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DIFFUSE GLIOMAS

•Cell types

– Astrocytomas (A)

– Oligodendrogliomas (O)

– Mixed oligoastrocytoma (MOA)

•Three WHO grades: II, III, IV



GLIOMA GRADING: WHO 2007

• Grade I = Benign

• Grade II = Low-grade

• Grade III = Anaplastic

• Grade IV = “GBM”





PROGNOSTIC VARIABLES

• Patient Age

• Histology

• KPS

• EOR

• Rx Response 
by Radiology

• Genetics
From: Perry A et al., Cancer 86:672-83, 1999







PATTERN RECOGNITION



HETEROGENEITY ISSUES



SAMPLING ERRORS



Molecular
Diagnostics?



aCGH                           FISH     LOH

1p/19q loss assessed by aCGH, FISH or LOH

Slide provide by Dr. David Louis, MGH

Mohapatra et al, J Molec Diagnostics 2006



OLIGODENDROGLIOMA (II-III)

• Age 30-40 years

• Corticotropism / seizures common

• Cerebral, especially frontal lobe

• Slow progression

• Survival ~10 years for grade II, 2-5 years 
for grade III, but higher for the 
“genetically favorable” (1p/19q deleted)

• 15-25% of diffuse gliomas



ANAPLASTIC OLIGODENDROGLIOMA
Paleologos N and Cairncross JG  Neuro-Oncology 1:63,1999

Pre-PCV Post-PCV



AO PATIENT SURVIVAL
Cairncross JG et al. JNCI 90:1473, 1998



OLIGO SURVIVAL BY 1p/19q FISH
Smith JS, Perry A et al. JCO 18:636, 2000



ANAPLASTIC OLIGODENDROGLIOMA
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RELATIVE DELETION
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1q42



FISH TESTING 1999-2009: N=2559

Glioma 1p/19q 19q only Gains Normal

Oligo (983)     86% 1% 23% 6%

MOA (1006)   17% 18% 60% 18%

Astro (452)     <1% 9% 69% 23%

P-value <0.001 <0.001 <0.001 <0.001

Modified from: Perry A et al., Frontiers Biosci 8:a1-9, 2003



CONSULT SERVICE VS REFERENCE LAB

• Change in diagnosis: ~20%

• Diagnoses other than diffuse glioma: N=116; 5%
– DNET or favor DNET: N=36

– PNET/high grade glioneuronal tumor: N=19

– GG/low grade glioneuronal tumor: N=17

– Pilocytic astrocytoma, N=12

– Reactive process/atypical gliosis, N=14

– Clear cell ependymoma: N=6

– Neurocytic neoplasms: N=6

– Astroblastoma: N=2

– Uncertain: N=4

• SC GBM: N=218; 9%



TIMING OF 1p/19q LOSS

• Early genetic alteration, but not the earliest

• Different regions of the same tumor 
discordant in only 1 case

• Discordant over multiple resections from 
same patient in 6 of 94 patients (6%)

– 2 different gliomas

– 2 different clones of same glioma

• IDH1 mutations earlier (discussed later)



CLINICAL FOLLOWUP COHORT

• FU until death or at least 5 years in 833 pts

• Death in 524 (63%), 0-28.5 years after dx

• WUSM=20%; consults=80%

• Age at diagnosis=4-90 (mean: 45.5) years

• Pediatric (<18 years)=2%; Adults=98%

• O=34%, MOA=39%, A=27%

• Gr. II=32%, Gr. III=42%, Gr. IV=26%



LONG SURVIVAL
• Survival >5 years in 466 patients

– 1p/19q del = 51%

– 51% O, 44% MOA, 5% A

• Survival >10 years in 179 patients

– 1p/19q del = 58%

– 60% O, 36% MOA, 3% A

• Survival >15 years in 51 patients

– 1p/19q del = 69%

– 63% O, 31% MOA, 6% A

• Longest Survivor: 28.5 years



SHORT SURVIVAL (<2 YEARS)

• N=242; 1/19q co-deletions in 14%

– Ages 21-75, median 52

– 8 grade II, 20 grade III, 6 grade IV

– Large and enhancing/ring-enhancing

– Intracranial hemorrhage?

– Peri-operative deaths?

– Diagnosed late in course?

• Of 1p/19q co-deleted cases (N=976), 3.5% died 
<2 years



IMPERSONATORS



SPECIFICITY: DNT, CN, EVN, CCE
Perry A et al., Frontiers Biosci 8:a1-9, 2003
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Raghavan et al. JNEN 62:530, 2003







MOA, WHO II-III





STUDY DESIGN 

• Washington Univ, St Louis (1987-2000)

– “MOA”

– “mixed glioma”

– “glioma NOS”

– “GBM with oligo features”

• 155 cases



PATHOLOGY REVIEW

• 5 experienced neuropathologists

– Classification: oligo, astro, MOA, glioma NOS

– Grade: II, III, IV, indeterminate

• Criteria for Inclusion in Study

– consensus diagnosis of MOA or glioma NOS

– no consensus between pathologists

(consensus = 3 of 5 pathologists in diagnostic agreement)



Summary of Molecular Alterations

deletion 

PTEN / 

DMBT1

26%

deletion 19q 

only

20%

combined 
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19q
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• Deletion 1p and/or 19q
Median 100.0 months

• No Alterations Detected
Median 85.0 months

• Amp EGFR or Del 10q or Del p16
Median 16 months

OVERALL SURVIVAL



MULTIVARIATE ANALYSIS

• Always included age and tumor grade
as the most powerful prognostic 
variables

• Models using genetic alterations may 
add additional independent prognostic 
information





