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ADULT CLINICAL TRIALS - IMMUNOLOGIC

ATIM-02. TUMOR TREATING FIELDS IN COMBINATION WITH
BEVACIZUMAB IN RECURRENT OR PROGRESSIVE MENINGIOMA
IN A PHASE 2 STUDY

Priya Kumthekar, Tim Kruser, Sean Sachev, Jeffrey Raizer, Sean Grimm and
Karen Dixit; Northwestern University, Chicago, IL, USA

For patients with WHO grade II meningioma, the two-year and five-year
overall survival is 93% and 73 %, respectively. Patients with malignant men-
ingioma (grade III) have significantly worse outcomes, with five-year overall
survival rates of 42%. The recurrence rate remains high with overall survival
is as low as 3 years after diagnosis. The current treatment for high grade and
recurrent meningioma includes maximal safe surgical resection and radi-
ation. Tumor Treating Fields (TTFields) and Bevacizumab (BEV) have been
reported to potentially show activity in recurrent and high-grade meningi-
oma. The combination of TTFields and BEV may provide a viable treatment
option for patients with recurrent and high grade meningioma. This Phase 2
Simon two-staged, non-randomized, open-label phase II, single arm clinical
trial [NCT02847559] will investigate the combination of TTFields and BEV
in recurrent or progressive meningioma. The primary endpoint is progression
free survival (PFS) at 6 months (PFS-6). Secondary endpoints include overall
survival (OS); Tumor Response Rate (TRR), Objective Response Rate (ORR);
and Quality of Life (QOL) using FACT-Br questionnaire. Patients (N=27),
including those who have failed prior BEV therapy, will receive BEV IV 10 mg/
kg over 30-90 minutes on days 1 and 15 of courses 1-4. Beginning on day 1
of course 5, patients may choose to receive bevacizumab IV 15 mg/kg every 3
weeks or remain on the every 2-week schedule. Patients will receive TTFields
200 KHz (1-3 V/cm) daily for at least 18 hours/day. This study is powered to
detect a true PFS-6 rate of 20% with 80% probability (80% power) and a
true PFS-6 rate of 5% with 90% probability (alpha=0.10). 27 patients were
planned to have 24 evaluable patients. To-date 4 patients have been enrolled at
the principal site and at least two additional sites are planned to open this year.

ATIM-03. TTFIELDS AND PULSED BEVACIZUMAB IN

PATIENTS WITH BEVACIZUMAB-REFRACTORY RECURRENT
GLIOBLASTOMA: A PHASE 2 STUDY

David Tran!, Ashley Ghiaseddin!, Jian Campian?, Stephen Staal',

Sonisha Warren'!, Anne Allen', Deborah Sampson!, Valerie Greene' and
George Ansstas?; 'University of Florida, Gainesville, FL, USA, ?Washington
University, St. Louis, MO, USA

Despite aggressive treatment with surgery, radiation therapy and chemo-
therapy, the median overall survival for recurrent glioblastoma (rGBM)
averages 25 weeks. Our prior experience in 8 bevacizumab-refractory
GBM patients initially treated with TTFields monotherapy and re-chal-
lenged with bevacizumab on progression suggest that successive cycles of
on/off (or pulsed) bevacizumab dosing will produce peaks and troughs
in the mitotic activities of glioma cells that render these cells more sensi-
tive to the antimitotic activity of TTFields during peak growth rates and
may lower disease burden and increase survival. This Phase 2, single arm,
open label study [NCT02663271] investigates if TTFields combined with
pulsed bevacizumab increases overall survival in bevacizumab-refractory
GBM compared to historical controls treated with continuous bevacizumab
alone or in combination with standard chemotherapy. Twenty-five adults
male or female patients with bevacizumab-refractory rtGBM (WHO grade
IV) aged 22 years, KPS>60 will undergo 12 months of planned continuous
TTFields (200 KHz) (60-75% compliance goal; patients<60% compliance
at Month 2 withdrawn) followed by pulsed bevacizumab (10 mg/kg IV/ 2
weeks) on further progression (RANO), with option of extending treatment
to 24 months in patients not progressed and/or have adequate performance
status at the 12-month mark. Pulsed bevacizumab dosing is defined by at
least one cycle on and at least one cycle off. A cycle is defined as 8 weeks in
length. Primary endpoint is overall survival between the groups. Secondary
endpoints include adverse events, KPS, QoL (Mini-Mental Status Exam)
and response rate (RANO). Largest hazard ratio (HR)<1 (or smallest me-
dian survival time >3.3 months) that can be detected at 80%, 90%, or 95%
power and a 1-tailed significance level of 0.05, by sample size (N=20 to 36,
or 10 to 18 months of accrual at 2 patients per month) and shape parameter
k=1.50, 2.50. To date 3 patients have been enrolled.

ATIM-05. INTRATUMORAL DELIVERY OF MDNAS55, AN
INTERLEUKIN-4 RECEPTOR TARGETED IMMUNOTHERAPY, BY
MRI-GUIDED CONVECTIVE DELIVERY FOR THE TREATMENT OF
RECURRENT GLIOBLASTOMA

Achal Achrol', Martin Bexon?, Krystof Bankiewicz?, Andrew

J. Brenner*, Nicholas Butowski’, Santosh Kesari', Fahar Merchant?,
Rosemina Merchant?, Dina Randazzo®, Michael Vogelbaum’,

Miroslaw Zabek® and John Sampson’; 'John Wayne Cancer Institute

and Pacific Neuroscience Institute, Santa Monica, CA, USA, 2Medicenna
Biopharma, Houston, TX, USA, 3Department of Neurological Surgery,
University of California San Francisco, San Francisco, CA, USA, “Mays
Cancer Center/ UT Health San Antonio, San Antonio, TX, USA, University
of California, San Francisco, San Francisco, CA, USA, ¢The Preston Robert
Tisch Brain Tumor Center, Duke University Medical Center, Durham, NC,
USA, "Department of Neurosurgery, Cleveland Clinic, Cleveland, OH, USA,
$Mazovian Brodnowski Hospital, Warsaw, Mazowieckie, Poland, “Duke
University Medical Center, Durham, NC, USA

While intratumoral delivery of immunotherapies allows for targeted
distribution and minimal systemic toxicity, optimal spatial distribution of
therapeutic agents remains a challenge. MR-guided convection-enhanced
delivery of MDNASS, interleukin-4 cytokine fused to Pseudomonas exo-
toxin, is currently being explored in a Phase 2 open label study in up to 52
patients with recurrent glioblastoma. MDNASS is coinfused with a Gado-
linium-based contrast agent (GdDTPA) and delivered as a single infusion
using implantable flexible catheters. MRI was employed to monitor initial
infusion, allowing adjustment of catheter depth as needed. The bulk of the
delivery was performed outside the MRI scanner while patients were awake.
MRI confirmation of distribution was performed within 4 hours post-infu-
sion. Here we report preliminary results of tumor distribution in 23 subjects.
Total volume of MDNASS (ranging from 12 mL to 66 mL) was initially
administered to subjects (n=12) based on tumor size. This achieved a mean
coverage of 75% (range 46 — 94%) with 17% showing volume of distribu-
tion > 100 mL. Review by the Safety Committee determined that improve-
ments to drug distribution could be further enhanced by moving to a fixed
volume of 60 mL administered via 4 catheters and allowing placement out-
side the peritumoral area if necessary. Treatment in the next 11 subjects
showed that infusion volumes exceeding 40 mL and placement of catheters
outside the enhancing tumor led to increased volumes of drug distribution
(45% showed volume of distribution > 100 mL) but did not improve the

© The Author(s) 2018. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved.
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Abstracts

target percentage coverage of the tumor (mean 60%, range 22 — 97%) and
its immediate penumbra. Therefore, under the current protocol version, all
subjects are receiving individualized volume of MDNASS (according to
tumor size), but not exceeding 40 mL. Further optimization is underway to
ensure adequate coverage and improve drug distribution.

ATIM-06. PHASE 2 TRIAL OF SL-701 + BEVACIZUMAB IN
PATIENTS WITH PREVIOUSLY TREATED GLIOBLASTOMA (GBM)
MEETS PRIMARY ENDPOINT OF OS-12, WITH PRELIMINARY
CORRELATION BETWEEN LONG-TERM SURVIVAL AND TARGET-
SPECIFIC CD8+ T CELL IMMUNE RESPONSE

David Peereboom', L. Burt Nabors?, Priya Kumthekar?,

Michael Badruddoja*, Karen Fink®, Frank Lieberman®,

Surasak Phuphanich?, Erin Dunbar?®, Tobias Walbert?, David Schiff'?,
David Tran'!, Lynn Ashby'2, Nicholas Butowski'?, Fabio Iwamoto'*,
Ross Lindsay'?, John Bullington'S, Michael Schulder!®,

Jonathan Sherman!”, Chris Brooks's and David Reardon'$; 'Cleveland
Clinic, Cleveland, OH, USA, ?University of Alabama at Birmingham,
Birmingham, AL, USA, 3Northwestern University, Chicago, IL, USA,
4Center for Neurosciences, Tucson, AZ, USA, *Baylor University, Dallas,
TX, USA, ®University of Pittsburgh, Pittsburgh, PA, USA, 7Cedars Sinai
Medical Center, Los Angeles, CA, USA, $Piedmont Brain Tumor Center,
Atlanta, GA, USA, *Henry Ford Hospital, Detroit, MI, Detroit, MI, USA,
10University of Virginia, Charlottesville, VA, USA, !'University of Florida,
Gainesville, FL, USA, 2St. Joseph’s Hospital and Medical Center, Phoenix,
AZ, USA, BUC San Francisco, San Francisco, CA, USA, “Department of
Neurology and Herbert Irving Comprehensive Cancer Center, Columbia
University Irving Medical Center, New York, NY, USA, *Stemline
Therapeutics, New York, NY, USA, '®North Shore University Hospital,
Manbhasset, NY, USA, "George Washington University, Washington, DC,
USA, "®Dana-Farber Cancer Institute, Boston, MA, USA

SL-701 is a novel immunotherapy comprised of synthetic peptides
designed to elicit an anti-tumor immune response against GBM targets:
interleukin-13 receptor alpha-2, EphrinA2 and Survivin. Updated Phase
2 data are reported. Patients with previously treated GBM, bevacizumab
(bev)-naive, HLA-A2+, and KPS>60, were enrolled. SL-701 with adjuvant
poly-ICLC was dosed biweekly with bev (10 mg/kg) for 6 months, then
q28 days. Primary endpoint was OS-12, with statistical significance deter-
mined if lower bound of 2-sided 95% Clopper Exact confidence interval
(CI) is >20%. Target-specific CD8+ T-cell frequency was assessed by flow
cytometry. 28 patients received median of 13 SL-701 doses with bev. Most
frequent treatment-related adverse events (TRAEs) were fatigue (39%) and
injection site reaction (25%). Grade 3 TRAE was fatigue (3.6%); there were
no other grade 3 TRAEs. Disease control rate (complete response [CR], par-
tial response [PR], stable disease) was 54% (n=15), with 2 CRs and 2 PRs.
Median duration of disease control was 8.8 months (95% CI 3.7, NE). Me-
dian OS was 11.7 months (95% CI: 7.1, NE). The primary endpoint was met
with a 50% OS-12 (95% CI: 30.6, 69.4). Target-specific CD8+ T cell activity
was detected at 8-24 wks, the majority occurring by wk 16. Long-term sur-
vivors were largely comprised of patients with target-specific CD8+ T-cell
responses; median OS of these immune responders was not reached. The
Phase 2 trial of SL-701 + bev in previously treated GBM met its primary end-
point with a 50% OS-12. The regimen was well-tolerated and demonstrated
objective responses, including CRs. There was an even more pronounced
survival signal, as well as an encouraging survival tail comprised largely of
target-specific CD8+ T cell responders, and the median OS of these immune
responders was not reached. Updates around next steps, including leverag-
ing potential immune-related biomarkers in a registration-directed trial de-
sign, will be provided.

ATIM-07. WINDOW-OF-OPPORTUNITY CLINICAL TRIAL OF
PEMBROLIZUMAB IN RECURRENT GLIOBLASTOMA PATIENTS
ohn de Groot!, Marta Penas-Prado?, Jacob Mandel®, Barbara O’Brien?,
Shiao-Pei Weathers?, Monica Loghin?, Carlos Kamiya-Matsuoka?,
Shouhao Zhou?, Rivka Colen*, Kathy Hunter?, Gregory Fuller?, Jason
T Huse?, Ganesh Rao?, Jeffrey Weinberg?, Sujit Prabhu?, Sherise Ferguson?,
Ying Yuan?, Luis Vence?, James Allison?, Padmanee Sharma? and
Amy Heimberger?; 'Department of Neuro-Oncology, The University of
Texas MD Anderson Cancer Center, Houston, TX, USA, 2University of
Texas MD Anderson Cancer Center, Houston, TX, USA, 3Baylor College of
Medicine, Houston, TX, USA, “Department of Cancer Systems Imaging, UT
MD Anderson Cancer Center, Houston, TX, USA

BACKGROUND: A window-of-opportunity trial was used to ascer-
tain the immune modulatory properties of pembrolizumab in recurrent GB
patients. METHODS: In an open label, single-center, single-arm Phase 2 trial,
15 patients with recurrent GBM, were treated with up to two doses of pem-
brolizumab prior to surgery and afterwards received pembrolizumab until
disease progression or the development of unacceptable toxicities. The co-
primary objectives of the study were to evaluate immune effector function in
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resected GBM tissue and to determine progression free survival at 6 months
(PFS6). RESULTS: We screened 21 patients, of whom 15 were enrolled and
received at least one dose of pembrolizumab. The most common adverse event
was grade 1 or 2 fatigue in 40% of patients followed by headache in 27%.
There were five grade 3 or 4 adverse events including one with cerebral edema
requiring surgery. There were no treatment-related deaths; 5 (33%) of 15
patients died because of progression of disease. The median follow-up time for
all patients was 12 months (95% CI3-31). Based on iRANO, 10 patients had
progressive disease, 3 had a partial response and 1 had stable disease. The long-
est ongoing duration of response exceeded 34 months in two patients. Median
PFS was 7 months (95% CI 4-16) and PFS6 was 53% (95% CI 33%-86%).
Median OS was not reached (95% CI 15 to not reached), with an estimated
1-year overall survival of 72% (52%-99.6%). CyTOF and IHC immune ana-
lysis revealed that GBM tumors were markedly enriched with CD68+ mac-
rophages but had a paucity of effector T cells. CONCLUSIONS: Although
pembrolizumab was well tolerated, a high predominance of immunosuppres-
sive CD68+ myeloid cells and a marked scarcity of T cells within the tumor
microenvironment may be limiting the activity of PD-1 blockade.

