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Accurate classification of human neoplasms 

• care of individual patients (estimating prognosis, guiding 
therapy)  

• conduct and interpretation of clinical trials  

• analysis and understanding of experimental studies 

• elucidation of population-based disease trends that may 
implicate particular etiologies 

• allocation of resources by governments and health 
insurers to support health care 

 

Periodic revisions of tumor classifications therefore have 
diverse and important effects on many aspects of 
individual and population health 



“Periodic”: ICD 

• ICD (WHO): revisions at ~10-yr intervals, 

with minor revisions at ~3-yr intervals 

• ICD-9 released in 1977 

• ICD-10 released in 1992 

• ICD-11 estimated to be released in 2015 

• ICD-O (Oncology)  

– [CNS WHO 2007  2014 and 2015] 

• SNOMED (IHTSDO-based) 



Early history of WHO tumor classifications 

• 1952: WHO Expert Committee on Health Statistics 
advocates general principles to govern statistical 
classification of tumors: 1) anatomic site; 2) histological 
type; 3) degree of malignancy 

 

• 1956: WHO Executive Board resolution to establish 
centers for collection and classification of human cancer 
tissues; endorsed in 1957; centers established from 
1958 onward 

 

• 1967-1981: Publications of first editions of the 
International Histological Classification of Tumours 
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• Incorporate the latest 
molecular signatures  

• Utilize the most accurate, 
cutting-edge techniques 

Periodicity: different perspectives and needs 

• Do not disrupt current 

clinical diagnosis and 

patient management 

• Weigh the availability 

and cost of novel 

diagnostic techniques 

• Preserve the ability for 

long-term clinical, 

experimental and 

etiological correlations 
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Diffuse glioma vs. glioneuronal/”other” tumors 

in elderly 

Chromatin-related genes 
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Predictive marker 



Outline 

• Background on WHO classifications 

 

• Challenges and opportunities for the next WHO 
classification of nervous system tumors 
– How “periodic” should “periodic” be? 

– How narrowly should entities be defined and by what 
approaches should entities be defined? 

– What are the limitations and idiosyncrasies of the 
current system? 

– What are the flexibilities of the current system? 



The age of the splitters 

 “Is there an official figure of how many tumor 

entities exist currently? I guess the WHO 

classification is the best source, however, I want 

to know the number of tumors in all organ 

systems included. Can anyone please help?” 

 “Well, I spent yesterday counting and the 

lumpers come up with 21 and the splitters come 

up with 104,537 currently.” 

        SDN, April 7, 2014 
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Hotspot 

mutations in 

H3F3A and IDH1 

define distinct 

epigenetic and 

biological 

subgroups of 

glioblastoma 

 

Cancer Cell 2012 



Next-generation sequencing

Sequencing technologies 

emerging since 2005 that have 

substantially increased the 

output of the nucleic acid 

sequencing process. They 

produce millions to hundreds 

of millions of typically short 

sequence reads (50–400 bp) 

from amplified DNA clones.

Classic histology

The most common histological 

subtype of medulloblastoma, 

displaying prototypical sheets 

of repetitive small cells with a 

high nuclear/cytoplasmic ratio 

and round nuclei. Found in all 

medulloblastoma subgroups.

mutations49,50. WNT tumours are readily identifiable 

by a WNT gene expression signature51, and the nuclear 

accumulation of β-catenin is routinely used as a bio-

marker for WNT pathway activation in both research 

settings and clinical settings. Cytogenetically, WNT 

medulloblastomas exhibit mostly balanced genomes19, 

with the exception of monosomy 6, a hallmark chro-

mosomal aberration that is found in almost all cases of 

WNT medulloblastoma and that is very rarely seen in 

the other subgroups.

Current evidence from mouse models of medullo-

blastoma, in combination with data on subgroup-specific 

somatic events from cohorts of human medullo blastoma, 

suggest that mutations are subgroup specific and, 

therefore, must be highly matched to their correct cell 

of origin (that is, external granule cell layer (EGL) for 

SHH medulloblastoma (BOX 1)) in order for them to 

promote neoplastic transformation. A mouse model 

of WNT medulloblastoma (brain lipid-binding pro-

tein (Blbp; also known as Fabp7)–Cre;Ctnnb1+/lox(Ex3); 

Trp53flx/flx) was recently generated in which a condi-

tional stabilized allele of Ctnnb1 is targeted to pro-

genitor cells of the lower rhombic lip (LRL)52 (TABLE 2). 

Mice expressing the activated Ctnnb1 transgene in the 

context of Trp53 deletion develop classic medullo-

blastomas (penetrance of ~15%) after a fairly long 

latency. Extensive transcriptional characterization 

of tumours derived from these mice has established 

their association with human WNT medullo blastoma 

counterparts. These tumours arise from the dorsal brain-

stem, in contrast to the EGL-derived medullo blastomas 

that arise in Ptch1+/− mice that model the human SHH 

medullo blastoma subgroup (discussed below). In a 

recent medulloblastoma genomics study, Robinson 

et al.32 (discussed below) supplemented the estab-

lished WNT mouse model by adding a PI3K catalytic-α 

Table 1 | Clinical and genomic features of  medulloblastoma subgroups*

WNT (~10%) SHH (~30%) Group 3 (~25%) Group 4 (~35%)

Clinical features

Gender ratio (M/F) ~1/1 ~1.5/1 ~2/1 ~3/1

Age distribution

Histology Classic; very rare LCA Classic > desmoplastic/
nodular > LCA > MBEN

Classic > LCA Classic; rarely LCA

Metastasis at diagnosis ~5–10% ~15–20% ~40–45% ~35–40%

Overall survival (5 years) ~95% ~75% ~50% ~75%

Proposed cell of origin Lower rhombic lip 
progenitor cells

CGNPs of the EGL and 
cochlear nucleus; neural 
stem cells of the SVZ

Prominin 1+, lineage– neural 
stem cells; CGNPs of the 
EGL

Unknown

Genomic features

Cytogenetics

Driver genes‡ CTNNB1 (90.6%)
DDX3X (50%)
SMARCA4 (26.3%)
MLL2 (12.5%)
TP53 (12.5%)

