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Lung cancer - Progress!

Prevention
 ↓ Smoking rates

USA: ~43% 1965  ~10.8% 2023*

Early Detection
 CT Lung Cancer Screening

NLST & NELSON:  20-25% mortality

Diagnostic Procedures
 EBUS-TBNA
 ENB / Robotic Bronchoscopy

Treatment
 Surgery/SBRT
 Targeted therapies
 Immunotherapy

Siegel RL, et al. Cancer statistics, 2025. CA Cancer J Clin. 2025;75(1):10-45.

* CDC - National Center for Health Statistics. 
Percentage of current cigarette smoking for adults aged 18 and over, United States, 
2019-2023. National Health Interview Survey. 
https://wwwn.cdc.gov/NHISDataQueryTool/SHS_adult/index.html

Treatment

Pathology Diagnosis / Ancillary Testing

Tumor characterization

(Proper specimen handling) 
Ancillary/Molecular testing

Tissue acquisition

Bronchoscopic Bx, Transthoracic Bx, EBUS-TBNA, Pleural fluid, Metastasis Bx

Imaging / Radiologic staging

CXR  Chest CT / PET-CT

Patient presentation

Symptoms

+ Cough, hemoptysis, wt loss

Risk factors  Screening

+ Smoking



Pulmonary cytology 
and small biopsies

>2/3 of lung cancer patients present with advanced 
stage disease
Dx: cytology / small biopsy specimen

Minimally invasive sampling techniques have 
become the preferred diagnostic modality
Increase in cytology/small biopsy samples

Cytology/small biopsy specimens are used for 
diagnosis and ancillary molecular testing
Multiple objectives for the pathologist

With resistance mechanisms following TKI therapy, 
new paradigm of repeated biopsies to guide 
therapy
Several biopsies from a patient over time
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Many different ways to obtain cytology/small 
biopsy specimens from lung lesions

 For the most part, cytomorphologic/histologic features 
of lesions similar regardless of acquisition method

Pulmonary

Small Biopsy 
Specimens

Pulmonary

Small Biopsy 
Specimens

TBBxTBBx

EBBxEBBx

Transthoraci
c core 
biopsy

Transthoraci
c core 
biopsy

CryobiopsyCryobiopsy



The cells still look the same…

Question: 
Patient with lung mass, 
is it cancer or not?



Cancer of the Lung and Bronchus
10.1%

45.6%19.2%

0.9%

24.2% Small Cell Carcinoma

Adenocarcinoma

Squamous Cell Carcinoma

Large Cell Carcinoma

Other

2022 year - SEER 21 Registry Data
(Subtype, Both Sexes, All Races, All Ages, All Stages, Observed Rates)

Diagnostic work-up of lung cancer
Malignant or not?
Based on cytomorphologic assessment of cells, architectural 

cues, cellularity, background

Tumor type
Immunohistochemistry helps determine lineage of the cells in 

question
• Adeno vs. Squam vs. Neuroendocrine vs. other 

Ancillary testing
Tissue preservation strategies are key!

• Minimize levels/IHC stains; separate cores into 2 blocks 
(diagnosis vs testing); maximize cell block yield; use 
smears



Surg Pathol Clin. 2020;13(1):1-15.

AJSP: Reviews & Reports 2021;26: 155–161

Lung Cancer Cytomorphology
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https://tumourclassification.iarc.who.int/welcome/index.html







Our job
Cytology/small biopsy specimens

• NSCLC      
Favor SqmCC

• NSCLC      
Favor ACA

• NSCLC - NOS

• Carcinoid NOS
• SCLC
• LCNEC

• Other:    
Salivary tumor, 
Sarcoma, etc…



Lung Adenocarcinoma

Invasive mucinous lung adenocarcinoma Non-mucinous lung adenocarcinoma



Lung adenocarcinoma TTF-1 Napsin-A

Nuclei:

