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-OMICS AND PROGNOSTIC MARKERS

OM-01. NPAS3 IS A NEGATIVE PROGNOSTIC SURVIVAL
MARKER IN GLIOBLASTOMAS
Frederico Moriera1, Kelvin So2, Peter Gould3, and Deepak Kamnasaran4;
1Centre de recherche de l’Hôtel-Dieu de Québec, Quebec, QC, Canada;
2University Health Network, Toronto, ON, Canada; 3CHAUQ Hôpital de
l’Enfant-Jésus, Quebec, QC, Canada; 4Laval University, Quebec, QC,
Canada

BACKGROUND: Glioblastomas, the most common primary brain tumors
in adults, still continue to have a predominantly fatal outcome. We pre-
viously cloned NPAS3 (neuronal PAS 3), a gene which is among the
largest genes in the human genome and encodes a transcription factor. We
recently discovered NPAS3 drives the progression of malignant astrocytomas
as a tumor suppressor, by modulating the cell cycle, proliferation, apoptosis,
and cell migration/invasion, and has a further influence on angiogenesis. In
human glioblastoma surgical specimens, up to 75% demonstrate aberrant
NPAS3 protein expression. In this study, we evaluated the expression of
NPAS3 in the overall survival of patients diagnosed with glioblastomas.
METHODS AND RESULTS: We examined a panel of glioblastomas from
77 postoperative patients who had total resection of the tumor.
Postoperative patients were treated by standard adjuvant radiation therapy
(60 Gy, 6 to 7 weeks) combined with chemotherapy, with a study follow-up
not exceeding 30 months. Among the glioblastomas, 28 had absent, 18 had
elevated, and 31 had normal NPAS3 expression. There were 54 males and 23
females in this study, with a median age of 59 years. In this study, patients
with glioblastomas who had absent NPAS3 expression were identified as
having the poorest overall survival compared with patients with glioblasto-
mas who had normal or elevated NPAS3 expression (log-rank P value
,0.001). Such a trend is still maintained even when patients are stratified
among different age groups (,60 and .60 years). However, no significant
difference in overall survival among patients with glioblastomas who had
either normal or elevated NPAS3 expression was noted (log-rank P value
.0.05). Likewise, no significant difference in gender versus overall survival
noted. CONCLUSION: Our findings are of clinical importance by demon-
strating that NPAS3 is an informative negative prognostic survival marker
in patients with glioblastomas.

OM-02. PRELIMINARY USE OF DIFFERENTIAL SCANNING
CALORIMETRY OF CEREBROSPINAL FLUID, BRAIN TUMOR
CELLS LINES, AND PATIENT TUMOR SAMPLES:
CORRELATION WITH TUMOR HISTOLOGY AND PATIENT
OUTCOME
Randy L. Jensen; Huntsman Cancer Institute, University of Utah,
Salt Lake City, UT

INTRODUCTION: Thermal stability signatures of complex molecule
interaction in biological fluids can be measured using a new approach
called differential scanning calorimetry (DSC). The thermal stability of
plasma proteome has been described previously as a method of producing
a disease-specific “signature,” termed thermogram, in several neoplastic
and autoimmune diseases. We describe the preliminary use of DSC per-
formed on cerebrospinal fluid (CSF) brain tumor cell cultures and human
brain tumor tissue samples to create unique thermograms for correlation
with histological tumor classification. METHODS: Samples of CSF from 9
patients with confirmed glioblastoma multiforme (GBM) were evaluated
using DSC, and the thermogram signatures were evaluated. These thermo-
grams were compared with thermograms of CSF taken from patients with
non-neoplastic conditions such as head trauma, hydrocephalus, or CSF
leak. Further analysis was also performed on CSF from patients who had
non-GBM neoplastic conditions such as carcinomatosis meningitis or
central nervous system lymphoma or leukemia. With these established tech-
niques, we then used the same technique to examine cell lines (3 GBM and 2
meningioma) and brain tumor tissue samples (10 GBM, 5 oligodendroglio-
mas, 5 low-grade astrocytomas, and 10 meningiomas) with confirmed
histological diagnosis. RESULTS: The DSC thermograms of CSF of the
patients with GBM were significantly different from the other neoplastic

and non-neoplastic cases. The melting temperature of the major transition
was shifted by 58C, which makes it easily distinguishable from control
cases. DSC profiles of glioma and meningioma cell lines are distinctly differ-
ent. Brain tumor sample analysis correlates with the cell line work with dis-
tinct GBM, oligodendroglioma, low-grade astrocytoma, and meningioma
“signatures.” CONCLUSIONS: Our results are very preliminary, but it
appears that the DSC of CSF has potential utility in diagnostics and monitor-
ing disease progression in GBM patients. DSC of processed tumor samples
seems to display unique “signatures” for different brain tumor histological
classifications.

OM-03. USING NEUROFIBROMATOSIS-1 AS A MODEL
SYSTEM TO DEFINE DISEASE HETEROGENEITY
Ibrahim Hussain and David H. Gutmann; Washington University School of
Medicine, St. Louis, MO

Advances in DNA sequencing technology and genomic profiling have
positioned clinicians at the precipice of personalized medicine. However,
approaches to individualizing health care by defining genotype-phenotype
relationships in complex, multifactorial diseases must first be developed
for heterogeneous single-gene disorders. Neurofibromatosis-1 (NF1) is a
common inherited cancer predisposition syndrome caused by a germline
mutation in the NF1 tumor suppressor gene. NF1 can affect nearly every
organ system in the body, with individuals developing a wide spectrum of
clinical problems ranging from pigmentary abnormalities (e.g., café-au-lait
macules) to central and peripheral nervous system tumors. To develop the
necessary research infrastructure to address phenotypic heterogeneity in
NF1, we have developed a clinically-annotated DNA biorepository. To
date, we have collected blood samples and detailed clinical data from 56 indi-
viduals. Among significant clinical features observed in our cohort, 46%
(n ¼ 26) have food or environmental allergies, 39% (n ¼ 22) have learning
disabilities, 27% (n ¼ 15) have plexiform neurofibromas, and 25% (n ¼
14) have brain tumors. Future sequencing and genomic analyses will
involve collaborations with The Genome Institute at Washington
University. By successfully establishing a DNA bank, clinical database, and
multidisciplinary collaboration, we have used NF1 as a platform for future
hypothesis generation as well as to evaluate specific genotype-phenotype
relationships. The system we have developed may result in the stratification
of individuals with NF1 into clinically and molecularly relevant subgroups,
which will allow for predictive risk assessment and could potentially identify
patients with high probabilities of responding to individualized therapies. If
successful for a clinically heterogeneous single-gene disorder like NF1, this
approach could be applied to other disorders in which clinical heterogeneity
represents an obstacle to individualized patient management and therapy.

OM-04. MULTIDIMENSIONAL INTEGRATED MOLECULAR
PROFILING OF GRADE II & III DIFFUSE ASTROCYTOMAS
REVEAL DISTINCT SUBCLASSES CORRELATED WITH
CLINICAL OUTCOME
Daniel Gorovets, Edward R. Kastenhuber, Elena Pentsova, Lakshmi Nayak,
and Jason T. Huse; Memorial Sloan-Kettering Cancer Center,
New York, NY

Diffuse astrocytomas exhibit a remarkable range of histopathological and
biological behaviors. Whereas patients with glioblastoma (WHO grade IV)
have uniformly dismal prognoses, survival of patients with low- and
intermediate-grade astrocytomas (WHO grade II and III) is extremely vari-
able. In this study, we performed a multidimensional, integrated molecular
analysis on a large sample set (n ¼ 134) of formalin-fixed paraffin-embedded
WHO grade II-III diffuse astrocytomas in order to stratify patients into
biologically and clinically relevant subtypes. Alterations of IDH 1/2, p53,
PTEN, EGFR, and PDGFR genes were examined using Sequenom and
focused sequencing analyses. Immunohistochemistry was employed for
oncogenic pathway analysis. Additionally, using the Illumina DASL assay,
whole-genome transcriptional profiling was performed on a subset of
tumors (n ¼ 76). Our results not only confirm that patients with IDH 1/2
mutations live significantly longer than patients without, but that IDH
mutation status and survival are also significantly correlated with total
PDGFR positivity by IHC and p53 mutation, while anticorrelated with the
level of EGFR activation. Global transcriptional profiling revealed distinct
patterns of gene expression (designated clusters A, B, and C) that are strongly
associated with differential histological, genomic, proteomic, as well as clini-
cal measures. Cluster A (n ¼ 14) consisted mostly of grade II, IDH 1/2
mutants, p53 wild-type, PDGFR positive, p-EGFR negative tumors, with
the most favorable relative prognoses. Cluster B (n ¼ 42) was comprised of
both grade II & III, largely IDH 1/2 mutants, p53 mutant, PDGFR positive,
and p-EGFR negative tumors, with intermediate prognoses. Cluster C
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(n ¼ 20) was made up of mostly grade III, IDH 1/2 wild-type, p53 wild-type,
PDGFR negative, p-EGFR positive tumors, with the worst relative prog-
noses. Our results demonstrate that transcriptional signatures with intrinsic
prognostic value not only exist among low- and intermediate-grade diffuse
astrocytomas, but also likely represent important differences in tumor
biology and potential therapeutic response.

OM-05. A CPG ISLAND HYPERMETHYLATED PHENOTYPE
(CIMP) IN ANAPLASTIC OLIGODENDROGLIAL BRAIN
TUMORS IS A BETTER PREDICTOR OF SURVIVAL THAN
MGMT METHYLATION. A REPORT OF EORTC STUDY 26951
Martin J. van den Bent1, Lonneke A. Gravendeel2, Thierry Gorlia3,
Johan M. Kros2, Pieter Wesseling4, Johannes Teepen5, Ahmed Idbaih6,
Marc Sanson6, Peter A Sillesvis Smitt7, and Pim J. French7; 1Daniel den Hoed
Cancer Center, Rotterdam, Netherlands; 2Erasmus University Hospital,
Rotterdam, Netherlands; 3EORTC, Brussels, Belgium; 4Radboud University
Hospital Nijmegen, Nijmegen, Netherlands; 5St. Elisabeth Gasthuis,
Tilburg, Netherlands; 6Groupe Hospitalier Pitie Salpetriere, Paris, France;
7Erasmusm University Hospital Rotterdam, Rotterdam, Netherlands

BACKGROUND. Surprisingly, in the randomized EORTC 26951 on PCV
chemotherapy in anaplastic oligodendroglial tumors (AOT), MGMT promo-
ter methylation was correlated to a superior progression-free survival (PFS)
after radiotherapy (RT) alone. Because there is no biological explanation
for this, we hypothesized MGMT promoter methylation is a marker of
genome-wide methylation. MATERIAL AND METHODS. Methylation
profiling (Illumina Human Methylation 27 bead chip) was performed on
snap frozen tumor samples of 68 patients with oligodendroglial brain
tumors and one normal brain. Fifty of these patients were treated as part
of the EORTC 26951 study. The remaining patients received highly
similar treatment paradigms. Hierarchical ordered partitioning and collap-
sing hybrid (Hopach) clustering was performed using the 2000 most variably
methylated CpG loci. The forward stepwise analysis was performed to select
for variables with independent prognostic value. RESULTS. Two main clus-
ters were identified that were highly stable. These clusters could be separated
by extensively methylated (CIMP) versus unmethylated CpG loci. Overall
survival (OS) in the CIMP subgroup was markedly better than OS in the
unmethylated subgroup (5. 62 vs. 1.24 years, P , 0.0001). CIMP status
was strongly correlated to IDH1 mutational status and 1p19q LOH (both
P , 0.001) and MGMT promoter methylation (for all P , 0.001). In a prog-
nostic model that included all biological factors (IDH1 mutation, 1p/19q
LOH, MGMT methylation and CIMP) and histology, CIMP status was
the only factor selected (P , 0.0001).We validated our results on methyl-
ation profiling data from the cancer genome atlas (TCGA) by assigning
TCGA samples to one of the molecular clusters identified in our data set.
CONCLUSION. Genomic wide methylation profiling identifies 2 main sub-
groups of oligodendroglial brain tumors. CIMP is a strong prognostic factor.
The correlation between CIMP and MGMT promoter methylation in grade
III AOT suggests that MGMT promoter methylation is “only” an epipheno-
menon of genomic wide methylation.

