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• Types

– Diagnostic

– Prognostic

– Predictive

• Practicality issues

– Cost and ease of implementation

– IHC vs. FISH vs. PCR vs. genomics

– Reimbursement

BIOMARKERS



Brain Pathol, 2014
24:429-435 



• Integrated Diagnosis (incorporating all aspects of tissue diagnosis)

• Histological Classification

• WHO Grade (natural history)

• Molecular information (see parameters from previous slide)

ISN-Haarlem format of “layered diagnoses”

I      II       III       IV

“ISN-Haarlem 

layered diagnosis format”
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GLIOMAS

6



Sturm et al., 

Cancer Cell

2012;22:425-437

Prognostic
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IDH-1 R132H IHC (90% of IDHm)
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DIAGNOSTIC EXAMPLE OF 
HISTOLOGIC MIMICRY

• AO (IDHm and 1p/19q codeletion: 100%)

– Average survival 15 years if treated with combined 
chemo and radiation

– What about chemo alone up front?

• SC-GBM (IDHwt, EGFR-AMP 70%, -10q 95%)

– Average survival 1 year

– Typically treated with combined radiochemotherapy

– Different clinical trials than the high-grade 
oligodendrogliomas



Shay JW et al. Science 15:1388-1390, 2012 

CANCER CELLS ESCAPING SENESCENCE



Reitman et al. Acta Neuropathol (2013) 126:789–792



Killela et al. PNAS 2013; 110: 6021–6026



Killela et al. PNAS 2013; 110: 6021–6026
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ALT FISH



ATRX IHC





Sturm et al., 

Cancer Cell

2012;22:425-437
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PXA

IDH1-mutated infiltrating 
adult gliomas
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Anaplastic oligodendroglioma

H3F3A, DAXX
TP53, ATRX

EGFR, PDGFRA
PTEN, TP53
CDKN2A/B, NF1
TERT promoter

BRAF

IDH1,2

TP53
ATRX

1p/19q
CIC, FUBP1
TERT promoter

RB1,CDK4
CDKN2A, MDM2, PTEN

Neural 

Progenitor

Cell

RB1,CDK4
CDKN2A

Modified from Dr. Dan Brat

Bathwater
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Note: no 
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ADULT TYPE ASTROCYTOMA

IDH1 p53 ATRX
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1p32

1q42

19p13

19q13

ADULT TYPE OLIGODENDROGLIOMA

IDH1



PEDI MIDLINE HGA (DIPG, THAL, SC)

H3 K27M p53 ATRX



26-yo M





H3 K27M



H3 K27M



OTHER GLIOMA BIOMARKERS

• BRAF-KIAA1549 duplication/fusion

– pilocytic astrocytomas (~70% in 
cerebellum; less in other locations)

– Diagnostic and predictive (MEK inhibitors?)

– FISH or PCR: No IHC surrogates

• BRAF V600E mutation: 

– PXA (~67%), GG (~20%), PA (~10%), 
HGGs (5-10%), E-GBM (50%)

– Predictive only: BRAF inhibitors, especially 
in recurrent or disseminated cases?



BRAF-V600E



VIRTUALLY ‘ALL’ PEDIATRIC BRAIN TUMORS

Pediatric Neuro-Oncologist Pediatric Pathologist/Neuropathologist

Did you order
BRAF testing? On this???

Really??
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EMBRYONAL NEOPLASMS
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Taylor et al., 

Acta Neuropathol

2012;123:465-472





β-catenin+

WNT MOL SUBTYPE

β-catenin-



GAB-1

SHH MOL SUBTYPE



GAB-1

SHH MOL SUBTYPE





p53



CEP17

17q11.2

CEP8

c-myc

Mol Groups
3 and 4

Mol Group
3 (mostly)



Medulloblastoma

Integrated diagnosis: 

Medulloblastoma, histological subtype and molecular
subgroup (e.g., Wnt, SHH, non-WNT/non-SHH*), WHO 
grade IV

Histological classification:

Classic, anaplastic, large cell, desmoplastic/nodular, or 
medulloblastoma with extensive nodularity

WHO grade: 

IV

Molecular information:

MYC amp, NMYC amp, TP53 status, CTNNB1 status, SMO
status, PTCH status, i17q, monosomy 6 (list illustrative and not 
meant to be exhaustive)
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AT/RT

Ho et al.  Acta Neuropathol 99:482, 2000



INI1



BRG-1

INI-1



Proposal for ATRT

• A dx of ATRT requires typical pathological
features and INI1 or BRG1 loss

• Tumors with typical pathology but no INI1 
or BRG1 loss might be termed “embryonal 
tumor with rhabdoid features”

• A center without BRG1 and /or INI1 testing
needs to send the case out



Brain Pathol 20:441-450, 2010





SYN







LIN28AOLIG2

2 DIFFERENT CASES



ETANTR



Brain Pathol 2010; 20:133-9
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MOLECULAR IHC SURROGATES

ADULT/PEDI 
GLIOMAS

• IDH1 (R132H)

• p53

• ATRX

• H3.3 (K27M)

• BRAF V600E

EMBRYONAL 
TUMORS

• INI1 (SMARCB1)

• BRG1 (SMARCA4)

• Beta catenin

• GAB1

• LIN28A

• OLIG2
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MENINGEAL NEOPLASMS





Ki-67=25%



EMA PR



SSTR2a



USCAP Meeting 2014:
Mod Pathol 27;Supp 2, 439A, 2014



H&E

EMA

SSTR2a



HPC MIII



HPC

EMA CD34



SFT/HPC Genetics

• Translocations and 
inversions of Chr 12q13

• NAB2-STAT6 fusion

Nat Genet. 2013;45(2):131-2. 

Acta Neuropathol. 2013;125(5):651-8.



STAT6

HPC Giant Cell SFT

ANA Meningioma ANA Meningioma
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NERVE SHEATH TUMORS







Cellular
Schwannoma

MPNST

S100

SOX10

Ki-67



Cellular
Schwannoma

MPNST

Neurofibromin

p16

EGFR
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PITUITARY NEOPLASMS
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GH
repressor

ADENOHYPOPHYSEAL DEVELOPMENT

*Diagnostically useful transcription factors
Modified from: Asa SL, Ezzat S.  

Annu Rev Pathol Mech Dis 2009:4:97-126
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GONADOTROPH ADENOMA



LH



SF-1



ACIDOPHIL STEM CELL ADENOMA



ACIDOPHIL STEM CELL ADENOMA

PRL CK AMA



GFAP

PITUICYTOMA



TTF1

PITUICYTOMA

S100



GRANULAR CELL TUMOR

Smear



GRANULAR CELL TUMOR

AMAAlpha-AT



TTF1



SPINDLE CELL ONCOCYTOMA



SPINDLE CELL ONCOCYTOMA



AMA TTF1

SPINDLE CELL ONCOCYTOMA
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CRANIOPHARYNGIOMA



ADAMANTINOMATOUS CRANIOPHARYNGIOMA



Beta catenin

ADAMANTINOMATOUS CRANIOPHARYNGIOMA



PAPILLARY CRANIOPHARYNGIOMA



PAPILLARY CRANIOPHARYNGIOMA



PAPILLARY CRANIOPHARYNGIOMA

BRAF V600E



Questions/Comments?