• Eccentric nuclei with prominent nuclei

• WD: Intranuclear inclusions, pale chromatin, smooth nuclear membranes

• PD: Irregular nuclear membrane and clumped chromatin

Cytoplasm:

• Pale, foamy, or vacuolated cytoplasm

• Intracytoplasmic mucin/globules

Architecture:

• Glandular or tubular structures

• Honeycomb sheets

• Three-dimensional cell clusters

Other:

• Hypercellular

• Extracellular mucin

Lung Adenocarcinoma
Cytologic features



Nuclei
Cytoplasm

Anisonucleosis



Nucleoli
Architecture

Background



Cellularity

Nuclear membranes



Inclusions, architecture

Mucinous ACA



Necrosis

Cell Block



Napsin-A p40
CK5/6

TTF-1

Mucinous Adenocarcinoma
Lung primary vs Metastasis

TTF1TTF1

CK7CK7

CK20CK20

CDX-2CDX-2

MUC2MUC2

SATB2SATB2

SMAD4SMAD4

Napsin-ANapsin-A

 Clinical and Radiologic correlation is essential!



Pitfalls
Lung Adenocarcinoma

• ? WD Lepidic ACA 

• vs. reactive pneumocytes, bronchiolar metaplasia/bronchiolar adenoma

Travis et al. J Thor Onc 2011;6:244-285.

Bronchial Washings

Organizing pneumonia WD lung ACA



TTF1

p40 Napsin

Reactive pneumocytes – organizing pneumonia



Lepidic pattern ACA?



TTF1

p40Napsin



Bronchiolar Adenoma 
(ciliated muconodular papillary tumor) 

WHO Classification of Tumours – Thoracic Tumours. 5th ed. 2021.

Bronchiolar Adenoma

p40

Lepidic 
adenocarcinoma?

TTF1

Napsin



Pulmonary hamartoma

65F Breast cancer, LLL nodule 
PET-non avid
Pulmonary hamartoma



Suspicious/Atypical?

 Hypocellular aspirate

 Lack of 3-dimensional clusters
• Reactive pneumocytes?
• Mesothelial cells?

 Background inflammation/necrosis

Metastasis?
• IHC

 Clinical correlation essential!
Bronchial Washings
- Reactive pneumocytes (ARDS/DAH)

Organizing pneumonia

Squamous Cell Carcinoma 
of the Lung



Squamous Cell Carcinoma

CK5/6

Squamous cell carcinoma markers

p40(p63)

 There is no “lung squamous cell carcinoma” specific marker



Squamous Cell Carcinoma
Cytologic features

Cytoplasm

• Well-differentiated/keratinizing 

• Abundant dense cytoplasm with sharp borders

• Pap stain:  orangeophilic

• DiffQuik stain: robin-egg blue

• H&E: eosinophilic

• Variable cell shapes, polygonal, spindle shaped, elongated, tadpole shaped

• Keratin pearls / intercellular bridges

• Poorly-differentiated

• Moderate to scant amounts of cytoplasm, lack of keratinization (color)

Nuclei

• Dense ink-dot  / lump-of coal chromatin

• Round-to-oval nuclei with prominent nucleoli: “russet-potato like”

Architecture

• Cohesive sheets

• Single atypical cells

Other

• Anucleate cells, keratin debris +/- FBGCR 

• Necrosis / necroinflammatory debris
Cibas and Ducatman. Cytology Diagnostic Principles and Clinical Correlates, 6th ed. 2026.

H.A. Domanski. Atlas of Fine Needle Aspiration Cytology. 2nd ed.  2019.
WHO Classification of Tumours of the Lung, Pleura, Thymus, and Heart. 4th ed. 2015.

WHO emphasis:
1-Keratinization
2-Keratin pearls
3-Intercellular bridges

Keratinizing SqmCC
Single cells
Cytoplasm
Nucleus



Cytoplasm

Cytoplasm



Nucleus

Background



ACA vs. SqmCC?

CK5/6

p40
(p63)

TTF-1 
Napsin-A

CK5/6



Pitfalls: 
Suspicious/Atypical?