PTCH1 (28%)
TP53 (13.6%)
MLL2 (12.9%)
DDX3X (11.7%)
MYCN (8.2%)
BCOR (8%)
LDB1 (6.9%)
TCF4 (5.5%)
GLI2 (5.2%)

MYC (16.7%)
PVT1 (11.9%)
SMARCA4 (10.5%)
OTX2 (7.7%)
CTDNEP1 (4.6%)
LRP1B (4.6%)
MLL2 (4%)

KDM6A (13%)
SNCAIP (10.4%)
MYCN (6.3%)
MLL3 (5.3%)
CDK6 (4.7%)
ZMYM3 (3.7%)

Expression signature WNT signalling SHH signalling MYC signature
Retinal signature

Neuronal signature

BCOR, BCL6 co-repressor; CDK6, cyclin-dependent kinase 6; CGNPs, cerebellar granule neuron precursors; CTDNEP1, CTD nuclear envelope phosphatase 1; 
CTNNB1, β-catenin; EGL, external granule cell layer; GLI2, GLI family zinc finger 2; KDM6A, lysine-specific demethylase 6A; LCA, large cell and anaplastic; LDB1, 
LIM domain binding 1; LRP1B, low density lipoprotein receptor-related protein 1B; MBEN, medulloblastoma with extensive nodularity; MLL, mixed lineage 
leukaemia; OTX2, orthodenticle homeobox 2; PTCH1, patched 1; SCNA, somatic copy number aberration; SHH, sonic hedgehog; SNCAIP, α-synuclein interacting 
protein; SPTB, spectrin-β erythrocytic; SVZ, subventricular zone; TCF4, transcription factor 4; TNXB, tenascin XB. *Subgroup frequency, demographics, clinical 
features and cytogenetic profiles were derived from a cohort of 827 medulloblastomas distributed into subgroups described by Northcott 99. ‡Driver genes are 
determined by the relative frequency of mutations or SCNAs affecting the genes in each subgroup, as described in recent medulloblastoma sequencing and copy 
number studies32–34,99.
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Central nervous system (CNS) tumours are the second 

most prevalent cancers in children (after leukaemia) 

and remain the leading cause of cancer-related mor-

tality in childhood1,2. Medulloblastoma is the most 

common malignant childhood brain tumour. Overall 

survival rates for patients with medulloblastoma have 

reached 70–80% using treatment protocols that include 

a combination of surgery, cranio-spinal radiotherapy 

(in children ≥3 years of age) and chemotherapy3–5. 

Current risk stratification tools have been in place 

for decades and are solely based on clinical features, 

including age at diagnosis, extent of surgical resection, 

metastatic status and, in some cases, histological fea-

tures. Infants (≤3 years of age), patients with residual 

tumour (≥1.5 cm2 in size) following neurosurgery and 

those exhibiting leptomeningeal dissemination at the time 

of diagnosis are all considered to be high risk, and all 

other patients are deemed to be average risk6. Although 

conventional therapies can cure a large proportion of 

patients with medulloblastoma, the majority of sur-

vivors suffer from long-term side effects, including 

developmental, neurological, neuroendocrine and psy-

chosocial deficits7–9. Molecular stratification of patients 

with medulloblastoma has not yet been routinely imple-

mented in the clinic, and the use of rational, molecularly 

targeted therapy for this disease is still in its infancy10,11. 

Through an improved understanding of the molecular 

and genetic basis of medulloblastoma, it is anticipated 

that in the future patients will be stratified and treated 

according to the biological makeup of their disease, 

which will hopefully lead to improved patient outcomes 

with reduced sequelae.

Studies of heritable forms of medulloblastoma have 

provided the first insights into the processes that under-

lie the disease12. In the 1990s, Gorlin syndrome was con-

firmed to be attributable to inherited mutations of the 

patched 1 (PTCH1) tumour suppressor gene (TSG) on 

chromosome 9q22.32 (REFS 13–15). This discovery paved 

the way for several follow-up studies, which revealed 

recurrent somatic mutations of PTCH1 in sporadic 

medulloblastomas16–18. The sonic hedgehog (SHH) path-

way, a developmental signalling axis in which PTCH1 

normally imposes an inhibitory effect, is aberrantly 

activated in about one-third of all medulloblastomas19. 

Activation of SHH signalling in these tumours results 

from recurrent mutations and/or copy number aberra-

tions that target multiple specific levels of the pathway 

(discussed below). Individuals with Turcot syndrome are 

susceptible to the development of colorectal cancer and 

brain tumours, including medulloblastoma. Turcot syn-

drome consists of two subtypes: type II cases exhibit an 

increased risk of medulloblastoma owing to inactivat-

ing germline mutations in adenomatous polyposis coli 

(APC) — a TSG that negatively regulates β-catenin, 

which is the key effector of the WNT signalling path-

way20. Deregulation of the WNT pathway secondary 
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Central nervous system (CNS) tumours are the second 

most prevalent cancers in children (after leukaemia) 

and remain the leading cause of cancer-related mor-

tality in childhood1,2. Medulloblastoma is the most 

common malignant childhood brain tumour. Overall 

survival rates for patients with medulloblastoma have 

reached 70–80% using treatment protocols that include 

a combination of surgery, cranio-spinal radiotherapy 

(in children ≥3 years of age) and chemotherapy3–5. 