ATIM-08. A PHASE I TRIAL OF PEMBROLIZUMAB AND
VORINOSTAT COMBINED WITH TEMOZOLOMIDE AND
RADIATION THERAPY FOR NEWLY DIAGNOSED GLIOBLASTOMA
(NCT03426891)

Solmaz Sahebjam, Peter Forsyth, Nam Tran, Sepideh Mokhtari,

John Arrington, Michael Jaglal, Arnold Etame, James Liu,

Melissa Wicklund, Tyra Gatewood, Robert Macaulay, Timothy Robinson
and Michael Yu; H. Lee Moffitt Cancer Center, Tampa, FL, USA

BACKGROUND: A growing body of evidence indicates that epigenetic
silencing of genes involved in antigen processing and immune recognition
results in immune escape and resistance to immunotherapy. Pre-clinical
experiments have shown that use of histone deacetylases inhibitors such as
vorinostat can restore tumor immune recognition and synergize with anti-
PD 1/PD-L1 antibodies. Moreover, vorinostat has radiosensitizing properties.
This report describes an ongoing phase I trial of vorinostat in combination
with an antibody against PD1 (pembrolizumab), radiotherapy and temozo-
lomide (TMZ) in patients (pts) with newly diagnosed glioblastoma (GBM).
METHOD: This study employs a standard 3 + 3 dose escalation design
exploring 2 sequential dose escalation cohorts of vorinostat. Eligible pts
are treated with concurrent radiotherapy (60 Gy in 30 fractions) with TMZ
(75 mg/m?/day) followed by 6 cycles of maintenance TMZ. Pembrolizumab
(200 mg) is administered intravenously once every 3 weeks. Dose level 1 is
consistent of vorinostat 200 mg/day orally on days 1-5 every week during
radiotherapy and 300 mg/day orally 1 week on 1 week off after radiother-
apy. At dose level 2, pts receive 300 mg of vorinostat on days 1-5 every
week during radiotherapy and 400 mg/day orally 1 week on 1 week off after
radiotherapy. Once the recommended phase II dose (RP2D) of vorinostat
is determined, an additional 20 pts will be enrolled in an expansion safety
cohort. The primary study objectives are to determine safety and the RP2D
of vorinostat administered with above combination in pts with GBM. Sec-
ondary endpoints include determination of the 12 and 24 month survival
rates and exploring tissue and blood biomarkers. RESULTS: As of June 4,
2018, enrollment to dose level 1 has been completed. So far no does limiting
adverse event has been observed. Thrombocytopenia and fatigue are the most
common adverse events. Updated safety and efficacy results will be presented.

ATIM-10. A PHASE I/II CLINICAL TRIAL OF AUTOLOGOUS CMV-
SPECIFIC CYTOTOXIC T CELLS (CMV-TC) FOR GLIOBLASTOMA:
DOSE ESCALATION AND CORRELATIVE RESULTS

Marta Penas-Prado’, Shiao-Pei Weathers', Shouhao Zhou', Carlos Kamiya-
Matsuoka!, Barbara O’Brien', Monica Loghin', Rebecca Harrison', Be
Lian Pei!, Sandra Ictech!, Kathy Hunter!, W.K. Alfred Yung?, John de
Groot?, Elizabeth J Shpall', Amy Heimberger! and Katy Rezvani';
University of Texas MD Anderson Cancer Center, Houston, TX, USA,
Houston, TX, USA, *Department of Neuro-Oncology, University of Texas
MD Anderson Cancer Center, Houston, TX, USA

BACKGROUND: Cytomegalovirus (CMV) antigens are present in >
90% of GBMs but not in normal brain. CMV-TC in GBM tumor tissue
have their effector function suppressed. Highly functional CMV pp65 spe-
cific T cells can be expanded in vitro from peripheral blood (PB) of GBM
patients. METHODS: Autologous polyclonal CD8+ and CD4+ CMV-TC
from patients with recurrent GBM were expanded ex vivo under GMP-com-
pliant conditions and administered after 3 weeks of lymphodepleting dose-
dense temozolomide (ddTMZ, 100 mg/m2); 4 dose levels (5 x 10° cells to 1
x 108 cells), 3 + 3 design. Treatment was repeated q 6 weeks; total of 4 cycles.
Eligibility: 218 years of age, KPS 260, CMV sero+, on < 2 mg of dexametha-
sone daily, any number of relapses. Imaging response evaluated by MRI q
6 weeks. In vivo persistence and expansion of adoptively-infused CMV-TC
determined by dextramer staining and multiparameter flow cytometry in
serially-sampled PB. RESULTS: 34 patients screened, 18 underwent leuka-
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pheresis, 15 completed cycle 1. Median age 56 (27-69), median KPS 90; 11
were at 1st, 3 at 2nd and 1 at 3rd relapse. MGMT methylated in 6, unmeth-
ylated in 3, indeterminate/unknown in 6. IDH status wildtype in 10, mutated
in 3, unknown in 2. No dose limiting toxicities (DLTs) observed. Complete
radiographic response observed in 1 patient, partial response in 2, stable dis-
ease in 6, and progressive disease in 6. Repeated infusions of CMV-TC were
associated with significant increase in circulating CMV+ CD8+ T-cells, but
cytokine production (CD107a, TNFa, IFNy, IL2) was suppressed (dose level
4 analysis ongoing). CONCLUSIONS: Adoptive infusion of CMV-TC after
lymphodepleting therapy with ddTMZ was well tolerated with no DLTs;
1 x 10e8 confirmed as safe dose. Effector function in PB was suppressed.
Correlative studies of CMV-specific T cell effector function in tumor micro-
environment will be assessed in window-of-opportunity expansion cohort.

ATIM-12. NEOADJUVANT ANTI-PD-1 IMMUNOTHERAPY
PROMOTES INTRATUMORAL AND SYSTEMIC IMMUNE
RESPONSES IN RECURRENT GLIOBLASTOMA: AN IVY
CONSORTIUM TRIAL
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Glioblastoma is the most common malignant brain tumor in adults and
is associated with poor survival. It is often resistant to standard-of-care
chemotherapy and radiation, necessitating the development of more effective
treatments. The Ivy Foundation Early Phase Clinical Trials’ Consortium con-
ducted a randomized, multi-institution clinical trial to evaluate the immune
response and survival following neoadjuvant and adjuvant therapy with pem-
brolizumab, a PD-1 monoclonal antibody, in thirty patients with recurrent,
surgically resectable glioblastoma. Patients who received neoadjuvant pem-
brolizumab, with continued adjuvant therapy following surgery, had signifi-
cantly extended overall survival compared to patients that received adjuvant,
post-surgical PD-1 blockade alone (HR=0.33, p<0.008, log-rank test). Sur-
vival was directly associated with an elevated IFN-g gene expression signature
in the tumor, but only in patients who received neoadjuvant PD-1 blockade
(HR=0.15, p<0.02, Wald test). Focal induction of PD-L1 in the tumor micro-
environment was observed in the neoadjuvant group and linked with the
IFN-g gene expression signature and extended survival. Similarly, neoadju-
vant pembrolizumab was associated with expanded T cell receptor clones,
increased markers of activation in CD8+ T cells that expressed PD-1, and a
decreasing monocytic population in the peripheral blood (p<0.03, two-sided
t-test). These findings suggest that the neoadjuvant timing of PD-1 blockade
enhances the local and systemic immune response, and may represent a more
efficacious approach to the treatment of this uniformly lethal brain tumor.

ATIM-13. ASUNERCEPT PLUS RADIOTHERAPY IN RELAPSED
GLIOBLASTOMA. UPDATE ON FIVE YEARS OVERALL

SURVIVAL OF STUDY NCT01071837 AND DEVELOPMENT OF

A POPULATION-PK - TUMOR GROWTH INHIBITION - SURVIVAL
MODEL

Harald Ficke!, Nina Hanke?, Claudia Kunz?, Wolfgang Wick* and
Thorsten Lehr®; 'Apogenix AG, Heidelberg, Baden-Wurttemberg, Germany,
2Scientist, Saarbriicken, Saarland, Germany, 3Clinical Development,
Heidelberg, Baden-Wurttemberg, Germany, “Neurology Clinic and
National Center for Tumor Diseases, University Hospital Heidelberg,
Heidelberg, Baden-Wurttemberg, Germany, *Saarland University,
Saarbriicken, Saarland, Germany

Asunercept (APG101) is an Fc-fusion protein consisting of the extracel-
lular domain of human CD95 (APO-1/Fas) and the Fc¢ domain of IgG1.
Asunercept is in clinical development for glioblastoma (GB). Based on PK-
data from study NCT01071837 a population pharmacokinetic (PopPK)
- tumor growth inhibition (TGI) model was developed and extended to a
survival model describing the effect of radiotherapy (RT) or RT + asunercept
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on the overall survival (OS) of GB-patients. The objective of the model was
to identify the best descriptor (i.e. asunercept exposure, tumor size deter-
mined by MRT) for survival and to quantify the effect of CpG2 methylation
in the CD95 ligand promoter on patient survival.

METHODS: Model development was performed using non-linear mixed
effects modeling with NONMEM 7.3 in a stepwise procedure. Firstly, a
PopPK-TGI model was developed. Several tumor growth models were tested
(e.g. exponential, sequential exponential-linear). Secondly, a survival model
was developed and linked to the PopPK-TGI model. RESULTS: For the
PopPK-TGI model, data from 84 patients were available contributing to 314
tumor measurements. Glioblastoma growth was best described by an expo-
nential growth model with an average doubling time of 90 days. Asuner-
cept exposure showed a significant inhibitory effect on the tumor growth
rate. Tumor size was identified to significantly influence survival. Incorpor-
ation of CpG2 CD9SL promotor methylation further improved the model:
the survival in asunercept-treated patients was prolonged with lower CpG2
methylation status. CONCLUSIONS: A PopPK-TGI-Survival model for
asunercept and radiotherapy treated patients was developed. A clear inhibi-
tory effect of asunercept exposure was observable on tumor growth resulting
in an increased survival. A recent update on OS of study NCT01071837
revealed that 7% of Asunercept+RT treated 2"-line GB patients were alive
after S years compared to 0% in patients treated with RT alone.

ATIM-14. CMV gB/pp65 eVLPs FORMULATED WITH GM-CSF

AS A THERAPEUTIC VACCINE AGAINST RECURRENT
GLIOBLASTOMA (GBM)

Fabio Iwamoto!, Francisco Diaz-MitomaZ, David Anderson? and

Andrew B. Lassman'; 'Department of Neurology and Herbert Irving
Comprehensive Cancer Center, Columbia University Irving Medical Center,
New York, NY, USA, 2VBI Vaccines, Cambridge, MA, USA

Cytomegalovirus (CMV) antigens have been reported in over 90% of
GBM tumors. CD4*and CD8* T cells are most frequently directed against
the highly immunogenic gB and pp635 antigens. We initiated a phase I/Ila
clinical trial for patients with recurrent GBM using gB/pp65 enveloped
virus-like particles (eVLPs) formulated with GM-CSF and administered
intradermally. In phase I, eligible patients are age 18-70 with KPS at least
70, normal end-organ function, on stable or decreasing corticosteroids of at
most 4mg dexamethasone (or equivalent), with recurrent GBM following
any standard initial therapy and any number of recurrences. The primary
endpoint is safety/tolerability, and secondarily to assess immunogenicity.
Additional requirements for phase Ila designed to explore efficacy include
unifocal, measurable enhancing tumor 1-3 cm across at first recurrence
and no prior immunotherapy. Subjects are vaccinated monthly until tumor
progression, with immunomonitoring performed 2 weeks after each vaccin-
ation. Up to 3 different vaccine doses will be evaluated, with 6 subjects in
each cohort; ten additional subjects will be enrolled once an optimal vac-
cine dose is identified. To date, 6 patients were accrued 4 men, 2 women,
median age 55 (range 39-66) in the first dose cohort. Prior therapies include
radiotherapy, temozolomide, and nivolumab. No DLTs were observed.
Dose level 1 (0.4pg pp65 content, 200pg GMCSF) is completed and dose
Level 2 (2pg pp6S content) is currently accruing. Preliminary analysis of
the first 4 subjects demonstrates boosting of CMV-specific antibody titers
and T cell responses in two patients, associated with increases (2-3-fold) in
plasma levels of CCL3 and proinflammatory INF-g and TNF-a cytokines.
These two subjects remain clinically stable without tumor progression after
approximately 4 months on study. An expanded immunomonitoring data
set will be presented along with associated clinical responses of the subjects.

