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Ancillary and Molecular
Testing

Learning Objectives: i .} SEa

1. Principles of molecular techniques

2. Applications of molecular techniques in cancer cytopathology
a. In situ hybridization
b. Mutational analysis

3. Cytological materials for molecular testing
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What is genomic(molecular) pathology in cancers?
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Analysis of changes of genes of the cancer cells.
Amplification
Mutation point mutation deletion mutation
Rearrangement

In situ hybridization

Direct sequencing
Allele specific detection

Four ways to detect genetic changes with NGS

@ }.Q. IHC Amplification &
£ Mutation specific
antibodies
y ® In situ hybridization(ISH)

FISH CISH SISH DISH

Mutational analysis

Next Generation Sequencing(NGS)
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Molecular targeted cancer therapy




Genomic(molecular) pathology & Cytology

Immunohistochemistry
Over-expression:HER2
Mutation
Positive staining:p53
Negative staining:DAXX/ATRX
Mutation specific antibody:EGFR BRAF KRAS
Re-arrangement:ALK

Gene expression and changes
Amplification:In situ hybridization(ISH) FISH CISH DISH
Rearrangement & translocation:FISH cist pisn
Mutation point mutation deletion insertion
Sanger direct sequencing Allele specific detetion
Next Generation Sequencing(NGS)
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Application of Cytological materials
to HER2 FISH,CISH,SISH DISH

HER2 and trastuzumab

Direct smear(FNA)

Fresh Archival
Liquid based cytology(LBC)
Cell block

HER2 testing 2013

1.Immunohistochemistry 3+ >10%
2.Single probe ISH <4 4-6 >6
3.Dual probe ISH >2

HER2 testing 2007

“Equivocal-> Retest aossas oo s o [ TR

IHC 3+ >30%

R lations for Human Epidermal Growth Factor
FISH 1.8-2.2 Receptor 2 Testing in Breast Cancer

Amevican Society of Clinical Onookogs (Callege of Amevican Pasabogiss
Clinival Praitir Cusdelioe Updite

Algorithm

(Arch Pathol Lab Med. doi: 10.5858/arpa. 201 3-0953-54)
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Detection of target molecule in breast cancers

HER2 2+ | DISH(+)

Invasive ductal HER2 2+ DISH(+)

. HER2/Chr17 ratio 3.84
carcinoma

HER2 positive = Anti-HER2 therapy
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# L Laser capture microdissection(LCM)
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Cell block

Tissue Microarray(TMA)
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Dual Color in situ Hybridization(DISH)
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HER2 DISH on histology and cytology Invasive ductal carcinoma
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Histology 2.9 HER2 amplification Cytology 2.7

Molecular(Genomic) pathology: Cytology vs Histology

Cytology: FNA EUS-FNA LBC Cell block
Histology:Formalin-fixed paraffin embedded(FFPE) sections

Cytology:Whole nuclei ideal
Histology:Sectioned nuclei
Numbers of genes may differ

HER2/Ch17 ratio:lower in histology

Cytology:No paraffin embeddig
Histology:Paraffin embedding
DNA RNA preservation

i Red:HER2 Green:Ch17
HER2/Ch17

Ratio higher in histology
Cancer. 2008 Apr 25;114(2):134-40..
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Deletion mutation

Insertion mutation

Methods to detect mutations

Sanger’s Direct sequencing
Pyrosequencing
Allele specific analysis
idensy® (Arkray)

Next generation sequencing
Whole genome sequencing(NGS)
Targeted NGS

Allele specific mutational detection

Japanese word for gene=> idenshi BIEF> i-densy

i-densy website
http://i-densy.arkray.co.jplindex.html

Fully automated gene v 80 min from start to result output ] : LESHRCS2at/lnt)
and using whole blood

analyzer o . (it crv) (411 crve)

|_densy |S-532(Q ¥ Measurement of up to 3 SNPs with one W g
cartridge. 1

T isdensy™
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EGFR Deletion mutation exon 19

EGFR in lung caner
Point mutation on exon 21 L858R
Deletion mutation exon 19 746-750

Point mutation on exon 21
more I’esponsive to geﬁtlnlb Sasaki et al. Clin Cancer Res 11:2924, 2006
L858R mutation gOOd Feésponse Soneetal. Lung cancer 54:103, 2006

Exon 19 deletion Longer overall survival
Higher response rate
LongerTTP

KRAS mutation (40%) No response to gefitinib Kosaka et al.2004
EGFR immunohistochemistry- not useful

EGFR FISH amplification No higher response No longer TTP No longer 0OS
Mutation, not amplification, may serve as predictors of gefitinib response
Sone et al. Cancer 109:1836, 2007
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Applications of the mutational analysis
on tissues(histology) and cells(cytology)

EGFR and lung cancers

Trammemirame

CTorminal [

Yoshida T et al. Biochem Pharmacol. 2010 May 25. Frequency of EGFR mutations in NSCLC (n = 3033)

Mutational anaysis from cytology specimens EGFR exon 19 deletion

i-densy® Results

Overlap of Mutations - NSCLC

PIK3CA
[ (22 total)
5 2
| KRAS 1

129 isolated
(134 total)

B-cat
(11 total)

63 isolated
(73 Total)

TP53
(25 total) [ ALK ‘

Offer an Effective Alternative to cytology and ALK FISH

sue a5 Damonstrated by Novel
Automated Detection for ALK Break-Apart FISH Testing
and ' y i Lung Ad 8

Cancr (Cancer Crtonaivl) 306 DOG000-000

TABLE 3. Technical Failure by Fixation and
Specimen Type

Insufficient  No Hybridization

Fixation Spacimen Typa Calls Signals
Mohel  Cytology PUGFNA (n=34) a o
Formaln  Crialogy NudFNA (n-22) 2 4
Surgical biopsy/lbacipmy 7 z
=58
Total 7 6

Abbreiatian: FNA, fine-noodie aspiration.