Current risk stratification tools have been in place 

for decades and are solely based on clinical features, 

including age at diagnosis, extent of surgical resection, 

metastatic status and, in some cases, histological fea-

tures. Infants (≤3 years of age), patients with residual 

tumour (≥1.5 cm2 in size) following neurosurgery and 

those exhibiting leptomeningeal dissemination at the time 

of diagnosis are all considered to be high risk, and all 

other patients are deemed to be average risk6. Although 

conventional therapies can cure a large proportion of 

patients with medulloblastoma, the majority of sur-

vivors suffer from long-term side effects, including 

developmental, neurological, neuroendocrine and psy-

chosocial deficits7–9. Molecular stratification of patients 

with medulloblastoma has not yet been routinely imple-

mented in the clinic, and the use of rational, molecularly 

targeted therapy for this disease is still in its infancy10,11. 

Through an improved understanding of the molecular 

and genetic basis of medulloblastoma, it is anticipated 

that in the future patients will be stratified and treated 

according to the biological makeup of their disease, 

which will hopefully lead to improved patient outcomes 

with reduced sequelae.
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lie the disease12. In the 1990s, Gorlin syndrome was con-

firmed to be attributable to inherited mutations of the 

patched 1 (PTCH1) tumour suppressor gene (TSG) on 

chromosome 9q22.32 (REFS 13–15). This discovery paved 

the way for several follow-up studies, which revealed 

recurrent somatic mutations of PTCH1 in sporadic 

medulloblastomas16–18. The sonic hedgehog (SHH) path-

way, a developmental signalling axis in which PTCH1 

normally imposes an inhibitory effect, is aberrantly 

activated in about one-third of all medulloblastomas19. 

Activation of SHH signalling in these tumours results 

from recurrent mutations and/or copy number aberra-

tions that target multiple specific levels of the pathway 

(discussed below). Individuals with Turcot syndrome are 

susceptible to the development of colorectal cancer and 
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Next-generation sequencing

Sequencing technologies 

emerging since 2005 that have 

substantially increased the 

output of the nucleic acid 

sequencing process. They 

produce millions to hundreds 

of millions of typically short 

sequence reads (50–400 bp) 

from amplified DNA clones.

Classic histology

The most common histological 

subtype of medulloblastoma, 

displaying prototypical sheets 

of repetitive small cells with a 

high nuclear/cytoplasmic ratio 

and round nuclei. Found in all 

medulloblastoma subgroups.

mutations49,50. WNT tumours are readily identifiable 

by a WNT gene expression signature51, and the nuclear 

accumulation of β-catenin is routinely used as a bio-

marker for WNT pathway activation in both research 

settings and clinical settings. Cytogenetically, WNT 

medulloblastomas exhibit mostly balanced genomes19, 

with the exception of monosomy 6, a hallmark chro-

mosomal aberration that is found in almost all cases of 

WNT medulloblastoma and that is very rarely seen in 

the other subgroups.

Current evidence from mouse models of medullo-

blastoma, in combination with data on subgroup-specific 

somatic events from cohorts of human medullo blastoma, 

suggest that mutations are subgroup specific and, 

therefore, must be highly matched to their correct cell 

of origin (that is, external granule cell layer (EGL) for 

SHH medulloblastoma (BOX 1)) in order for them to 

promote neoplastic transformation. A mouse model 

of WNT medulloblastoma (brain lipid-binding pro-

tein (Blbp; also known as Fabp7)–Cre;Ctnnb1+/lox(Ex3); 

Trp53flx/flx) was recently generated in which a condi-

tional stabilized allele of Ctnnb1 is targeted to pro-

genitor cells of the lower rhombic lip (LRL)52 (TABLE 2). 

Mice expressing the activated Ctnnb1 transgene in the 

context of Trp53 deletion develop classic medullo-

blastomas (penetrance of ~15%) after a fairly long 

latency. Extensive transcriptional characterization 

of tumours derived from these mice has established 

their association with human WNT medullo blastoma 

counterparts. These tumours arise from the dorsal brain-

stem, in contrast to the EGL-derived medullo blastomas 

that arise in Ptch1+/− mice that model the human SHH 

medullo blastoma subgroup (discussed below). In a 

recent medulloblastoma genomics study, Robinson 

et al.32 (discussed below) supplemented the estab-

lished WNT mouse model by adding a PI3K catalytic-α 

Table 1 | Clinical and genomic features of  medulloblastoma subgroups*

WNT (~10%) SHH (~30%) Group 3 (~25%) Group 4 (~35%)

Clinical features

Gender ratio (M/F) ~1/1 ~1.5/1 ~2/1 ~3/1

Age distribution

Histology Classic; very rare LCA Classic > desmoplastic/
nodular > LCA > MBEN

Classic > LCA Classic; rarely LCA

Metastasis at diagnosis ~5–10% ~15–20% ~40–45% ~35–40%

Overall survival (5 years) ~95% ~75% ~50% ~75%

Proposed cell of origin Lower rhombic lip 
progenitor cells

CGNPs of the EGL and 
cochlear nucleus; neural 
stem cells of the SVZ

Prominin 1+, lineage– neural 
stem cells; CGNPs of the 
EGL

Unknown

Genomic features

Cytogenetics

Driver genes‡ CTNNB1 (90.6%)
DDX3X (50%)
SMARCA4 (26.3%)
MLL2 (12.5%)
TP53 (12.5%)

PTCH1 (28%)
TP53 (13.6%)
MLL2 (12.9%)
DDX3X (11.7%)
MYCN (8.2%)
BCOR (8%)
LDB1 (6.9%)
TCF4 (5.5%)
GLI2 (5.2%)

MYC (16.7%)
PVT1 (11.9%)
SMARCA4 (10.5%)
OTX2 (7.7%)
CTDNEP1 (4.6%)
LRP1B (4.6%)
MLL2 (4%)