ATIM-15. A PHASE 1 STUDY OF Ad-RTS-hIL-12 + VELEDIMEX

IN ADULTS WITH RECURRENT GLIOBLASTOMA: DOSE
DETERMINATION WITH UPDATED OVERALL SURVIVAL

E. Antonio Chioccal, Rimas Lukas?, John Yu?, Nancy Ann Oberheim
Bush?, Jill Buck®, Nathan Demars’, John Barrett’, Arnold Gelb?,

Yunxia Wang®, Laurence Cooper® and Francois Lebel®; 'Department of
Neurosurgery, Brigham and Womens Hospital, Boston MA, Boston, MA,
USA, 2Northwestern University Feinberg School of Medicine, Chicago, IL,
USA, 3Cedars-Sinai, Samuel Oschin Comprehensive Cancer Institute, Los
Angeles, CA, USA, *University of California, San Francisco, San Francisco,
CA, USA, *Ziopharm Oncology, Inc, Boston, MA, USA

Ad-RTS-hIL-12 (Ad) is a novel gene therapy expressing IL-12 via the Rhe-
oSwitch Therapeutic System® gene switch under control of an oral activator
ligand, veledimex (V). We previously reported on an open label Phase I trial
describing biological activity of recombinant IL-12 with downstream IFN-y
and activation of the immune system. We provide an update on the intratu-
moral injections of Ad (2x10!!virus-particles) + V for patients with recurrent
GBM (rGBM) in Group 1 (G1) (craniotomy, n=31) and initial results for
Group 2 (G2) (stereotactic administration n=7). In G1, the V 20-mg cohort
mOS increased to 12.7 months with mean follow-up of 12.9 months. 20-mg
V in G1 showed fewer toxicities and higher V compliance (84%) compared
with higher-doses of V (30 and 40-mg) with 75% and 67%, respectively. These
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data are encouraging compared to historical data that predict mOS of 5 to
8 months. An additional cohort at V 10-mg (n=6) was well tolerated, but sub-
therapeutic, with a mOS of 7.6 months (mean follow-up 6.7 months). There
was an association between V dose level, blood-brain-barrier penetration, and
drug-related adverse events (AEs) with increased TEAEs observed above V
20-mg. Subgroup analyses across all cohorts did not detect statistically signifi-
cant differences including extent of resection or IDH mutation status. Subjects
(20-mg V) who received a cumulative dose of <10mg of dexamethasone during
the first 15 days of treatment showed improved OS versus >100mg of dexa-
methasone, suggesting corticosteroid-mediated blunting of the IL-12 depend-
ent immune-mediated therapeutic effect. In the G2 20-mg V cohort, similar
cytokine levels and reversible AEs were observed compared to G1; follow up
is ongoing and mOS will be presented. Based on these results and the best
risk-benefit profile, the 20-mg V dose level was chosen for further investiga-
tion. Combination with an immune checkpoint inhibitor in rtGBM is underway.

ATIM-16. PHASE 1 STUDY RESULTS OF M7824 (MSB0011359C),

A BIFUNCTIONAL FUSION PROTEIN TARGETING TGF- AND
PD-L1, AMONG PATIENTS WITH RECURRENT GLIOBLASTOMA
(rtGBM)

Mustafa Khasraw', Michael Weller?, David Lorente Estelles?,

Kathryn Kolibaba*, Chee Lee’, Craig Gedye®, Macarena De La Fuente’,
David Vicente®, David Reardon’, Laureen Ojalvo'?, Christoph Helwig'!,
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Australia, 2Department of Neurology, University Hospital and University
of Zurich, Zurich, Switzerland, *Medical Oncology Department, Hospital
Universitari i Politécnic La Fe, Valencia, Comunidad Valenciana, Spain,
4Medical Oncology and Hematology, Compass Oncology, P.C., Vancouver,
BC, Canada, SCancer Care Center, St George Hospital, Kogarah, NSW,
Australia, *Department of Medical Oncology, Calvary Mater Newcastle,
Newcastle, NSW, Australia, ’Sylvester Comprehensive Cancer Center,
University of Miami, Miami, FL, USA, $Hospital Universitario Virgen
Macarena, Sevilla, Andalucia, Spain, “Dana-Farber Cancer Institute,
Boston, MA, USA, '"EMD Serono, Billerica, MA, USA, ""Merck KGaA,
Darmstadt, Hessen, Germany, '2ICO Site René Gauducheau, Saint-
Herblain, Pays de la Loire, France, *Texas Oncology Austin Brain Tumor
Center, Austin, TX, USA

BACKGROUND: TGF- signaling promotes tumor immunosuppres-
sion; TGF- inhibition in the tumor microenvironment may enhance the
response to antiPD-L1 treatment. M7824 is an innovative, first-in-class,
bifunctional fusion protein composed of a human antiPD-L1 IgG1 mono-
clonal antibody fused with two extracellular domains of TGF RII to func-
tion as a TGF- trap. We report safety and efficacy of M7824 in patients
with rGBM. METHODS: In this efficacy expansion cohort of the ongoing,
phase 1 trial NCT02517398, patients with rGBM who progressed after
chemoradiation received M7824 1200 mg q2w until disease progression,
unacceptable toxicity, or trial withdrawal. The primary objective was disease
control rate (DCR) per RANO; secondary objectives included safety/toler-
ability. RESULTS: Among 35 patients, median age was 57 years, 68.6%
were male, and 91.4% were at first recurrence. At 15 months minimum
follow-up, median treatment duration was 8.1 (range, 2.0-72.1) weeks;
four patients remained on treatment at >1 year, and one additional patient
decided to stop treatment per protocol at 12 months. Two patients had a
partial response, and nine had stable disease (DCR, 31.4% [95% CI, 16.9—
49.3]), of which two exhibited early progressive disease and subsequent dur-
able stable disease ongoing for >12 months per investigators assessment.
The most common treatment-related adverse events (TRAEs) were gingival
bleeding (17.1%), asthenia (14.3%), pruritus, and rash (each 11.4%). Grade
3 TRAEs (6 patients, 17.1%) included diarrhea, eczema, increased liver/pan-
creatic enzymes, papular rash, papules, one grade 4 asymptomatic increased
lipase, and one grade 5 intratumoral hemorrhage (investigator-assessed)
coterminous with disease progression. CONCLUSIONS: M7824 dem-
onstrated a manageable safety profile and encouraging efficacy in rGBM,
including two durable partial responses and a DCR of 31.4%. Further inves-
tigation of M7824 in GBM is warranted; future development aims to define
molecular characteristics of responders.

ATIM-17. PEMBROLIZUMAB BLOCKS PD-1 ON CAR T CELLS
ADMINISTERED INTRAVENTRICULARLY TO GLIOBLASTOMA
PATIENTS

ana Portnow', Timothy Synold!, Vivi Tran!, Vivian Chiu!,
Darya Alizadeh!, Dongrui Wang!, Alfonso Brito?, Julie Kilpatrick',
Paige Mcnamara', Stephen Forman', Behnam Badie? and Christine Brown?;
ICity of Hope, Duarte, CA, USA, 2City of Hope Beckman Research
Institute and Medical Center, Duarte, CA, USA

BACKGROUND: Checkpoint inhibitors have shown efficacy in other solid
tumors and are being studied in glioblastoma. For patients treated with anti-
PD-1 monoclonal antibodies, such as pembrolizumab, CSF concentrations
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and blockade of PD-1 on T cells present in the CSF have not been reported.
Such information would provide valuable context for applying checkpoint
inhibitors for the treatment of CNS malignancies. METHODS: CSF and
blood samples were obtained from 6 glioblastoma CAR T cell study patients
who received intraventricularly administered CAR T cells. These patients
were also treated with pembrolizumab 200 mg intravenously every 3 weeks.
Pembrolizumab levels in CSF and blood were measured using an ELISA
assay. FACS analysis for PD-1 blockade was performed on endogenous and
CAR T cells detected in CSF samples, and the results were compared to cells
in CSF without pembrolizumab treatment. RESULTS: Data analyzed from 3
patients samples so far show that average pembrolizumab levels in the CSF
and serum were 330 = 114 ng/mL and 64 = 8 pg/mL, respectively. The aver-
age CSF/serum ratio was 0.5 = 0.1%. In 1 patient from whom multiple CSF/
blood samples were obtained over 3 months, steady-state CSF levels ranged
from 155-394 ng/mL throughout each 21 day cycle of pembrolizumab. PD-1
was completely blocked on both endogenous T cells as well as CAR T cells
that were delivered directly into the CSE. CONCLUSIONS: To our know-
ledge, this is the first report of pembrolizumab concentrations in the CSF
after intravenous administration. CSF levels were 0.5% of serum concen-
trations and remained stable throughout a 21 day cycle of pembrolizumab.
PD-1 was found to be blocked on endogenous T cells in the CSE. Further-
more, even though they were relatively low, pembrolizumab levels in the CSF
were sufficient to block PD-1 on intraventricularly administered CAR T cells.

ATIM-18. A PHASE I TRIAL OF VACCINATION WITH
AUTOLOGOUS DENDRITIC CELLS PULSED WITH LYSATE
DERIVED FROM AN ALLOGENEIC GLIOBLASTOMA STEMLIKE
CELL LINE FOR PATIENTS WITH NEWLY DIAGNOSED OR
RECURRENT GLIOBLASTOMA

ethro Hu!, Jeremy Rudnick!, Christopher Wheeler!, Mia Mazer!,
HongQiang Wang', Keith Black! and John Yu?; 'Cedars-Sinai
Medical Center, Los Angeles, CA, USA, 2Cedars-Sinai, Samuel Oschin
Comprehensive Cancer Institute, Los Angeles, CA, USA

INTRODUCTION: We conducted a single-institution phase 1 trial of
a dendritic cell immunotherapy targeting glioblastoma stem-like cells for
patients with either newly diagnosed or recurrent glioblastoma. METH-
ODS: Following gross total or near-gross total resection, patients who
consented to participate in this trial underwent leukapheresis for isolation
of peripheral blood mononuclear cells, which were then differentiated into
dendritic cells in culture, pulsed with lysate derived from an allogeneic glio-
blastoma stem-like cell line, and administered by intradermal injection weekly
x 4 weeks, then every other month until disease progression or vaccine deple-
tion. Patients with newly diagnosed glioblastoma were treated with standard-
of-care chemoradiation, with vaccine injections beginning 1 week following
the completion of radiation therapy. Patients with recurrent disease received
no other disease-directed therapy while on trial. RESULTS: From December
2013 to February 2018, 38 patients enrolled in this trial -- 12 patients with
newly diagnosed glioblastoma and 26 with recurrent disease. Median age 57
(range 19-77), median KPS 80 (range 70-100), 66 % male. Survival functions
were estimated using the Kaplan-Meier method. For newly diagnosed patients,
median Time-to-Progression (TTP) was 8.86 mo, and median Overall Survival
(OS) was 21.1 mo. For patients with recurrent glioblastoma, median TTP was
3.14 mo and median OS was 12.0 mo. Treatment was well-tolerated with no
related grade 3/4 toxicities. As of this analysis, 7 patients are still alive, and 2
patients in the newly diagnosed glioblastoma cohort are still progression-free.
Immune response studies and tumor antigen profiling are ongoing. CONCLU-
SION: Consistent with other previously completed dendritic cell immunother-
apy trials, this phase 1 trial demonstrates improved TPP and OS for patients
with either newly diagnosed or recurrent glioblastoma compared to historical
controls. Ongoing efforts include characterizing and expanding the subset of
patients who most benefit from immunotherapy.

ATIM-19. RESULTS OF THE GLOBE STUDY: A PHASE 3,
RANDOMIZED, CONTROLLED, DOUBLE-ARM, OPEN-

LABEL, MULTI-CENTER STUDY OF VB-111 COMBINED WITH
BEVACIZUMAB VS. BEVACIZUMAB MONOTHERAPY IN PATIENTS
‘WITH RECURRENT GLIOBLASTOMA

Timothy Cloughesy!, Andrew J. Brenner?, Nicholas Butowski?, Yael

C. Cohen*, Noa Lowenton-Spier’ and Patrick Wen®; 'UCLA Neuro-
Oncology, Los Angeles, CA, USA, 2Mays Cancer Center / UT Health San
Antonio, San Antonio, TX, USA, 3University of California, San Francisco,
San Francisco, CA, USA, *VBL Therapeutics, Modiin, Tel Aviv, Israel,
SDana-Farber Cancer Institute, Boston, MA, USA, ®Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA, USA

BACKGROUND: Ofranergene obadenovec (VB-111) is a viral cancer-
therapy with a dual mechanism: vascular disruption and induction of a
tumor directed immune response. In a phase 2 trial, recurrent GBM (rGBM)
patients treated with VB-111, followed at progression with VB-111 in com-
bination with bevacizumab (BEV), had durable tumor growth attenuation,
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associated with prolonged overall survival (OS) of 15 months. METH-
ODS: A phase 3 multisite international randomized open-labeled con-
trolled trial. Patients with rGBM were randomized 1:1 to receive VB-111
at 10e13VPs q8W in combination with BEV 10mg/Kg q2W vs. BEV 10mg/
Kg q2W. Primary endpoint was OS. RESULTS: 256 patients (128 per arm)
were enrolled in 57 sites. The mean age was 55, 67% were male. 74% were
in 1st progression, KPS < 80 found in 23% of patients. In the combin-
ation arm vs the BEV arm: baseline tumor volume > = 15cm3 in 49% vs
41%; Grade 3—4 adverse events reported among 61 % (mostly CNS and
febrile) vs 34%, and pyrexia in 39% vs 4% of patients; ORR was 27.3%
vs 21.9% and median duration of response was 3.7 vs 2.2 months. Median
OS was 6.8 vs 7.9 months in the combination vs BEV arms, HR 1.2 [95%
CI 0.910-1.59, p=NS]. In the subgroup of patients with baseline tumors<
15 cm3, OS was 9.2 vs 8.3 months [p=NS], and 12 month OS was 38.9%
vs 26.9% [p=NS]. Among patients in the combination arm, OS was 7.9 vs
5.5 in patients with and without a febrile reaction. CONCLUSIONS: In this
trial, VB-111 in combination with BEV failed to increase OS in patients with
rGBM. Lack of VB-111 priming, as done in the phase II trial may explain
the differences with the favorable outcomes in the latter. Patients with large
progressive tumors may precluded sufficient drug exposure. Additional ex-
ploratory analyses are ongoing.