OM-06. MIR-181D: A PREDICTIVE GLIOBLASTOMA
BIOMARKER THAT DOWNREGULATES MGMT EXPRESSION
Wei Zhang1, Jing Zhang2, Katherine Hoadley3, Bob Carter4, Shouwei Li1,
Chunsheng Kang5, Yongping You6, Chuanlu Jiang7, Sonya Song8, Tao Jiang1,
and Clark Chen9; 1Department of Neurosurgery, Tiantan Hospital, Beijing,
China; 2Beijing Inst. of Genomics, Beijing, China; 3Dept of Genetics,
University of North Carolina at Chapel Hill, NC; 4Division of Neurosurgery,
University of California, San Diego, CA; 5Laboratory of Neuro-Oncology,
Tianjin Hospital, China; 6Dept of Neurosurgery, Jiangsu Provincial People’s
Hosp, Nanjing, China; 7Dept of Neurosurgery, Harbin Medical University,
Harbin, China; 8Peking University School of Oncology, Beijing, China;
9Dana Farber Cancer Institute, Boston, MA

A major advance in glioblastoma therapy entailed the discovery that the
DNA alkylating agent, temozolomide (TMZ), which confers survival
benefit when combined with radiation therapy. Despite data suggesting
that approximately 10% of the patients undergoing this therapy achieve
5-year survival, all glioblastoma patients undergo the therapy because it is
currently impossible to predict which patients will experience a beneficial
therapeutic response. Thus, a major challenge in neuro-oncology involves
developing biomarkers that would facilitate such prediction. To identify
such biomarkers, we conducted genome-wide microRNA (miRNA) profiling
of 82 glioblastomas. We found that miR-181d inversely associated with
patient survival after correcting for age, Karnofsky performance status
(KPS), temozolomide (TMZ) treatment, and extent of resection. This associ-
ation was observed using 3 distinct biostatistical methods of analysis.

Furthermore, the association was validated using The Cancer Genome
Atlas (TCGA) data set (n ¼ 424) as well as another independent patient
cohort (n ¼ 35). The association was most evident in patients who under-
went TMZ treatment. Bioinformatic analysis of potential genes regulated
by miR-181d revealed methyl-guanine-methyl-transferase (MGMT) as a
downstream target. Indeed, transfection of miR-181d downregulated
MGMT mRNA and protein expression. Furthermore, luciferase reporter
assays and coprecipitation studies revealed direct interactions between
miR-181d and MGMT 3’UTR. Finally, MGMT expression inversely corre-
lated with miR-181d expression in 2 independent glioblastoma collections.
In the context of the known prognostic and predictive value of MGMT in
glioblastoma patients, our results suggest that the observed correlations
between miR-181d and glioblastoma patient survival are, at least in part,
related to posttranscriptional regulation of MGMT. We propose
miR-181d as a novel predictive biomarker for TMZ therapy.

OM-07. THE MGMT-DEPENDENT “METHYLOME”
IN GLIOBLASTOMA AND ANAPLASTIC GLIOMA
Christiane Grimm1, Markus Weiler1, Rainer Claus1, Dieter Weichenhan1,
Christian Hartmann2, Christoph Plass1, Michael Weller3, and
Wolfgang Wick2; 1German Cancer Research Center, Heidelberg, Germany;
2Heidelberg University Hospital, Heidelberg, Germany; 3University Hospital
Zürich, Zürich, Switzerland

Results from the NOA-04 clinical trial on anaplastic gliomas revealed that
silencing of the MGMT gene by promoter methylation was associated with
prolonged progression-free survival in the chemotherapy but also in the
radiotherapy arm. This contributes to the perception that loss of the
MGMT protein does not solely explain the differential responsiveness to
treatment, but that it is a surrogate marker for a set of epigenetically regu-
lated genes (methylome) of biological and clinical relevance. We performed
a genome-wide screen using an Infinium II Illumina Methylation Assay and
identified a set of 39 genes that displayed a highly significant differential
methylation signature depending on the MGMT promoter methylation
status in 8 tissue specimens (4 MGMT promoter methylated; 4 MGMT
unmethylated) derived from a prospective phase II glioblastoma trial
(UKT-05; Weiler et al. 2008). Out of those, we validated 16 differentially
methylated genes using MassARRAY in 34 tissue specimens from the
UKT-05 trial. Statistical analysis revealed single CpG sites that showed
significant differences in the methylation status between the 2 groups.
Having ranked these single CpG sites according to the average methylation
of all CpG sites of the amplicon, further experiments in independent datasets
will focus on 6 of these genes. Furthermore, we analyzed the
MGMT-dependent methylation patterns in anaplastic glioma specimens
derived from the NOA-04 trial. To strengthen genome-wide DNA methyl-
ation assessment, we used 2 screening techniques, methyl-CpG immunopre-
cipitation (n ¼ 4) and the Infinium II Illumina Methylation Assay (n ¼ 12).
Identification of differentially methylated regions was performed combining
both approaches and revealed 47 highly significant candidate genes. These
will also be validated by MassARRAY in the data set of the NOA-04 trial
(Wick et al. 2009). Our work reveals novel candidate genes associated
with the MGMT promoter methylation status that are of potential
prognostic or predictive value for glioblastoma and anaplastic glioma.

OM-08. FINE MAPPING OF THE GERMLINE 8Q24 REGION
ASSOCIATED WITH THE DEVELOPMENT OF
OLIGODENDROGLIOMA
Robert B. Jenkins1, Hugues Sicotte1, Yuanyuan Xiao2, Brooke L. Fridley1,
Paul A. Decker1, Matthew L. Kosel1, Thomas M. Kollmeyer1, Stephanie
R. Fink1, Amanda L. Rynearson1, Terri Rice2, Lucie S. McCoy2,
Ivan Smirnov2, Tarik Tehan2, Helen M. Hansen2, Joseph S. Patoka2, Michael
D. Prados2, Susan M. Chang2, Mitchel S. Berger2, Daniel H. Lachance1, John
K. Wiencke2, Joseph L. Wiemels2, and Margaret R. Wrensch2; 1Mayo Clinic,
Rochester, MN; 2University of California, San Francisco, CA

Although germline polymorphisms mapped to chromosome region 8q24
near the CCDC26 gene have been associated with oligodendrogliomas and
mixed oligoastrocytomas (MOA) with combined 1p/19q deletion (Jenkins
et al., Cancer Genetics 204:13;2011), the causative germline alterations
have not yet been elucidated. We have undertaken a combined custom single-
nucleotide polymorphism (SNP) array, sequencing, and genotype imputation
approach to identify candidate causative germline alterations. We first eval-
uated 89 SNPs within or near the CCDC26 gene in 390 oligodendroglioma
and MOA cases and in 724 controls from the Mayo Clinic and UCSF Adult
Glioma Study using a custom SNP array. With these data, we defined regions
near the CCDC26 gene that are associated with these glioma subtypes. We
then performed long-range PCR/pooled next-generation sequencing of this
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region (in 4 pools) using 406 oligodendroglioma/MOA cases and 818 con-
trols. With the custom SNP data, we also imputed genotypes using the
1000 Genomes data set. Using these approaches, we identified over 2100 var-
iants with control or case allele frequencies greater than 1%. Over 400 can-
didate variants had nominally significant different (p,0.05) prevalences
between cases and controls in one or more of the analyses. Twenty-eight var-
iants have not been reported in publicly available data sets. Several variants
have effect sizes .3.0 for oligodendroglioma/MOA in more than one analy-
sis approach. We are currently reassessing the prevalence of the rare and
novel variants in our cases and controls using a second custom SNP array.
It is likely that several of the variants we have identified will be significantly
associated with oligodendroglioma/MOA development and with further
validation may become predictive markers. Functional analyses will be
necessary to understand the biology that specifically links them to glioma
development.

OM-09. CANCER PATHWAY DISCOVERY IN A MOUSE MODEL
OF MEDULLOBLASTOMA
Melanie Hayden Gephart1, Eunice Lee2,
Sofia Kyriazopoulou-Panagiotopoulou1, Ljiljana Milenkovic1, Xu Xun3,
Yong Hou3, Wu Kui3, Michael Edwards1, Serafim Batzoglou1, Wang Jun3,
and Matthew Scott1; 1Stanford University, Stanford, CA; 2National
Institutes of Health, Stanford, CA; 3Beijing Genomics Institute,
Shenzhen, China

OBJECTIVE: Aberrant Hedgehog (Hh) target-gene activation causes a
significant percentage of medulloblastomas (MB), the most common pedi-
atric brain tumor. In our ptch +/2;Math1-GFP mouse model of
Hh-dependent MB, 15% of mice develop MB; however, .90% develop
pretumor lesions that do not progress to MB. This is a unique pretumor
model that can be used to identify additional genetic changes contributing
to tumorigenesis. MATERIALS AND METHODS: DNA was prepared
from MB and normal surrounding cerebellar tissue from ptch
+/2;Math1-GFP mice and was used for whole-genome sequencing. The
data were analyzed, aligning the mate-pair reads to the reference mouse
genome (NCBI Build 37, mm9). Chromosomal structural variants (inser-
tions, deletions, duplications, inversions, and translocations) were detected
in each sample separately. Variants that appeared in the tumor samples
but not in the corresponding normal samples were selected, as tumor-
specific variants are likely to be relevant to MB development. These
data are being compared with human and mouse MB gene expression
data to derive new hypotheses about genes contributing to the develop-
ment of MB. RESULTS: We identified 15 distinct genetic mutations that
occur in MBs but not in normal surrounding cerebella. CONCLUSION:
The identification of combinations of genetic lesions that can trigger or
sustain MB will guide hypotheses about tumor development, paving the
way for new and more effective medical therapies. We will proceed to
test these hypotheses in our mouse model, ptch +/2; Math1-GFP,
which most accurately represents the human pediatric disease.