KDM6A (13%)
SNCAIP (10.4%)
MYCN (6.3%)
MLL3 (5.3%)
CDK6 (4.7%)
ZMYM3 (3.7%)

Expression signature WNT signalling SHH signalling MYC signature
Retinal signature

Neuronal signature

BCOR, BCL6 co-repressor; CDK6, cyclin-dependent kinase 6; CGNPs, cerebellar granule neuron precursors; CTDNEP1, CTD nuclear envelope phosphatase 1; 
CTNNB1, β-catenin; EGL, external granule cell layer; GLI2, GLI family zinc finger 2; KDM6A, lysine-specific demethylase 6A; LCA, large cell and anaplastic; LDB1, 
LIM domain binding 1; LRP1B, low density lipoprotein receptor-related protein 1B; MBEN, medulloblastoma with extensive nodularity; MLL, mixed lineage 
leukaemia; OTX2, orthodenticle homeobox 2; PTCH1, patched 1; SCNA, somatic copy number aberration; SHH, sonic hedgehog; SNCAIP, α-synuclein interacting 
protein; SPTB, spectrin-β erythrocytic; SVZ, subventricular zone; TCF4, transcription factor 4; TNXB, tenascin XB. *Subgroup frequency, demographics, clinical 
features and cytogenetic profiles were derived from a cohort of 827 medulloblastomas distributed into subgroups described by Northcott 99. ‡Driver genes are 
determined by the relative frequency of mutations or SCNAs affecting the genes in each subgroup, as described in recent medulloblastoma sequencing and copy 
number studies32–34,99.
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Central nervous system (CNS) tumours are the second 

most prevalent cancers in children (after leukaemia) 

and remain the leading cause of cancer-related mor-

tality in childhood1,2. Medulloblastoma is the most 

common malignant childhood brain tumour. Overall 

survival rates for patients with medulloblastoma have 

reached 70–80% using treatment protocols that include 

a combination of surgery, cranio-spinal radiotherapy 

(in children ≥3 years of age) and chemotherapy3–5. 

Current risk stratification tools have been in place 

for decades and are solely based on clinical features, 

including age at diagnosis, extent of surgical resection, 

metastatic status and, in some cases, histological fea-

tures. Infants (≤3 years of age), patients with residual 

tumour (≥1.5 cm2 in size) following neurosurgery and 

those exhibiting leptomeningeal dissemination at the time 

of diagnosis are all considered to be high risk, and all 

other patients are deemed to be average risk6. Although 

conventional therapies can cure a large proportion of 

patients with medulloblastoma, the majority of sur-

vivors suffer from long-term side effects, including 

developmental, neurological, neuroendocrine and psy-

chosocial deficits7–9. Molecular stratification of patients 

with medulloblastoma has not yet been routinely imple-

mented in the clinic, and the use of rational, molecularly 

targeted therapy for this disease is still in its infancy10,11. 

Through an improved understanding of the molecular 

and genetic basis of medulloblastoma, it is anticipated 

that in the future patients will be stratified and treated 

according to the biological makeup of their disease, 

which will hopefully lead to improved patient outcomes 

with reduced sequelae.

Studies of heritable forms of medulloblastoma have 

provided the first insights into the processes that under-

lie the disease12. In the 1990s, Gorlin syndrome was con-

firmed to be attributable to inherited mutations of the 

patched 1 (PTCH1) tumour suppressor gene (TSG) on 

chromosome 9q22.32 (REFS 13–15). This discovery paved 

the way for several follow-up studies, which revealed 

recurrent somatic mutations of PTCH1 in sporadic 

medulloblastomas16–18. The sonic hedgehog (SHH) path-

way, a developmental signalling axis in which PTCH1 

normally imposes an inhibitory effect, is aberrantly 

activated in about one-third of all medulloblastomas19. 

Activation of SHH signalling in these tumours results 

from recurrent mutations and/or copy number aberra-

tions that target multiple specific levels of the pathway 

(discussed below). Individuals with Turcot syndrome are 

susceptible to the development of colorectal cancer and 

brain tumours, including medulloblastoma. Turcot syn-

drome consists of two subtypes: type II cases exhibit an 

increased risk of medulloblastoma owing to inactivat-

ing germline mutations in adenomatous polyposis coli 

(APC) — a TSG that negatively regulates β-catenin, 

which is the key effector of the WNT signalling path-

way20. Deregulation of the WNT pathway secondary 
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Central nervous system (CNS) tumours are the second 

most prevalent cancers in children (after leukaemia) 

and remain the leading cause of cancer-related mor-

tality in childhood1,2. Medulloblastoma is the most 

common malignant childhood brain tumour. Overall 

survival rates for patients with medulloblastoma have 

reached 70–80% using treatment protocols that include 

a combination of surgery, cranio-spinal radiotherapy 

(in children ≥3 years of age) and chemotherapy3–5. 

Current risk stratification tools have been in place 

for decades and are solely based on clinical features, 

including age at diagnosis, extent of surgical resection, 

metastatic status and, in some cases, histological fea-

tures. Infants (≤3 years of age), patients with residual 

tumour (≥1.5 cm2 in size) following neurosurgery and 

those exhibiting leptomeningeal dissemination at the time 

of diagnosis are all considered to be high risk, and all 

other patients are deemed to be average risk6. Although 

conventional therapies can cure a large proportion of 

patients with medulloblastoma, the majority of sur-

vivors suffer from long-term side effects, including 

developmental, neurological, neuroendocrine and psy-

chosocial deficits7–9. Molecular stratification of patients 

with medulloblastoma has not yet been routinely imple-

mented in the clinic, and the use of rational, molecularly 

targeted therapy for this disease is still in its infancy10,11. 

