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Lung cancer Progress!

Prevention
 ↓ Smoking rates

USA: ~43% 1965  ~14% 2019

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, 2023. CA Cancer J Clin. 2023;73(1):17-48.

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
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The cells still look the same…

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



Cancer of the Lung and Bronchus
10.9%

45.9%
20.3%

1.0%

21.9% Small Cell Carcinoma

Adenocarcinoma

Squamous Cell Carcinoma

Large Cell Carcinoma

Other

2017 year - SEER Data
(Subtype, Both Sexes, All Races, All Ages, All Stages, Observed Rates)

Cancer of the Lung and Bronchus
11.1%

39.5%

18.9%

1.0%

29.5%
Small Cell Carcinoma

Adenocarcinoma

Squamous Cell Carcinoma

Large Cell Carcinoma

Other

*2020 year - SEER Data (COVID: -11.88% incidence rate vs 2019)
(Subtype, Both Sexes, All Races, All Ages, All Stages, Observed Rates)



Our job
Cytology/small biopsy specimens

• NSCLC      
Favor SqmCC

• NSCLC      
Favor ACA

• NSCLC - NOS

• Carcinoid NOS

• SCLC
• LCNEC

• Other:    
Salivary tumor, 
Sarcoma, etc…

Advanced stage NSCLC
Three broad options for 1L therapy…

Targeted 
Therapy

• EGFR

• ALK

• ROS1

• BRAF V600E

• MET ex 14 skipping

• RET

• NTRK

ICI 
monotherapy

• If no driver mutation and

• PD-L1 IHC TPS ≥50%

Chemo

+

ICI

• If no driver mutation and 

• PD-L1 IHC TPS <50%



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

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

Diagnostic work-up
Remember: Morphology first  IHC for further characterization 

14



https://tumourclassification.iarc.who.int/welcome/index.html









p40

CK5/6

TTF-1

Napsin-A

Lung
Adenocarcinoma



CK5/6

TTF-1 

Napsin-A

p40

(p63)

Lung
Squamous Cell
Carcinoma

 There is no “lung squamous cell carcinoma” specific marker

Pulmonary 
Neuroendocrine
tumors

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

Cytology
Small Biopsy

Grading



Carcinoid tumor, NOS Small Cell Carcinoma

MIB-1/Ki-67

Synapto/Chromo/CD56/(INSM-1)TTF-1

Lung NETs

Small Cell

Carcinoma



TTF-1 CD56Napsin-A

High Grade Lung NEC:
Large Cell Neuroendocrine Carcinoma (LCNEC)

Journal of Thoracic Oncology. 2019;14(3):377-407



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 tumor, etc…

Priorities for cytology/small bx specimens in 2023

Establish malignancy dx

Tumor classification 
(limited IHC panel)

Preserve tumor for 
ancillary/molecular testing

Confirm original histopathology
(? Small cell transformation) 

Maintain material for 
repeat ancillary/molecular 

testing

Primary diagnosis 
suspected lung cancer

Re-biopsy 
disease progression



Dichotomy for the pathologist…
Importance of accurate tumor characterization

• Historically, tumor subtype:

 Directed choice of therapy

 Dictated which downstream testing to pursue

Importance of minimal tumor utilization

• Current therapy choices are driven by ancillary testing results

 Targetable genomic alterations

 PD-L1 (TPS)

 MSI status

 TMB

 Co-mutational profile

 ∴ Need to preserve material for molecular testing!

-VS-

Ancillary 
Testing



adenocarcinoma

squamous cell 

carcinoma

Unselected cytotoxic 

chemotherapies

Histology based cytotoxic 

chemotherapies

Genomics driven 

precision therapies

Adapted from: Shaw AT et al. NEJM 2013;368:2385 and Jordan EJ et al. Cancer Discov. 2017;7:596.

Non-Small Cell 
Lung 

Carcinoma 
(NSCLC)

1980-1990s 1990-early 2000s ~2005

Immunotherapy
driven therapies

TPS <1%

TPS 1-49%

TPS >50%

~2015

adenocarcinoma

squamous cell 

carcinoma

Histology based cytotoxic 

chemotherapies

Genomics driven 

precision therapies

Adapted from: Shaw AT et al. NEJM 2013;368:2385-94, Jordan EJ et al. Cancer Discov. 2017;7:596, and Hui R, et al. Ann Oncol. 2017;28:874-881.

1990-early 2000s ~2005



Landscape of genomic alterations in NSCLC with corresponding 
FDA-approved therapeutic options (May 2023)

Updated from:
VanderLaan et al. Cancer Cytopathol. 

2021;129(3):179-181.



Clin Lung Cancer. 2017;18:651-659.

