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Overview

1980s 1990s- 2000s 2010s
Anatomical classification  Histological classification  Molecular classification
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Old model New model

Origin of tumour Molecular signature
dictates therapy dictates therapy

http://www.nature.com/nrclinonc/journal/v9/n11/full/nrclinonc.2012.160.html
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Histological classification

* haematoxylin : nucleus
e Eosin : cytoplasm
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Histological classification

* Immunohistochemisty: specific tissue detection by chemical
reaction with specific antibodies

 E.g CK20 for colon
Colon, CK20 positive

|

Lung, CK20 negative
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Development of Molecular Pathology

Lung cancer as an example
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DNA mutations in cancer cells

e DNA mutations as cancer markers

 Some of these mutations are the targets explored in targeted
therapy development

Normal DNA mutations Uncontrolled prollferatlon &
cell

Last DNA mutation from:
* heredity

or
» radiation or chemicals

or

* spontaneous errors
during DNA duplication

Artwork By Jsanrs Kaly © 2010

Cancer cells

http://imgur.com/TScOkCA
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Traditional vs Targeted cancer therapy

CHEM OTHERAPY Chemotherapy Targeted therapy
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TARGETED THERAPY

Normal Cancer
cell cell

http://www?2.lifewithlungcaneer.info/experts/Diagnosing_an
d_Treating_Lung_Cancer/What_is_a_lung_biopsy and_wha
t_procedures_might_| have_to_undergo/98/index.html
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Targeted therapy for EGFR mutation

Tyrosme kinase inhibitor
speC|f|c to EGFR

I I I l Tyrosine kinase inhibitor

Wild-type EGFR  Mutated EGFR pingingtoimutated EGER

Uncontrolled growerot tumour cells



Targeted Cancer Therapy

e Effective treatment response with targeted therapy

Six weeks after treatment with getifinib

Lynch TJ, 2004



Selection is required for targeted

* Targeted drugs do
not benefit
patients without
mutations of the
targeted genes

e Selectionis
required for
targeted therapy

therapy

a Mutant EGF receptor

4

b  Wild-type EGF receptor
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http://www.nature.com/nm/journal/v10/n6/fig_tab/nm060

4-577_F1.html




Importance of
Molecular Pathology Tests

* Histological classification cannot be applied for selecting
patient for targeted therapy
 The need of molecular testing to select patients for targeted

therapy

/ W g _-
From microscopic examination to genomic examination of
tumour cells



Common Molecular Pathology tests
for targeted cancer therapy in the
Hospital Authority

EGFR mutation test for lung cancer

KRAS and NRAS mutation test for colon cancer

HER2 gene amplification testifor breast and
gastric cancers

ALK translocation test for lung cancer



Mutation Test

Mutation of EGFR in 75% of Hong Kong non-smokers with lung
adenocarcinomas (Tam 1Y, 2006)

Mutation of KRAS in 44.5% of patients with colorectal cancer
in Hong Kong (Tong JH, 2014)

Patients suitable for targeted therapy can be selected after
mutation testing

EGFR KRAS

B mutation

B mutation

» wild-type » wild-type




Mutation Test

 Tumour cells are collected by micro-dissection under the
microscope

Tumour cells collected

Normal cells
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Mutation Test

e DNA are extracted from the tumour cells
e polymerase chain reaction (PCR) for DNA amplification

DAXA

Tumour cells DNA extraction DNA amplification Millions of
collected by PCR DNA copies
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Mutation Test

* PCR products examined by gel electrophoresis

* DNA are sequenced for mutation detection

AT TTT GG GC T GG CCLZZAECTG

DNA sequencer DNA sequences
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Mutation test

Normal cells DNA
LT T T T 6 & &G C

* CTG - CGG

e L858R mutation in
EGFR

Tunour cells DNA
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HER2 Amplification

more copies of the HER2 gene on chromosome 17 in cancer
cells compared to normal cells.

21% HER2 overexpression (by immunohistochemistry) in
Hong Kong breast cancer patents (Yau T, 2008)

HERZ2 Fluorescence in situ hybridization (FISH) test is
developed to identify patients with HER2 amplification
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live/2011/november-
2011/Emerging-
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Presents-Practical-

Chromosome 17 Chromosome 17 Questions
inCancer Cell inNormal Cell




HER2 Amplification Test

e Chromosome 17 centromere is labeled with green 13
fluorescent probe 112
Chi7cen
* HER2 gene is labeled with red fluorescent probe "
* Fluorescent probes hybridized to the tumour cells z;
on the slides (Fluorescence in situ hybridization, 23
FISH) 25
* Tumour cells examined under fluorescence 17
microscope

http://www.timesofisrael.com/fish-key-to-israeli-firms-| R -
cancer-detection-tech/
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HER2 Amplification Test

Cytogenetic ideogram
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Targeted therapy: a continued battle

Tyrosine kinase inhibitor BEE Nt o} &

specific to EGFR resistant Tyrosine kinase inhibitor
mutation e.g. failed to bind to EGFR
T750M with resistant mutation

Tyrosine kinase inhibitor
binding to mutated EGFR
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Relapse of disease
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Disease under control



Targeted therapy: a continued battle

* Mechanisms of acquired resistance to first generation
EGFR inhibitors for patients with EGFR mutations

( ’ EGFRT790M®
O O Second
generation EGFR

~ Targeted I
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resistance
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lung cancer (’, a Other gene
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MET amplified ®
MET inhibitors

Oxnard GR, 2016



Targeted therapy: a continued battle

Biomarker/
Mutation Testing

If it is mutation
positive - targeted
cancer therapy
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If there is disease
relapse, re-biopsy is
needed

e e e

‘ ( 1dentification of )
: resistant mechanism i
i ' - another targeted :
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http://www2.lifewithlungcancer.info/experts/Diagnosing_and_Treating_Lung_Cancer/What_is_a_lung
biopsy_and_what_procedures_might_|_have to_undergo/98/index.html
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More advanced molecular
technologies under development

* Repeated biopsy taking, an invasive procedure
to patients

* Circulating tumour DNA in blood
* Next Generation Sequencing

Biopsy needle
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Circulating tumour DNA in blood
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Next generation sequencing

* Massively sequence the genome in a relatively
short period of time
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1) Collect blood 2) Extract and fragment DNA
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AGGACTAACTC
l"" ITGCAGATAGA

5) Sequence on next-generation platform
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