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Learning points

• Understand the need for a hierarchical classification of tumours to 
underpin diagnosis.

• Appreciate that each discipline views the classification a different way: 
the classification requires a multidimensional approach.

• Realise the key contributions of different diagnostic specialties to 
tumour diagnosis.

• Appreciate the need for research and levels of evidence for the 6th 
edition, starting later next year.



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 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)



The taxonomy of tumours

The WHO Blue Books provide a definitive evidence-based classification of all 
cancer types to enable diagnosis and research worldwide.

The diagnosis of cancers underpins individual patient treatment, as well as 
research into all aspects of cancer causation, prevention, therapy, and education.

The WHO Blue Books are not just for pathologists…



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 

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

Stage and Grade are dealt with separately….





The 5th Edition WHO Classification of Tumours

• Digestive System Tumours

• Breast Tumours

• Soft Tissue and Bone Tumours

• Female Genital Tumours

• Thoracic Tumours

• Central Nervous System Tumours

• Urinary and Male Genital Tumours

• Paediatric Tumours

• Head and Neck Tumours

• Endocrine & Neuroendocrine 
Tumours

• Haematolymphoid Tumours

• Skin and Adnexa Tumours

• Eye and Orbit Tumours

• Genetic Tumour Syndromes

http://whobluebooks.iarc.fr



The new WHO Cytopathology Reporting Systems





WHO Classification of Tumours Online: 
tumourclassification.iarc.who.int

https://tumourclassification.iarc.who.int/
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The multi-dimensional nature of cancer classification

Tumour Type 

ICD-O and 
ICD11 Codes 

Synonyms 

Variants

Localization

Clinical features and Radiology 

Epidemiology 

Genetics

Pathogenesis 

Histopathology 

Cytology

Molecular pathology
(DNA, RNA, Protein) 

Staging (TNM)

Prognosis 
and Prediction 

Etiology 
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The multi-dimensional nature of cancer classification

• Category
• Family
• Type
• Sub-type

Tumour Type 

• Gene 1
• Gene 2
• Gene 3

Genetics

• Macroscopic appearance
• H&E appearance 
• Immune response & 

Microenvironment 
• Vascularity
• Invasion (e.g. PNI) 
• Immunohistochemistry 
• Differential diagnosis
• Diagnostic criteria – 

essential and desirable 

Histology

• Text

Definition

• ICDO
• ICD11

Codes

• Text

Synonyms

• Site(s)

Localisation

• Incidence
• Causes
• Predisposition

Epidemiology
• List

Sub-types

• Radiology
• Signs
• Symptoms
• Appearance

Clinical

• Somatic genetics 
• Gene expression 
• Protein expression 
• Tumour markers

Molecular Pathology

• Text

Pathogenesis

• Appearance
• Cellularity

Cytology

• Tumour
• Node
• Metastasis

Staging

• Tests
• Results
• Interpretation

Prognosis  and Prediction 



WHO BB Layout (5th Edition)

• Definition 
• ICD-O and ICD11 Codes 
• Related Terminology (Synonyms) 
• Subtypes
• Localization
• Clinical features and Radiology 
• Epidemiology 
• Etiology 

o Causes 
o Predisposing factors (Genetics) 

• Pathogenesis 
• Macroscopic appearance
• Histopathology 

o H&E appearance 
o Immune response & Microenvironment 
o Vascularity
o Invasion (e.g. PNI) 
o Immunohistochemistry 
o Differential diagnosis

• Cytology

• Diagnostic molecular pathology 

o Somatic genetics 

o Gene expression 

o Protein expression 

o Tumour markers

• Diagnostic criteria – essential and 
desirable 

• Staging (UICC TNM)

• Prognosis and Prediction 

o Prognostic factors

o Predictive biomarkers

• Links to other resources 

o ICCR reporting guidance 

o CGC genomics compendium

o TNM (UICC) 



Examples…

• Bile duct and gallbladder carcinomas

• Genetic Tumour Syndromes



Classification terms (2019)

• Site: Tumours of the gallbladder and extrahepatic bile ducts  

• Category: Epithelial tumours 

• Family (Class): Malignant epithelial tumours

• Type: Carcinoma of the gallbladder 

• Sub-Type (Variant): 
• adenocarcinoma, intestinal type (8144/3); 
• clear cell adenocarcinoma NOS (8310/3); 
• mucinous cystic neoplasm with associated invasive carcinoma (8470/3); 
• mucinous adenocarcinoma (8480/3); 
• poorly cohesive carcinoma (8490/3); 
• intracystic papillary neoplasm with associated invasive carcinoma (8503/3)

Stage and Grade are dealt with separately….