ATIM-20. GAPVAC-101 TRIAL OF A HIGHLY PERSONALIZED
PEPTIDE VACCINATION FOR PATIENTS WITH NEWLY
DIAGNOSED GLIOBLASTOMA

Wolfgang Wick!, Pierre-Yves Dietrich?, Norbert HIIf?>, Michael Platten*,
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Mannheim, Mannheim, Baden-Wurttemberg, Germany, *BioNTech
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Technology, Haifa, Tel Aviv, Israel, "Leiden University Medical Center,
Leiden, Liege, Belgium, *University of Heidelberg and DKFZ, Heidelberg,
Baden-Wurttemberg, Germany, “CIMT - Association for Cancer
Immunotherapy, Mainz, Tiibingen, Baden-Wurttemberg, Germany,
10Leiden University Medical Center, Liege, Belgium, ''Vall dHebron
University Hospital, Vall dHebron University Hospital, Catalonia,

Spain, '2University of California San Francisco, San Francisco, CA, USA,
B3University of Southampton, Southampton, England, United Kingdom,
4BCN Peptides S.A, Barcelona, Catalonia, Spain, *Ringhospitalet,
Copenhagen, Midtjylland, Denmark, "*University Hospital Tiibingen,
Tuebingen, Baden-Wurttemberg, Germany, "Interdisciplinary Division of
Neuro-Oncology, Departments of Neurology and Neurosurgery, University
Hospital Tuebingen, Hertie Institute for Clinical Brain Research, Eberhard
Karls University Tuebingen, Tuebingen, Germany, Tuebingen, Baden-
Waurttemberg, Germany, '*Immatics biotechnologies GmbH, Tuebingen,
Baden-Wurttemberg, Germany

BACKGROUND: There is a need for treatment personalization as every
cancer is molecularly unique. In addition glioblastoma (GB) are immuno-
logically regarded as resistant, cold tumor with few targetable antigens
available from mutations, thus demanding new personalized immuno-
therapies. So far outside Neuro-Oncology, T cells orchestrate impressive
anti-tumor effects with checkpoint inhibitors, but also vaccines. METH-
ODS: The GAPVAC consortium established an immunotherapy, for which
personalized selection of 2 peptide-based actively personalized vaccines
(APVAC) per patient for treatment of newly diagnosed GB was based not
only on whole-exome sequencing but also on human leukocyte antigen
(HLA)-ligandome analyses providing insight into the actual presentation of
relevant epitopes in the tumor. GAPVAC-101 (NCT02149225) enrolled 16
patients in a European phase I feasibility, safety and immunogenicity trial
integrated into standard of care. For APVAC1, up to 7 peptides were selected
from a trial specific warehouse based on individual biomarker data. Vaccin-
ation (i.d.) with GM-CSF and poly-ICLC in 15 patients started with the 1st
adjuvant cycle of temozolomide (TMZ). For APVAC2, analyses revealed a
median of 36 somatic, non-synonymous mutations in the patients tumors.
From the 4th TMZ cycle, 11 patients received APVAC2 with usually 2 de
novo antigens per patient selected according to mutation, actual or puta-
tive HLA presentation and immunogenicity. Overall 20 APVAC2 antigens
incl. 14 mutated were vaccinated. RESULTS: Adverse events were largely
reversible injection site reactions and two anaphylactic reactions and one in-
crease in cerebral edema. Short, non-mutated APVAC1 antigens induced sus-
tained CD8 responses with memory phenotype. Mutated APVAC2 antigens
induced predominantly CD4 responses of favorable TH1 type. Median PFS
and OS were 14.2 and 29 months from diagnosis, respectively, in patients
that received 1 APVAC vaccination (N=15). CONCLUSION: Overall, GAP-
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VAC displayed expected safety profiles and high biological activity indicat-
ing further development.

ATIM-21. UPDATED RESULTS OF A PHASE I TRIAL OF ANTI-LAG-3
OR ANTI-CD137 ALONE AND IN COMBINATION WITH ANTI-PD-1
IN PATIENTS WITH RECURRENT GBM

Michael Lim', Xiaobu Ye?, L Burt Nabors?, Anna Piotrowski?,

Manmeet Ahluwalia®, Arati Desai®, Tobias Walbert’, Joy Fisher®,

Serena Desideri®, Megan Sims®, Patrick Wen’ and Stuart Grossman?; 'Johns
Hopkins Hospital, Baltimore, MD, USA, 2Sidney Kimmel Comprehensive
Cancer Center, Johns Hopkins Medical Institution, Baltimore, MD, USA,
3Department of Neurology, The University of Alabama at Birmingham,
Birmingham, AL, USA, *“Memorial Sloan Kettering, New York, NY, USA,
5Cleveland Clinic, Cleveland, OH, USA, ¢Perelman School of Medicine

at the University of Pennsylvania, Philadelphia, PA, USA, "Henry Ford
Hospital, Detroit, MI, Detroit, MI, USA, $Johns Hopkins, Baltimore, MD,
USA, °Dana-Farber Cancer Institute, Harvard Medical School, Boston,
MA, USA

BACKGROUND: Others and we have shown additional checkpoint
molecules are expressed in GBM and preclinical studies have shown
that combining anti-Lag-3 and anti-CD137 with anti-PD-1 can induce
effective antitumor immune responses. METHODS: The Adult Brain
Tumor Consortium (ABTC) 1501 trial is a phase I, open label, multi-
center, multi-arm dose-finding/safety study of anti-LAG-3 (BMS-986016)
or anti-CD137 (BMS-663513) alone and in combination with anti-PD-1
in patients with first time recurrent GBM. The primary objective was to
define MTD for the mono and combination treatments with a secondary
objective of OS. Using a sequential allocation, we started with doses of
80mg for anti-LAG-3 and 8mg flat for anti-CD137. Anti-PD-1 was given
at a flat dose of 240 mg in the combination treatment arms. Using a 3 + 3
design our target DLT rate was < 33%. RESULTS: To date 30 patients
were enrolled into the trial with median age at 56, median KPS of 90.
Median treatment cycle was 3 and 43% tumors were MGMT methylated.
Recruitment of the monotherapy Anti-LAG-3 and anti-CD137 arms were
completed. We observed no DLT at the highest dose for Anti-LAG-3 at
800mg and only one DLT (a grade 3 elevated serum ALT at end of cycle
2) with anti-CD137 at the top dose of anti-CD137 at 8mg flat. In add-
ition, three out of 12 patients developed elevated ALT at end of cycle 2
that was considered possibly related to anti-CD137. Another two patients
had grade 1 elevated ALTs. Six patients are currently enrolled into a com-
bination cohort of Anti-LAG-3 at160mg +anti-PD-1with no observed
DLT and the combination arm of anti-CD137 with anti-PD-1 is open to
accrual. CONCLUSIONS: The safe monotherapy dose is 800mg for anti-
LAG-3 and 8mg flat for anti-CD137. Both Anti-LAG-3 and anti-CD137
in combination with antiPD-1 cohorts and an intratumoral surgical anti-
CD137 cohort are open for accrual.

ATIM-22. PROGNOSTIC VALUE OF PTEN LOSS IN NEWLY
DIAGNOSED GBM PATIENTS TREATED WITH AUTOLOGOUS
HEAT SHOCK PROTEIN VACCINE

Paula Alcaide Leon!, Tracy Luks!, Marisa Lafontaine!, Jennifer Clarke’,
Susan Chang!, Sarah Nelson', Orin Bloch? and Javier Villanueva-Meyer';
University of California San Francisco, San Francisco, CA, USA, *Feinberg
School of Medicine, Northwestern University, Chicago, IL, USA

INTRODUCTION: The safety and efficacy of a heat shock protein
peptide complex- 96 vaccine (HSPPC-96, Prophage) has been previously
studied in phase II single-arm trials for the treatment of newly diagnosed
and recurrent glioblastoma (GBM). These studies demonstrated mod-
est improvements in survival compared with historical standards. PTEN
loss has been recently associated with immunoresistance in GBM patients,
mediated in part by B7-H1. PTEN status has not shown clear prognos-
tic value in GBM patients treated with standard of care therapies. The
aim of this study is to evaluate the prognostic significance of PTEN status
in newly diagnosed GBM patients treated with autologous HSP vaccine
and standard chemoradiation. METHODS: Our institutional cohort of
patients enrolled in a single arm, phase II study of adult GBM patients
treated with autologous HSP vaccine and standard chemoradiation (n=27)
was analyzed. Differences in overall survival (OS) by PTEN status were
evaluated via Kaplan-Meier curves and Log-rank test. RESULTS: Median
overall survival (n=27) was 26 months. 23 patients had PTEN status avail-
able. PTEN loss was found in 16 patients (69.6%) whereas retained PTEN
was present in 7 patients (30.4%). Median OS was 59 months (95% CI,
0-120 months) in patients with retained PTEN and 23 months (95% CI,
15-30 months) in patients with PTEN loss. The difference in OS was stat-
istically significant (p=0.037). CONCLUSION: Retained PTEN expression
was associated with extended survival in GBM patients treated with HSP
vaccine. This finding suggests that PTEN loss may be associated with resist-
ance to vaccine treatment and emphasizes the need for subgroup analysis in
further immunotherapy studies.
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ATIM-23. ANTI-CD27 AGONIST ANTIBODY VARLILUMAB

IN COMBINATION WITH NIVOLUMAB FOR RECURRENT
GLIOBLASTOMA (rGBM): PHASE 2 CLINICAL TRIAL RESULTS
David Reardon', Thomas Kaley?, Fabio Iwamoto?, Joachim Baehring*,
Deepa Subramaniam®, Tracey Rawls®, Yi He®, Tibor Keler® and

Michael Yelliné; 'Dana-Farber Cancer Institute, Boston, MA, USA,
2Memorial Sloan Kettering Cancer Center, New York City, NY, USA,
SDepartment of Neurology and Herbert Irving Comprehensive Cancer
Center, Columbia University Irving Medical Center, New York, NY, USA,
#Yale University School of Medicine Department of Neurology, New
Haven, CT, USA, *Georgetown University, Washington, DC, USA, ®Celldex
Therapeutics, Hampton, NJ, USA

CD27 is a key immunostimulatory molecule that enhances T cell sur-
vival, activation and effector function, as well as proliferation and cytotoxic
activity of NK cells. Preclinical studies demonstrate synergistic activity of
PD-(L)1 blockade and varlilumab, an anti-CD27 agonist monoclonal anti-
body. In an open-label Phase 2 study (NCT02335918), patients with bevaci-
zumab-naive, rtGBM following first line chemoradiation received varlilumab
(3 mg/kg, up to 16 doses) and nivolumab (240 mg) Q2W. Objectives were to
determine preliminary antitumor activity based on 12-month survival rate
(OS12; primary), objective response rate (ORR; iRANO), progression-free
survival (PFS), as well as tolerability. 22 patients were enrolled: 23 % methyl-
ated MGMT (mMGMT), 68% unmethylated MGMT (uMGMT), 9% un-
known; median age 58 years; 68% male; 36% ECOG performance status
0, 64% ECOG 1; 4/18 (22%) PD-L1+ tumor. Safety profile was consistent
with that of each agent alone and generally grade 1-2, without dose-limiting
toxicity or drug-related deaths. The most common toxicities were lympho-
penia, pruritus, headache, and rash. Two patients experienced treatment-
related serious events (grade 2 gait disturbance, headache and personality
changes; and grade 4 thrombocytopenia). OS12 was 38.5% (95% CI; 18.6,
58.2) overall and 43.6% (95% CI; 18.2-66.7) for the uMGMT subgroup.
Median OS (months) was 9.7 (95% CI; 6.7-14.8) overall and 11.3 (95% CI;
5.3, -) for the uMGMT subgroup. Eight patients (6 uMGMT, 1 mMGMT,
1 unknown) survived 12 months (range: 13.7 - 23+). Two patients (9%;
both uMGMT) experienced Partial Responses (63% and 92% shrinkage)
continuing at 19 and 16 months. Nine patients experienced stable disease,
including 5 for 6 months (range: 7.3 - 20.3). Varlilumab with nivolumab
was generally well tolerated in patients with rGBM and achieved durable
therapeutic benefit in a subset of patients, although overall ORR and OS12
were similar to historical nivolumab monotherapy data. Outcome among
uMGMT rGBM patients may be encouraging.

