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Agenda

• Understand the basics of sample requirements for molecular testing

• Leveraging different types of cytology specimens/fluids for molecular 
biomarker testing

• Review the literature on best practices for cytology specimen 
handling for pathologists and proceduralists

Sample adequacy considerations

Quantity Quality

Tissue size = DNA 
content

Tumor content = 
mutant fraction

Adverse factors:
Delayed fixation
Inadequate fixation
Excessive fixation
Acid or heavy-metal 
fixatives 
(decalcification)



Defining “Specimen Adequacy”:

• No universal definition– this depends on the validated performance 
characteristics and limitations of the test being requested

• Interplay between nucleic acid quantity and quality
• Lower input quantity may be acceptable if quality is high

• Higher input quantity may be required if quality is low

Hadd AG et al. J Mol Diagn. 2013, 15:234-247.

In situ assays
High sensitivity 

single gene tests
Panel NGS

50-100 cells
5-15 ng 

nucleic acids
50-100s ng 

nucleic acids



Sample size matters

<2mm tumor  >80% failure rate >3mm tumor  <20% failure rate

% Tumor??





% Tumor??

~10%

~80%

Embracing the non-FFPE sample



Balla A et al. J Mol Diagn. Vol. 20, No. 6, November 2018

Larger target DNA fragments from 
smears/liquid based cytology preps

Hwang et al. Cancer Cytopathol. 2017 Oct;125(10):786-794.



Superior sequencing quality metrics with 
smears/liquid based cytology preps

Hwang et al. Cancer Cytopathol. 2017 Oct;125(10):786-794.

Hwang et al. Cancer Cytopathol. 2017 Oct;125(10):786-794.



Smear preps validated for RNAseq for fusion 
detection

Ramani et al. Cancer Cytopathology. 2021 May;129(5):374-382. 

2018 AMP/CAP/IASLC guidelines:  

ANY cytology sample with adequate cellularity is ok for testing, 
including smear preps:

Sequencing quality metrics to FFPE samples  
Hwang et al.  Cancer Cytopath 2017
Roy-Chowdhuri et al. Mod Pathol 2017



Cytology supernatant – an overlooked 
genomic testing resource

FNA-S
sfDNA

Genomics

Proposed use for EBUS-TBNA supernatant

Spin“Best” 
node

Usual handling of EBUS-TBNA

All
Nodes

Cell 
block Diagnosis

ROSE

Spin

Proposed alternative use of EBUS-TBNA specimens for genomics 

TBNA

Nicolas Guibert, Geoff Oxnard

Mutation detection in cell free DNA from 
cytology supernatants

Reference Supernatant source n Concordance 
with FFPE

PMID

Perrone et al. 2021 Body fluid or FNA rinse 
fluid

30 74% 34265180

Wu et al. 2020 CT-guided or EBUS FNA 
rinse fluid

214 97.2% 32286726

Hannigan et al. 
2019

FNA rinse fluid 35 97% 30887015

Janaki et al. 2019 Endobronchial FNA rinse 
fluid

30 100% 30933438

Roy-Chowdhuri et 
al. 2018

FNA rinse fluid 35 100% 29463880



Biomarker Testing of Pleural Effusions

• In patients with an established diagnosis of NSCLC, 
targetable mutations can be detected in pleural 
effusion fluid even when it is cytologically negative.

• Supernatants superior to cell pellets for mutation 
detection.

• >85% concordance between pleural effusion and 
tumor tissue genotyping (sensitivity of pleural 
effusion testing is below 100%).

• Isolation of extracellular vesicle-derived DNA may 
enhance sensitivity of pleural effusion genotyping. 

Zhengbo et al. Lung Cancer. 2019 Oct;136:23-29.
Wang et al. Lung Cancer. 2019 Sep;135:116-122.

Mahmood et al. Chest. 2023 Jul;164(1):252-61.
Xiang et al. J Mol Diagn. 2020 Apr;22(4):513-22. 