OM-10. USING PRECISION PROTEOMICS TO ANALYZE
OF HISTONE POSTTRANSLATIONAL MODIFICATIONS
IN GLIOMAS
Jennifer E. Hobbs, Jeremiah Tipton, Tom Zhou, Neil L. Kelleher, and James
P. Chandler; Northwestern University, Chicago, IL

Malignant gliomas represent the most common and lethal brain tumors
involving the cerebral hemispheres of adults. Previous research clearly
demonstrates that chromosomal aberrations and epigenetics can drive glio-
magenesis. Our research seeks to identify histone modifications via mass
spectrometry that impact chromatin regulation in gliomas. To this primary
endpoint, frozen tissue samples and cell lines derived from tissue samples
were utilized for histone isolation followed by mass spectrometry.
Following analysis of histone H3, a source of site-specific, posttranslational
modifications known to directly impact gene regulation, we profiled the
differences in the methylation and acetylation states of K4 (regulator of tran-
scriptional activation), K9, K14, K27 (regulator of transcriptional repres-
sion), K36, and K79. Preliminary data includes analysis of histones from
HeLa S3 and other primary glioma cell lines. Currently, technical triplicates
of each sample have a coefficient of variation (CV) of 2-20%. The CV is cur-
rently dependent on the abundance of the measured mark, i.e. trimethylation
of K4 and K79 have low abundance and thus higher CVs. The above
approach may define the variation in methylation and acetylation that
occurs in high-grade gliomas. Our mass spectrometric-based approach
allows for rapid analysis of relevant histone modifications of cells and
tissue samples and may ultimately lead to precision proteomics being
involved in making therapeutic decisions.

OM-11. 18F-FLT-PET UPTAKE DYNAMICS AND OVERALL
SURVIVAL PREDICTIONS FOR PATIENTS WITH RECURRENT
HIGH-GRADE GLIOMA ON BEVACIZUMAB THERAPY
Johannes Schwarzenberg, Johannes Czernin, Timothy Cloughesy,
Benjamin Ellingson, Cheri Geist, Mike Phelps, and Wei Chen; University of
California at Los Angeles, Los Angeles, CA

OBJECTIVE: Recent successes of anti-angiogenic drugs in the treatment of
malignant glioma patients has led to a widespread incorporation of bevacizu-
mab in the treatment modalities of these devastating tumors. Although not
effective in all patients, it has been shown to significantly prolong life in
responding patients. In an effort to stratify responders versus nonresponders,
we performed a series of 18F-FLT-PET scans in 30 patients on bevacizumab
treatment. This study aims at correlating 18F-FLT uptake with overall
patient survival. METHODS: Thirty patients with recurrent high-grade
glioma underwent 18F-FLT-PET scans prior to the beginning of bevacizumab
treatment and at 2 and 6 weeks. 18F-FLT responses at different time points
were compared with MRI response and correlated with progression-free
survival and overall survival using Kaplan-Meier analysis. RESULTS:
18F-FLT-PET uptake changes were more predictive for overall survival
(P ¼ 0.0001) as well as progression-free survival (P ¼ 0.0006) than was the
MRI study. Sixteen responders and 14 nonresponders were identified with
the median overall survival of 12.5 months for responders versus 3.8
months for nonresponders. An initial drop of mean 18F-FLT uptake was
observed for all patients at 2 weeks. At 6 weeks, those with more than
12-month survival maintained the mean SUV decrease of 47% from baseline,
whereas the group with less than 12-month survival had a mean SUV rebound
to the baseline value. CONCLUSION: 18F-FLT uptake changes during beva-
cizumab treatment of recurrent high-grade gliomas are predictive of patient
survival. The observed effects of bevacizumab treatment on 18F-FLT SUV,
the initial decrease and subsequent divergent behavior of uptake values,
may be indicative of the complexity of bevacizumab ‘s antineoplastic effects.

OM-12. ABSOLUTE QUANTITATIVE PROTEOMICS-BASED
TAILORED MOLECULAR TARGETED THERAPY FOR
GLIOBLASTOMA
Mitsutoshi Nakada1, Yutaka Hayashi1, Wataru Obuchi2, Sumio Ohtsuki2,
Takuya Watanabe1, Chiemi Ikeda2, Kouichi Misaki1, Daisuke Kita1,
Yasuhiko Hayashi1, Naoyuki Uchiyama1, Tetsuya Terasaki2, and
Jun-ichiro Hamada1; 1Kanazawa University, Kanazawa, Japan; 2Tohoku
University, Sendai, Japan

INTRODUCTION: Tailored chemotherapy based on gene diagnosis is
ideal for human malignant tumors. Molecular-targeted drugs that act on
growth-factor receptors are being tested for human glioblastomas (GBMs).
However, tailored molecular-targeted therapy is not established for GBM.
Protein expression levels of target molecules in the tumor may be a
suitable indicator for the efficacy of molecular-targeted drugs. The purpose
of this study is to clarify the absolute protein expression levels of membrane
proteins that are the targets of molecular-targeted drugs in GBM.
MATERIALS AND METHODS: We analyzed tumor samples resected
during surgery with absolute quantitative target proteomics. The mass spec-
trometer was set up to run a multichannel reaction monitoring for 13 target
membrane proteins for which molecular-targeted drugs are available. Our
absolute quantitative proteomic analysis is able to quantify the protein
expression levels of targets with high accuracy (coefficient of variation,
,20%). RESULTS: Absolute protein levels allowed us to compare the
expression levels among different target molecules and among different
patients. The data showed that GBM (n ¼ 27) could be classified into 4
groups based on the dominant expression of target molecules: 1) EGFR, 2)
ERBB2, 3) PDGFRalpha, and 4) others. The patients with high expression
of VEGFR (n ¼ 5) were involved in EGFR group. Bevacizumab, which
binds to and inhibits VEGFA, was administered to the patient with high
expression of VEGFR and showed a remarkable effect. CONCLUSIONS:
This result suggests that absolute quantitative proteomics is useful for iden-
tifying target molecules. Quantitative proteomics-based tailored molecular-
targeted therapy might be ideal for the treatment of GBM patients.

OM-13. ELUCIDATION OF RESISTANCE TO TEMOZOLOMIDE
IN GLIOBLASTOMA MULTIFORME
Lotte Hiddingh1, Bastiaan Tops2, Esther Hulleman1, Gert-Jan L. Kaspers1,
W. Peter Vandertop1, Pieter Wesseling2, David P. Noske1, Tom Wurdinger1,
and Judith W. Jeuken2; 1VU University Medical Center, Amsterdam,
Netherlands; 2RUNMC, Nijmegen, Netherlands

Combined therapy of surgery, radiotherapy, and temozolomide (TMZ) is
the current standard-of-care for patients with glioblastoma multiforme
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(GBM). Despite this multimodality treatment, prognosis for these patients is
still dismal. While adding TMZ to radiotherapy resulted in an overall
increase in the life expectancy of GBM patients, in some patients the
tumors do not seem to be sensitive to TMZ (intrinsic resistance).
However, a substantial percentage of patients initially show a favorable
response to TMZ but later present with recurrent tumor growth that has
developed resistance to TMZ. In this study, we investigated the mechanisms
involved in acquired resistance to TMZ in GBMs to identify a gene
expression/genome profile predictive for TMZ resistance. We created 6
TMZ resistant clones of 3 different human GBM cell lines. We used
genomic tools (gene-expression analysis, CGH analysis) to identify factors
involved in TMZ resistance within these resistant GBM subclones. Data
analysis revealed a subset of transcripts consistently overexpressed in the
resistant subclones versus the parental cell lines. The overexpression of a
number of these transcripts was confirmed by qRT-PCR. Subsequently,
these transcripts were validated by in silico gene-expression data analysis
in publically available data sets of GBM samples and in available primary
GBM samples. The genes overexpressed in all 6 TMZ resistant subclones
were implemented in a prediction model to assess the ability of these genes
to predict outcome in a cohort of GBM patients. This prediction model
has the capacity to classify patients into outcome groups in which the
patients with overexpression of these genes have a shorter overall survival
compared with the patients with moderate expression of these genes. Here,
we show that a specific subset of deregulated genes could be used to
predict TMZ resistance in GBMs and this could potentially lead to patient
stratification for therapy selection.

OM-14. GENOME-WIDE ANALYSIS OF CLINICALLY
SIGNIFICANT CPG METHYLATION SITES IN GLIOBLASTOMA
MULTIFORME
Alfred Pokmeng See, Taeyoung Hwang, Dongjin Shin, Joo Heon Shin,
Yuan Gao, and Michael Lim; Johns Hopkins University School of Medicine,
Baltimore, MD

INTRODUCTION: Recent studies, such as the description of the glioma
CpG island methylator phenotype, highlight the role of epigenetic modifi-
cation in gliomagenesis. Prior GBM methylome studies have been limited
in the breadth and depth of their sets (,70 glioma, ,10 controls, ,2000
CpG sites). This restricted our analysis to genome-wide descriptions and
supervised clustering of limited methylation sites. We used our set of
control brains, the largest high-resolution set described in literature, to sup-
plement the samples from The Cancer Genome Atlas (TCGA: 275 GBM, 1
control). We used unsupervised clustering to define subtypes of GBM based
on methylation at individual CpG sites and to investigate associations
between these subtypes and overall survival. METHODS: We used CpG
methylation microarrays (25,014 CpG sites) of 275 TCGA GBM specimens
and of our group’s 66 age-range matched perimortem brain specimens from
patients with no history of neurological disorders. We selected 1% of the
assayed CpG sites based on highest variance in methylation. Unsupervised
clustering was performed across the CpG sites and across the specimens.
While controlling for MGMT methylation status, overall survival of each
subtype was compared using Kaplan-Meier survival curves. The biological
relevance of these sites was assessed using gene ontology term-enrichment
analysis. RESULTS: Unsupervised clustering, based on the 249 highest vari-
ation methylation sites, successfully distinguished control from GBM speci-
mens. Furthermore, it differentiated the GBM specimens into 4 subtypes.
Of these subtypes, 2 have longer survival and 2 have similarly shorter survival.
In gene ontology analysis, the GBM hypermethylated genes were
pro-apoptotic and cell differentiating, while GBM hypomethylated genes
were pro-cell proliferation and inflammation modulating. CONCLUSION:
In this study, using unsupervised clustering on the largest set of GBM and
control specimens and a high resolution CpG methylation array, we identified
249 CpG sites that defined 4 subtypes of GBM that have distinct prognoses.