Through an improved understanding of the molecular 

and genetic basis of medulloblastoma, it is anticipated 

that in the future patients will be stratified and treated 

according to the biological makeup of their disease, 

which will hopefully lead to improved patient outcomes 

with reduced sequelae.

Studies of heritable forms of medulloblastoma have 

provided the first insights into the processes that under-

lie the disease12. In the 1990s, Gorlin syndrome was con-

firmed to be attributable to inherited mutations of the 

patched 1 (PTCH1) tumour suppressor gene (TSG) on 

chromosome 9q22.32 (REFS 13–15). This discovery paved 

the way for several follow-up studies, which revealed 

recurrent somatic mutations of PTCH1 in sporadic 

medulloblastomas16–18. The sonic hedgehog (SHH) path-

way, a developmental signalling axis in which PTCH1 

normally imposes an inhibitory effect, is aberrantly 

activated in about one-third of all medulloblastomas19. 

Activation of SHH signalling in these tumours results 

from recurrent mutations and/or copy number aberra-

tions that target multiple specific levels of the pathway 

(discussed below). Individuals with Turcot syndrome are 

susceptible to the development of colorectal cancer and 

brain tumours, including medulloblastoma. Turcot syn-

drome consists of two subtypes: type II cases exhibit an 

increased risk of medulloblastoma owing to inactivat-

ing germline mutations in adenomatous polyposis coli 

(APC) — a TSG that negatively regulates β-catenin, 

which is the key effector of the WNT signalling path-

way20. Deregulation of the WNT pathway secondary 
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Heidelberg, November 2006 

Good judgment is the result of experience. 

Experience is the result of bad judgment. 



Compliments of Dr. Pieter Wesseling 
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Practical challenge: what if techniques are 

not universally available? 

• Do all diagnoses need to be able to be rendered 

in any area of the globe? 

• What is a reasonably practical diagnostic state 

between the two extremes of “all diagnoses 

should be based on H&E” and  “all diagnoses 

should be based on deep sequencing”? 



Practical challenge: time vs. technology 

• Diagnoses need to be rendered on the 

order of days 

• Molecular profiling today requires some 

weeks 

         
 

 

 



Practical challenge: depth of knowledge and 

relevance varies between tumor types 

• 2007 WHO classification of brain tumors has 

>100 entities 

• Not all have known molecular characteristics  

• Some known molecular characteristics are not of 

known diagnostic, prognostic or predictive 

relevance 
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Problem: WHO grading of brain tumors differs 

from WHO grading of non-CNS tumors 

• Most tumor types are graded within the tumor 

type, e.g., “malignant peripheral nerve sheath 

tumor, grade 1 of 3” 

• CNS tumors have a grade assigned to each 

tumor type that correlates with generalized 

biological behavior, e.g., glioblastoma is grade 

IV and pilocytic astrocytoma is grade I 

•  This restricts the flexibility of the CNS WHO 

classification 

•  This hampers consistent implementation 



QT Ostrom1,2, C Kruchko2, JS Barnholtz-Sloan1,2 

•Case Comprehensive Cancer Center, Case Western Reserve University School of Medicine, 

Cleveland, OH1, Central Brain Tumor Registry of the United States, Hinsdale, IL2,  

A Review of the Collection of WHO Grade for  

Brain and CNS Tumors in Cancer Registration 

Results 

• Percentages of unknown/missing WHO grade varied greatly by 

histology with <15% unknown/missing observed for anaplastic 

oligodendroglioma  and oligoastrocytoma/anaplastic oligoastrocytoma (all 

malignant tumors), and > 80% for craniopharyngioma and 

hemangioblastoma and > 50% for meningioma (non-malignant tumors). 

  

• Percentages of correctly classified WHO grade varied greatly by tumor 

histology ranging from 19.8% for craniopharyngioma (non-malignant) to 

80.1% for oligoastrocytoma/anaplastic oligoastrocytoma (malignant). 

Source: Surveillance, Epidemiology, and End Results (SEER) 18, 2006-2010 
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Completion of the 4th edition series 

1. Multiple 4th edition blue books remain to be 

completed 

2. WHO/IARC decisions pending on 5th editions 

3. As a result, a 5th edition CNS WHO is many 

years off 
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– How narrowly should entities be defined and by what 
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Flexibility of current WHO blue book format 

• Dual strengths of current“blue book” series 

(classification and textbook) 

 



Editions 1 and 2 

It will, of course, be appreciated that this classification reflects 
the present state of knowledge, and modifications are likely 
to be needed as experience and new knowledge 
accumulate. Although the present classification has been 
adopted by the members, it necessarily represents a view 
from which some pathologists may wish to dissent. It is 
nevertheless hoped that, in the interests of international 
cooperation, all pathologists will try to use the classification 
as presented… 

The publications in the series International Histological 
Classification of Tumours are not intended to serve as 
textbooks but rather to promote the adoption of a uniform 
terminology that will facilitate and improve communication 
among cancer workers. For this reason the literature 
references have intentionally been kept to a minimum and 
readers should refer to standard works for more complete 
bibliographies. 







Pineal tumor examples 
1979 

2000 



Differences between editions 1 and 2 

versus editions 3 and 4 

• Editions 1 and 2:  

– Pure definitional classification systems 

• Editions 3 and 4 

– Definitional classification system (chart) 

– Textbook 

Problem: the needs and process of updating a 

classification system differ from those of a textbook 

Opportunity: the textbook component allows greater 

flexibility 
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– How narrowly should entities be defined and by what 
approaches should entities be defined? 
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Outline 

• Background on WHO classifications 

 

• Challenges and opportunities for the next WHO 
classification of nervous system tumors 

 

• The Haarlem meeting and its recommendations 

 

• Next steps for the forthcoming WHO update and 
a glimpse at future classification systems 



Problem: the shifting basis for classification 

• Insights into the molecular basis of human 

tumors have radically changed both our 

biological understanding of neoplasms as well 

as our abilities to diagnose tumors and estimate 

their prognosis and likelihood of response to 

specific therapies 

• Therefore, a critical scientific question has arisen 

with major practical consequences: how should 

molecular information change brain tumor 

classification? 