EGFR mutation-specific antibodies

JianYu et al. Mutation-Specific Antibodies for the Detection of EGFR Mutations
in Non -Small-Cell Lung Cancer  Clin Cancer Res. 2009 May 1;15(9):3023-8.

Activating mutations within the tyrosine kinase domain of epidermal growth factor
receptor (EGFR) are found in approximately10% to 20% of non - small-cell lung
cancer (NSCLC)patients and are associated with response to EGFR inhibitors.

The most common NSCLCassociated EGFR mutations are deletions in exon 19 and

L858R mutation in exon 21, together accounting forg 0% of EGFR mutations. Home
made antibodies

Screening a panel of 340paraffin-embedded NSCLC tumor samples with these

antibodies showed that the Sensitivity of the immunohistochemistry assay

is 92%, with a specificity of 99% as compared with direct and mass spectrometry -
based DNA sequencing.

This simple assay ford etection of EGFR mutations in diagnostic human tissues provides
arapid, sensitive, specific, and cost-effective method to identify lung cancer patients
responsive to EGFR-based therapies

2017/1/18

Next Generation Sequencing(NGS)

Detection of multiple mutations of the multiple target cancer genes
Detection of druggable genes and the genes for therapeutic prediction

Panel Genes
¥ Lon [ fum | oo om] v | =]
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Challenges and opportunities of next-generation sequencing: a
cytopathologist’s perspective

E. Vigliar, U. Malapelle, C. de Luca, C. Bellevicine and G. Troncone

“Pathalogy Division, Department of Public Health, University of Naples Federico 11, Naples, Traly Cytopathology 2015, 26, 271-283
able 1. Head-to-head comparison of
i ToACMUPGN dind Muitaaml Sequencing platforms lon Torrent/PGM Mumina/Mi Seq
eq technologies Principle pH change monitoring  Reversible dye terminators
Amplification Emulsion PCR Bridge PCR
Read length | Up to 250 bp Up to 250 bp
Principal error.type Homopolymeric regions  Substitution
DNA input (ng) 10 30-270
Number of neoplastic cells  100-1000 500015000
Run time (h) 4 27
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FNA Smears as a Potential Source of DNA for Targeted
Next-Generation Sequencing of Lung Adenocarcinomas

Amanda L. Treece, MD'; Nathan D. Montgomery, MD, PhD?; Nirali M. Patel, MD*'; Chris J. Civalier, BS
Lesiie G. Dodd, MO?; Margaret L. Gulley, MD, PhD™; Jessica K. Booker, PhO"; and
Karen E. Weck, MD, PhD*® Cancer Cytopathology — Menth 2016

TABLE 3. Sequencing Success by Clinical
Specimen Type

Successful Total Successful,
Specimen Type Cases, No. Cases, No.
& vaetation set o 10 sices o 9 Datients wth Grcr Cineal e Growh factor recector (EGFR) Sarger seenc-
FHA st sinaars 12 12 100° 2ot = o S e o
gurgicﬂa\ rese(‘:t\ms 55 57 96°< resections. 55 FHA cefl blocks, 12 FNA smears, and 10
uid cell blocks 9 10 0
52-:{\ biopsies 48 60 80"
FNA cell biocks 23 33 70

M wiation: ENA,. e nesdle sspliation. actondng to AC. was SORACantly better with FNA YReE vrRa bopues. mesectons. and
* Statistically significant difference between FNA direct smears and FNA SIOMBE YA s cf kg ASenan nOmias e Pegh-cdity MlerTatvd ADCRELS 104 8 1
cell blocks (P =.03) - Cancer (Camcer © 2006 Amarican Cances Socwey

®Gratistically significant difference between surgical resections and small
biopsies (P = 0004).

© Statistically significant difference between surgical resections and FNA
cell blocks (P =.0003).
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Methods in Pathology

Next-generation sequencing-based multi-gene

mutation profiling of solid tumors using fine

needle aspiration samples: promises and

challenges for routine clinical diagnostics

R Kai Sh anna, B w F S, Ma 4

K
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Depur f Hesnatipatholigy, The University of Tewss ML Anderson Goncer Cestes. Houstan, TX, 15A
46 cancer-related genes using a 318-chip on lon PGM Seq . All tested P underwent
targeted sequencing of 46 genes. We 1008 of results next i i
and conventional test platforms for all pi y known point that included - BRAF-EGFR, KRAS, MET,
NRAS, PIK3CA, RET and TP53, deleiions of EGFR and wild-Type calls. Furthermare, next-generation sequencing
detected variants in 19 of the 31 (61%) patient ples that were not detected by itional thus
increasing the utility of mutafion analysis; these variants invoived the APC, ATM, CDKN2A, CTNNB1, FGFR2,
FLT3, KDR, KIT, KRAS, MLH1, NRAS, PIK3CA, SMAD4, STK11 and TP53 genes. The results of this study show that
next-generation sequencing-based mutational profiling can be performed on fine needle aspiration cy gl
smears and cell blocks. Next-generalion sequencing can be performed with only nancgrams of DNA and has
better itivity than it q g platf Use of teg i q ing also the
power of fine needle aspiration by providing gene results that can direct personalized cancer therapy.
Modem Pathology (2014) 27, 314-327; doi:10.10384 2013122 online 2 August 2013
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