ATIM-24. INTERIM RESULTS OF A PHASE II MULTICENTER
STUDY OF THE CONDITIONALLY REPLICATIVE ONCOLYTIC
ADENOVIRUS DNX-2401 WITH PEMBROLIZUMAB (KEYTRUDA)
FOR RECURRENT GLIOBLASTOMA; CAPTIVE STUDY
(KEYNOTE-192)

Gelareh Zadeh', Frederick Lang?, Mariza Daras?, Timothy Cloughesy*,
Howard Colman?®, Shirley Ong®, Rohan Ramakrishna’,

Michael Vogelbaum?®, Morris Groves’, Farshad Nassiri'?, L.

Sue Frederick!!, Karen Gammon'?, Sheila Fulling'3, Kari Anne Rowland'4,
Erin Mitchell’S, Brett Ewald!®, Frank Tufaro'¢ and Joanna Peterkin!®;
Toronto Western Hospital, University Health Network, University of
Toronto, Toronto, ON, Canada, The University of Texas MD Anderson
Cancer Center, Houston, TX, USA, 3Memorial Sloan Kettering Cancer
Center, New York, NY, USA, “UCLA Neuro-Oncology, Los Angeles, CA,
USA, SDepartment of Neurosurgery, Huntsman Cancer Institute and
Clinical Neuroscience Center, University of Utah, Salt Lake City, UT, USA,
®University of Arkansas for Medical Sciences, Little Rock, AR, USA, 7Weill
Cornell Brain and Spine Center, New York, NY, USA, ®Department of
Neurosurgery, Cleveland Clinic, Cleveland, OH, USA, Cleveland, OH, USA,
9Texas Oncology Austin Brain Tumor Center, Austin, TX, USA, '“Division
of Neurosurgery, Department of Surgery, Toronto Western Hospital
University Health Network, Toronto, ON, Canada, "'"DNAtrix, Chapel
Hill, NC, USA, 2DNAtrix, Sumter, SC, USA, ®DNAtrix, West Chester, PA,
USA, "DNAtrix, McKinney, TX, USA, "DNAtrix, Toronto, ON, Canada,
1DNAtrix, Inc., San Diego, CA, USA

BACKGROUND: DNX-2401 (tasadenoturev) is a replication-competent,
tumor-selective, oncolytic adenovirus. A dose-escalating, Phase II study of
a single intratumoral injection of DNX-2401 with pembrolizumab to de-
termine optimal dose, safety and efficacy is ongoing and enrolling up to 48
patients with recurrent glioblastoma. Key inclusion criteria include patients
with a single lesion at first or second recurrence for which resection is not
possible or planned. METHODS: In a dose-escalation design, a single intra-
tumoral dose of DNX-2401 (5e8vp, Se9vp, SelOvp) is administered via
cannula, followed 7 days later by 200 mg pembrolizumab Q3wk for up
to 24 months or until confirmed progression, intolerable toxicity, or study
withdrawal. Tumor response is assessed every 4 weeks for 6 months and
every 8 weeks thereafter. RESULTS: As of 01May2018, 23 patients have
been treated, with 17 at the optimal dose of Se10vp DNX-2401. The median
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age and KPS at entry was 52 years (26-65) and 90 (80-100), respectively.
The most frequent related grade 3—4 AEs across cohorts are headache (30%),
fatigue (9%), and increased GGT (9%) consistent with disease or immune
activation. Transient grade 1-3 lymphopenia has also been observed. Several
cases of vasogenic edema have been managed with steroid tapers or low-
dose bevacizumab. No patient has died or discontinued due to study treat-
ment. The median treatment duration is 5.1 months for evaluable patients
treated with DNX-2401 and pembrolizumab (N=15). Preliminary efficacy
includes two partial responses and 100% 9-month survival for the first 7
patients treated. CONCLUSIONS: DNX-2401 followed by pembrolizumab
is well tolerated, and data emerging for disease control and survival are
encouraging. Updated results will be presented.

ATIM-25. NEOADJUVANT PD-1 ANTIBODY BLOCKADE IS
ASSOCIATED WITH FOCAL UPREGULATION OF PD-L1 AND CD8 T
CELL INFILTRATE IN RECURRENT GLIOBLASTOMA

oey Orpilla', Aaron Mochizuki?, Jeremy Reynoso®, Neha Akkad?,
Alexander Lee’, Tom Davidson®, Linda Liau', Timothy Cloughesy” and
Robert Prins®; '"UCLA Neurosurgery, Los Angeles, CA, USA, 2UCLA
Pediatrics, LA, CA, USA, SUCLA, Los Angeles, CA, USA, “UCLA David
Geffen School of Medicine, Los Angeles, CA, USA, SUCLA Dept of
Molecular and Medical Pharmacology, Los Angeles, CA, USA, ¢David
Geffen School of Medicine, Los Angeles, CA, USA, 7UCLA Neuro-
Oncology, Los Angeles, CA, USA, SUCLA Depts. of Neurosurgery and
Molecular and Medical Pharmacology, LA, CA, USA

BACKGROUND: The use of anti-PD-1 therapy, pembrolizumab, has
shown minimal therapeutic effect as an adjuvant treatment in glioblastoma,
but its efficacy as a neoadjuvant in recurrent glioblastoma setting has yet to
be established. METHODS: The Ivy Foundation Early Phase Clinical Tri-
als’ Consortium conducted a randomized, multi-institution Phase I clinical
trial to evaluate the immune response and survival following neoadjuvant
and adjuvant therapy with pembrolizumab in thirty patients with recur-
rent, surgically resectable glioblastoma. Formalin-fixed paraffin embedded
tissue was stained using multiplex immunohistochemistry to spatially visu-
alize and quantify the following markers: CD8, PD-1, CD45, GFAP, and
PD-L1. RESULTS: The density of tumor infiltrating CD8 T-cells was not
statistically different between groups, but distinctly variable in the neo-
adjuvant treatment group. PD-1 expression across both treatment groups
co-localized with CD8 T-cells, though 9 neoadjuvant and only 3 adjuvant
samples had appreciable PD-1 detected. Samples with the highest percentage
of PD-L1 expression and double positive CD8/PD-1 cell population were
present in both groups. Notable CD45/PD-L1 populations were found in
3 neoadjuvant treated samples, with only 1 in the adjuvant group. Samples
were classified as having either constitutive, focal, or negative PD-L1 expres-
sion pattern with varying degrees of CD8 infiltrate. 7 neoadjuvant patients
and 3 adjuvant patients exhibited a focal phenotype with a high CDS8 in-
filtrate. Neoadjuvant samples exhibiting focal PD-L1 expression also had
a higher median survival compared to the corresponding adjuvant group
(p=0.035, Mantel-Cox log rank). CONCLUSION: Classification of tumors
based on PD-L1, CD8, and PD-1 IHC may be predictive of outcome and
therapeutic effect. We identified a subset of patients with focal expression of
PD-L1 with increased survival. This suggests that focally expressed PD-L1,
perhaps induced on tumor and immune infiltrate by the presence of an anti-
tumor CDS8 response, is a biomarker that is predictive of a positive response
to anti-PD-1 checkpoint blockade.

ATIM-26. IMMUNOLOGIC TRENDS ASSOCIATED WITH PATIENT
OUTCOMES IN A PHASE 1 CLINICAL TRIAL OF TOCA 511 AND
TOCA FC IN RECURRENT HIGH GRADE GLIOMA

William Accomando!, Timothy Cloughesy?, Steven Kalkanis?,

Tom Mikkelsen?, Joseph Landolfi’, Bob Carter®, Clark Chen’,

Michael Vogelbaum?®, James Elder’, David Piccioni'?, Tobias Walbert!!,
Daniel Hogan', Oscar Diago', Dawn Gammon', Ali Haghighi!,

Thian Kheoh!, Harry Gruber!, Douglas Jolly' and Derek Ostertag';
Tocagen Inc., San Diego, CA, USA, 2UCLA Neuro-Oncology, Los Angeles,
CA, USA, *Department of Neurosurgery, Henry Ford Health System,
Detroit, MI, USA, *Henry Ford Hospital, Detroit, MI, USA, JFK Medical
Center, Edison, NJ, USA, ®Massachusetts General Hospital, Boston, MA,
USA, 7University of Minnesota Department of Neurosurgery, Minneapolis,
MN, USA, ®Department of Neurosurgery, Cleveland Clinic, Cleveland,
OH, USA, ?Ohio State University, Columbus, OH, USA, °University

of California, San Diego, San Diego, CA, USA, ""Henry Ford Hospital,
Detroit, MI, Detroit, MI, USA

Toca 511 (vocimagene amiretrorepvec) is a cancer selective, retroviral
replicating vector encoding a codon optimized, heat stabilized cytosine
deaminase that converts Toca FC (extended-release 5- fluorocytosine, 5-FC)
into the anticancer agent S-fluorouracil. Preclinical evidence demonstrates
that the Toca 511 & Toca FC regimen kills cancer cells and immunosup-
pressive myeloid cells in the tumor microenvironment, leading to durable
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antitumor immune responses that can be adoptively transferred to untreated
animals. In an ascending dose trial (NCT01470794) in patients with recur-
rent high grade glioma (rHGG), Toca 511 was injected into the resection
cavity walls at the time of resection, and then multiple courses of oral Toca
FC were administered. Multiyear durable and complete responses by inde-
pendent radiology review have been reported. Human immune monitoring
results support an immunologic mechanism of action and identify potential
biomarkers related to patient outcomes. Measurements included the quan-
tification of peripheral blood and tumor infiltrating leukocyte subsets by
flow cytometry, immunohistochemistry, and deconvolution of DNA and
RNA sequencing data. In addition, systemic cytokine levels were assessed in
peripheral blood serum by multiplex digital ELISA. Univariate comparisons
and multivariate models revealed immunologic trends associated with pa-
tient outcomes. Pre-treatment tumor infiltrating cell subsets, quantified via
deconvolution of RNA sequencing data, were associated with both objective
responses and survival. Subsequent exploratory models applied to selected
patient data indicate that a combined biomarker using mRNA signatures
from multiple leukocyte subsets may predict patient outcomes with high
sensitivity and selectivity. In addition, post-treatment serum cytokine time-
course results suggest that differences and temporal modulations are associ-
ated with both objective response and survival. These results support an
immune-related mechanism of action for the Toca 511 & Toca FC regimen.
Potentially predictive and/or prognostic biomarkers of patient outcomes will
be evaluated in the ongoing randomized Phase 3 Toca 5 trial in patients with
rHGG (NCT02414165).

ATIM-27. INTRATUMORAL ADMINISTRATION OF AN
ONCOLYTIC POLIO/RHINOVIRUS RECOMBINANT (PVSRIPO) IN
MALIGNANT GLIOMA PATIENTS: ASSESSMENT OF MUTATIONAL
RESPONSE CORRELATES

David Ashley!, Annick Desjardins!, Matthias Gromeier?, Andrea Muscat?,
James Herndon*, Allan Friedman?, Henry Friedman', Frances McSherry?,
Dina Randazzo', Katherine Peters?, Stevie Threatt?, Chevelle Bullock?,
Elizabeth Miller!, Susan Boulton?, Eric Lipp!, Darell Bigner? and

John Sampson?; 'The Preston Robert Tisch Brain Tumor Center, Duke
University Medical Center, Durham, NC, USA, ?Duke University Medical
Center, Durham, NC, USA, 3Deakin University & Barwon Health: The
School of Medicine & University Hospital Geelong, Victoria, Australia,
“Department of Biostatistics and Bioinformatics, Duke University Medical
Center, Durham, NC, USA, SDuke Cancer Institute Biostatistics, Duke
University Medical Center, Durham, NC, USA.

BACKGROUND: The live attenuated oral poliovirus vaccine was modi-
fied to contain a heterologous internal ribosomal entry site stemming from
human rhinovirus type 2, creating PVSRIPO. PVSRIPO recognizes CD1535,
an oncofetal cell adhesion molecule and tumor antigen widely expressed
ectopically in malignancy. We report results of the dose finding trial evalu-
ating PVSRIPO delivered intratumorally by convection-enhanced delivery
(CED). METHODS: Eligible patients were adults with recurrent supraten-
torial WHO grade IV MG; solitary tumor 1-5.5cm in diameter; 4 weeks
after chemotherapy, bevacizumab or study drug; adequate organ function;
KPS70%; and positive anti-polio titer. RESULTS: A total of 61 pts were
treated on study. Only one DLT was observed, a grade 4 intracranial hem-
orrhage at the time of catheter removal on DLS. Study related adverse
events consisted of localized peritumoral inflammation, triggering neuro-
logic symptoms in relation to the location of the infused tumor. Of the 26
patients treated more than 36 months ago, six are alive at 73.6+, 72.5+,
60.6+, 44.0+, 39.3+, and 36.9+ months. Deep sequencing of biopsy material
obtained prior to PVSRIPO infusion in 31 samples, confirmed that a very
low mutational load is associated with longer survival (p=0.017). Addition-
ally, no patients whose tumors had >0.5 non-synonymous mutations per
Mb survived beyond 18 months. CONCLUSION: Infusion of PVSRIPO via
CED is safe and encouraging efficacy results were observed in adults along
with mutational correlates of response.