First step to address challenges 

• Address underlying scientific principles 

rather than in terms of individual tumor 

entities 

– 2007 WHO classification of brain tumors has 

>100 entities 

– Not all have known molecular or 

diagnostically relevant characteristics  

– The basic questions underlying those that do 

have known molecular characteristics are 

similar 



“WHO’s Next?” 

A Colloquium to Guide Next Steps in 

Brain Tumor Classification and 

Grading 
 

 

Sponsored by the  

International Society of Neuropathology 

  

Made possible through generous support 

from the STOPbraintumors 

Foundation 
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Example 

Should a histological 

glioblastoma with an IDH 

mutation be termed: 

• Glioblastoma, grade IV, 

IDH mutant? 

• Glioblastoma, IDH mutant 

• Anaplastic astrocytoma? 

• Glioblastoma, grade III? 

 
Hartmann et al., Acta Neuropathologica 2010 



Major question: 

How can non-histological criteria (e.g., molecular, imaging, clinical, 

other?) be used to enhance typing and grading of human brain tumors? 

 

Subquestions: 

1. What is the relationship between diagnosis and grade? Can tumor type and tumor grade be 

separated from one another, as occurs in other (non-brain) tumor types? This also brings up the 

question of whether grade reflects natural history or likely prognosis after therapy. 

2. How does one make recommendations about the use of molecular testing? Is molecular analysis 

required or optional? If optional, how does one formulate diagnoses to demonstrate this variability 

clearly (see “straw man” below*)? If required, does molecular diagnosis become incorporated into 

overall diagnosis, or be added as an extra level to the histological diagnosis (see * below)?  Does 

one make recommendations about the type of test to use? Does one make recommendations 

about specific cut-off levels? 

3. How does one formulate diagnoses if some institutions use molecular tests and others do not? If 

one uses molecular parameters to classify tumors, what does one call tumors that have the 

histological appearance but not the defining molecular feature? And what what does one do with a 

tumor that has the defining molecular features of one tumor type, but the histologic appearance of 

another? In the era of broad sequencing/profiling, how does one classify a tumor with an 

unexpected but diagnostic mutation/profile? 

4. Should we recommend the use of radiology and clinical parameters for typing and grading—

keeping in mind that we already occasionally use such features for classification (e.g., location to 

diagnose medulloblastoma)?  

 



Simplified goal/question 

How will we structure reports that include 
non-histological data? 



Compliments of Dr. Daphne de Jong 



Compliments of Dr. Daphne de Jong 





FIGURE 1-2: An Information Commons might use a 

Geographic Information System (GIS)-type structure 



FIGURE 1-2: An Information Commons might use a 

Geographic Information System (GIS)-type structure 



I       II       III       IV 

I       II       III       IV 

Straw man proposals 

Diagnoses can have three “tiers”: 

• Histological: Glioblastoma 

• Molecular: IDH mutant 

• Grade: WHO grade III 
 

 

Diagnoses can have three “tiers”: 

• Histological: Anaplastic astrocytoma 

• Imaging: Ring-enhancing 

• Grade: WHO grade IV 

 



I       II       III       IV 

Straw man proposals 

Diagnoses can have missing “tiers”: 

 

• Histological: Glioblastoma 

• Molecular: IDH mutant 

• Grade: WHO grade III 

 

• Histological: Glioblastoma 

• Molecular: Not performed 

• Grade: WHO grade IV 

 
I       II       III       IV 



I       II       III       IV 

Straw man proposals 

What if histology is more generic? 

 

• Histological: Glioma 

• Molecular: EGFR amp 

• Grade: WHO grade IV 

 

 



from Greg Fuller 

Olar, Fuller. In: Principles of Molecular Diagnostics and Personalized Cancer Medicine, 2012 
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I       II       III       IV 

Straw man proposal 

What if there are two kinds of grades, 

“histological” and “biological”? 

 

• Histological: Glioblastoma 

• Histological Grade: WHO grade IV 

• Molecular: IDH mutant 

• “Biological” Grade: 3 

 
“Biological”? 

“Current biological”? 

“Current clinico-biological”? 





 

• Molecular information will be incorporated into the definitions of some 

diagnostic entities 

• For some of these entities, molecular information will be 

necessary to provide an “integrated” diagnosis and only a 

descriptive histological diagnosis will be possible if no 

molecular diagnostic testing is available 

• For other of these entities, molecular information will be 

necessary to provide an “integrated” diagnosis but a formal 

“NOS” entity will be available if no molecular diagnostic 

testing is available 

• To do the above, some disease entities need to be redefined 

and some new disease entities need to be defined/added 

• For some diagnostic entities, histology will remain the basis for 

definition and diagnosis 

ISN-Haarlem conclusions (1) 



 

• Molecular testing and reporting 
• Certain molecular tests will be required, recommended or suggested in 

order to make diagnoses and/or to guide therapeutic choices; the 

importance of performing these tests may differ depending on whether 

they are diagnostic, prognostic and/or predictive 

• Future decisions to incorporate such testing into diagnostic definitions will 

be based on substantial evidence 

• For some genetic tests, some general approaches may be recommended 

over others (e.g., detecting whole-arm loss  in oligos) as well as second-

level tests to follow first-level tests 

• In settings in which molecular testing is recommended or suggested, a 

report should state if it was not done (“unknown”) or if ordered, along with 

a reason (e.g., TIFD) 

• Test methodological and results parameters should be indicated in 

reports 

• Molecular testing must be based on histologically representative tissue 

ISN-Haarlem conclusions (2) 



 