 Squamous metaplasia
• Trachea/bronchus ‘contaminant’

• Infectious/inflammatory parenchymal lesions

• Infarction/ILD

 Mesothelial cells
• Air-drying 

•  Red/orange cytoplasm on ThinPrep

Squamous Cell Carcinoma Squamous metaplasia

Neuroendocrine Tumors
Tips/pitfalls:
• Carcinoid tumors with spindled morphology
• Mib-1/Ki-67, p53, Rb, POU2F3
• Napsin IHC



Cancer of the Lung and Bronchus
10.1%

45.6%19.2%

0.9%

24.2% Small Cell Carcinoma

Adenocarcinoma

Squamous Cell Carcinoma

Large Cell Carcinoma

Other

~15% of lung cancers = neuroendocrine

2022 year - SEER 21 Registry Data
(Subtype, Both Sexes, All Races, All Ages, All Stages, Observed Rates)

Pulmonary 
Neuroendocrine
Tumors

WHO Classification of Tumours of the Lung, Pleura, Thymus, and Heart. 5th ed. 2021.

Cytology
Small Biopsy

Grading



Carcinoid Tumors

Carcinoid tumor
CT features:

• Central bronchial / peripheral round

PET features:

• Generally low FDG



Carcinoid tumors
Cytologic features
Architecture

• Tight and loosely cohesive aggregates, dispersed cells

• Acinar and rosette-like structures

• Tumor aggregates might be associated with small capillaries

Cellular features:

• Small, uniform, round-to-oval, cuboidal, or spindle cells

• Small nuclei, “salt and pepper” chromatin, inconspicuous nucleoli

• Scanty cytoplasm

Features seen in Atypical Carcinoid tumors:

• Necrosis and increased cell size/nuclear pleomorphism

• Mitoses 

• Occasionally prominent nucleoli in atypical carcinoid

Cibas and Ducatman. Cytology, 6th ed. 2026.
H.A. Domanski. Atlas of Fine Needle Aspiration Cytology. 2nd ed. 2019.



Uniform cells

Salt and Pepper chromatin



Huang et al. Diagn Cytopathol. 2013;41:689-696.

Variable cell shape Capillaries

Round nucleus, high N:C ratio



Ki-67/Mib-1

Chromo/Synapto

Atypical carcinoid

Ki-67/Mib-1

TTF-1



HIGH GRADE NEC
CT features:

• Lobulated mass, hilar+LAD (SmCC) vs. 
peripheral+LAD (LCNEC)

PET features: FDG-AVID!!   +Metastasis

Small Cell 
Carcinoma



Mib-1/Ki-67

Small Cell Carcinoma
Cytologic features
Architecture:

• Loosely cohesive cells sheets or dispersed cells, rare cell clusters

• Nuclear molding (less in LBP)

Cellular features:

• Small to medium sized cells (twice the size of lymphocytes), occasionally larger

• Carrot/wedge shaped nuclei (less in LBP)

• High N/C ratio, scant cytoplasm

Nucleus/chromatin:

• Evenly dispersed, powdery chromatin

• NO or only indistinct nucleoli

Other:

• Frequent mitoses 

• Nuclear debris

• Necrotic background

• Crush artifact (smears)
Cibas and Ducatman. Cytology, 5th ed. 2020.

H.A. Domanski. Atlas of Fine Needle Aspiration Cytology. 2nd ed. 2019.



Finely granular chromatin

No nucleoli

Mitoses and apoptotic bodies



Cells tend to round up in LBP

Tumor necrosis



Crush artifact (smears)

No lymphoglandular bodies



Nuclear molding

TTF-1

MIB-1/Ki-67

Synapto>Chromo
 CD56
 INSM-1



J Thorac Dis 2017;9:E99-E102

Am J Surg Pathol 2005;29:179–187

Beware the pitfalls on cytology/small biopsies

Mib-1/Ki-67 is very helpful!

Small cell carcinoma?

