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Gynecological cytology

To old to be a popstar but too young to die
Longatto-Filho A & Schmitt FC. Diagn Cytopathol 35: 672, 2007
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Molecular

Lack of expertise

Ups And Downs of Cytology
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PATHOLOGY CONSIDERATIONS FOR GOOD 
PRACTICE

•Small biopsy and cytology samples should be
managed not only for diagnosis but also to
maximize the amount of tissue available for
molecular studies.



• Collect good and well-preserved material.

• Validate molecular studies on cytological 
material.

• Control the cases morphologically.

KEY POINTS TO USE MOLECULAR 
TECHNIQUES IN CYTOLOGY 

Schmitt FC. Cytopathology 2011









• All participants predicted that morphology would still play an
important role 10 years later.

• In 2017 and in the next years morphology still will be the
cornerstone for diagnosis in cytopathology.

• The success of molecular techniques still depends on a good
qualitative and quantitative evaluation of the cytological
material.



• Morphological control is one of the most crucial issues 
in the application of molecular techniques on 
cytology.

• The role of cytopathologist is mandatory in the 
collection and selection of cells.

Schmitt FC. Cytopathology 2011





Presence of less than 
20% of tumor cells in the 

sample

In this case no mutations were found in exons 
18, 19, 20 and 21 of the EGFR



Presence of more than 
20% of tumor cells in the 

sample

In this case, was found 
mutation in exon 21 of 

the EGFR gene 



Tumour cell content:
Which molecular test?

ONCOMINE FOCUS ASSAY

20%

50%



• Guided FNA is usually performed by radiologists and interventional
radiology has grown exponentially in the last decade. Pathologists, clinicians
and surgeons still performs aspirations, mainly under US-guided.

• EBUS expanded significantly allowing obtain material from lung, mediastinal
lymph nodes and GI-tract creating new opportunities for cytology with the
practice of ROSE.

• The role of core biopsy expanded in breast, prostate and soft-tissue and in
many situations complements FNA.

• Until now no imaging technique replace morphological diagnosis.



• Despite collaborative studies, improvements in the technique with
automation and better quality control, we still do not have universal
standardization for the application of ICC in cytology. From the different
types of preparation the most used is cellblocks.

• Most of diagnostic and prognostic tests using immuno 10 years ago are still
in use, however one of the markers that is extremely useful today for the
subtyping of NSCLC, p40 appeared in the last 10 years.

• None of the panelists predicted the screening role of ICC for molecular
tests as ALK and ROS-1 antibodies used to select cases for searching
translocations in these genes.



• This survey showed wide variation in the use of ICC among
different laboratories across the Europe.

• The variability in material and fixatives is a major factor
preventing standardization of some procedures using ICC.

• Currently, ICC methods have been refined and high quality
reagents and automation are more widely available, so it is
expected that technical problems will be reduced in the near
future.



• Cytospins and monolayer preparations were superior to direct 
smears for the evaluation.

• Methods of fixation and antigen retrieval were the key points in 
the staining process.

• While it was not possible to prove the superiority of a single 
fixation protocol, the usefulness of antigen retrieval (heat-
induced) was clearly demonstrated.
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No p40, no squamous







• Although some authors predicted the expansion of use of FISH, in this last decade,
its use in cytology is practically the same.

• Indications for using the UroVysion kit in urinary cytology is still under debate as
well as its role in the diagnosis of effusions and pancreatobiliary cytology. Like 10
years ago, FISH is used for the detection of translocations in sarcomas and
lymphomas, but is limited to some specialized centers.

• The prediction that FISH analysis would be fully automatized, with specialized
fluorescence microscopes and multiple filters for multiprobe FISH will become the
norm was not accurate and it is not in regular use in nonhematological solid
tumours.

• Interestingly, one of the most common use of FISH in cytology labs nowadays, the
search for ALK translocations in lung cancer was not predicted at that time.



Utility of Multiprobe FISH

• UroVysion looks at the ploidy status for 
chromosomes 3, 7, 17 and the 9p21 locus.

• 9p21 deletion in malignant mesothelioma.

• FISHing for pancreatobiliary tract 
malignancy in endoscopic brushings 
enhances the sensitivity of routine cytology.

Chr 3 Chr 7

Chr 9

(p16)
Chr 17

Bubbendorf L . Acta Cytol 2011



Schmitt F & Barroca H, 2011

MOLECULAR TECHNIQUES
SOFT TISSUE FNA



EML4-ALK translocation in lung cancer



• Ten years ago, the use of molecular techniques to detect EGFR in lung
cancer, KRAS in colon cancer and cKIT in GISTs was just starting.

• Today, in almost 50% of lung cancers the only material available for
molecular studies that guide therapy is cytology. This changed the paradigm
of using small biopsies and cytology samples for diagnosis, maximizing their
use for molecular applications.

• Curiously, a technique that is revolutionizing cancer genomics, next-
generation sequencing was not mentioned at that time. This technology is
rapidly replacing the classical use of PCR and Sanger sequencing, allowing to
study not only panel of genes but also RNA alterations.