ATIM-28. PHASE 2 STUDY OF ERC1671 PLUS BEVACIZUMAB VS
BEVACIZUMAB PLUS PLACEBO IN RECURRENT GBM INTERIM
RESULTS AND CORRELATIONS WITH CD4+ T LYMPHOCYTE
COUNTS

Daniela A. Bota!, Jinah Chung?, Manisha Dandekar?, Jose

A. Carrillo®, Xiao-tang Kong?, Dan Beverly Fu?, Frank P.K. Hsu*,

Alex H. Schénthal’, Florence M. Hofman®, Thomas C. Chen®,

Raphael Zidovetzki’, Chrystel Pretto®, Ankie Strik®, Virgil E.J.C. Schijns’
and Apostolos Stathopoulos®; 'University of California, Irvine, Orange,
CA, USA, >Chao Family Comprehensive Cancer Center, Irvine, CA,

USA, 3University of California, Irvine, Irvine, CA, USA, *Department of
Neurological Surgery, Irvine, CA, USA, SDepartment of Neurosurgery,
Los Angeles, CA, USA, Department of Pathology, University of Southern
California, Los Angeles, CA, USA, "Cell Biology and Neuroscience,
University of California, Riverside, Riverside, CA, USA, $Epitopoietic
Research Corporation, Gembloux Isnes, Namur, Belgium, *9Cell Biology
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& Immunology Group, Wageningen University, Wageningen, Gelderland,
Netherlands

BACKGROUND: ERC1671 is an allogeneic/autologous therapeutic glio-
blastoma (GBM) vaccine composed of whole, inactivated tumor cells mixed
with tumor cell lysates derived from the patient and three GBM donors.
Previously published compassionate use data showed an overall survival
(OS) of 43 weeks (10 months) in patients with a good performance sta-
tus. METHODS: In this double-blinded, randomized, phase 2 study beva-
cizumab-naive patients with recurrent GBM were randomized after surgery
to receive either ERC1671 in combination with GM-CSF and cyclophos-
phamide plus bevacizumab, or placebo plus bevacizumab. The trial is reg-
istered with ClinicalTrials.gov (NCT01903330). Interim RESULTS: Nine
patients, with a KPS 70, were randomized and treated. At the time of further
progression, these patients were unblinded, as stipulated by the protocol,
which revealed that four had received vaccine, four had received placebo,
and one was non-evaluable. Median OS of patients treated with ERC1671
plus bevacizumab was 12 months, with one patient surviving >2 years. In
the group treated with placebo plus bevacizumab, median OS was shorter
at 7.5 months, with all patients having succumbed within 1 year. Toxicity
analysis showed an equal distribution of adverse events (AE) between the
vaccine and placebo groups, with no grade 4 or 5 toxicities. The maximal
CD4+ T lymphocyte count in the peripheral blood correlated with OS in the
ERC1671 but not in the placebo group. CONCLUSIONS: The addition of
ERC1671/GM-CSF/cyclophosphamide to bevacizumab resulted in a poten-
tial survival benefit with minimal additional toxicity. The maximal CD4+ T
lymphocyte count in the peripheral blood correlated with OS. The study is
ongoing with the addition of two other sites.

ATIM-29. NRG BN002: SAFETY DATA FROM A PHASE I STUDY OF
IPILIMUMARB (IPI), NIVOLUMAB (NIVO), AND THE COMBINATION
FOR NEWLY DIAGNOSED GLIOBLASTOMA (GBM)

Mark Gilbert, Peixin Zhang?, Andrew Sloan?, Kenneth Aldape*, Jing Wu',
Lisa Rogers’, Patrick Wen®, Igor Barani’, Fabio Iwamoto®, Raju Raval’,
Alfredo Voloshin'?, John de Groot!!, Minhee Won? and Minesh P Mehta'?;
!Neuro-Oncology Branch, CCR, NCI, NIH, Bethesda, MD, USA, 2NRG
Oncology, Philadelphia, PA, USA, 3University Hospitals-Cleveland Medical
Center, Cleveland, OH, USA, *Center for Cancer Research, National
Cancer Institute, Bethesda, MD, USA, *University Hospitals - Case Medical
Center, Cleveland, OH, USA, ¢Dana-Farber Cancer Institute, Harvard
Medical School, Boston, MA, USA, 7University of California San Francisco,
San Francisco, CA, USA, ®Department of Neurology and Herbert Irving
Comprehensive Cancer Center, Columbia University Irving Medical
Center, New York, NY, USA, °Ohio State University, Columbus, OH, USA,
1"Emory University, Atlanta, GA, USA, ''Department of Neuro-Oncology,
The University of Texas MD Anderson Cancer Center, Houston, TX, USA,
2Miami Cancer Institute, Miami, FL, USA

INTRODUCTION: Immune checkpoint inhibitors (ICIs) have demon-
strated efficacy in several solid tumors including brain metastases, but single
agent ICIs have failed to improve outcome in recurrent (GBM). This study
evaluated the safety of anti-CTLA-4 (IPI) and anti-PD-1 (NIVO) ICIs alone
or in combination in newly diagnosed GBM during adjuvant temozolomide
(TMZ) treatment. METHODS: This phase I study evaluated IPI (3mg/kg),
NIVO (3mg/kg), and the combination (1 mg/kg & 3 mg/kg respectively)
followed by an expansion cohort for the combined treatment of adults with
unifocal, supratentorial newly diagnosed GBM after gross or near total resec-
tion. ICIs were given with adjuvant TMZ. The primary endpoint was the
dose limiting toxicity (DLT) within 8 weeks of starting ICIs. A standard up-
and-down design was used with 6 evaluable patients enrolled at a given dose
level; safety defined as 1 or fewer patients with DLTs. RESULTS: Thirty-two
patients (31 analyzable; 1 not treated) were enrolled, 6 to each arm and 14
to the expansion cohort. Median age: 54 years (range: 23-74), 68% male
and 84% white. Overall, treatment was well tolerated with a 16% rate of
Grade 4 events; without increased toxicity of combination ICIs; there were
no Grade § events. One DLT was seen in each single-agent arm; none in the
combination arm. Median follow-up time was 8.4 months (range: 0.5-23.6),
10 had progressed (32%) and 8 had died (26%), 7 due to disease progres-
sion and 1 due to pulmonary embolism. CONCLUSIONS: IPI and NIVO
are safe and tolerable with similar toxicity profiles noted with other cancers
when given with adjuvant TMZ for newly diagnosed GBM. Combination
IPI+NIVO is not more toxic than single agents. These results provide neces-
sary safety data for a subsequent efficacy trial to test the combination of
ICIs in newly diagnosed GBM. Funding: UT0CA180868 and UT10CA 180822
(NCI).

ATIM-30. HOW TO MONITOR IMMUNOGENIC CELL DEATH IN
PATIENTS WITH GLIOBLASTOMA

Stefaan Van Gool, Oliver Feyen, Jennifer Makalowski, Andrea Neinhuis,
Volker Schirrmacher and Wilfried Stuecker; IOZK, Kéln, Nordrhein-
Westfalen, Germany
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Immunotherapy approaches become prominent in the treatment of
patients with GBM. One pathway is the induction of immunogenic cell
death of tumor cells (ICD). Instant monitoring of the effects of ICD might
help the physician to continuously adapt these therapies. For this, blood
liquid biopsy like biological biopsy might help. The presence and evolu-
tion of tumor-derived TKTL1 and Apo10 in circulating monocytes, both
components of the PanTum tests using the EDIM platform, were studied
in a series of 57 patients with glioma treated with 2 cycles of multimodal
immunotherapy consisting of modulated electrohyperthermia (mEHT),
injections of Newcastle Disease Virus (NDV), autologous mature dendritic
cell vaccinations loaded with autologous tumor antigens, and immunomod-
ulatory strategies depending on the functioning immune system. Median
age was 44 years (ranging 1-73). Patients had high grade glioma (n=48),
grade II glioma (n=3), DIPG (n=4), ependymoma (n=1) and metastasized
paraganglioma (n=1). A significant increase of TKTL1 and Apol0 was
measured after 5 days of mEHT/NDV-based ICD treatment. Three weeks
later, the markers were dropped but rose again significantly upon ICD treat-
ment. Increase was observed for all disease entities. Values were relatively
lower in lower grade tumors. The effect of ICD can be monitored through
TKTL1 and Apo10 measurements. Whether the dynamics of these markers
upon treatment predict efficacy of multimodal immunotherapy is focus of
current research.

ATIM-31. PHASE I STUDY OF TUMOR TREATMENT FIELDS AND
A PERSONALIZED MUTATION-DERIVED TUMOR VACCINE IN
PATIENTS WITH NEWLY DIAGNOSED GLIOBLASTOMA

Adilia Hormigo', Alex Rubinsteyn?, Julia Kodysh?, Raymund Yong?,
Constantinos Hadjipanayis*, Joshua Bederson*, Nadejda Tsankova®,
Jane Houldsworth® and Nina Bhardwaj’; 'Department of Neurology,
Mount Sinai School of Medicine, Tisch Cancer Institute, New York, NY,
USA, 2Mount Sinai School of Medicine, Tisch Cancer Institute, New
York, NY, USA, *Department Neurosurgery, Mount Sinai Health System,
New York, NY, USA, *Department Neurosurgery, Mount Sinai School of
Medicine, New York, NYY, USA, SDepartment Pathology, Icahn School of
Medicine at Mount Sinai, New York, NY, USA, Department Pathology,
Mount Sinai School of Medicine, New York, NY, USA, “Icahn School of
Medicine at Mount Sinai, New York, NY, USA

The tumor microenvironment of a glioblastoma is highly immunosup-
pressive. Overcoming this immunosuppressive activity seems imperative
to a successful treatment. Like other cancers, glioblastoma is capable of
generating tumor-specific peptides that can be recognized by the immune
system, providing a specific target for antitumor therapy. Glioma vaccines
including tumor lysate pulsed dendritic cell-based immunotherapy have
proven safe and potentially of clinical value, suggesting that dead cells can
confer tumor associated antigens for processing and presentation. Use of
TTFields in newly diagnosed glioblastoma increases progression-free sur-
vival and overall survival. Among several mechanisms of action, TTFields
induces an immunogenic cell death. Therefore, we combined this modality
treatment with the standard of care and a personalized vaccine for newly
diagnosed glioblastoma with the expectation of improved outcome for the
patients. RNA and DNA are extracted from tumor specimens and blood
and whole exome sequence and mRNASeq is performed. HLA typing is
obtained for each patient. Mutation-derived tumor antigens are identified
using computational predictions and ranked according to both predicted
HLA binding affinity and expression. A maximum of 10 peptides is selected
for each patient vaccine. The vaccine is administered subcutaneously using
Poly-ICLC as adjuvant during Temozolomide treatment after radiotherapy
with concurrent Temozolomide. We are reporting on the initial safety data
for patients who received the mutation-derived tumor antigen vaccine with-
out the use of the TTFields. We have encountered not only novel mutated
tumor antigens but also well known driver mutations that are predicted
to be immunogenic despite a low mutation load in the GBM patients. The
trial is feasible and the vaccine seems well tolerated without unexpected
adverse events.

ATIM-32. PERSONALIZED NEOANTIGEN-TARGETING VACCINE
GENERATES ROBUST SYSTEMIC AND INTRATUMORAL T CELL
RESPONSES IN GLIOBLASTOMA (GBM) PATIENTS

David Reardon', Derin Keskin!, Itay Tirosh?, Annabelle Anandappa?,
Nathan Mathewson!, Jing Sun!, Sachet Shukla', Evisa Gjini', Shugiang Li!,
Anita Giobbie-Hurder!, Christine McCluskey', E. Antonio Chiocca®,
Donna Neuberg', Kai Wucherpfennig!, Mario Suva®, Edward Fritsch®,
Scott Rodig’, Keith Ligon®, Patrick Wen?, Kenneth Livak', Aviv Regev'?,
Nir Hacohen®, Catherine Wu' and Patrick Ott'; 'Dana-Farber Cancer
Institute, Boston, MA, USA, 2Weizmann Institute of Science, Rehovot, Tel
Aviv, Israel, SHarvard Medical School, Boston, MA, USA, “Department

of Neurosurgery, Brigham and Womens Hospital, Boston, MA, USA,
SMassachusetts General Hospital, Boston, MA, USA, ®Neon Therapeutics,
Boston, MA, USA, "Brigham and Women’s Hospital, Boston, MA, USA,
$Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA,
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USA, °Center For Neuro-Oncology, Dana-Farber Cancer Institute, Boston,
MA, USA, '%Broad Institute, Cambridge, MA, USA

BACKGROUND: The impact of individualized neoepitope vaccination
targeting neoantigens arising from tumor-specific mutations for GBM, a
low mutation burden tumor with an immunologically cold tumor micro-
environment, as well as that of concurrently administered dexamethasone
(dex), are unknown. METHODS: Individualized vaccination of up to 20
synthetic, long neoepitope peptides with high predicted HLA binding af-
finity admixed with poly-ICLC, were administered subcutaneously using a
prime-boost schedule after RT to newly diagnosed, MGMT unmethylated,
at least partially resected, GBM patients without progression after radiation
(RT) in our phase 1b study. RESULTS: 9 of 10 screened patients had suf-
ficient (10) identified neoepitope peptides. 8 patients without progression
after RT received vaccine consisting of a median of 12 peptides (range, 7-20)
beginning a median of 19.9 wks (range 17.1-24.7) after surgery. Adverse
events were limited to infrequent grade 1/2 local reactions and fatigue. Me-
dian PFS and OS were 7.5 mths (90% CI: 6.2, 9.7) and 16.8 mths (90% CI:
9.6, 21.3). Evaluation of neoepitope-specific immune responses and tumor
immune infiltrate analyses were performed on five patients with pre- and
post-vaccination samples. Three patients on dex for post-RT edema during
vaccine had no immune responses and no change in tumor infiltrating ef-
fector cells. In contrast 2 patients not on dex had robust, de novo immune
responses against multiple predicted personal neoantigens including poly-
functional neoantigen-specific CD4+ and CD8+ T cell responses that were
enriched for memory and activated phenotypes as well as increased numbers
of tumor-infiltrating CD4+ and CD8+ T cells. T cell receptor analysis from
one patient identified identical clonotypes isolated from post-vaccination
tumor tissue and peripheral blood including two clonotypes specific for
ARHGAP335, a neoantigen targeted by vaccination. CONCLUSIONS: Indi-
vidualized, multi-neoepitope vaccines are feasible, safe and capable of gen-
erating systemic and intra-tumoral immune responses in GBM patients that
appear to be abrogated by dex.