____________________________________________________________________________________________
WHO Classification of Tumours Editorial Board. Digestive system tumours. Lyon (France): International Agency for 
Research on Cancer; 2019. (WHO classification of tumours series, 5th ed.; vol. 1). https://publications.iarc.fr/579.



ICD-O 3.2 coding – anatomy
C22    LIVER AND INTRAHEPATIC BILE DUCTS

C22.0    Liver

C22.1    intrahepatic bile duct

C23    GALLBLADDER

C23.9    Gallbladder

C24    OTHER AND UNSPECIFIED PARTS OF BILIARY TRACT

C24.0    Extrahepatic bile duct

C24.1    Ampulla of Vater

C24.8    Overlapping lesion of billiary tract

C24.9    Billiary tract, NOS



ICD-O topographical coding for the anatomical sites 
(WCT - DIG5)

• C23 Gallbladder
oC23.9 Gallbladder

• C24 Other and unspecified parts of the biliary tract
oC24.0 Extrahepatic bile duct NOS

oC24.1 Ampulla of Vater

oC24.2 Distal (extrahepatic) bile duct

oC24.3 Perihilar (or proximal) bile duct

oC24.4 Cystic duct

oC24.8 Overlapping lesion of the biliary tract

oC24.9 Biliary tract NOS



WHO Classification of Tumours Online (1): tumourclassification.iarc.who.int

https://tumourclassification.iarc.who.int/


WHO Classification of Tumours Online (1): tumourclassification.iarc.who.int

Digestive System Tumours 
/ Tumours of the liver and intrahepatic bile ducts  
// Epithelial tumours  
/// Malignant biliary tumours  
//// Intrahepatic cholangiocarcinoma

https://tumourclassification.iarc.who.int/


WHO Classification of Tumours Online (1): tumourclassification.iarc.who.int

ICD-O coding

8160/3 Cholangiocarcinoma

ICD-11 coding

2C12.10 & XH7M15 Intrahepatic 

cholangiocarcinoma & Cholangiocarcinoma

https://tumourclassification.iarc.who.int/


Tumours of the gallbladder and extrahepatic bile ducts

• Epithelial tumours

• Benign epithelial tumours and precursors

• Pyloric gland adenoma of the gallbladder

• Biliary intraepithelial neoplasia

• Intracholecystic papillary neoplasm (formerly Intracystic / 
intraductal papillary neoplasm)

• Intraductal papillary neoplasm of the bile ducts

• Malignant epithelial tumours

• Carcinoma of the gallbladder

• Carcinoma of the extrahepatic bile ducts

• Neuroendocrine neoplasms of the gallbladder and bile ducts

https://tumourclassification.iarc.who.int/chaptercontent/31/102
https://tumourclassification.iarc.who.int/chaptercontent/31/105
https://tumourclassification.iarc.who.int/chaptercontent/31/108
https://tumourclassification.iarc.who.int/chaptercontent/31/106
https://tumourclassification.iarc.who.int/chaptercontent/31/106
https://tumourclassification.iarc.who.int/chaptercontent/31/275
https://tumourclassification.iarc.who.int/chaptercontent/31/110
https://tumourclassification.iarc.who.int/chaptercontent/31/249
https://tumourclassification.iarc.who.int/chaptercontent/31/157


International reporting guidance

• Guidance can differ between countries – driven by 
many factors

• The International Collaboration for Cancer 
Reporting (ICCR) seeks to provide international 
standards – http://www.iccr-cancer.org/datasets

• https://www.iccr-cancer.org/datasets/published-
datasets/digestive-tract/liver/ for Intrahepatic 
Cholangiocarcinoma, Perihilar 
Cholangiocarcinoma and Hepatocellular 
Carcinoma

http://www.iccr-cancer.org/datasets
https://www.iccr-cancer.org/datasets/published-datasets/digestive-tract/liver/
https://www.iccr-cancer.org/datasets/published-datasets/digestive-tract/liver/


Examples…

• Bile duct and gallbladder carcinomas

• Genetic Tumour Syndromes



Inception of the genetic tumour syndromes volume

• Session at the 2019 European Congress of Pathology in Nice, France.