Multi-test single assay





NGS in oncology



Common commercial targeted and comprehensive 
sequencing panels for solid tumours



FNA

gDNA

10ng of gDNA

(2000 cells)

739 known mutation in 
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Massive parallel sequencing workflow

Ultra-high
Multiplex PCR

Phosphorilation Adapter ligation
Nick-translation 

and 
amplification
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3.5 h
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Run sequence
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ABL1 EGFR HRAS NOTCH1 SMARCB1

AKT1 ERBB2 IDH1 NPM1 SMO

ALK ERBB4 JAK2 NRAS SRC

APC FBXW7 JAK3 PDGFRA STK11

ATM FGFR1 KDR PIK3CA TP53

BRAF FGFR2 KIT PTEN VHL

CDH1 FGFR3 KRAS PTPN11

CDKN2A FLT3 MET RB1

CSF1R GNAS MLH1 RET

CTNNB1 HNF1A MPL SMAD4



• Smears (both PAP & Diff-Quik), cell blocks and LBC.

• Studies have been successful using:
- different sequencing platforms (Illumina & Life 
Technologies)

- different enrichment strategies (PCR amplification 
& hybridization capture)

• Cytology specimens used for NGS capable of:
- Identifying targets for therapeutic agents
- Increase accuracy of diagnoses

Cytology specimens are suitable for NGS



Advantages and disadvantages of the cytology 
preparations used for NGS

Cytology specimen Advantages Disadvantages

Direct smear • Immediate assessment for adequacy
• High quality nucleic acid
• Whole cells with whole nuclei
• Superior tumor mapping in samples 

with low tumor fraction

• Sacrificing slide from archival 
material (medicolegal issues – use of 
digital pathology)

• Additional validation

LBC • Standardized procession with 
optimal preservation of the cells

• High quality nucleic acid
• Whole cells with whole nuclei

• Lack of immediate assessment
• Additional validation
• Nucleic acid retrieval may be variable 

based on preservative/fixative

Cell block • Ease of acquisition
• Multiple serial sections
• Standardized validation in most 

molecular labs

• Lack of immediate assessment
• Frequently suboptimal cellularity
• Nucleic acid may be suboptimal 

because of formalin fixation
• Partial nuclei on standard 4- to 5-

micron sections



Pre-analytical factors that affects NGS 
analysis in cytology 

• Specimen cellularity.
• Type of preparation.
• Type of fixative and stains.
• Type of glass slides.
• Tumour fraction.
• DNA yield
• Input DNA

Chen H. et al. Cancer 2015



High-cellularity/low tumor fraction

Roy-Chowdhuri et al. Arch Pathol Lab Med 2016



Tumor mapping in cases with high-
cellularity/low tumor fraction





Cancer Cytopathology 2017



• Integrated system

o DNA extraction

o Multiplex RealTime PCR

• Up to 30 molecular targets in a single 

cartridge

• High Sensitivity (DNAzymes)

• Minimal hands-on time

• Access on-demand 



One of the most important 
discussions still deserve reflections



Ten years on….

• Cytopathologists and pathologists, in general, still do not play an active role in the
adoption and application of molecular techniques.

• There is no doubt that many things changed and there are more pathologists
involved in molecular pathology. Molecular tumor boards start to be a reality.

• However there is a gap between the fast implementation of the technology and the
slow engagement of the pathologists. In some laboratories, it is possible to see
pathologists working actively together with molecular biologists and scientists
deciding with them the implementation of new tests and sign out of the reports.

• Funding is still a problem but many test used are tailored to specific treatments and
in many cases it is possible to demonstrate the financial advantages to implement
the tests.



Why is cytopathology not more molecular ?

• Science: lack of more good molecular markers

• Specimens: pre-analytical variability

• Tests: lack of analytically and clinically validated tests

• Culture: resistance, reluctance, unfamiliarity and inexperience 

from cytotechnologists, pathologists and others…



Julius Caesar crosses Rubicon
Romans under Julius Caesar crossed the Rubicon River from Gaul into Italy in 49 
B.C. Caesar, in breaking Roman law by leading his army back across the river 
towards Rome, uttered "alea iacta est" ("the die is cast”). Thus the expression 
"crossing the Rubicon" has come to suggest an action that cannot be undone.



“Alea jacta est”
(The die has been cast)

• Caesar cross the Rubicon and constructed a new era for the
Romans that still influence the occidental culture.

• Molecular and genomic techniques need to become a
significant component of the training curriculum of pathology.
Without our commitment, it is inevitable that these gaps will
be filled by other medical specialties.

• Now is the time to engineer a core expertise in pathology that
meets the future’s needs, and this opportunity cannot be
missed or we run the risk of being one of the last generation of
pathologists.

Living in the past or crossing the Rubicon? Longatto-Filho A & Schmitt F.  Acta Cytol 2010





• Introduction of FNA for sampling tumours is important 

because there are changes in clinical practice. For example, 

the small size of breast cancers diagnosed in the screening 

can limited the sampling without compromising current 

diagnostic standards.

(CYTO)PATHOLOGY IS CHANGING….



(CYTO)PATHOLOGY IS CHANGING….

PDX



Beca F & Schmitt F. 2017





• After 10 years, we can conclude exactly as Dr Bibbo conclude 
the original discussion: “Since molecular biology results are 
meaningful only when interpreted with proper morphologic 
correlation, it is important to standardize molecular techniques 
and organize education in molecular biology for pathologists”.













CONCLUSIONS

• Small samples obtained by minimally invasive methods exploited 
morphological and molecular information are the model biopsies 
of the future.

• Various techniques using different types of cytological samples
have shown good results, with similar or higher accuracy when
compared with surgical specimens.

• Presently, with the rapid development of personalized treatment
each tumor should be tested for available biomarkers and every
effort should be made to spare the tissue for molecular testing.