ATIM-33. NOA-16: A FIRST-IN-MAN MULTICENTER PHASE

I CLINICAL TRIAL OF THE GERMAN NEUROONCOLOGY
‘WORKING GROUP EVALUATING A MUTATION-SPECIFIC PEPTIDE
VACCINE TARGETING IDH1R132H IN PATIENTS WITH NEWLY
DIAGNOSED MALIGNANT ASTROCYTOMAS

Michael Platten!, Daniela Schilling?, Lukas Bunse?, Antje Wick?,

Theresa Bunse®, Dennis Riehl®, Edward Green®, Khwab Sanghvi?,

Irini Karapanagiotou-Schenkel?, Inga Harting®, Felix Sahm?*,

Joachim Steinbach®, Astrid Weyerbrock”, Jérg Hense®, Martin Misch’,
Dietmar Krex!?, Stefan Stevanovic!!, Ghazaleh Tabatabai'2, Andreas von
Deimling '3, Michael Schmitt* and Wolfgang Wick'#; 'University of
Heidelberg, Mannheim, Mannheim, Baden-Wurttemberg, Germany, 2NCT
Heidelberg, Heidelberg, Baden-Wurttemberg, Germany, SDKFZ Heidelberg,
Heidelberg, Baden-Wurttemberg, Germany, *University of Heidelberg,
Heidelberg, Baden-Wurttemberg, Germany, "Mannheim University
Hospital, Heidelberg, Baden-Wurttemberg, Germany, ¢Dr. Senckenberg
Institute of Neurooncology, University of Frankfurt, Frankfurt, Germany,
Frankfurt, Hessen, Germany, ’St. Gallen Hospital, St. Gallen, Aargau,
Switzerland, $Department of Medical Oncology, University Hospital Essen,
Essen, Germany, Essen, Nordrhein-Westfalen, Germany, *Charite, Berlin,
Berlin, Germany, '’Department of Neurosurgery, University of Dresden,
Dresden, Germany, Dresden, Sachsen, Germany, 'University of Tiibingen,
Tiibingen, Baden-Wurttemberg, Germany, ?Interdisciplinary Division of
Neuro-Oncology, Departments of Neurology and Neurosurgery, University
Hospital Tuebingen, Hertie Institute for Clinical Brain Research, Eberhard
Karls University Tuebingen, Tuebingen, Germany, Tuebingen, Baden-
Waurttemberg, Germany, '*University of Heidelberg and DKFZ, Heidelberg,
Baden-Wurttemberg, Germany, "“Neurology Clinic and National Center
for Tumor Diseases, University Hospital Heidelberg, Heidelberg, Baden-
Wurttemberg, Germany

In preclinical studies we have defined IDH1R132H as a clonal neoantigen
presented on MHC class II. A peptide vaccine encompassing IDHIR132H
induces tumor-specific T helper cell responses effective in controlling syn-
geneic IDHIR132H-mutant tumors in humanized mouse models. NOA-16
(NCT02454634) is a first-in-man, multicenter, phase I trial testing the safety
and immunogenicity of an IDH1R132H peptide in incomplete Freunds ad-
juvant in patients with newly diagnosed, IDH1IR132H mutant WHO °III
and °IV astrocytomas. Between September 2015 and October 2016, 32
patients were enrolled in seven German sites. 23 patients (71.9%) received
radiochemotherapy with temozolomide, six patients (18.8%) received
radiotherapy alone and three patients (9.4%) received temozolomide alone.
249 vaccines were administered, 29 (90.6%) of the patients of the safety set
(N=32) and 27 (90.0%) patients of the immunogenicity set (N=30) received
all eight vaccines. No regime-limiting toxicity was observed. The majority
of the patients (N=29, 90.6%) experienced treatment related adverse events
(trAE), 1 (3.1%) of them had treatment related SAE. None of the reported
AEs were severe. 28/30 (93.3%) patients, who were evaluable for immuno-
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genicity, displayed mutation-specific T cellular (24/30 (80%)) or humoral
(26/30 patients (87%)) immune responses not detectable before vaccination.
Until end of study no deaths were observed. 4/32 (12.5 %) patients had
PD according to RANO criteria, all other patients (N=28, 87.5%) had SD.
12/32 (37.5%) patients displayed pseudoprogressions after the initiation of
the vaccine. Single-cell T cell receptor (TCR) sequencing allowed for the
identification of IDH1R132H-specific TCRs. In conclusion, NOA-16 met its
primary endpoints by demonstrating safety and immunogenicity of a muta-
tion-specific IDHIR132H peptide vaccine given with standard of care in
patients with newly diagnosed IDH1R132H mutant malignant astrocytoma.

ATIM-34. TARGETING THE CD200 CHECKPOINT FOR THE FIGHT
AGAINST CENTRAL NERVOUS SYSTEM TUMORS

Michael Olin, Zhengming Xiong, Elisabeth Pluhar and Christopher Moertel;
University of Minnesota, Minneapolis, MN, USA

Numerous ongoing clinical trials targeting immune checkpoints have
failed to enhance survival in patients with CNS tumors. We are targeting
a unique checkpoint, CD200, which controls the immune system through
paired inhibitory and activation receptors. The CD200 checkpoint interferes
with tumor-immune interactions through multiple mechanisms: i) CD200
is secreted from tumors inducing an immunosuppressive environment, ii)
CD200 is upregulated in tumor-associated vascular endothelial cells, creat-
ing an immunological barricade around the tumor microenvironment. We
are targeting the activation receptor with a peptide ligand (CD200AR-L)
activates antigen-presenting cells, enhancing dendritic cell maturation,
cytokine production and antigen specific T cell activation. Treatment with
CD200AR-L significantly extends survival in two murine glioma models.
Directing the immune system to fight the tumor, requires introduction of an
antigen such as autologous or allogeneic tumor lysate for non-immunogenic
tumors such as CNS tumors. In an ongoing pilot study treating companion
dogs with high-grade glioma, patients receiving a canine specific CD200
peptide inhibitor in combination with the autologous tumor lysate vaccine
increased median survival to 330 days, compared to 194 with lysate alone.
Currently, 41% of the dogs are alive; the longest living dog is now 810 days
post-surgery. 28% of dogs died of non-tumor related deaths. In contrast,
100% of the dogs in the tumor lysate-only group died of tumor recurrence.
Furthermore, serum chemistry profiles and physical examinations showed
that the peptide did not induce any systemic toxicity. Importantly, we have
developed human CD200 peptide ligands that enhance cytokine secretion,
dendritic cell maturation, and antigen-specific immune response. This inno-
vative research may provide a significant breakthrough for the field of cancer
immunotherapy. We have also demonstrated that the use of a CD200AR-L
in a murine breast carcinoma model resulted in a significant survival benefit.
In this light, CD200AR-L may be a powerful immunotherapy platform for
other solid tumors.

ATIM-35. VXMO01 PHASE I STUDY IN PATIENTS WITH
PROGRESSIVE GLIOBLASTOMA - FINAL RESULTS

Wolfgang Wick'!, Antje Wick?, Felix Sahm?, Dennis Riehl*, Andreas von
Deimling?, Martin Bendszus?, Philipp Kickingereder?, Philipp Beckhove’,
Friedrich Hubertus Schmitz Winnenthal®, Christine Jungk?,

Sébastien Wieckowski®, Anne-Valérie Keller®, LIlli Podola®,

Christel Herold-Mende’, Heinz Lubenau®, Andreas Unterberg’ and
Michael Platten'®; 'Neurology Clinic and National Center for Tumor
Diseases, University Hospital Heidelberg, Heidelberg, Baden-Wurttemberg,
Germany, *University of Heidelberg, Heidelberg, Baden-Wurttemberg,
Germany, University of Heidelberg and DKFZ, Heidelberg, Baden-
Wurttemberg, Germany, “DKFZ Heidelberg, Heidelberg, Baden-
Waurttemberg, Germany, *University of Regensburg, Heidelberg,
Baden-Wurttemberg, Germany, °Klinikum Aschaffenburg, Aschaffenburg,
Baden-Wurttemberg, Germany, “Division of Experimental Neurosurgery,
Department of Neurosurgery, University Hospital Heidelberg, Heidelberg,
Baden-Wurttemberg, Germany, *Vaximm GmbH, Mannheim, Baden-
Waurttemberg, Germany, *Division of Neurosurgical Research, Heidelberg
University, Germany, Heidelberg, Baden-Wurttemberg, Germany,
19University of Heidelberg, Mannheim, Mannheim, Baden-Wurttemberg,
Germany

BACKGROUND. VXMO1 consists of the attenuated Salmonella Typhi
Ty21a delivering a plasmid encoding vascular endothelial growth factor re-
ceptor 2 (VEGFR?2) into the Peyer’s patches via the oral route of administra-
tion. The vaccine elicits a systemic T-cell response targeting VEGFR2. This
trial examined safety and tolerability, clinical and immunogenic responses
to VXMO1 after at least four vaccinations at 10° or 107 colony-forming
units in patients with progressive glioblastoma who have failed at least
radiochemotherapy with temozolomide. METHODS. Patients with pro-
gressive operable glioblastoma were subjected to VXMO1 in one oral ad-
ministration each on day 1, 3, 5, and 7, and 4-weekly single doses during
the tumor follow-up period after surgery. Follow-up was done by safety
laboratories and physical examinations, MRI, T-cell immunomonitoring in
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the peripheral blood, and brain tumor immunohistochemistry. RESULTS.
Fourteen patients have been treated with VXMO01, three out of them with
additional nivolumab. Surgery has been performed in eight patients. Under
VXMO1 treatment 129 adverse events, mostly unrelated to VXMO1, were
observed after a median of 7.5 doses per patient. IFN-y ELISpot analysis
showed a detectable VEGFR2-specific T—cell response in 7 out 12 patients
measured. In the observation period up to 2 years, seven patients are alive
and survived for more than 12 months. Survival correlated with a higher
CD8/Treg ratio in progressive and primary tumor, which further increased
after VXMO1 treatment. In patients with prolonged survival a decrease in
intratumoral PD-L1 was measured. In one patient, a strong partial response
was observed under VXMO01 monotherapy, and a complete response after
addition of nivolumab. CONCLUSION: VXMO01 was safe, produces detect-
able specific peripheral immune responses and increased T-cell infiltration in
post-vaccine tumor tissue, with a favorable course of disease in five patients.
A combination study of VXMO01 and anti-PD-L1 avelumab in 30 patients
with relapsed glioblastoma has been launched.

ATIM-36. DOSE ESCALATION TRIAL OF D2C7 IMMUNOTOXIN
(D2C7-IT) ADMINISTERED INTRATUMORALLY VIA
CONVECTION-ENHANCED DELIVERY (CED) FOR RECURRENT
MALIGNANT GLIOMA (MG)

Annick Desjardins', Dina Randazzo?, Vidya Chandramohan',

Katherine Peters', Margaret Johnson?, Leslie Thomas?, Stevie Threatt!,
Chevelle Bullock!, James Herndon?, Susan Boulton', Patrick Healy*,

Eric Lipp?, John Sampson!, Allan Friedman', Henry Friedman?,

David Ashley? and Darell Bigner'; 'Duke University Medical Center,
Durham, NC, USA, ?The Preston Robert Tisch Brain Tumor Center, Duke
University Medical Center, Durham, NC, USA, *Department of Biostatistics
and Bioinformatics, Duke University Medical Center, Durham, NC, USA,
“Duke Cancer Institute Biostatistics, Duke University Medical Center,
Durham, NC, USA

BACKGROUND: D2C7-IT is a recombinant immunotoxin comprised of
a dual-specific antibody fragment targeting EGFRwt and EGFRVIII and a
genetically engineered form of the Pseudomonas exotoxin, PE38-KDEL. We
report results of a phase 1 trial evaluating D2C7-IT delivered intratumorally
by CED. METHODS: Eligible patients are adults with recurrent supratento-
rial WHO grade III or IV MG; solitary tumor; >4 weeks after chemother-
apy, bevacizumab or study drug; adequate organ function; and KPS>70%.
Planned enrollment of two patients per dose level (DL). RESULTS: As of
5/29/2018, 43 patients have been treated (2 each per DL, but for DLs 3, 6,
9, and 16). Observed dose limiting toxicities include: grade 4 seizure (n=1)
on DL3, grade 3 confusion and pyramidal tract syndrome (n=1) on DL13,
and grade 4 cerebral edema and grade 3 dysphasia (n=2) on DL17. Grade 2
or higher adverse events possibly related to D2C7-IT include: seizure (grade
4,n=2, grade 3, n=2, grade 2, n=4), cerebral edema (grade 4, n=1), headache
(grade 3, n=4; grade 2, n=18), hemiparesis (grade 3, n=4, grade 2, n=10),
dysphasia (grade 3, n=2; grade 2, n=9), confusion (grade 3, n=1; grade 2,
n=5), thromboembolic event (grade 3, n=2; grade 2, n=1), fatigue (grade 2,
n=6), visual field cut (grade 2, n=3), paresthesia (grade 2, n=2), stroke (grade
2, n=2), and hemineglect (grade 2, n=2); one each of grade 3 elevated ALT,
urinary tract infection, fall, generalized muscle weakness, encephalopathy,
and somnolence; one each of grade 2 elevated AST, papilledema, gait disturb-
ance, intracranial hemorrhage, and urinary incontinence. Fifteen patients are
alive. Two patients have partial response and are alive >8.2 months and
>34 months after infusion. CONCLUSION: DL17 is above the maximal
tolerated dose. Encouraging efficacy results were observed. After review of
efficacy and safety data, DL13 seems the optimal dose, additional patients
will be treated on DL13.

