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o 7axonomy is the science of defining and
naming groups of biological organisms on
the basis of shared characteristics

o (ancer classification is based on shared
characteristics of cancers — currently mainly
histology and genetics.

WHA10.18 The Tenth World Health Assembly
resolved, ...to continue work on formulating
International definitions of nomencilature and
statistical classification...” (May 1957)
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Classification terms

e Site e.g. Stomach
e (ategory, e.qg. Epithelial neoplasms

o Family (Class), e.g. Adenomas and other
premalignant neoplastic lesions

o TJype e.g. Adenoma
e lariant (Sub-Type), e.g. Pyloric-gland type

Stage and Grade are dealt with separately....



The multi-dimensional nature of
cancer classification

Clinical features and Radiology

Synonyms

ICD-O and /
ICD11 Codes\\ v /

Localization

'Cytology

'Staging (TNM)

'Pathogenesis

Molecular pathology
(DNA, RNA, Protein)

Variants — \TumourType
Epidemiology~]
/ O
Etiology *
Genetics ]

Prognosis
and Prediction

'Histopathology




The multi-dimensional nature of cancer classification
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WHO BB Layout (5th Series) DRAFT

Definition e Cytology

ICD-0O and ICD11 Codes e  Molecular pathology
Related Terminology (Synonyms) o Somatic genetics
Subtypes o (Gene expression
Localization o Protein expression
Clinical features and Radiology o Tumour markers
Epidemiology e Diagnostic criteria —
Etiology essential and desirable

o Causes e Staging (UICC TNM)

o Predisposing factors (Genetits) Prognosis and Prediction
Pathogenesis o Prognostic factors
Macroscopic appearance o Predictive biomarkers
Histopathology e Links to other resources

o H&E appearance o ICCR reporting

o Immune response & MicroenvironmengUidance

o Vascularity o TNM (UICC)

o Invasion (e.g. PNI)

o Immunohistochemistry

o Differential diagnosis



The 5" Series WHO Classification of
Tumours

Digestive System Tumours
Breast Tumours

Soft Tissue and Bone Tumours
Female Genital Tumours
Thoracic Tumours

Urinary and Male Genital Tumours

Central Nervous System Tumours

Head and Neck Tumours

Endocrine Tumours

Haematolymphoid
Tumours

Skin and Adnexa
Tumours

Eye and Orbit Tumours
Paediatric Tumours
Neuroendocrine Tumours
Hereditary Tumours

http://whobluebooks.iarc.fr



Pathology Is changing...

Cancer classification has previously been based on
consensus histopathological opinion with limited
molecular input.

Pathology is undergoing a rapid transformation due to
the introduction of new technologies to practice.

The understanding of cancer at a molecular level is now
at a point where it needs to be integrated into its
diagnosis.

Digital pathology and image analysis are now also
producing new insights, and providing quantitative
justification of many existing diagnostic criteria, while
challenging others.

Thereis'an“urgent need to integrate these facets of
diagnosis into cancer classification internationally.



Stratified medicine

ecosystem framework

* Assessment
« Accreditation

* Quality assurance

« Training
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OPEN ACCESS

Key guidance for

Best practice

molecular pathology

Guidance for laboratories performing molecular . Covers every stage of
pathology for cancer patients the process
lan A Cree, "2 Zandra Deans,® Marjolijn J L Ligtenberg,* Nicola Normanno, .
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Ed Schuuring,*° Edlisabmh Dequeker,”famuel Murray,'” Manfred Dietel," providers
Patricia Groenen,” J Han Van Krieken,” for the European Society of Pathology .
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REVIEW AND PERSPECTIVES

Key guidance for clinical use of
NGS in cancer

Covers every stage of the

process

Integration of next-generation sequencing in clinical diagnostic
molecular pathology laboratories for analysis of solid
tumours; an expert opinion on behalf of IQN Path ASBL

Produced by EQA providers
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The problem....