OM-15. DICKKOPF-3 (DKK-3) PROTEIN IN CEREBROSPINAL
FLUID (CSF): A POTENTIAL BIOMARKER FOR NEOPLASTIC
MENINGITIS
Markus Hutterer1, Medinger Michael2, Untergasser Gerold2,
Steinlechner Karin2, Gstrein Ingrid2, Deisenhammer Florian2, Muigg Armin
2, Trinka Eugen1, Gunsilius Eberhard2, and Stockhammer Günther2;
1Paracelsus Medical University Salzburg, Salzburg, Austria; 2Medical
University Innsbruck, Innsbruck, Austria

BACKGROUND. New markers in CSF are needed to improve the diag-
nostic accuracy for neoplastic meningitis (NM). Here, we determined the
value of Dkk-3-glycoprotein in CSF and serum as a potential biomarker
for NM. METHODS. Dkk-3 concentrations were measured by ELISA in

matched samples of CSF and serum from 156 patients (pts): meningeosis car-
cinomatosa (MC, n ¼ 33), meningeosis leukemica/lymphomatosa (ML, n ¼
13), pts with cancer with or without brain metastases but in the absence of
concomitant NM (non-NM, n ¼ 25), bacterial (BM, n ¼ 25) and viral
(VM, n ¼ 20) meningitis, multiple sclerosis (MS, n ¼ 10), and pts with
tension-type headache (HA, n ¼ 30). RESULTS. There were significant
differences of CSF-Dkk-3 levels (mean+ SEM) between the following
groups (p ¼ 0.0001, Kruskal-Wallis): MC 883 ng/mL+406, ML
1499 ng/mL+1579, non-NM 650 ng/mL+278, BM 683 ng/mL+290,
VM 901 ng/mL+370, MS 587 ng/mL+226, and HA 579 ng/mL+
320. In all groups significantly higher amounts of CSF-Dkk-3 compared
with serum were found (HA mean 40 ng/mL+22, 14.6 times higher).
CSF-Dkk-3 levels were higher in ML than in MC pts (p ¼ 0.041, t-test).
CSF-Dkk3 significantly distinguishes MC/ML from non-NM (p ¼ 0.017/
p ¼ 0.012), BM (p ¼ 0.041/p ¼ 0.016), MS (p ¼ 0.034/p ¼ 0.036), and
HA (p ¼ 0.001/p ¼ 0.003) pts. VM pts also showed high CSF-Dkk-3
levels, but levels were not discriminative between NM or VM. In VM pts
serum-Dkk-3 levels were significantly higher compared with all other
groups (VM 53 ng/mL+18 vs. HA 40 ng/mL+22, p ¼ 0.001). During
intrathecal treatment, CSF-Dkk-3 levels correlated to treatment response.
CONCLUSIONS. In pts with NM and VM, significantly higher amounts
of Dkk-3 are released into the CSF. Therefore, Dkk-3 does not represent a
specific biomarker for NM. After exclusion of VM, however, Dkk-3 may
be useful for both the diagnosis and treatment response evaluation of NM.

OM-16. GENE EXPRESSION PROFILING OF GLIOBLASTOMAS
IS MORE ACCURATE THAN RECURSIVE PARTITIONING
ANALYSIS AND MGMT METHYLATION FOR PREDICTING
TEMOZOLOMIDE RESPONSIVENESS
Robert W. Cook and Kristen Oelschlager; Castle Biosciences Incorporated,
Friendswood, TX

Glioblastoma (GBM) is an aggressive cancer with median overall survival of
15 months following today’s standard-of-care treatment of tumor resection
followed by radiation therapy with concomitant and maintenance temozolo-
mide (TMZ). GBM patients benefit from a combination of radiation therapy
and chemotherapy compared with radiation therapyalone, but not all patients
respond favorably to TMZ. Within the TMZ-treated population, 2 groups
emerge: short-term (, 2 years survival) and long-term survivors. There are
several predictors of TMZ response, including recursive partitioning analysis
(RPA), MGMT methylation, and a clinically available gene expression profile
(GEP) test. While RPA class assignment takes into account several clinical
characteristics of the patient, MGMT methylation analysis was developed
under the directed hypothesis that silencing this DNA-repair gene enhances
the activity of the alkylating agent TMZ, and GEP techniques have identified
tumor cell genetic differences that distinguish short-term from long-term sur-
vivors. The power to predict survival has been compared between RPA and
MGMT and between MGMT and GEP, but it has not been compared
between RPA and GEP. We report a cross-study analysis evaluating TMZ
responder data from the EORTC (EORTC 26981/22981-NCIC CE3), a mul-
ticenter TMZ registration study, and two resection sequential validation
studies performed at The University of Texas MD Anderson Cancer Center.
The results of the cross-study indicate that median overall survival is consist-
ent between RPA and GEP (15 and 16 months, respectively), but that TMZ
treatment response for long-term survivors was significantly higher when stra-
tifying patients according to GEP class (differential of 74 months) compared
with RPA class (differential of 11 months) or MGMT methylation status
(differential of 23 months). The results reflect greater accuracy of GEP over
RPA and MGMT methylation for predicting TMZ treatment response and
suggest that GEP testing can provide patients with the best information
regarding disease status and options for personalized care.

OM-17. ABERRANT EXPRESSION OF
LOW-MOLECULAR-WEIGHT PROTEINS ASSOCIATED
WITH RESPONSE TO CONVENTIONAL CONCURRENT
CHEMORADIOTHERAPY TREATMENT
Hatice Sevim1, Liping Chung2, Helen T. Wheeler3, Robert C. Baxter2, and
Kerrie L. McDonald1; 1Prince of Wales Clinical School, University of New
South Wales, Sydney, Australia; 2Kolling Institute of Medical Research,
University of Sydney, Sydney, Australia; 3North Shore Private Hospital,
Northern Cancer Institute, Sydney, Australia

Glioblastoma (GBM) is highly refractory to treatment. The discovery of
biomarkers with utility to identify patients who are most likely to benefit
from chemotherapy is critical. Aberrant protein expression in the surround-
ing tumor microenvironment is thought to play a significant role in mediating
this treatment resistance. We used SELDI-TOF-MS to identify new
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low-molecular-weight proteins associated with poor response to concurrent
chemoradiotherapy. Patients with newly diagnosed GBM were recruited
from Royal North Shore Hospital (Sydney, Australia). For uniformity,
only patients who received conventional concurrent chemoradiotherapy
were included in this study. To categorize patients into responders and non-
responders to treatment, overall survival (OS) (≤ 2 years) and 6-month
progression-free survival (PFS6) were used. PFS6 was necessary because all
patients received variable salvage therapies diluting the use of OS as a
valid endpoint. MGMT promoter methylation and protein expression were
also measured in all patients. Proteins extracted from 42 fresh-frozen
GBM tumor samples were analyzed on four different chip surfaces: H50
(hydrophobic), IMAC (metal-affinity), Q10 (anion-exchange), and CM10
(cation-exchange). Data were available for 27 patients: PFS , 6 months
(n ¼ 12) and PFS ≥ 6 months (n ¼ 15). Pooling the data from all chip
surfaces, 53 significantly differentially expressed proteins were detected
between the two PFS groups. These proteins were evaluated individually
and in combination using binary logistic regression (BLR) analysis.
Combined analysis of three upregulated proteins in PFS , 6 months group
showed a stronger area under the curve (AUC ¼ 1.000) when compared
with their individual AUCs. Joint BLR analysis of six significantly upregu-
lated proteins in PFS ≥ 6 months group demonstrated a powerful predictabil-
ity (AUC ¼ 1.000). Identification and validation of these peptides will
provide a new tool for predicting treatment response to concurrent chemor-
adiotherapy as well as provide new targets for treatment development and
offer insight into understanding the role of tumor and/or tumor microenvir-
onment proteins associated with this treatment response.

OM-18. DETECTION OF 1P/19Q DELETION IN GLIOMAS
BY REAL-TIME COMPARATIVE QUANTITATIVE PCR
Abhishek Chaturbedi1, Liping Yu2, and Yi-Hong Zhou1; 1University of
California, Irvine, Irvine, CA; 2Ziren Research LLC, Irvine, CA

Chromosome 1p/19q deletion status is considered a prognostic and a pre-
dictive marker to radiation therapy or chemotherapy for patients with oligo-
dendroglial tumors (OT). Detection of 1p/19q deletion had been carried out
mainly by loss of heterozygosity (LOH) and florescence in situ hybridization
(FISH). LOH assay requires a paired DNA sample from patient’s blood,
while FISH-detection of 1p/19q for OT is relatively recent and costly.
Considering low incidence rate of OT (either WHO grade II or III together
comprise about 10% of gliomas) and relatively longer overall survival, it is
vital in a prognosis study to include all the preserved OT samples and the
associated overall survival information. Thus, we developed real-time com-
parative quantitative PCR (CQ-PCR) to detect copy number variations on
single-copy gene loci in tumor DNA samples. We applied it to extract 1p/
19q deletion information from 44 OT and compared with available FISH
data. Forty-four OT and 9 paired-blood DNA samples were subjected to
CQ-PCR quantification of three marker genes (CAMTA1, E2F2, and
NOTCH) located in 1p, one marker gene (PLAUR) in 19q, and three refer-
ence genes (ERC2, SPAG16, and SPOCK1) located in chromosomes 3p, 2q,
and 5q, respectively. The mean value of marker and reference ratio was taken
for determination of deletion (,0.8) or amplification (.1.2), with consider-
ation of 20% variation inherited with real-time PCR. The result showed 1p/
19 deletion in 5 of 9 OT DNA, but none in the paired blood DNA samples.
Comparing the 1p/19 deletion status detected by FISH and CQ-PCR, the
concordance rate was 67%. Consistent with earlier reports, our study
showed common existences of 1p/19q deletions in OT (61% OT had 1p/
19q deletion by CQ PCR), suggesting CQ-PCR could be used to obtain
1p/19q deletion status based on tumor DNA samples. CQ-PCR is quantitat-
ive, which avoids pitfalls associated with FISH.

OM-19. LACK OF CONCORDANCE BETWEEN IDH1
MUTATION AND 1P19Q DELETION IN GLIOMAS
Abhishek Chaturbedi, Anthony Wong, Remi Fatuyi, Mark E. Linskey, and
Yi-Hong Zhou; University of California, Irvine, Orange, CA

Both 1p/19q (1p and/or 19q) chromosomal deletions and IDH1 mutation
are considered independent prognostic markers for overall survival of
patients with low-grade gliomas, with 1p/19q deletion predicting positive
response to either radiation therapy or chemotherapy. Recognizing the
strong association between IDH mutations and 1p/19q deletion in some
earlier reports, we specifically explored their potential concordance in a
large sample of primary human gliomas. Using real-time comparative quan-
titative PCR (CQ-PCR), we analyzed DNA samples from 47 grade II or grade
III oligodendroglial tumor (OT) and 26 glioblastoma multiforme (GBM) for
copy number variations of three genes (CAMTA1, E2F2, and NOTCH) in 1p
and one gene (PLAUR) in 19q13, relative to 2-3 internal reference genes
(ERC2, SPAG16, and SPOCK1). We designed a pair of PCR primers to

amplify a 330-bp DNA fragment corresponding to the entire exon 4 and
5’ of intron 4 of IDH1 and used direct sequencing of PCR-amplified DNA
fragments to identify the reported IDH1 mutation R132H. No IDH1
mutation was identified in any of the 26 GBM samples analyzed. The
IDH1 mutation R132H was found in 12 of 47 (26%) of OT. Our
CQ-PCR detected neither 1p19q codeletion nor 19q deletion at the selected
loci in GBM, but 57% of the GBM tested had deletions in 1p. In OT, 27 of 44
(61%) had 1p/19q deletions, with codeletions seen in 17 of 27 (63%). About
48% of the OT exhibited 1p/19q deletion without IDH1 mutation; only
14% exhibited simultaneous IDH1 mutation along with either 1p/19 q del-
etion, while 11% had IDH1 mutation without 1p/19q deletion, and 27%
had neither. Our study confirms the lack of IDH1 and 1p19q codeletion in
GBM as well as the common presence of IDH1 mutation and/or 1p/19q
deletions in OT. However, the presence of IDH1 mutation in OT appears
to be independent of 1p/19q deletion status.