MATERIALS/METHODS

• 138/189 (73%) classic oligodendroglial tumor 
specimens from 80 patients

• Dual color FISH
– 1p32/1q42

– 19p13/19q13

– CEP7/7p12 (EGFR)

– CEP9/9p21 (p16)

– 10q23 (PTEN)/10q25-26 (DMBT1)

• Followup until death (49%) or median of 8.6 yr



GENETICS VS. CELL TYPE

-1p/19q -19q -p16 -10q EGFR Poly

O (85%) 80% 1% 31%     1% 0 39%

MOA (15%)  39% 29% 48%   15% 4% 54%



GENETICS VS. GRADE

-1p/19q -19q -p16 -10q EGFR Poly

II (43%) 63% 6% 11% 0 0 20%

III (51%) 83% 4% 47% 5% 1% 54%

IV (5%) 70% 0 60% 10% 0 70%



GENETICS IN PRIMARY VS. 
RECURRENCE

-1p/19q -19q -p16 -10q EGFR Poly

P (41%) 71% 5% 18% 1% 0 16%

R (59%) 75% 6% 43% 5% 1% 54%









GLIOBLASTOMA VARIANTS
• Fibrillary

• Gemistocytic

• Giant Cell

• Gliosarcoma

• Adenoid

• Granular Cell

• Small Cell

• GBM with oligodendroglial features

• GBM with neuroblastic (PNET-like) features





GBM-O

Fig. 1.26 C (p 33)

O3 with PPN

Fig. 2.10 A (p 62)

WHO 2000 Classification



High-Grade Gliomas

• 1093 adults with primary cerebral HGG

− GBM = 581, AO = 216, AOA = 215, AA = 81

− WUSM ~50%, Consults ~50%

− Age: 21-90 years (Mean 52)

− M:F = 1.4

− Resection = 78%, Biopsy = 22%

• F/U until death (54%); mean: 1.5 years in rest

• Necrosis in 59%, MVP in 73%

• -1p/19q in 37% (of 570), EGFR amp in 33% (of 239), 
-10q in 61% (of 222)





42.0 m

9.8 m

40.1 m

86.8 m

P < 0.0001

WHO 2000 Criteria



Anaplastic Oligodendrogliomas (AO)

106 m77.4 m

P = 0.42



Anaplastic Oligoastrocytomas (AOA)

86.9 m22.8 m

P < 0.0001



P < 0.0001

Modified Criteria:
MOA with Necrosis = grade IV

22.8 m

9.8 m

40.1 m 86.8 m

86.9 m



1p/19q Status: HGOs

P < 0.0001



Genetic Characteristics
EGFR Amplification

Pts 12 135 59 31237

EGFR Amp

P < 0.05



Genetic Characteristics
Chromosome 10q (PTEN) Deletion

Pts 11 130 106 27221

-10q

P < 0.05



HR P

Age 2.2 0.001

Grade 2.1 0.001

1p & 19q codeletion 0.41 0.001

Oligo cytology 0.60 0.026

C index 0.783

Explained variation 52%

Multivariable (Cox Proportional Hazards) Analysis

After Modified Grading of High Grade Gliomas



CONCLUSIONS

• Whole arm 1p/19q codeletion is relatively specific to 
“genetically favorable” oligodendrogliomas in adults

• The relevant 1p/19q genes have yet to be identified

− Haploinsufficiency of multiple genes?

− Epigenetic mechanisms?

− Non-balanced translocation?

• 1p/19q codeletion is a very early, but not the earliest 
genetic event.  IDH1 probably earlier.

• Pediatric oligodendrogliomas likely utilize a different 
mechanism of tumorigenesis



• EGFR amplifications and 10q losses are sufficiently 
rare in oligos to consider other diagnoses (SC GBM).

• Other alterations likely play a role in the malignant 
progression of oligos and in the tumorigenesis of 
favorable MOAs. 

• The combination of light microscopy and molecular 
diagnostics will be more accurate than either one 
alone.

CONCLUSIONS





MECHANISM OF 1p/19q CODELETION







OTHER BIOMARKERS

• MGMT inactivation by methylation of 
CpG islands in promoter region

• IDH1 mutations

• Array based stratifiers

• Paradigm of targeted therapies



Hegi ME et al.,
NEJM 352;10:997, 2005



MGMT



Cancer Cell 9:157-173, 2006





Cancer Cell 17, 98–110, January 19, 2010











321(5897):1807-12, 2008







11(4):341-7, 2009



20: 245-54, 2009



IDH1 R132H IHC
Oligo Invading Cortex GGLF in an Oligo



Medical Education: CD 
Recording

• Neuropathology songs

• Common disorders

• 2nd Year medical 
students

• Memorization aid

• Fun way to learn!
www.neuropathsongs.com

iTunes or amazon.com 



Full Arrangements: Chris Bergmann – RFJ Music





O----ligodendroglio-oh-oh-ma, diffuse cerebral tumor of adults
Invading cortex, causing epilepsy; on imaging, often you are calcified
And although, you tend to progress over time, for long periods your fine
You're famous for your rounded nuclei, 
Clear haloes look like honeycombs or fried eggs
With branching chicken wire capillaries, and perineuronal satellitosis

O----ligodendroglio-oh-oh-ma, genetically, you are quite unique
With 1p and 19q deletions, from translocation with loss of one derivative
Represents a genetically favorable set, when FISH criteria are met

Anaplastic cases grow more rapidly, assigned a W.H.O. grade III
With microvascular proliferation, or increased mitotic activity
O----ligodendroglio-oh-oh-ma

Oligodendroglioma
Music to Ave Maria by F. Schubert, Lyrics by Arie Perry, MD