Lung Mass or 
suspected Lung Cancer 
referred for biopsy 

Review of Order and 
accepting  procedure 

Biopsy scheduled, patient 
and referring 
physician informed 

Biopsy performed and 
tissue sent to 
pathology 

Images (CT, 
PETCT, MR)

Laboratory 
data

Patient 

Biopsy appointment Notification

Referring Physician 

“Integrated” PCR or NGS platforms



CSF specimens – opportunities 
for molecular profiling

Cell free DNA from cerebral spinal fluid in 
patients with leptomeningeal metastases

High sequencing success rates for cfDNA isolated 
from CSF in patients with leptomeningeal spread, 

including those with negative cytology.

Comparison of CSF and tissue sequencing 
reveals tumoral heterogeneity.

Bale et al. J Mol Diagn. 2021 Jun;23(6):742-752. 



Factors influencing likelihood of 
mutation detection by NGS

Neil A et al. Histopathology, April 2024.

Non-negative cyto result
Metastatic carcinoma dx
Higher MTC (more input 
DNA/more cells)



Use of a dedicated cfDNA assay improves 
sensitivity of mutation detection for primary CNS 
tumors
• Most tissue NGS assays can reliably detect SNVs to ~5% VAF
• cfDNA assays may achieve 0.01-0.1% VAF detection

• But even these highly sensitive assays have limited ability to detect 
mutations in pediatric brain tumors (30-50% sensitivity)



ACS NLCRT recommendations

• Endorses Rapid On-Site Evaluation (following CAP guidelines) for all 
EBUS, bronchoscopic, and transthoracic biopsiese

• Prioritize cytology samples for FFPE cell-block preparation, especially 
where biomarker testing is performed from FFPE blocks only

• Minimize diagnostic immunohistochemistry (TTF-1 & P40)

• Indicate the “best block” in the report or in the record

EBUS: supporting diagnosis, 
staging, and biomarker testing



Neoadjuvant therapy for NSCLC

Forde et al. N Engl J Med 2022;386:1973-1985.

Keynote 671: EGFR
and ALK were tested 
“at the discretion of 
the investigator”

Checkmate 816: 
Patients with known
EGFR or ALK alterations 
excluded.

Wakelee H et al. N Engl J Med. 2023;389(6):491-503. 

Neoadjuvant targeted 
therapy trials

P03.02 Neoadjuvant Osimertinib with/without Chemotherapy 
vs Chemotherapy for EGFR Mutated Resectable NSCLC: 
NeoADAURA - Journal of Thoracic Oncology (jto.org)

NAUTIKA1: A Multicenter, Phase II, Neoadjuvant and Adjuvant 
Study of Multiple Therapies in Biomarker-Selected Patients with 
Resectable Stages IB-III Non-Small Cell Lung Cancer | Dana-
Farber Cancer Institute



How do we adjust the end-to-end practice to 
optimize molecular biomarker testing? 



CHEST Recommendation: In patients with suspected malignant 
disease undergoing EBUS-TBNA, we suggest using ROSE over 
usual care (Conditional recommendation, very low certainty of 
evidence)

• Improves diagnostic yield

• Identification of ROSE-positive lymph nodes reduces need for biopsy 
of peripheral lung with associated risks

• May enhance molecular adequacy

• Controversial (resource intensive, logistically challenging)

CHEST Recommendation: In patients with suspected malignant 
disease undergoing EBUS-TBNA, we recommend using four or 
more needle passes over three or less (Strong recommendation, 
very low certainty of evidence)

• Several studies show increased passes  increased molecular yield

• 3-6 passes yield adequate specimens for NGS in 80-90% of samples

• Use of ROSE and discussion with cytopathology team may guide 
appropriate number of passes

Zhang Y, Xie F, Mao X, et al.. Endosc Ultrasound. 2019;8(6):404-411. 



Take home points

• Understand the relevant molecular assays, including nucleic acid input 
requirements (tissue size, # of cells) and sensitivity (tumor %)

• Advocate for use of non-FFPE samples in your local lab, but anticipate 
barriers to use of these samples from commercial labs and plan accordingly

• Anticipate increased indications for molecular biomarker testing, including 
in earlier stages of disease (especially NSCLC)

• Explore use of ROSE in your institution to guide adequacy for diagnosis and 
biomarker testing

• Work with your proceduralists to ensure adequate passes to allow for 
diagnosis and biomarker testing