OM-20. OVEREXPRESSION OF THE STEM CELL SPECIFIC
MIRNA CLUSTER 302-367 DISTINGUISHES GLIOBLASTOMA
PATIENTS WHO ARE SHORT-TERM SURVIVORS FROM THOSE
WITH LONG-TERM SURVIVAL
Iris Lavon1, Tal Shahar2, Daniel Zrihan1, Avital Granit1, Zvi Ram2, and
Tali Siegal1; 1Gaffin Center for Neuro-Oncology, Hadassah Hebrew
University Medical Center, Jerusalem, Israel; 2Neurosurgery Department,
Tel-Aviv Medical Center, Tel-Aviv, Israel

BACKGROUND: Our previously published results demonstrated that the
stem cell (SC)-specific miRNA cluster 302-367, comprising miR-302a-d and
mir-367, is overexpressed in both mouse and human gliomas. We also
showed that these miRNAs have the highest expression level in embryonic
SCs, while their expression diminishes gradually during neural differen-
tiation. An induced overexpression of miRNA 302-367 was reported to
increase the efficiency of pluripotent SC generation (reprogramming) in
fibroblasts. Therefore, we assumed that this miRNA cluster contributes to
stemness and invasiveness of gliomas and thus may be associated with
tumor progression. AIM: Our purpose was to evaluate whether the
expression of miRNA cluster 302-367 differentiates between GBM patients
who are either short-term survivors (STS) or long-term survivors (LTS).
METHODS: The expression of miRNAs from cluster 302-367 was assessed
by real-time RT PCR on fresh-frozen GBM tissues obtained from either STS
(4-9 months, N ¼ 13) or LTS (26-34 months, n ¼ 15). A commercial mix of
normal brain and human neural progenitor cells (NPCs) served as reference.
RESULTS: All miRNAs from this cluster were overexpressed in NPCs when
compared to normal brain with a maximum expression ratio of 495.8 in
mir-302d. As predicted, all these miRNAs were also overexpressed in
GBM samples. However, when the expression level in tumors of STS was
compared to LTS, a ratio ranging from 1.3 in mir-302d to 11.9 in
mir-302c was found. The differential expression between STS and LTS of
mir-302c and 367 was statistically significant (P , 0.05). DISCUSSION:
Our results suggest that the higher expression level of miRNA cluster
302-367 in STS of GBM contributes to stemness and invasiveness of these
tumor cells. It also may imply that worse prognosis in GBM is associated
with less differentiated cells of origin. Therefore, this cluster, and particularly
mir-302c and 367, holds potential value as prognostic markers and future
therapeutic targets.

OM-21. C/EBP-B AND C/EBP-DELTA, MASTER REGULATORS
OF THE MESENCHYMAL TRANSITION IN GLIOBLASTOMA,
ARE HIGHLY CORRELATED WITH EXTENT OF NECROSIS AND
STRONGLY EXPRESSED BY HYPOXIC PSEUDOPALISADING
CELLS
Daniel J. Brat, Lee A. Cooper, David A. Gutman, Candace S. Chisolm,
Christina Appin, Jun Kong, Tahsin Kurc, Erwin G. Van Meir, Joel H. Saltz,
and Carlos S. Moreno; Emory University, Atlanta, GA

We analyzed gene expression correlates of angiogenesis and necrosis in
glioblastoma (GBM) using The Cancer Genome Atlas (TCGA) data and
extended findings using IHC on institutional GBMs. Digital images of
frozen sections from 88 TCGA GBMs were marked to quantitate regions
of necrosis and angiogenesis as a percentage of total tissue using a human-
computer interface. Associated gene expression from the HT-HGU133A
platform was analyzed using significance analysis of microarrays (SAM)
and cox proportional hazards modeling to identify mRNAs associated
with necrosis and/or angiogenesis. The mesenchymal subtype of GBM was
enriched with high-necrosis samples (29% with . 25% necrosis) and had
a higher mean percentage of necrosis (p ¼ 0.035) than the other 3 subtypes
(3% with . 25% necrosis). Extent of angiogenesis was not significantly
associated with GBM subtype, yet all extreme outliers (angiogenesis .
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8%) were mesenchymal. SAM analysis identified 2184 genes correlated with
the extent of necrosis. Among the most strongly correlated were transcrip-
tion factors identified as master regulators of the mesenchymal subtype,
including C/EBP-beta, C/EBP-delta, STAT3, bHLH-B2, FOSL2, and
RUNX1 (Carro MS, et al. Nature 263: 318-25, 2010). None of the 188
genes correlated with angiogenesis by SAM were mesenchymal master regu-
lators. Ingenuity pathway analysis (IPA) of genes correlated with necrosis
identified the following enriched canonical pathways: HIF-1alpha,
NFkappaB, IL-6, FGF, ERK/MAPK, protein kinase A, thrombin, and
HGF signaling. IPA analysis of genes correlated with angiogenesis identified
HIF-1alpha signaling. IHC of 10 human GBMs selected to include normal
brain, infiltrating tumor, and high-grade regions with necrosis revealed
that C/EBP-beta and C/EBP-delta were strongly expressed by hypoxic peri-
necrotic “pseudopalisading” cells and weakly by other tumor cells. STAT3
and pSTAT3 were strongly and uniformly expressed in neoplastic nuclei
across the specimen and also in macrophages and vascular endothelial
cells. Thus, the GBM microenvironment influences the expression of tran-
scription factors associated with the mesenchymal transition.

OM-22. HIGH-THROUGHPUT LIQUID
CHROMATOGRAPHY-MASS SPECTROMETRY
MEASUREMENTS OF BIOACTIVE LIPIDS INTEGRATED
WITH GENE EXPRESSION DATA IN GLIOBLASTOMA
Hazem J. Abuhusain, Kerrie L. McDonald, and Anthony S. Don; Prince of
Wales Clinical School, University of New South Wales, Sydney, Australia

BACKGROUND: Sphingolipids were originally thought to be limited to
maintaining the cellular bilayer membrane in a mechanical and chemical
manner. There has been growing evidence that these metabolites, specifically
sphingosine-1-phosphate (S1P), are bioactive signaling molecules involved in
cell survival, motility, angiogenesis, and lymphocyte trafficking. Higher
expression of the S1P forming enzyme sphingosine kinase 1 (SphK1) has
been shown previously to correlate with a poorer prognosis in glioblastoma.
Increases in SphK1 have also been associated with increased progression in
grade II and III astrocytomas. Studies of sphingolipid metabolism have his-
torically focused solely on the enzymes and receptors in the pathway, with
very little focus on the actual lipid metabolites. METHODS: Using liquid
chromatography-mass spectrometry (LC-MS), we employed single-reaction
monitoring (SRM) to scan for sphingolipids and evaluated the correlation
of levels in commercial glioma cell lines (n ¼ 9), alongside real-time qPCR
measurements for the SphK1 enzyme. RESULTS: The DBTRG recurrent
cell line showed significantly higher levels of S1P (adjusted to cell count)
than the primary commercial cell lines (p , 0.01), with the exception of
U87MG and A172 showing only a trend increase. The SphK1 data were
not concordant with the S1P levels. CONCLUSION: The basal level of
S1P, as a direct effecter of cell survival and tumorigenesis in the setting of
cancer, is informative as to the innate aggressiveness of the tumor. Further
examination of this dynamic pathway is ongoing and will include measuring
sphingolipid levels in glioma clinical samples at various grades, matching it
with the enzymatic gene expression levels.

OM-23. ABERRANT TRANSCRIPTIONAL ACTIVATION
IS ASSOCIATED WITH GENE BODY HYPOMETHYLATION
IN GLIOBLASTOMA
Raman P. Nagarajan1, Brett E. Johnson1, Adam B. Olshen1, Ivan Smirnov1,
Mingchao Xie2, Jiexun Wang2, Vasavi Sundaram2, Pamela Paris1,
Ting Wang2, and Joseph F. Costello1; 1UCSF, San Francisco, CA;
2Washington University, St. Louis, MO

DNA methylation alterations play an important role in the growth rate
and therapeutic response of GBM, but the full genomic distribution and
functional impact of aberrant methylation remain poorly understood.
Hypermethylation of CpG islands (CGIs) at the 5’ promoters of tumor
suppressor genes has been reported in most cancer types. We performed
sequencing-based genome-wide methylation profiling to determine
common and functionally relevant targets of hyper- and hypomethylation
in each of five non-G-CIMP primary GBMs and integrated this data with
genome-wide gene expression and copy number analysis. Recurrent methyl-
ation changes were confirmed by analysis of TCGA infinium methylation
data from 288 GBMs. We found that in contrast to current dogma, classic
tumor suppressor genes in primary GBM are rarely hypermethylated.
When these CGI do exhibit aberrant methylation, the methylation level is
quite low, suggesting only a minor cell subpopulation has the aberrant
methylation. However, recurrent and dense 5’ CGI hypermethylation was
detected at a different set of gene promoters and is consistently associated
with decreased mRNA expression for some of the hypermethylated genes.
In contrast, DNA hypomethylation occurs within many gene bodies and

some normally methylated intragenic CGIs are partially hypomethylated in
GBM. We identified two loci where a hypomethylated intragenic CGI over-
laps an annotated alternate promoter, and we provide evidence that aberrant
gene body hypomethylation activates the expression of alternate transcript
isoforms that are not expressed in normal brain. We also show that DNA
hypomethylation of intragenic CGIs can occur concurrently with 5’ promo-
ter CGI hypermethylation in the same gene and in the same tumor. Together,
the data suggest that GBM hypermethylation targets pathways different from
those targeted by genetic alterations in tumor suppressor genes and that
aberrant gene body hypomethylation could be a mechanism for activation
of potentially oncogenic transcript isoforms in GBM.