e Tissue
Safe



Sample receipt and handling

 Dedicated SOPs required

« Defined processing — changes can affect DNA and RNA
recovery

« The use of fixed tissue that has been previously frozen is
not advised, and decalcification is likely to reduce DNA
and particularly RNA recovery

 C(Close collaboration between clinical teams and
histopathology essential

« Contamination during cutting — issues exist: mitigate
* Microdissection or punches, not laser capture routinely
« Estimate percentage neoplastic cells present



DNA and RNA extraction

 Methods described — no preference for manual or
automated systems

« Storage of DNA and RNA should be controlled carefully.
Accession logs or bar-coded vials can be used to prevent
sample mis-identification.

 Temperature logs should be maintained - good practice:

« Store extracted DNA and RNA samples, clearly labelled, at -20 C
or -80 C respectively.

« Store PCR products in a separate freezer at -20 C or -80 C
« Store sequencing libraries at -20 C or -80 C



Choice of analytical method

Testing requirements are defined by clinical need

Panel testing is now recommended for some
cancers

Servicing and training costs a consideration

Performance of molecular tests

Monitor the performance against confidence
intervals

Use externally sourced controls where possible for in
house tests

Turnaround time v. timeliness
Continuity planning



Mutation testing by Polymerase Chain
Reaction (PCR)

Defined mutations in hotspots

High sensitivity — use <150 bp primers for
FFPE

Not comprehensive

Simple set up and performan
Rapid — results in hours, not
Inexpensive

Can be automated and multiy !

i, )



gefitinib cetuximab onartuzumab bevacizumab
erlotinib
afatinib EGF HGF IGF VEGF
Icotinib
trastuzuma v v

. - EML-
CFIZOtlnlbL ALK4 J

|
selumetinib - T
o
T

o V.
-/?everolimus

sirolimus




FALOUECIESS 3 [ZU1D) 1-0

Contents lists available at ScienceDirect .
pathogeness

Pathogenesis

journal homepage: http://www.pathogenesisjournal.com/

Original Article

Development and validation of a TagMan Array for cancer mutation @ otk
analysis

Hugh Kikuchi *, Anne Reiman *®, Jenifer Nyoni ? Katherine Lloyd ¢, Richard Savage ¢,
Tina Wotherspoon ?, Lisa Berry ?, David Snead *°, lan A. Cree ¢/

? Department of Pathology — Coventry and Warwickshire Pathology Services (CWPS), University Hospitals Coventry and Warwickshire, Coventry (V2 20K,
UK

b Warwick Medical School, University of Warwick, University Hospitals Coventry and Warwickshire, Coventry CV2 2DX, UK

© MOAC DTC, University of Warwick, Gibbet Hill Road, Coventry CVd 7AL UK

d Systems Biology Centre, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, UK

® Institute of Ophthalmology, University College London, Bath Street, London EC1V 9EL, UK

fCentre for Technology Enabled Health Research (CTEHR), Faculty of Health & Life Sciences, Coventry University, Coventry CV1 5FB, UK




Tagman array PCR panel testing: Ras — EGFR — BRAF
(REB) arrav

Punch areas of
interest

Mark tumour

Extract DNA

=

Tagman Array

Kikuchi H, et al. Development and validation of a
TagMan Array for cancer mutation analysis.
Pathogenesis. 2016 (3): 1-8.




REB Array
Result

EGFR Wild-type
No other
mutations

RAS mutation
detected

BRAF mutation
detected

EGFR T790M
c.2369C>T
(p.Thr790Met)
mutation
detected

Other EGFR
mutation
detected

NSLSC
Algorithm

Unlikely to respond to
EGFR inhibitors. ALK
testing will be
performed

Resistant to EGFR
inhibitors.

Resistant to EGFR
inhibitors, but may
respond to BRAF
inhibitors.

Resistant to first
generation EGFR
inhibitors: consider
others.