• Discussion in the WHO Classification of Tumours editorial board.

• Taxonomies are hierarchical systems, and ideally have multiple  
options under each level.   

• In some GTS, there can be fairly direct 1:1 correlations between 
cellular mechanisms, molecular pathways, syndromes and genes.

• Inevitably, there are some syndromes that involve the same genes, 
but have different names or expressions of the disease depending on 
the DNA alteration present or their ability to affect multiple pathways. 



Organization of GTS5

1. Category: cellular mechanism  – e.g. DNA repair

2. Family: molecular pathway – e.g. mismatch repair

3. Type: syndrome name, e.g. Lynch syndrome, as used in practice as a 
diagnostic entity

4. Subtype: Gene – MLH1; PMS2; MSH2; MSH6



Classification - mechanisms

1. Growth factor receptors and related signalling pathways

2. Oxidative stress response and metabolism

3. Cell cycle and apoptosis pathways

4. DNA repair and genomic stability

5. Telomere maintenance

6. Epigenetic drivers and chromatin remodelling

7. RNA regulation

8. Protein regulation 



WHO Classification of Tumours Online (1): tumourclassification.iarc.who.int

https://tumourclassification.iarc.who.int/


WHO Classification of Tumours Online (1): tumourclassification.iarc.who.int

Genetic Tumour Syndromes
/ Cell cycle and apoptosis pathways
// RB pathway
/// Retinoblastoma syndrome

https://tumourclassification.iarc.who.int/


1. Growth factor receptors and related signalling pathways
Growth factor receptors 
• Hereditary papillary renal carcinoma 
• Multiple endocrine neoplasia type 2 
• Juvenile polyposis syndrome 
• Hereditary neuroblastoma 
• Encephalocraniocutaneous lipomatosis 
G-coupled protein receptor pathway 
• Glucagon cell hyperplasia and neoplasia
• McCune-Albright syndrome
• Sturge-Weber syndrome 
RAS-MAPK pathway
• Neurofibromatosis type 1
• NF2-related schwannomatosis
• Costello syndrome
• Noonan syndrome
• Schimmelpenning-Feuerstein-Mims
PKA signalling pathway
• Carney complex
• PROS syndrome
WNT/TGFbeta pathway 
• Familial adenomatous polyposis
• 1Gastric Adenocarcinoma and Proximal Polyposis of Stomach (GAPPS)
• AXIN2-associated polyposis
• Serrated polyposis
• WT1 related tumour predisposition syndrome
• WAGR syndrome
• Multiple endocrine neoplasia type 1
• Peutz-Jeghers syndrome 
• Hereditary gastric and breast cancer syndrome
• Hereditary mixed polyposis syndrome

Hedgehog signalling pathway

• Naevoid basal cell carcinoma syndrome (Gorlin syndrome)

• SMO-related Curry-Jones syndrome

• ELP1-related medulloblastoma predisposition syndrome

• Osteochondromatosis

NF-kB signalling pathway

• Brooke-Spiegler syndrome

MTOR and PI3K pathway 

• Tuberous sclerosis

• PTEN hamartoma tumour syndrome

• Activated Phosphatidylinositol-3-OH kinase δ Syndrome (APDS)

Transcription factors and regulators

• Multiple endocrine neoplasia type 5 (MAX related tumours)

• MAFA-related familial insulinomatosis

• Birt-Hogg-Dube syndrome

• Familial chordoma

• Hyperparathyroidism jaw tumour syndrome (CDC73)





2. Oxidative stress response and metabolism

Angiogenesis
• Von Hippel-Lindau syndrome (VHL)

Krebs cycle
• SDH-deficient tumour syndrome - Hereditary phaeochromocytoma-paraganglioma syndromes 

(SDHA, SDHB, SDHC, SDHD, SDHAF2)

• Hereditary leiomyomatosis and renal cell carcinoma syndrome (FH)

Toxic metabolite-mediated disorders
• Hereditary tyrosinaemia type 1 (FAH)



3. Cell cycle and apoptosis pathways

P53 pathway
• Li-Fraumeni syndrome (TP53)

RB pathway
• Retinoblastoma syndrome (RB1)

• Multiple endocrine neoplasia type 4 (CDKN1B)

• CDKN2A-related tumour predisposition syndrome (CDKN2A)

• CDK4-related melanoma predisposition syndrome (CDK4)

• FAS pathway
• Autoimmune lymphoproliferative syndrome (FAS)