 ↑ Response rate

 Improved QoL

NSCLC 
Testing 

Guidelines



3rd edition CAP/IASLC/AMP Lung Biomarker Guidelines

 ~2024 target publication date

2013

2018

2018  NSCLC Guidelines Ver 3.2018

NSCLC Guidelines Ver 4.2018

NSCLC Guidelines Ver 5.2018

NSCLC Guidelines Ver 6.2018

2019  NSCLC Guidelines Ver 1.2019

NSCLC Guidelines Ver 2.2019

NSCLC Guidelines Ver 3.2019

NSCLC Guidelines Ver 4.2019

NSCLC Guidelines Ver 5.2019

NSCLC Guidelines Ver 6.2019

NSCLC Guidelines Ver 7.2019

2020  NSCLC Guidelines Ver 1.2020

NSCLC Guidelines Ver 2.2020

NSCLC Guidelines Ver 3.2020

NSCLC Guidelines Ver 4.2020

NSCLC Guidelines Ver 5.2020

NSCLC Guidelines Ver 6.2020

NSCLC Guidelines Ver 7.2020

NSCLC Guidelines Ver 8.2020

2021  NSCLC Guidelines Ver 1.2021

NSCLC Guidelines Ver 2.2021

NSCLC Guidelines Ver 3.2021

NSCLC Guidelines Ver 4.2021

NSCLC Guidelines Ver 5.2021

NSCLC Guidelines Ver 6.2021

NSCLC Guidelines Ver 7.2021

2022  NSCLC Guidelines Ver 1.2022

NSCLC Guidelines Ver 2.2022

NSCLC Guidelines Ver 3.2022

NSCLC Guidelines Ver 4.2022

NSCLC Guidelines Ver 5.2022

NSCLC Guidelines Ver 6.2022

2023 NSCLC Guidelines Ver 1.2023

NSCLC Guidelines Ver 2.2023

NSCLC Guidelines Ver 3.2023

Expert/Advisory panel

Systematic Literature Review

Data extraction

Evidence grading

Drafting recommendations

Open comment period

Revise recommendations

Peer reviewed

Recommendations published

NCCN NSCLC guidelines

35 updates since 2018 CAP 
guidelines!



10 testing targets!
(12 if MSI/TMB)

2 testing targets!



Published: April 6, 2023

2022.1 Published: July 11, 2022

2022.2 Published: Dec 19, 2022

2022.3 Published: Feb 21, 2023



IHC FISH PCR NGS – DNA NGS – RNA

EGFR

ALK

ROS1

BRAF V600E

MET Ex14

RET

KRAS

NTRK1/2/3

ERBB2

TMB

MSI/MMR

PD-L1

Most common / Optimal modality Limitations / Only specific uses Not an option

Lung Cancer Biomarker Testing Modalities

∴ No single test will capture every biomarker!
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PD-L1: IHC as the selection biomarker

Surgical Pathology
Core Biopsy

Cytology Cell Block

H&E / IHC / Molecular testing PD-L1 IHC (22C3)



Current BIDMC NSCLC NGS Testing

36%

17%

47%

Cytology Cell Block

Surgical resection

Small Biopsy

2021 stats:

NSCLC n=230 

• 33% of all solid tumor NGS testing

• ~93+% success rate (no ∆ across specimen types)

• Testing phase: 10 calendar day TAT

Liquid Biopsy n=50 

• 61% of all solid tumor NGS liquid bx

• ~82% success rate

• Testing phase: 10 calendar day TAT

Specimen Handling

Arch Pathol Lab Med. 2020;144:933–958

 Obtaining adequate 

material
• Optimal techniques

• Needle gauges

• Number of samples/needle 

passes

 What to collect and how 

to process

 Use of Rapid On-Site 

Evaluation (ROSE)



CT-guided lung core needle biopsy
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 4 unstained slides = 77% of cases
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da Cunha Santos and Saieg.

Chapter 2. The Cytology Specimen and Preparations: Advantages and Limitations

in: Molecular Diagnostics in Cytopathology. Springer (2019)

Specimen
Triage

Testing
Success



Cell 
block 

success

Cell 
block 

success

Materials
- Cost

- Availability

- Stability

- Equipment

Materials
- Cost

- Availability

- Stability

- Equipment
Cytopathologist

- Morphology

- Distribution on slide area

- Depth of cellularity

- Diagnostic yield

Cytopathologist
- Morphology

- Distribution on slide area

- Depth of cellularity

- Diagnostic yield

Resident/fellow

- Upfront vs. by request

- Ease of ordering 
(SOFT)

Resident/fellow

- Upfront vs. by request

- Ease of ordering 
(SOFT)

Ancillary testing

- Bio-inert

- IHC validation

- Special stain background

- Compatible with NGS/molecular testing

Ancillary testing

- Bio-inert

- IHC validation

- Special stain background

- Compatible with NGS/molecular testing

Histology
- Fixation time/type

- Tissue processor run

- Cross contamination

- Tissue sectioning

Histology
- Fixation time/type

- Tissue processor run

- Cross contamination

- Tissue sectioning

Prep lab
- Scalable

- How labor intensive

- Fit in with workflow/batch 
processing

- Reproducible

- Risk of specimen loss/mixup

Prep lab
- Scalable

- How labor intensive

- Fit in with workflow/batch 
processing

- Reproducible

- Risk of specimen loss/mixup
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equipment needs

reproducibilty

ancillary testing

scalability

Histogel Plasma-Thrombin Cellient Colloidon bag Micro NextGen CelBlok

Histogel Plasma-Thrombin

Cellient

Colloidon bagMicro NextGen CelBlok

Cell Block Comparison

Plasma-Thrombin HistoGel CellGel (Modified HistoGel)

Feb 2017 Aug 2017

Evolution of Cell Blocks at BIDMC
April 2016 Sept 2020

Residual Material

CB – by request only CB – prepared up front (most non-gyns)

Residual Material

25%

75%



Pathology:
Must ensure ancillary testing is adequate

Meador and Oxnard. Clin Cancer Res 2019;25:4583–5

Essential biomarkers (2023)

 EGFR

 ALK

 ROS1

 BRAF V600E

 MET exon 14 skipping

 RET

 NTRK1/2/3

 KRAS G12C

 ERBB2

 PD-L1 IHC

 MSI status

 TMB

• Tremendous progress in diagnosis and treatment of patients with NSCLC

• Cytology/small biopsy specimens are the primary diagnostic and ancillary 
testing modality for most patients with lung cancer.
Multiple objectives for the (cyto)pathologist. 

• Oncologists need ancillary testing results to guide appropriate therapy.
Number of biomarkers continues to expand.

• Coordination and collaboration is key to testing success!
Pathology/Cytopathology
Oncology
Molecular lab

Conclusions
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