OM-24. GLIOMAS WITH PARTIAL 1P19Q DELETIONS: A
DIFFERENT SUBSET OF TUMORS
Angelique E. Sijben1, Sandra H. Boots-Sprenger2, Jeroen Boogaarts3,
Jos Rijntjes4, Johanna M. Geitenbeek5, Job van der Palen6, Hans J. Bernsen7,
Pieter Wesseling4, and Judith W. Jeuken4; 1Department of Neurology
Medisch Spectrum Twente, Enschede, Netherlands; 2Nijmegen Center for
Molecular Life Sciences (NCMLS) UMC St Radboud, Nijmegen,
Netherlands; 3Department of Neurosurgery UMC St Radboud, Nijmegen,
Netherlands; 4Department of Pathology Nijmegen Center for Molecular Life
Sciences (NCMLS) UMC St Radboud, Nijmegen, Netherlands; 5Department
of Neurology UMC St Radboud, Nijmegen, Netherlands; 6Department of
Epidemiology Medisch Spectrum Twente, Enschede, Netherlands;
7Department of Neurology Canisius Wilhelmina Hospital, Nijmegen,
Netherlands

Codeletion of chromosome arms 1p and 19q is a genetic hallmark of oli-
godendroglial tumors and predicts a favorable prognosis and better response
to treatment. Some gliomas with a 1p19q codeletion, however, are associ-
ated with a much worse prognosis as expected. This could be owing to the
fact that partial 1p and/or 19q deletion rather than complete loss of the
chromosome arms occurred. The techniques used for detection of these aber-
rations differs among institutions, and when only regions 1p36 and 19q13.3
are analyzed by LOH or FISH, it is impossible to distinguish between com-
plete or partial losses. As our previous research showed clinical discrepancies
between the different types of 1p/19q losses, we extensively studied their
clinical implications in 445 low-grade and high-grade diffuse gliomas. The
presence of 1p and 19q aberrations was analyzed with multiplex ligation-
dependent probe amplification (MLPA), a technique that screens multiple
loci on both chromosome arms, allowing a distinction between partial and
complete losses as well as codeletions. Isolated partial 1p loss or isolated
partial 19q loss is mainly present in glioblastoma, while a partial deletion
in both 1p and 19q is found relatively often in diffuse astrocytomas. The
presence of partial deletions of 1p and/or 19q was significantly correlated
with shorter survival compared with isolated complete loss of either 1p or
19q or combined complete codeletion of 1p19q.This latter codeletion is
known to occur in early (oligodendro)glioma development. In contrast, the
partial deletions seem to occur at a later stage of gliomagenesis and to be
indicative of malignant progression. In conclusion, our study shows that
gliomas with partial deletions of 1p and 19q are a different subset of
tumors and have a worse prognosis than gliomas with complete 1p19q code-
letion. It underlines the importance of applying a technique for molecular
diagnostics that analyzes the complete chromosome arms 1p and 19q.

OM-25. ALDH1A1 AS A NEW PROGNOSTIC MOLECULAR
MARKER IN GLIOBLASTOMAS
Oliver Schnell1, S.A. Adam2, Sabina Eigenbrod2, Hans A. Kretzschmar2,
Jörg-Christian Tonn1, and Ulrich Schüller2; 1Dept. of Neurosurgery,
Klinikum der LMU München, Munich, Germany; 2Center for
Neuropathology and Prion Research, LMU Munich, Munich, Germany

Note: The first two authors contributed equally to this study.

Aldehyde dehydrogenase 1A1 (ALDH1A1) has been identified in a variety
of human cancers to be expressed by tumor cells and to serve as a reliable
marker to predict patients clinical outcome. However, little is known thus
far about the function of ALDH1A1 in malignant brain tumors. We analyzed
the expression of ALDH1A1 protein in developing and mature cerebral and
cerebellar tissue as well as in a series of 93 cases of primary glioblastoma.
Tissue samples for histopathological diagnosis and molecular genetic analy-
sis were acquired either via microsurgical tumor resection (n ¼ 56) or stereo-
tactical serial biopsy (n ¼ 37). Tumor diagnoses were established based on
the criteria of the latest WHO brain tumor classification. Patients were
treated mainly with radiochemotherapy followed by adjuvant temozolomide
according to the EORTC/NCIC protocol. In cases of tumor recurrence,
salvage treatment was rendered by our institutional guidelines and on a
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personalized cancer therapy basis. While ALDH1A1 was absent in the stem
cell niches at varying stages of CNS development, strong ALDH1A1
expression was observed in mature astrocytes coexpressing GFAP and
S100. Ninety-two of the 93 (99%) examined glioblastoma cases showed
ALDH1A1 expression in up to 49% of tumor cells. The majority of these
cells coexpressed GFAP but not stem cell markers, such as nestin, OLIG2,
or SOX2. Finally, strong expression of ALDH1A1 detected by immunohis-
tochemistry correlated with a significantly better overall survival of the
patients and proved to be an independent prognostic marker (p , 0.01).
We suggest ALDH1A1 as a marker of astrocytic differentiation and of
better prognosis in patients with glioblastoma.

OM-26. METABOLIC TUMOR VOLUME CHANGES BY AMINO
ACID PET TRACER FDOPA IS PREDICTIVE OF TREATMENT
RESPONSE IN PATIENTS WITH RECURRENT HIGH-GRADE
GLIOMAS ON BEVACIZUMAB THERAPY
Johannes Schwarzenberg, Timothy Cloughesy, Johannes Czernin,
Cheri Geist, Mike Phelps, and Wei Chen; University of California at Los
Angeles, Los Angeles, CA

OBJECTIVE: The purpose of our study was to evaluate the predictive power
of amino acid analog [18F]fluoro-L-dihydroxyphenylalanine (FDOPA)
positron-emission tomography (PET) in patients with recurrent malignant
gliomas on bevacizumab therapy. METHODS: Twenty-nine patients with
recurrent malignant gliomas were prospectively studied with FDOPA-PET at
baseline, at 2 weeks, and at 6 weeks after starting treatment. FDOPA scans
were analyzed in two ways. First, standardized uptake values (SUV) were deter-
mined by taking a region of interest of standard size over the tumor with the
highest uptake values. Second, tumor volumes were derived by applying a
threshold method in a three-dimensional reconstruction. FDOPA PET uptake
changes as well as tumor volume (FDOPAvol) changes were evaluated with
regard to progression-free survival and overall survival using Kaplan-Meier
analysis. RESULTS: Following therapy, no significant declines of SUVs were
seen (2 weeks: 1.4%; 6 weeks: 1.3%, P ¼ 0.90). Significant decreases in
FDOPAvol were seen at 2 weeks (-38.6%) and 6 weeks (-43.8%, P ¼ 0.03).
Receiver operating characteristic curve analysis identified a 35% decrease of
FDOPAvol as the best criteria for metabolic response. FDOPAvol changes at
2 weeks after starting treatment were predictive of tumor progression
(P ¼ 0.0001) as well as of overall survival (P ¼ 0.02). Metabolic responders
(n¼ 20) had significantly longer median time to progression (6.6 vs. 2.1
months) and overall survival time (11.3 vs. 7.6 months) than nonresponders
(n¼ 9). FDOPAvol changes at 6 weeks were also predictive of progression-free
survival (P ¼ 0.008). In contrast, SUV changes were not predictive of
progression-free survival or overall survival. CONCLUSION: Tumor volume
changes but not SUV changes by FDOPA-PET at 2 weeks after starting
therapy are predictive of tumor progression and overall survival for patients
with recurrent malignant gliomas on bevacizumab therapy.

OM-27. THE EFFECT OF TUMOR SUBTYPE ON SURVIVAL
AND THE GRADED PROGNOSTIC ASSESSMENT (GPA) FOR
PATIENTS WITH BREAST CANCER AND BRAIN METASTASES
Paul W. Sperduto1, Norbert Kased2, David Roberge3, Zhiyuan Xu4,
Ryan Shanley5, Xianghua Luo6, Penny K. Sneed7, Samuel T. Chao8, Robert
J. Weil9, John Suh8, Amit Bhatt10, Ashley W. Jensen11, Paul D. Brown11,
Helen A. Shih12, John Kirkpatrick13, Laurie E. Gaspar14, John B. Fiveash15,
Veronica Chiang16, Jonathan P. Knisely17, Christina M. Sperduto18,
Nancy Lin19, and Minesh P. Mehta20; 1University of Minnesota,
Minneapolis, MN; 2University of California San Francisco, Dept. of
Radiation Oncology, San Francisco, CA; 3McGill University Health Center,
Dept. of Radiation Oncology, Montreal, QC, Canada; 4Cleveland Clinic,
Dept of Neurosurgery, Cleveland, OH; 5University of Minnesota, Masonic
Cancer Center, Minneapolis, MN; 6University of Minnesota, School of
Public Health, Biostatistics, Minneapolis, MN; 7University of California
San Francisco, Dept. of Radiation Oncology, San Francisco, MN; 8Cleveland
Clinic, Dept. of Radiation Oncology, Cleveland, OH; 9Cleveland Clinic,
Dept of Neurosurgery, Cleveland, OH; 10University of Wisconsin, Dept. of
Human Oncology, Madison, WI; 11Mayo Clinic, Radiation Oncology,
Rochester, MN; 12Massachusetts General Hospital, Harvard Medical
School, Dept. of Radiation Oncology, Boston, MA; 13Duke Medical Center,
Dept of Radiation Oncology, Durham, NC; 14University of Colorado,
School of Medicine, Dept of Radiation Oncology, Aurora, CO; 15University
of Alabama, Birmingham, Dept of Radiation Oncology, Birmingham, AL;
16Yale University School of Medicine, Dept of Neurosurgery, New Haven,
CT; 17Yale University, School of Medicine, Dept of Radiation Oncology,
New Haven, CT; 18Dartmouth College, Hanover, NH; 19Dana Farber
Cancer Institute, Dept of Medical Oncology, Boston, MA; 20Northwestern
University, Dept of Radiation Oncology, Chicago, IL

BACKGROUND: The diagnosis-specific graded prognostic assessment
(GPA) was published to clarify prognosis for patients with brain metastases.
This study refines the existing breast-GPA by analyzing a larger cohort and
tumor subtype. METHODS: A multi-institutional retrospective database
of 400 breast cancer patients treated for newly diagnosed brain metastases
was generated. Prognostic factors significant for survival were analyzed by
multivariate Cox regression (MCR) and recursive partitioning analysis
(RPA). Factors were weighted by the magnitude of their regression coeffi-
cients to define the GPA index. RESULTS: Significant prognostic factors by
MCR and RPA were Karnofsky Performance Status (KPS), HER2, ER/PR
status, and the interaction between ER/PR and HER2. RPA showed age
was significant for patients with KPS scores of 60-80. The median survival
time (MST) overall was 13.8 months, and for GPA scores of 0-1.0,
1.5-2.0, 2.5-3.0, and 3.5-4.0 was 3.4 (n ¼ 23), 7.7 (n ¼ 104), 15.1 (n ¼
140), and 25.3 (n ¼ 133) months, respectively (p , 0.0001). Among
HER2-negative patients, being ER/PR-positive improved MST from 6.4 to
9.7 months whereas in HER2-positive patients, being ER/PR-positive
improved MST from 17.9 to 20.7 months. The log-rank statistic (predictive
power) was 110 for the breast-GPA versus 55 for tumor subtype.
CONCLUSIONS: The breast-GPA documents wide variation in prognosis
and shows clear separation between subgroups of patients with breast
cancer and brain metastases. This tool will aid clinical decision-making
and stratification of clinical trials. These data confirm the effect of tumor
subtype on survival and show the breast-GPA offers significantly more
predictive power than the tumor subtype alone.