DNA repair pathways



4. DNA repair and genomic stability

Mismatch repair
• Lynch Syndrome (MLH1, PMS2, MSH2, MSH6)
• Muir-Torre syndrome (MLH1, PMS2, MSH2, MSH6)
• Constitutional mismatch repair deficiency (CMMRD) 

syndrome (MLH1, PMS2, MSH2, MSH6)

Homologous recombination
• BRCA-related cancer predisposition syndrome (BRCA1, 

BRCA2)
• PALB2-related cancer predisposition syndrome (PALB2)
• RAD51-related cancer predisposition syndrome (RAD51C, 

RAD51D)
• Fanconi anaemia (FANC genes)

Base excision repair genes
• MUTYH-associated polyposis (MUTYH)
• NTHL1-related tumour syndrome (NTHL1)
• MBD4-associated neoplasia syndrome (MBD4)

Deficient nucleotide excision repair (NER) of DNA damage
• Xeroderma Pigmentosum

Non-homologous end joining (NHEJ)
• Ataxia-telangiectasia syndrome (ATM)
• CHEK2-related hereditary (breast) cancer 

predisposition syndrome (CHEK2)
• Nijmegen breakage syndrome (NBN)

DNA Polymerization
• Polymerase proofreading-associated polyposis 

(POLD1, POLE)

Helicases
• Bloom syndrome (BLM)
• Werner syndrome (WRN)
• Rothmund-Thomson syndrome (ANAPC1, RECQL4)
• DDX41-related haematologic tumour predisposition 

syndrome (DDX41)

Chromosomal non-dysjunction (aneuploidy) syndromes
• Mosaic variegated aneuploidy (BUB1B, CEP57, 

TRIP13, BUB1, BUB3)
• Klinefelter syndrome
• Turner syndrome
• Down syndrome



5. Telomere maintenance
Telomere biology disorders

• Dyskeratosis congenita (DKC1, TERT, TERC, TINF2, Other IBMFS genes)

• POT1 and Shelterin-related tumour predisposition syndrome (POT1, ACD, TERF2IP, TERT promoter)

6. Epigenetic drivers and chromatin remodelling
Imprinting disorders

• Beckwith-Wiedemann spectrum (IGF2; CDKN1C)

Histone and DNA methylation
• Enchondromatosis (IDH1, IDH2)

Chromatin remodelling pathway
• Rhabdoid tumour predisposition syndrome (SMARCB1, SMARCA4)

• Schwannomatosis (SMARCB1, LZTR1)

• Clear cell meningioma predisposition syndrome (SMARCE1)

• Weaver syndrome (EZH2)

7. RNA regulation
MicroRNA

• DICER1-related tumour predisposition syndrome (DICER1)

• MicroRNA processor tumour predisposition syndromes (DROSHA, DGCR8)

RNA splicing
• Goldenhar syndrome (MYT1, SF3B2)

8. Protein regulation
Ubiquitin pathway

• BAP1-related tumour predisposition syndrome (BAP1)



The WHO Classification of Tumours (WCT) and the IARC 
International Collaboration for Cancer Classification and Research 



WCT-EVI-MAP

Phase 1 Phase 3Phase 2

Framework
development

Qualitative
assessment

Database
development
Final analysis

Vision

Goals

Strategies

To map available evidence for the whole WCT 
with a living approach.

A mixed method and step wise approach: 
(A) development of the framework
(B) definition of dimensions and assessment of usability
(C) evidence-gap mapping of the WCT
(D) set up of the relational data base of evidence maps and 

dissemination of results
(E) final analysis

Living evidence 
gap
map

An online open, easily accessible tool which 
allows users to explore evidence published 
informative for the WCT and easily detect 
gaps and pockets of low level evidence.





Conclusions
• The hierarchical WHO classification of tumours underpins the diagnosis of all 

tumours, worldwide.

• Diagnosis is not just made by histopathology - molecular pathology, endoscopy, 
radiology, blood markers and other technologies all play a role.

• Each discipline views the classification a different way: it is a multidimensional 
problem and the use of a database to systematise the characteristics of each tumour 
type has been transformative.

• The classification highlights the need for research and levels of evidence for future 
editions.

• How to help?
➢Provide the evidence: research

➢Evaluate the evidence: systematic review 

➢Fund the evidence: buy the books or the website?

➢Let us know what you think – feedback, cases, errors



Thank you
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