This patient may
respond to EGFR
inhibitors



NSCLC
algorithm

Undifferentiated NSCC on H&E

'

Diagnostic IHC panel

TTF-A
p40 (or p63 or CK5/6)

*CD56, chromogranin,
synaptophysin only if there is
suggestion of neuroendocrine

morphology
*other IHC only if there is a
question as to primary site
not being lung

SAMPLE

ADC, SQCC on H&E

|

SCLC or carcinoid on H&E

Y

NSCC favours ADC
NSCC favours SQCC
NSCC NOS
NSCC ?LCNEC
NSCC ?ADSQCC
other

A 4

Therapy-related IHC
if appropriate
ALK
PD-L1
(ROS1)

J

|

Diagnostic IHC, if appropriate
TTF-1
CD56
Chromogranin
Synaptophysin
MNF116

MOLECULAR TESTING
Current therapies
(e.g EGFR)
Clinical frials

TREATMENT

Cree IA, et al. PD-L1 testing for lung cancer in the UK:

recognizing the challenges for implementation. Histopathology.
201A- RA(?) 177-8R
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Ion Chef™ System
Workflow Automation for Sequencing

Simple to use

e Automated template prep
AND chip loading — /ibrary
in, loaded chips out

e Simple reagent and
consumables loading—
minutes of hands-on time

e Minimizes potential sources
of user error and
sequencing variability

High throughput

e Processes 2 chips and
multiple barcoded samples
within hours

Flexible

e Supports all Ion™ systems,
chins. read lenaths. and



Melanoma panel

Gene Reference Codons included Number of
Mutations
BRAF NM_004333. 466, 469, 583, 584, 29
4 586, 592, 594, 595,
597, 600, 601, 605,
614, 618
GNAQ NM_002072. 209, 359 6
3
GNA11 NM_002067. 183, 209, 223 3
2
NRAS NM_002524. 12, 13, 18, 50, 59, 29
4 61, 68
c-KIT NM_000222. 553, 557, 559, 560, 18
2 566, 569, 576, 642,

655, 816, 820, 822,
823, 829, 853

KRAS NM_033360 12,61
MEK1/MAP2K NM_002755. 111, 124, 203, 264
1 2 Reiman A, Kikuchi H, Scocchia D, Smith P, Tsang

YW, Snead D, Cree |A. Validation of an NGS
mutation detection panel for melanoma. BMC
Cancer. 2017 Feb 22;17(1):150.



Accreditation and Quality assurance —
Internal and External

« All laboratories providing molecular pathology services
should have laboratory accreditation according to ISO
15189 or equivalent

« All laboratories performing molecular tests for cancer
patients should be part of an external quality assessment
(EQA) scheme

* Internal quality assessment (IQA) - the use of control
materials within each run is recommended

* Monitor to assure end to end performance

* Implement changes when errors occur and pre-empt by
looking at others’ mistakes!



How does EQA help with testing
quality? IQN

International Quality Metwark fer Patholagy

/ EQA Provider \ / Laboratory \
External Quality

Assessment s sl ,...
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performance using an
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individual comments +
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facility




UK NEQAS

Molecular Genetics

Molecular analysis of lung cancer EQA
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Hallmarks of anti-cancer drug

Molecular chess
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Cancer
Reduced apoptosis

Drugs affected:
Cytoxics (all),
TKis,

Antibodies,

Cree IA, Charlton P. Molecular chess? Hallmarks of anti-cancer drug resistance. BMC
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CMD ImPACT business planning

tool
The toolwanavsiraplatMionasptinlcghpengamme
that allows the costs and income to be modelled
against a wide range of funding or demand
scenarios, from current requirements to
expansion of existing molecular diagnostic
services.

Test Volume Volume growth factors

’HI

| | I I I I



Collaboration for Cancer Classification and Research
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Conclusions

Change is inevitable, but translation of research
findings, and then implementation are difficult.

In pathology, molecular and digital methods are
entering practice.

This has implications for the way departments are
organised, patient pathways, and cost effectiveness.

Quality control is essential, with clear standard
operating procedures.

The potential gains for patients are considerable!
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