OM-28. TRUNCATED NEUROKININ 1 RECEPTOR:
EXPRESSION IN PRIMARY GLIOBLASTOMAS AND
RELATIONSHIP WITH PATIENT SURVIVAL
Madan M. Kwatra, Tara M. Porter, Kristine E. Brown, James E. Herndon,
and Darell D. Bigner; Duke University Medical Center, Durham, NC

The neurokinin 1 receptor (NK1R), a G protein-coupled receptor that
mediates the effects of substance P, is consistently detected in glioblastoma
(GBM). Delineation of signal transduction pathways utilized by NK1R in
GBM cells indicates that this receptor activates at least seven targets
(EGFR, IGF-1R, Src, Akt, NF-kB, IL-6, and VEGF) previously identified
as playing key roles in GBM growth. Furthermore, blockade of NK1R inhi-
bits GBM growth. These and other findings suggest that NK1R may function
as the conductor of the molecular orchestra involved in GBM growth. The
notion that NK1R may be a good target for blocking the growth of GBM
is further supported by our finding that GBM cells express a constitutively
active form of NK1R that produces elevated levels of phospho-Akt. This con-
stitutive activity arises from the truncated form of NK1R. It is already known
that truncated NK1R is oncogenic; its expression, but not the expression of
full-length NK1R, in normal breast cells results in a transformed phenotype.
In this study, we examined the distribution of the truncated form of NK1R in
primary glioblastomas and assessed its relationship with patient survival.
Using PCR primers specific for full-length and truncated NK1R, we exam-
ined 17 primary GBM tumors. Of these, 12 tumors expressed mainly the
truncated from of NK1R, and 5 tumors expressed both forms. Patients
whose tumors expressed mainly the truncated form had a median survival
of 63.9 weeks, while patients with tumors expressing both forms had a
median survival of 93.3 weeks. These preliminary data suggest that the
expression of the truncated form may predict poor survival. A larger study
that will measure the expression of the full length and the truncated forms
of NK1R more precisely using real-time quantitative PCR is underway.

OM-29. THE PROGNOSTIC VALUE OF IDH1 MUTATIONS
IN GLIOMAS
Rikke H. Dahlrot1, Bjarne W. Kristensen2, and Steinbjørn Hansen1;
1Department of Oncology, Odense University Hospital, Odense, Denmark;
2Department of Clinical Pathology, Odense University Hospital, Odense,
Denmark

Gliomas are the most common and lethal types of brain tumors and within
this group of brain tumors, new diagnostic and prognostic markers are highly
needed. Recently, it was reported that the R132H mutation of isocitrate dehy-
drogenase 1 (IDH1) has both diagnostic and prognostic potential in gliomas.
However, further validation is needed. The aim of this study was to investigate
the frequency of IDH1 R132H mutated tumors and the prognostic value of
this mutation in patients with primary gliomas. Tumor tissue from 243
patients with astrocytic and oligodendroglial tumors (WHO grade II [25],
III [30], and IV [188]) was collected between January 1, 2005, and
December 31,2009, in the region of southern Denmark. The tissue was
stained by immunohistochemistry using a recently developed antibody

Abstracts

iii82 NEURO-ONCOLOGY † N O V E M B E R 2 0 1 1

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/13/suppl_3/iii76/1287858 by guest on 21 August 2022



(anti-IDH1 R132H, clone H09, Dianova), identifying tumors with the IDH1
R132H mutation. Data were evaluated by univariate and multivariate ana-
lyses. Mutated IDH1 (mIDH1) was detected in 12.0% of the gliomas (30/
243 gliomas), especially in grade II-III tumors: 62.5% of diffuse astrocytomas
(10/16), 80.0% of oligo-astrocytomas (4/5), 50.0% of oligodendrogliomas
(3/6), 15.0% of anaplastic astrocytomas (3/20), 75.0% of anaplastic
oligo-astrocytomas (3/4), and 50.0% of anaplastic oligodendrogliomas (3/
6). Only 2% (4/188) of grade IV tumors were positive. In a univariate analy-
sis, mIDH1 was significantly correlated to survival (p , 0.0001).
Multivariate analysis carried out for patients with grade II and III tumors
showed a strong trend suggesting that mIDH1-positive patients had a better
survival than the negative patients (HR 0.43, p ¼ 0.06, 95% CI 0.17-1.04),
when adjusted for the effect of performance status, age, and tumor grade. In
conclusion, mIDH1 was identified with highest frequency in grade II and III
gliomas, but was identified in only a few glioblastomas. There was a strong
trend toward a better survival in patients with grade II-III gliomas carrying
the IDH1 mutation, which is in accordance with previous results.

OM-30. A COMBINED MOLECULAR CLINICAL PREDICTOR
OF SURVIVAL VALIDATED WITH THE RTOG-0525 COHORT
Erik P. Sulman1, Daniel P. Cahill1, Meihau Wang2, Minhee Won2, Monika
E. Hegi3, Minesh P. Mehta4, Ken D. Aldape1, and Mark R. Gilbert1; 1The
University of Texas MD Anderson Cancer Center, Houston, TX; 2The
Radiation Therapy Oncology Group, Philadelphia, PA; 3Centre Hospitalier
Universitaire Vaudois, Lausanne, Switzerland; 4Northwestern University,
Chicago, IL

For glioblastoma (GBM), survival classification has primarily relied on clini-
cal criteria, exemplified by the Radiation Therapy Oncology Group (RTOG)
recursive partitioning analysis (RPA). We sought to improve tumor classifi-
cation by combining tumor biomarkers with the clinical RPA data. To accom-
plish this, we first developed 4 molecular biomarkers derived from gene
expression profiling, a glioma CpG island methylator phenotype, a novel
MGMT promoter methylation assay, and IDH1 mutations. A molecular pre-
dictor (MP) model was created with these 4 biomarkers on a training set of
220 retrospectively collected archival GBM tumors. This MP was further com-
bined with RPA classification to develop a molecular-clinical predictor (MCP).
The median survivals for the combined, 4-class MCP were 65 months, 31
months, 13 months, and 9 months, which was significantly improved when
compared with the RPA alone. The MCP was then applied to 725 samples
from the RTOG-0525 cohort, showing median survival for each risk group
of NR, 26 months, 16 months, and 11 months. The MCP was significantly
improved over the RPA at outcome prediction in the RTOG 0525 cohort
with a 33% increase in explained variation with respect to survival, validating
the result obtained in the training set. To illustrate the benefit of the MCP for
patient stratification, we examined progression-free survival (PFS) for patients
receiving standard-dose temozolomide (SD-TMZ) vs. dose-dense TMZ
(DD-TMZ) in RPA and MCP risk groups. A significant difference between
DD-TMZ and SD-TMZ was observed in the poorest surviving MCP risk
group with a median PFS of 6 months vs. 3 months (p ¼ 0.048, log-rank
test). This difference was not seen using the RPA classification alone. In
summary, we have developed a combined molecular-clinical predictor that
appears to improve outcome prediction when compared with clinical variables
alone. This MCP may serve to better identify patients requiring intensive
treatments beyond the standard of care.

OM-31. DETECTION OF O6- AND N7-METHYLGUANINE
ADDUCTS IN BRAIN TUMOR TISSUES OBTAINED FROM
PATIENTS TREATED WITH TEMOZOLOMIDE
Emad Seyed Sadr1, Alain Tessier2, Mohamed Seyed Sadr1, Jad Alshami1,
Carmen Sabau1, and Rolando Del Maestro1; 1McGill University, Montreal,
QC, Canada; 2Concordia University, Montreal, QC, Canada

The current standard of care for glioblastoma includes surgery, radiother-
apy, and chemotherapeutic agents such as temozolomide (TMZ), a DNA
methylating compound. The cytotoxic effects of TMZ have been linked to
guanine methylation at the N7 and O6 positions. These adducts are not cur-
rently used as markers of TMZ efficacy. Using liquid chromatography/mass
spectrometry (LC/MS), we have established a sensitive analytical assay to
directly detect both N7- and O6-methylguanine adducts from DNA follow-
ing TMZ treatment. A limit of detection below 1 fmol was observed for
O6-methylguanine, while N7-methylguanine was observed below 5 fmol.
O6- and N7-methylguanine were successfully detected by LC/MS in
tumor and normal brain tissue samples from patients treated with a neoad-
juvant TMZ regimen for 14 days (75 mg/m2). Variations in levels of both
methylated guanines were detected between patients as well as within differ-
ent locations of the same tumor sample. This technique provides a direct

detection of the damage inflicted by TMZ. This could potentially indicate
the efficacy of the drug, allowing for prompt analysis and response. It also
holds potential for determining efficacy of treatment dose, schedule, and
possible concomitant drugs.

OM-32. PREDICTING OUTCOMES FOLLOWING THERAPY FOR
GLIOBLASTOMA USING RESPONSE METRICS FROM
PATIENT-SPECIFIC 3-DIMENSIONAL TUMOR MODELS
Maxwell L. Neal, Russell Rockne, Andrew D. Trister, and Kristin
R. Swanson; University of Washington, Seattle, WA

Current metrics for assessing patient response to treatment for glioblas-
toma multiforme (GBM) do not fully account for the wide variability in
the dynamics of these brain tumors and are limited in predicting outcomes.
We have developed a method for predicting survival following cytotoxic
therapy using 3D computational models that account for each tumor’s
unique growth dynamics and geometry. As virtual controls, these simulated,
untreated tumors can be compared directly to a patient’s actual, treated
tumor to quantify the patient’s therapy response. Our method provides a
host of novel metrics for assessing this response, including a “days gained”
score that estimates the number of days the therapy delayed tumor pro-
gression. We created virtual controls for 27 patients with grade IV GBM
and compared their days gained score to their actual survival following
therapy. Patients ranged in age from 40-89 years (mean, 58 years) and had
RTOG RPA classifications of III (n ¼ 5), IV (n ¼ 12), or V (n ¼ 10). We
found that with few exceptions, patients with a days gained score above
98 survived longer than 380 days following therapy, and those with lower
scores did not (Fisher exact test, p ¼ 0.0001). Our results illustrate the capa-
bility of our GBM models to predict survival following therapy using a novel
response metric in a 3D setting.

OM-33. THE IMPACT OF IDH 1 MUTATION ON CLINICAL
OUTCOME IN PATIENTS WITH GRADE 3 ASTROCYTOMAS
WITHOUT 1P19Q CHROMOSOMAL DELETIONS
Sanaz Maleki1, Michael Back1, Michael Buckland2, David Brazier1,
Kerrie McDonald3, Raymond Cook1, Nicole Parker1, and Helen Wheeler1;
1Royal North Shore Hospital, Sydney, Australia; 2University of Sydney,
Sydney, Australia; 3University of NSW, Sydney, Australia

INTRODUCTION: The optimal treatment for nondeleted grade 3 astrocy-
toma is uncertain because of the wide variation of natural history that occurs
with tumors diagnosed under the WHO grade III classification subgroup.
Isocitrate dehydrogenase 1 (IDH1) is emerging as a potential biomarker to
assist in determining which patients should be managed with more treatment
intensification. METHODS: Patients managed with a WHO grade III astrocy-
toma and absence of 1p19q co-deletion were identified from the
neuro-oncology unit database and assessed for clinical characteristics and
outcome. IDH1 mutation (IDHmt) was initially tested using an IHC antibody,
and those with negative tumors (IDHwt) were subsequently confirmed by
sequencing of DNA extracted from formalin-fixed paraffin-embedded
tissue. Overall survival (OS) and progression-free survival (PFS) were calcu-
lated and the interaction of clinical, radiological, and pathological factors
on outcome was determined. RESULTS: Forty patients with nondeleted
grade III pathology were identified and included for analysis. The median
age at diagnosis was 38 years, and MRI Gd enhancement was present in 12
patients. Thirty-five patients had a debulking surgical procedure, and all
received adjuvant radiation therapy. Sixteen (40%) patients received adjuvant
temozolomide (14) or BCNU (2). IDHmt was present in 24 (60%). At a
median follow-up of 47 months (range, 4-184 months), 17 patients had
relapsed with median PFS of 87 months (range, 20-154 months) and a
median OS of 120 months (range, 87-154 months). IDHmt was strongly
associated with PFS (p , 0.001) and OS (p , 0.008), while age, extent of
surgery, Gd enhancement, adjuvant chemotherapy, and Ki67 index were
not significantly associated. IDHmt patients had median PFS and OS of 174
months and 184 months compared with IDHwt patients of 30 months and
60 months. CONCLUSION: These data suggest patients without IDH1
mutations diagnosed with grade 3 non-1p19q deleted astrocytomas have a
worse prognosis and should be considered for more intense adjuvant therapy.