• Grade will reflect natural history and will be based on histological 

findings; for some entities, avoiding a histological grade may be 

preferable 

 

• Some pediatric tumor types will require the creation of entities 

independent of their adult histological “look-alikes” 

ISN-Haarlem conclusions (3) 



• Integrated Diagnosis (incorporated all aspects of tissue diagnosis) 

• Histological Diagnosis 

• WHO Grade (histological grade) 

• Molecular information 

ISN-Haarlem format of “layered diagnoses” 

I       II       III       IV 

ISN-Haarlem  

layered diagnosis format 



Proposal for the diagnosis of ATRT 

• One cannot make the diagnosis of ATRT without INI1 or 
BRG1 testing 

• The diagnosis of ATRT requires both typical pathological 
features and either INI1 or BRG1 loss 

• Tumors that have typical pathological features of ATRT 
but no IN11 or BRG1 loss might be termed “embryonal 
tumor with rhabdoid features” 

• A laboratory that does not have INI1 and BRG1 
immunohistochemistry needs to send the case to 
another lab for testing 



ATRT (1) 

Integrated diagnosis:  

 ATRT 

Histological diagnosis:  

 Embryonal tumor with rhabdoid features 

Histological grade:  

 Grade IV 

Molecular information:  

 INI1 absent, BRG1 retained 

 INI1 retained, BRG1 absent 

(Additional information : age, location) 

 



ATRT (2) 

Integrated diagnosis:  

 Embryonal tumor with rhabdoid features 

Histological diagnosis:  

 Embryonal tumor with rhabdoid features 

Histological grade:  

 Grade IV 

Molecular information:  

 INI1 retained, BRG1 retained 

 Not done 

(Additional information : age, location) 

 



Proposals regarding medullobastomas 

• The validated major advances in the field need to be 
incorporated into classification 

• Some biological groups (especially subgroups 3 and 4) 
require more clinical/molecular validation 

• Three molecular categories could be introduced: WNT, 
SHH, non-WNT/non-SHH 

• Appropriate molecular tests need to be performed 

• Keep the histological part of the classification 



Medulloblastoma 

Integrated diagnosis:  

 Histological subtype and molecular subgroup (Wnt, SHH,  

  non-WNT/non-SHH) 

Histological diagnosis: 

 Classic, anaplastic/large cell, desmoplastic/nodular, MBEN 

Histological grade:  

 Grade IV [? needed] 

Molecular information: 

MYC ampl, NMYC ampl, p53+/-, i17q, beta catenin, SMO, PTCH, 

monosomy 6 (list illustrative and not meant to be exhaustive) 

(Additional information, age, location) 

 



 

Diffuse glioma, indeterminate, “mixed” or ambiguous phenotype 

 

Histologic 

diagnosis 

Grade II, III, IV, ungraded 

IDH, ATRX, 1p/19q 
IDH, ATRX, 1p/19q  

Grade II, III, IV, ungraded 

1) Histology and molecular concordant: Diagnosis, grade, molecular findings 

2) Indeterminate or mixed histology: Diagnose and grade based on molecular  

 profile 

3) Histology and molecular discordant: Diffuse glioma, histologic phenotype,  

 molecular profile 

4) Molecular testing not performed: Histologic diagnosis, NOS 

Integrated Diagnosis 

Molecular 

information 

Diffuse glioma 

Oligodendroglioma phenotype  

Astrocytoma phenotype  

Glioblastoma phenotype 



Integrated diagnosis:  

 Oligodendroglioma, WHO grade II, IDHmut, 1p/19q codel 

Histological diagnosis:  

 Oligodendroglioma phenotype 

Histological grade:  

 Grade II 

Molecular information:  

 IDHmut, 1p/19q codel 

 

(Frequent) 

Diffuse glioma (1) 



Integrated diagnosis:  

 Anaplastic oligodendroglioma, WHO grade III, IDHmut,  

  1p/19q codel 

Histological diagnosis:  

 Anaplastic oligodendroglioma phenotype 

Histological grade:  

 Grade III 

Molecular information:  

 IDHmut, 1p/19q codel 

 

(Frequent) 

Diffuse glioma (2) 



Integrated diagnosis:  

 Oligodendroglioma, WHO grade II, IDHmut, 1p/19q codel 

Histological diagnosis:  

 Diffuse glioma, indeterminate/ambiguous phenotype 

Histological grade:  

 Grade II 

Molecular information:  

 IDHmut, 1p/19q codel 

 

(Frequent) 

Diffuse glioma (3) 



Integrated diagnosis:  

 Oligodendroglioma, WHO grade II, IDHmut, 1p/19q codel 

Histological diagnosis:  

 Diffuse glioma, indeterminate/ambiguous phenotype 

Histological grade:  

 pending [occasional mitoses] 

Molecular information:  

 IDHmut, 1p/19q codel 

 

(Not common) 

Diffuse glioma (4) 



Integrated diagnosis:  

 Diffuse glioma, astrocytoma phenotype, IDHmut, 1p/19q codel,  

  ATRX intact 

Histological diagnosis:  

 Astrocytoma phenotype 

Histological grade:  

 Grade II 

Molecular information:  

 IDHmut, 1p/19q codel, ATRX intact 

 

(Very rare) 

Diffuse glioma (5) 



Integrated diagnosis:  

 Anaplastic diffuse glioma, oligodendroglioma phenotype,  

  IDHmut, 1p/19q intact, ATRX loss 

Histological diagnosis:  

 Anaplastic oligodendroglioma phenotype 

Histological grade:  

 Grade III 

Molecular information:  

 IDHmut, 1p/19q intact, ATRX loss 

 

(Very rare) 

Diffuse glioma (6) 



Integrated diagnosis:  

 Glioblastoma, WHO grade IV, IDHwt 

Histological diagnosis:  

