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Carl Linnaeus (1707 –

1778)



• Taxonomy is the science of defining and 
naming groups of biological organisms on 
the basis of shared characteristics

• Cancer classification is based on shared 
characteristics of cancers – currently mainly characteristics of cancers – currently mainly 
histology and genetics.

WHA10.18 The Tenth World Health Assembly 
resolved, ‘…to continue work on formulating 
international definitions of nomenclature and 
statistical classification…’  (May 1957)
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Classification terms

• Site, e.g. Stomach

• Category, e.g. Epithelial neoplasms

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

• Type, e.g. Adenoma• Type, e.g. Adenoma

• Variant (Sub-Type), e.g. Pyloric-gland type

Stage and Grade are dealt with separately….
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The 5th Series WHO Classification of 
Tumours

• Digestive System Tumours

• Breast Tumours

• Soft Tissue and Bone Tumours

• Female Genital Tumours

• Thoracic Tumours

• Endocrine Tumours

• Haematolymphoid
Tumours

• Skin and Adnexa 
Tumours• Thoracic Tumours

• Urinary and Male Genital Tumours

• Central Nervous System Tumours

• Head and Neck Tumours

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 • 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.

• There is an urgent need to integrate these facets of 
diagnosis into cancer classification internationally.  
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Key guidance for 

molecular pathology 

• Covers every stage of 

the process

• Produced by EQA 

providers

• Endorsed by the 

RCPath and ESP

Key guidance for clinical use of 

NGS in cancer

• Covers every stage of the 

process

• Produced by EQA providers 

(IQN Path)

• Endorsed by the RCPath and 

ESP
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The problem….

• 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 not advised, and decalcification is likely to reduce DNA 

and particularly RNA recovery

• 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.    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 testsPerformance 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 performance• Simple set up and performance

• Rapid – results in hours, not days

• Inexpensive

• Can be automated and multiplexed
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Taqman array PCR panel testing: Ras – EGFR – BRAF 
(REB) array 

Mark tumour

Punch areas of

interest

Extract DNA

Taqman Array

Kikuchi H, et al. Development and validation of a 

TaqMan Array for cancer mutation analysis. 

Pathogenesis. 2016 (3): 1–8. 



NSLSC 
AlgorithmREB Array 

Result
REB Array 

Result

EGFR Wild-type
No other 
mutations

EGFR Wild-type
No other 
mutations

Unlikely to respond to 
EGFR inhibitors.  ALK 

testing will be 
performed 

Unlikely to respond to 
EGFR inhibitors.  ALK 

testing will be 
performed 

RAS mutation 
detected

RAS mutation 
detected

Resistant to EGFR 
inhibitors.  

Resistant to EGFR 
inhibitors.  

BRAF mutation BRAF mutation 
Resistant to EGFR 
inhibitors, but may 
Resistant to EGFR 
inhibitors, but may 

EGFR T790M
c.2369C>T 

(p.Thr790Met) 
mutation 
detected

EGFR T790M
c.2369C>T 

(p.Thr790Met) 
mutation 
detected

Other EGFR
mutation 
detected

Other EGFR
mutation 
detected

This patient may 
respond to EGFR 

inhibitors

This patient may 
respond to EGFR 

inhibitors

Resistant to first 
generation EGFR 

inhibitors: consider 
others.  

Resistant to first 
generation EGFR 

inhibitors: consider 
others.  

BRAF mutation 
detected

BRAF mutation 
detected

inhibitors, but may 
respond to BRAF 

inhibitors.  

inhibitors, but may 
respond to BRAF 

inhibitors.  



NSCLC 
algorithm

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

recognizing the challenges for implementation. Histopathology. 

2016; 69(2): 177-86.
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Ion Chef™ System 
Workflow Automation for Sequencing

• Simple to use

• Automated template prep 
AND chip loading – library 
in, loaded chips out

• Simple reagent and 
consumables loading–
minutes of hands-on time 

• Minimizes potential sources • Minimizes potential sources 
of user error and 
sequencing variability

• High throughput

• Processes 2 chips and 
multiple barcoded samples 
within hours

• Flexible

• Supports all Ion™ systems, 
chips, read lengths, and 



Melanoma panel
Gene Reference Codons included Number of 

Mutations

BRAF NM_004333.
4

466, 469, 583, 584, 
586, 592, 594, 595, 
597, 600, 601, 605, 
614, 618

29

GNAQ NM_002072.
3

209, 359 6

GNA11 NM_002067. 183, 209, 223 3GNA11 NM_002067.
2

183, 209, 223 3

NRAS NM_002524.
4

12, 13, 18, 50, 59, 
61, 68

29

c-KIT NM_000222.
2

553, 557, 559, 560, 
566, 569, 576, 642, 
655, 816, 820, 822, 
823, 829, 853

18

KRAS NM_033360 12, 61 5

MEK1/MAP2K
1

NM_002755.
2

111, 124, 203, 264 5
Reiman A, Kikuchi H, Scocchia D, Smith P, Tsang 

YW, Snead D, Cree IA. 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 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?

External Quality 

Assessment 

(WHO definition)

A system for 

objectively checking 

the laboratory’s 

performance using an 

external agency or 

facility

30

Picture by Veronique Tack, ESP EQA
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Alteration of 

Drug Targets

Drugs affected:

TKIs, 

Antibodies, 

Molecular chess: Hallmarks of anti-cancer drug 
resistance

Cancer

Cell

Reduced apoptosis

Drugs affected:

Cytoxics (all), 

TKIs, 

Antibodies, 

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

Cancer. 2017; 17: 10.



CMD ImPACT business planning 
tool

www.rcpath.org/cmd-impactThe tool is a simple Microsoft Excel programme 
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.services.
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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.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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