OM-34. MAGNETIC RESONANCE OF 2-HYDROXYGLUTARATE
IN IDH1-MUTATED LOW-GRADE GLIOMA
Llewellyn Jalbert, Adam Elkhaled, Joanna J. Phillips, Hikari A. Yoshihara,
Rupa Parvataneni, Radhika Srinivasan, Gabriela Bourne, Susan M. Chang,
Soonmee Cha, and Sarah J. Nelson; University of California, San Francisco,
San Francisco, CA
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Infiltrating gliomas are heterogeneous tumors of the central nervous system
that include astrocytomas, oligodendrogliomas, and mixed oligoastrocyto-
mas. Recent studies have indicated that a significant survival advantage and
favorable response to temozolomide is conferred to glioma patients whose
lesions harbor mutations in the isocitrate dehydrogenase 1 and 2 (IDH1/2)
genes (Yan et al., 2009; Houillier et al., 2010). Interestingly, these mutations
result in the aberrant production of the potential oncometabolite d--
2-hydroxyglutarate (2HG) (Dang et al., 2009). Here, we report the ex vivo
detection of 2HG in pathologically confirmed IDH1-mutated tissue samples
from 53 recurrent low-grade glioma patients using the nuclear magnetic res-
onance (NMR) technique of high-resolution magic-angle spinning (1H
HR-MAS) spectroscopy. Relative 2HG levels and mutant IDH1 cells demon-
strated correlations with various histopathology parameters including mitotic
activity, vascular neoplasia, axonal disruption, relative tumor content, and
increased cellularity. Of interest is that ex vivo spectroscopic measures of
choline-containing species were also correlated with 2HG levels, as well as
in vivo magnetic resonance measures of the apparent diffusion coefficient
(ADC). These data provide a novel and extensive characterization of
mutant IDH1 lesions, while confirming the potential diagnostic value of
2HG and related imaging parameters as markers of clinically relevant
tumor characteristics. Considering the survival benefits associated with
IDH1/2 mutations, the prognostic value for patients with low-grade glioma
is significant. This information may augment the ability of clinicians to
monitor therapeutic response in patient studies and provide criteria for strati-
fying patients to specific treatment regimens. If 2HG is confirmed to be a
tumor supporting oncometabolite, additional monitoring of 2HG levels
may become important, especially for therapies targeting the IDH1
pathway. The magnetic resonance of 2HG and its correlates may assist in
the development of clinical in vivo sequences for IDH-mutant glioma.

OM-35. CLINICAL UTILITY OF G-CIMP AND IDH1 STATUS
AS DUAL PROGNOSTIC MARKERS IN GLIOBLASTOMA
Kenneth D. Aldape1, Mark Gilbert1, Daniel Cahill1, Meihua Wang2,
Minhee Won2, Monika Hegi3, Howard Colman1, Minesh Mehta4, and
Erik Sulman1; 1The University of Texas MD Anderson Cancer Center,
Houston, TX; 2Radiation Therapy Oncology Group, Philadelphia, PA;
3CHUV, Lausanne, Switzerland; 4Northwestern University Medical School,
Evanston, IL

The glioma CpG island methylator phenotype (G-CIMP) has been shown to
be highly correlated with prognosis and was noted to be highly concordant with
IDH1 mutation inmalignant glioma in the limited numberof samples analyzed.
To better understand the relationship of G-CIMP with IDH1 mutation status
and patient outcome, we examined G-CIMP status in detail in a larger retro-
spective series of glioblastomas as well as tumor samples from the RTOG
0525 clinical trial. Samples were tested for 6 CIMP markers and were correlated
with patient outcomes. In the retrospective tumor set (n¼ 301), we found 3 dis-
tinct survival groups based on the number of CIMP markers: 0-1
(CIMP-negative), 2-4 (CIMP-intermediate), and 5 or greater (CIMP-positive)
with median survivals 13.8, 20.1, and 90.6 months, respectively. This finding
was validated in the RTOG 0525 samples (median survivals 15.0, 20.3, and
37.0 months). Among 787 cases with both IDH and CIMP data, 617 were
CIMP-negative, 136 were CIMP-intermediate, and 34 were CIMP-positive.
Seven hundred forty-four were wild type for IDH1 mutation, and 43 were
mutant. CIMP and IDH status were positively correlated but outliers were
found. Among the 610 CIMP-negative tumors, there were 7 IDH-mutant
tumors, which showed no difference in outcome. Similarly, among the 34
CIMP-positive tumors, there were 21 IDH-mutant cases, which also showed
no difference in outcome. However, among the CIMP-intermediate cases,
there were 15 IDH-mutant cases with significantly (p ¼ 0.0003) improved
outcome (medians not reached vs. 18.5 months, 2 year survival 87% vs.
32%). Multivariate analysis showed that both IDH1 mutation status and
CIMP status were independent predictors of outcome. These findings suggest
the clinical utility of refining the CIMP status into negative, intermediate, and
positive groups and the finding that both IDH1 and CIMP status are important
molecular markers in GBM.

OM-36. METABOLIC CHARACTERIZATION OF GLIOMA
POPULATIONS
Adam Elkhaled, Llewellyn Jalbert, Alexandra Constantin, Joanna Phillips,
Hikari Yoshihara, Radhika Srinivasan, Gabriela Bourne, Susan M. Chang,
Soonmee Cha, and Sarah Nelson; UCSF, San Francisco, CA

Gliomas constitute a heterogeneous class of tumors that develop within
the central nervous system. Their malignancy is routinely graded according
to histologic criteria of the World Health Organization (WHO grades
1-4). Many grade 2 and 3 gliomas undergo progressive transformation to a
higher grade of malignancy. This study used the ex vivo NMR technique
of proton high-resolution magic-angle spinning(1H HR-MAS) spectroscopy
to help characterize the metabolic profiles of de novo and upgraded gliomas
and to classify these distinct histological grades/transitions according to 29
metabolic features. Two hundred fifty-two image-guided tissue samples from
126 patients (original WHO grade N (2,3,4) ¼ 53, 23, 50) were analyzed
using HR-MAS spectroscopy. Only tissue samples with pathologically con-
firmed glioma and grade were included for analysis. The Wilcoxon
rank-sum test was used to compare metabolite levels between different
glioma subtypes, and classification was performed with Chi square rank/
logistic ridge regression. We found that elevations of the following metab-
olites and indices were statistically significant (p , 0.001) and were charac-
teristic of certain glioma subtypes: myo-inositol/total choline(MCI) in de
novo and recurrent grade 2 gliomas; choline-containing species, including
free choline and total choline, in de novo grade 3 gliomas and recurrent
grade 2 gliomas that had upgraded to grade 3 or 4; phospho-choline/
glycerophosphocholine(PC/GPC) in de novo grade 4; and
2-hydroxyglutarate(2HG) in de novo grade 2 and 3 gliomas and recurrent
grade 2 and 3 gliomas that had upgraded to grade 4 (secondary GBM).
While fewer than 10 parameters could explain most of the variance
between different subtypes, using all of the data allowed for an average
classification accuracy of 89% (range:75-100%). Interestingly, metabolic
descriptions of histologic malignancy were found to differ across glioma
grades. The characteristic elevation of PC/GPC in de novo GBM suggests
that the greatest contribution to the in vivo total choline peak comes from
PC. Information derived from this study may be helpful in defining relative
intragrade and intratumoral malignancy.

OM-37. NFKBIA GENE DELETIONS AS A CLINICAL
PROGNOSTIC BIOMARKER IN NEWLY DIAGNOSED
GLIOBLASTOMA MULTIFORME
Shelly Gunn1, Xavier T. Reveles2, Budi Tirtorahardjo1, Michelle N. Strecker
1, and Lisa Fichtel2; 1CombiMatrix Diagnostics, Irvine, CA; 2START Center
for Cancer Care, San Antonio, TX

BACKGROUND: The nuclear factor of kappa-light polypeptide gene
enhancer in B-cell inhibitor-alpha (NFKBIA) gene encodes an inhibitor
of the epidermal growth factor (EGFR) signaling pathway. Deletions of
NFKBIA have recently been shown to provide an alternate mechanism
for EGFR activation in glioblastoma multiforme (GBM). NFKBIA gene
deletions have primarily been identified in nonclassical GBM subtypes
lacking high-level EGFR amplification and are associated with shortened
survival and lack of response to temozolomide chemotherapy. A clinical
test for identification of NFKBIA deletions would thus have clinical
utility for risk stratification and treatment planning in newly diagnosed
patients. DESIGN: Tumor-targeted DNA extraction was performed on
formalin-fixed paraffin-embedded (FFPE) tumor samples from 27
de-identified cases of newly diagnosed WHO grade III/IV GBM. Array
-based comparative genomic hybridization using a clinically validated
3300-clone bacterial artificial chromosome array was performed. Cases
of NFKBIA gene deletions were correlated with the patients’
O6-methylguanine-DNA methyltransferase (MGMT) status. RESULTS:
NFKBIA deletions were identified in 6 of 27 (22%) tumors, and all
NFKBIA deleted cases were nonclassical subtypes lacking high-level
EGFR gene amplification. In the remaining 21 cases, one demonstrated
high-level platelet-derived growth factor receptor alpha polypeptide
(PDGFRA) gene amplification, and another demonstrated high-level
Mdm2 p53-binding protein homolog (mouse) (MDM2) gene amplification.
Chromosome instability was identified in all cases. MGMT methylation
was detected in 3 of 6 NKBIA deleted cases, and hypomethylation was
detected in the remaining 3 cases. Using the NFKBIA survival prediction
risk model, the 3 NFKBIA deleted/MGMT hypomethylated cases were
able to be further stratified into the highest risk category (Bredel et al.,
NEJM, 2011). CONCLUSION: Microarray-based chromosome analysis
provides a high-throughput clinical method for determining NFKBIA
gene status in newly diagnosed nonclassical GBM subtypes. Correlation
of NFKBIA gene deletions with MGMT methylation status can be used
to further refine risk assessment and prediction of response to temozolo-
mide chemotherapy.
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