 Diffuse high-grade glioma with necrosis,   

 indeterminate/ambiguous phenotype [e.g., GBM vs AO] 

Histological grade:  

 Pending 

Molecular information:  

 IDHwt 

 

(Common) 

Diffuse glioma (7) 



Integrated diagnosis:  

 Anaplastic oligodendroglioma, WHO grade III, IDHmut, 1p/19q  

  codel 

Histological diagnosis:  

 Diffuse high-grade glioma with necrosis,   

 indeterminate/ambiguous phenotype [e.g., GBM vs AO] 

Histological grade:  

 Pending 

Molecular information:  

 IDHmut, 1p/19q codel, ATRX intact 

 

(Occasional) 

Diffuse glioma (8) 



Integrated diagnosis:  

 Glioblastoma, WHO grade IV*, IDHmut, ATRX loss 

Histological diagnosis:  

 Diffuse high-grade glioma with necrosis,   

 indeterminate/ambiguous phenotype [e.g., GBM vs AO] 

Histological grade:  
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Molecular information:  

 IDHmut, 1p/19q intact, ATRX loss 

 

(Uncommon) 

Diffuse glioma (9) 



Integrated diagnosis:  

 Oligodendroglioma, WHO grade II, NOS 

Histological diagnosis:  

 Oligodendroglioma phenotype 

Histological grade:  

 Grade II 

Molecular information:  

 Not performed 

 

Diffuse glioma (10) 
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• Grading will follow standard WHO criteria for 

astrocytoma and oligodendroglioma 

• In some, grade may not be possible (diffuse 

glioma, indeterminate), in which case, either 

avoid grade or make a comment (e.g., “at least 

WHO grade”) 

• Anaplastic used for WHO grade III astro or oligo 

• Glioblastoma used for WHO grade IV astro 

• Concern: is it appropriate to grade newly defined 

molecular subtypes with old morphology criteria? 

Diffuse Glioma 



Outline 

• Background on WHO classifications 

 

• Challenges and opportunities for the next WHO 
classification of nervous system tumors 

 

• The Haarlem meeting and its recommendations 

 

• Next steps for the forthcoming WHO update and 
a glimpse at future classification systems 



WHO classification: working group flow 

In the setting of unusual histopathological-molecular combinations,  

what descriptive diagnoses should be recommended? 

 

Do the available clinicopathological and molecular data justify  

distinct pediatric and adult subtypes? 

Is molecular testing required or only suggested to make the diagnosis,  

or does the diagnosis remain entirely histological in nature? 

 Are there situations in which assigning a WHO grade may be more confusing than helpful?  

In such situations, should it be recommended that a comment be added to state that the 

integrated diagnosis may have a different prognosis than suggested in the histological grade? 

 For each tumor entity with an altered name or definition, should a section  

entitled “Synonyms” be added to list corresponding prior names of entities? 

What are the recommended molecular tests? 

What are the recommended second-line molecular tests 

following the initial molecular results?  

If required, what is the terminology for histologically 

compatible tumors that either have discordant 

molecular profiles or are diagnosed at centers that 

cannot perform molecular testing?  

If suggested (but not required) for diagnosis, 

what is the terminology for otherwise 

histologically compatible tumors that either 

have discordant molecular profiles or are 

diagnosed at centers that cannot perform 

the molecular tests. Does an “NOS” 

category need to be created and coded? 



WHO classification: next steps 

• Establish and publish ISN-Haarlem guidelines that will 
influence the update of WHO 4th Edition (now-Sept ‘14) 

• Process of updating 4th Edition for early 2016: 

– Select group of Senior Reviewers (chosen) 

– Select group of clinical advisors (in discussion) 

– Assign authors to update chapters (Oct ’14) 

– Update chapters via PubCan 

– Plan to solicit input from clinical advisors (before WHO 
working group meeting) 

– Plan for WHO working group meeting (Heidelberg June 
‘15)  

– Probable publication date for 4th Edition update: early ‘16 

• 5th Edition  2018 very earliest 



Toward Precision Medicine. 

Building a Knowledge Network 

for Biomedical Research and a 

New Taxonomy of Disease 

 

National Academies Press, 2011 

 

 

“Diagnosis is the foundation of 

medicine. Accurately and precisely 

defining a patient’s condition does 

not assure effective treatment, but 

it is unequivocally the place to 

start.” 
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“WHO's next?”  

The past, present and future  

of brain tumor classification 



• The focus will be on the two areas in which the 
greatest progress has been made in unravelling 
molecular aberrations associated with the 
oncogenesis of brain tumors: 
– Gliomas (including adult and pediatric glioblastoma, 

oligodendroglioma, pilocytic astrocytoma and 
pleomorphic xanthoastrocytoma) 

– Embryonal tumors (including medulloblastoma and 
atypical teratoid/rhabdoid tumor (AT/RT)). 

• Discussions of these two groups should provide 
a conceptual framework for other brain tumor 
types as well. 



Goal, method and output 

• Our goal is to answer the question of whether non-
histological criteria (e.g., molecular, imaging, clinical, 
other?) be used to enhance typing and grading of human 
brain tumors? 

• Our method will be based on open, consensus-seeking 
discussions informed by peer-reviewed data as well as 
our experiences and those of our colleagues 

• Our output will be published guidelines that aim to inform 
the next WHO classification 

 

 



Caveats 

• This is NOT an official WHO meeting 

• This is NOT an official WHO meeting 

• Therefore, our goal is NOT to define specific entities 

• It is important to express your informed opinions and to 
relay those of your neuro-oncology colleagues 

• Opinions based on (published) data are preferable... 

• ... but it is recognized that guidelines for future use 
involve a certain amount of “informed suggestions”... 

• ... With (importantly) such informed suggestions being 
based on open, consensus-seeking discussions  
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