S100 in
myoepithelial cells; MYB-NFIB fusion

Positive for clonal lymphoid markers;
Negative for cytokeratin and NE markers

Positive for NE markers and S100 in
sustentacular cells; Negative for cytokeratins

Positive for S100, SOX10,
HMB45, and MART1; Negative for
cytokeratins and NE markers

Positive for breast markers;
Negative for NE markers

CK, cytokeratin; NE, neuroendocrine.

ing. Molecular testing in lung cancer has a limited role in
diagnosis but is used instead to detect predictive biomarkers
associated with targeted therapies (including a growing num-
ber of emerging therapies). Recommendations from NCCN
Guidelines for NSCC (v3.2023) include testing for EGFR mu-
tations (exon 19 deletion, exon 21 L858R, S768I, L861Q,
G719X, exon 20 insertion), KRAS G12C, BRAF V600E,
ERBB2/HER2 mutations, MET exon 14 skipping mutations,
and rearrangements in ALK, ROS1, RET, and NTRK1/2/3, as
well as MET amplification.*8:4°

Other molecular/biomarker tests include PD-L1 test-
ing and microsatellite instability (MSI) testing. Analysis of
PD-L1 expression by ICC on cytology specimens has been
shown to be comparable to histology specimens.>0-52 How-
ever, significant variation exists between laboratories, and
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PD-L1 antibodies must be thoroughly validated on cytology
samples prior to clinical use.>® Various additional predic-
tive immunohistochemistry assays are also becoming more
widely used, including those for ALK, ROS1, NTRK, and RET
expression.>0.54 Like PD-L1, the clinical application of these
antibodies to cytology specimens requires rigorous valida-
tion.

Tissue stewardship is important when handling small sam-
ples with low tumor cellularity to ensure that adequate tissue
remains for subsequent molecular testing. Diagnostic ICC
panels may be limited in this setting to prioritize ancillary
testing. Obtaining multiple samples from the same procedure
may also be helpful. Cytopathology specimens are increas-
ingly being relied upon for molecular testing in the setting of
advanced lung cancer, and mindful tissue optimization will
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help to avoid re-biopsy. In cases where re-biopsy is not pos-
sible, liquid biopsy offers an alternative option for detection
of predictive biomarkers.

Risk of malignancy and clinical management recom-
mendation

The ROM for the “Malignant” category approaches 100% for
sputum (100%), bronchial brushes/washes (94-100%), and
FNAB specimens (87-100%).3:1> The clinical management of
specimens in this category depends on the specific type of
malignancy.

For sputum, “Malignant” samples should next undergo
bronchoscopy/imaging followed by EBUS- or CT-guided
FNAB. For “Malignant” bronchial brushes/washes or BALs of
peripheral lung lesions, management depends on tumor size
and mediastinal lymph node involvement; patients with small
tumors (<3 cm) and no suspicious mediastinal lymph nodes
may proceed directly to surgical resection, if surgery is not
contraindicated. FNAB specimens categorized as “Malignant”
that are concordant with clinical and imaging findings are
sufficient to prompt definitive surgical or systemic treatment.

In cases where systemic therapy is planned but FNAB
material is insufficient for predictive biomarker testing, then
repeat FNAB and/or core needle biopsy may be warranted.
Reflex molecular testing can help to expedite systemic treat-
ment in patients with known or suspected advanced disease.
In cases where the primary tumor is large (>3 cm), or where
mediastinal/hilar lymph nodes are enlarged (>1 cm) or PET-
avid, then mediastinal staging by EUS-FNAB is indicated.>5:5¢
Clinical and radiologic findings should be reviewed and cor-
related with all “Malignant” cases.

Conclusions

The new WHO System provides diagnostic reporting catego-
ries that will improve communication between cytopatholo-
gists and clinicians, which ultimately will improve patient
care. Given that there is limited data defining the ROM for
these new categories, further research will help to refine
these ROMs in subsequent editions. The system also defines
key diagnostic cytomorphologic criteria for specific lesions,
thereby improving the quality of reporting and communica-
tion among cytopathologists. Furthermore, the system de-
scribes current best practice recommendations for ancillary
testing (see additional information in the first edition of the
WHO book), which aims to optimize the use of small lung
cytopathology specimens for a growing number of molecular
applications. However, the WHO System is designed to focus
primarily on the cytomorphology to be applicable in different
practice and resource settings.
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