 MIB-1/Ki-67 staining

 pRB loss / p53+ / p16 + IHC

 Clinical presentation

Sci Transl Med. 2013. 30;5(209):209ra153. 

RB

p53



SCLC Subtypes 

Transcription Regulator Expression:

SCLC-A: high expression of ASCL1, a regulator 
of neuroendocrine (NE) differentiation.

SCLC-N: Marked by NEUROD1 activation and 
frequent MYC amplification, leading to rapid 
proliferation and chemoresistance. 

SCLC-P: Defined by POU2F3 expression and a 
lack of traditional NE features. 

SCLC-I: Represents an immune-inflamed 
phenotype with high MHC class I/II 
expression, IFN-γ signaling, and immune 
checkpoint molecules. +/- YAP1. 

J Thorac Oncol. 2022;17(1):141-153.J Thorac Oncol. 2022;17(1):141-153.

 POU2F3 IHC can be helpful for SCLC without NE marker expression

Large Cell Neuroendocrine 
Carcinoma (LCNEC)



LCNEC vs Small cell carcinoma
 Prominent nucleoli
 Round/oval nuclei  some cytoplasm



Large Cell Neuroendocrine Carcinoma
(LCNEC) Cytologic features

Architecture:

• More cohesive sheets or clusters of cells

• May show rosette formation or nuclear palisading

Cellular features:

• Medium to large sized cells

• Round to oval nuclei

• High N/C ratio, moderate amounts of cytoplasm

Nucleus/chromatin:

• Open, clumpy chromatin

• Often prominent nucleoli

Other:

• Frequent mitoses 

• Necrotic background

• Less nuclear molding

• Crush artifact (smears)
Cibas and Ducatman. Cytology, 6th ed. 2026.

H.A. Domanski. Atlas of Fine Needle Aspiration Cytology. 2nd ed. 2019.

Cohesive sheets
Mitoses



Round to oval nuclei

Prominent nucleoli



TTF-1 Synaptophysin Napsin-A

Tissue microarray study

• 52 Carcinoids

• 106 LCNECs

• 69 Small Cell carcinomas

Appl Immunohistochem Mol Morphol 2013;21:292–297
Napsin-A ab used: mouse monoclonal



TTF-1 CD56Napsin-A

TTF-1+/Napsin- : consider neuroendocrine tumor

Carcinoid tumor
Large Cell Neuroendocrine Carcinoma (LCNEC)

Napsin-A abs used:
both rabbit polyclonal, mouse monoclonal



Rare Tumor Types

Salivary Gland Tumors
Adenoid Cystic Carcinoma



NUT carcinoma NUT

SMARCA4 Deficient Undifferentiated Tumor

BRG1



DLBCL

Granular Cell Tumor



PVL – DIAGNOSTIC APPROACH TO SMALL BIOPSIES

 Review (PET)CT: Lung vs pleural vs thymic vs met

Assess histo/cytomorphology

• Keratinizing squamous cell carcinoma: no stains needed
• Adenocarcinoma: TTF-1 and Napsin-A
• Squamous: p40, TTF-1
• PD NSCLC-NOS: TTF-1, Napsin-A, p40
• Neuroendocrine: TTF-1, Synaptophysin, Mib-1/Ki-67

 Inconclusive / poorly differentiated tumor

• Cytokeratins (CK5/6, CK7/20, cocktail)
• Mucicarmine stain
• Metastasis (CDX-2, PAX-8, GATA3, ER, NKX3.1, etc…)
• Consider salivary gland type tumor, etc…

 Save material for subsequent ancillary testing!

Paul VanderLaan MD, PhD
Director of Cytopathology, Surgical Pathology, and Thoracic Pathology

Beth Israel Deaconess Medical Center
Associate Professor of Pathology

Harvard Medical School
PVANDERL@BIDMC.HARVARD.EDU

Pulmonary Cytology:

Workup of Lung Cancer 
on FNA and Small 
Biopsy Specimens