ATIM-37. SAFETY RUN-IN RESULTS OF A PHASE I/II STUDY

TO EVALUATE THE SAFETY AND CLINICAL EFFICACY OF
ATEZOLIZUMAB (ATEZO; aPDL1) IN COMBINATION WITH
TEMOZOLOMIDE (TMZ) AND RADIATION IN PATIENTS WITH
NEWLY DIAGNOSED GLIOBLASTOMA (GBM)

Shiao-Pei Weathers', Carlos Kamiya-Matsuoka', Shannon Dervin?,

Cindy Yun?, Monica Loghin', Barbara O’Brien', Rebecca Harrison', W.K.
Alfred Yung!, Marta Penas-Prado! and John de Groot'; 'UT MD Anderson
Cancer Center, Houston, TX, USA, 2Genentech, San Francisco, CA, USA

BACKGROUND: Immunotherapy strategies like PD-1/PD-L1 inhibition
may work synergistically with radiation, which has been shown to increase
antigen presentation and promote a pro-inflammatory tumor microenvir-
onment. This trial evaluated the safety of concurrent atezo with radiation
therapy and TMZ followed by adjuvant TMZ and atezo in newly diagnosed
GBM patients. METHODS: Eligibility criteria included patients with newly
diagnosed GBM age > 18 yrs who have undergone only surgery. The primary
objective of the phase I safety run-in was to evaluate atezo in combination
with radiation and TMZ during the concurrent stage and in combination
with TMZ during the adjuvant stage. RESULTS: 11 patients were accrued
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in the concurrent safety run-in phase. 2 dose-limiting toxicities (DLT) were
observed in 1 patient who developed both grade 3 hepatitis and pneumon-
itis related to atezo. 2 patients discontinued treatment during the concurrent
stage due to medical complications deemed unrelated to study drug. In the
8 evaluable patients who completed the concurrent phase, no other grade
3 or 4 atezo-related toxicities were observed. 5 of the 8 evaluable patients
completed the combination treatment without the need for dexamethasone.
The remaining 3 of the 8 evaluable patients required no more than 4 mg
daily of dexamethasone during combination treatment. All 8 patients had
stable MRI findings following completion of the concurrent phase. 7 of the 8
evaluable patients proceeded with adjuvant treatment with atezo and TMZ
with no grade 3 or 4 atezo-related toxicities observed to date (no. cycles
range, 1-6). CONCLUSIONS: Concurrent use of atezo with radiation and
TMZ was tolerable, and no new safety signals were noted. The majority of
evaluable patients were able to complete the combination treatment without
the need for concurrent steroid administration. The phase II component of
the trial is recruiting patients (n=50) to evaluate clinical efficacy.

ATIM-38. PHASE 2 STUDY TO EVALUATE THE CLINICAL
EFFICACY AND SAFETY OF MEDI4736 (DURVALUMAB, DURVA) +
BEVACIZUMAB (BEV) IN BEV-NAIVE PATIENTS WITH RECURRENT
GLIOBLASTOMA (GBM)

David Reardon', Thomas Kaley?, Jorg Dietrich?, Jennifer Clarke?,

Gavin Dunn’, Michael Lim®, Tim Cloughesy’, Hui Gan®, Andrew Park’,
Paul Schwarzenberger?, Toni Ricciardi’, Mary Macri’, Aileen Ryan® and
Ralph Venhaus’; 'Center for Neuro-Oncology, Dana-Farber Cancer
Institute, Boston, MA, USA, 2Memorial Sloan Kettering Cancer Center,
New York City, NY, USA, Massachusetts General Hospital, Boston, MA,
USA, “University of California at San Francisco, San Francisco, CA, USA,
SWashington University, St. Louis, MO, USA, ¢Johns Hopkins Hospital,
Baltimore, MD, USA, 7UCLA Neuro-Oncology, Los Angeles, CA, USA,
8Austin Hospital, Melbourne, ACT, Australia, *Ludwig Institute Cancer
Research, New York City, NY, USA

BACKGROUND: Durva is a human IgG1 mAb against PD-L1. Blockade
of PD-1/PD-L1 has shown benefit among solid tumors; data implicate
PD-1/PD-L1 signaling as a significant contributor to immunosuppression
in GBM. BEV is an approved angiogenesis inhibitor for recurrent GBM;
angiogenesis inhibition may promote antitumor benefit of immunotherapies.
A review showed that lower dose BEV resulted in longer PFS/OS than the
standard. METHODS: Ongoing Phase 2 open-label study (NCT02336165)
evaluates safety and efficacy of durva (10mg/kg Q2W) in 5 GBM cohorts.
Results are presented for Cohorts B2 (durva + BEV 10mg/kg Q2W) and B3
(durva +BEV 3mg/kg Q2W) in BEV-naive recurrent GBM. Primary efficacy
endpoint for Cohorts B2/B3 is 6-month progression-free survival (PFS6), by
modified RANO per investigator assessment; secondary endpoints include
safety/tolerability. Comparative benchmark for BEV in recurrent GBM is
PFS6 of 42%. The null hypothesis (PFS6 <42%) was tested in Intent-to-
Treat (ITT) population against the alternative hypothesis (PFS6 262%).
ITT includes patients receiving any dose of durva and having at least base-
line and 1 post-baseline tumor assessment. Durva alone in Cohort B of this
study demonstrated PFS6 of 20% (90% CI: 9.7, 33.0). RESULTS: As of
02Apr2018, 33 patients were treated in each cohort (B2, male: 54.5%,
median age: 57.0 [40-74] years; B3, male: 60.6%, median age: 54.0 [23—
73] years). Most common treatment-related adverse events (TRAEs, in
>4 [12.1%] patients in either cohort): fatigue, dysphonia, increased ALT,
AST, amylase, or lipase, diarrhea, hypertension, arthralgia, headache, and
proteinuria. Incidences of TRAEs by maximum CTCAE grade (Gr) >3 for
Cohorts B2/B3 were Gr3: 24.2/6.1%; Gr4: 0/6.1%; and GrS5: 0/0%. Kaplan-
Meier estimate for PFS6 (n=33 each): B2, 15.2% (80% CI: 8.2, 24.0); B3,
21.1% (80% CI: 12.4, 31.4); 3 patients in each cohort showed partial re-
sponse. CONCLUSIONS: The addition of durva to BEV did not improve
on the outcome of durva alone.

ATIM-39. IMPROVED SURVIVAL NOTED IN GLIOBLASTOMA

PATIENTS TREATED WITH ADJUVANT TLR-3 AGONIST IN

SETTING OF AUTOLOGOUS LYSATE-PULSED DC VACCINATION
oseph Antonios', Richard Everson?, Horacio Soto?, Sara Khattab?,

Jacob Bethel?, Matthew Sun?, Aaron Mochizuki?, Alexander Lee?,

Sylvia Odesa?, Emma Billingslea-Yoon?, Diana Moughon?, Anthony Wang?,

Tim Cloughesy?, Robert Prins? and Linda Liau?; 'University of California,

Los Angeles, Los Angeles, CA, USA, 2UCLA Neurosurgery, LA, CA, USA,

SUCLA Neuro-Oncology, Los Angeles, CA, USA

Despite advances in the understanding of glioblastoma multiforme (GBM)
molecular biology, genomics, and tumor microenvironment, prognosis for
patients diagnosed with this disease remains dismal with standard thera-
pies. We and others have shown utility in dendritic cell (DC) vaccination
as an active immunotherapeutic treatment for these patients. In this study,
we evaluated the use of autologous tumor lysate puled DC vaccine with
and without adjuvant toll-like receptor (TLR) agonists. TLRs are present
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on dendritic cells and serve to modulate immune responses. Twenty-three
patients with WHO Grade III or IV glioma were treated with three intra-
dermal injections of autologous tumor lysate-pulsed DC on days 0, 14, and
28 followed by adjuvant placebo treatment, resiquimod (TLR-7 agonist),
or poly ICLC (TLR-3 agonist). Gene expression profiling, immunohisto-
chemistry, and mass cytometry (cyTOF) were performed on patient tumors
and peripheral blood mononuclear cells. Patients that received adjuvant
poly ICLC had a significantly improved median survival of 54 months over
placebo (11 months) and adjuvant resiquimod (17 months) groups. Within
each treatment cohort, patients with Grade III tumors had increased overall
survival over Grade IV tumors. Overall, patients with MGMT methylated
tumors on pathology had a median survival of 57 months, while patients
with MGMT unmethylated tumors had a median survival of 19 months.
Our findings suggest that adjuvant TLR-3 agonist improves outcomes with
autologous lysate-pulsed DC vaccine treatment.

ATIM-40. HIGH RATE OF OBJECTIVE ANTI-TUMOR RESPONSE

IN 9 PATIENTS WITH GLIOBLASTOMA AFTER VIRO-
IMMUNOTHERAPY WITH ONCOLYTIC PARVOVIRUS H-1 IN
COMBINATION WITH BEVACICUMAB AND PD-1 CHECKPOINT
BLOCKADE

Karsten Geletneky', Andreas Bartsch?, Christian Weiss?, Helga Bernhard*,
Antonio Marchini® and Jean Rommelaere®; 'Department of Neurosurgery,
Klinikum Darmstadt, Germany, Darmstadt, Hessen, Germany, 2Radiology
Bamberg, Germany, Bamberg, Baden-Wurttemberg, Germany, *Department
of Radiation Oncology, Darmstadt, Germany, Darmstadt, Hessen,
Germany, “Department of Medical Oncology, Darmstadt, Germany,
Darmstadt, Hessen, Germany, *German Cancer Research Center,
Heidelberg, Germany, Heidelberg, Baden-Wurttemberg, Germany, °*German
Cancer Research Center, Heidelberg, Germany, Heidelberg, Baden-
Wurttemberg, Germany

BACKGROUND: Combination therapy is an emerging concept to im-
prove the clinical effects of oncolytic virus based anti-cancer strategies. In a
phase I/I1a trial (ParvOryx01) the oncolytic H-1 parvovirus (H-1PV) induced
markers of immune activation in patients with recurrent glioblastoma. The
goal of this investigation was to enhanced H-1PV efficiency by combination
treatment with immune modulators, namely bevacicumab and checkpoint
blockade. Methods: 9 patients (age 29 to 69 years) with primary (n=2) or
recurrent (n=7) glioblastoma were treated in a compassionate use (CU) pro-
gram with a combination of H-1PV followed by bevacicumab and PD-1
blockade. 7 of the patients received both intratumoral and intravenous injec-
tion of H-1PV and 2 patients only intravenous virus treatment. GMP-grade
H-1 virus and medication was provided by Oryx GmbH&Co KG, Baldham,
Germany) on a humanitarian basis. MRI was analyzed by an independent
neuroradiologist to determine objective tumor response rate (ORR) apply-
ing RANO criteria. RESULTS: Objective tumor response was observed in
7 of 9 patients (78%). Two patients showed complete responses (22%), 5
patients had partial remissions (56%) with tumor reduction between 49%
up to 94% and 2 patients progressive disease (22%). Interestingly, both
patients with progressive disease showed local anti-tumor responses where
virus was injected but developed new lesions. The treatment was well toler-
ated and lead to clinical improvement in all symptomatic patients (n=5).
CONCLUSION: H-1PV based viro-immunotherapy lead to ORR in 78 % of
glioblastoma patients. This is a much higher response rate than reported for
treatment with either bevacizumab or checkpoint blockade and it supports
further systematic clinical development of this novel concept for malignant
glioma therapy.

ATIM-41. PHASE Il TRIAL OF A SURVIVIN VACCINE (SurVaxM) FOR
NEWLY DIAGNOSED GLIOBLASTOMA

Manmeet Ahluwalia', David Reardon?, Ajay Abad?, William Curry*,

Eric Wong?, David Peereboom!, Ahmed Belal?, Jingxin Qiu?,

Kathleen Mogensen?, Cathy Schilero!, Danielle Casucci®, Laszlo Mechtler?,
Erik Uhlmann?, Michael Ciesielski® and Robert Fenstermaker?; 'Cleveland
Clinic, Cleveland, OH, USA, Dana-Farber Cancer Institute, Boston, MA,
USA, 3Roswell Park Cancer Institute, Buffalo, N'Y, USA, “Department of
Neurosurgery, Massachusetts General Hospital Harvard Medical School,
Boston, MA, USA, SBeth Israel Deaconess Medical Center, Boston, MA,
USA

BACKGROUND: Survivin is an anti-apoptotic protein that is highly
expressed in glioblastoma (GBM). We conducted a single-arm, multi-center
phase II trial in newly diagnosed GBM (nGBM) to determine 6-month
progression-free survival (PFS-6), 12-month overall survival (OS-12)
and immunologic response in patients treated with surgery, chemora-
diation, adjuvant temozolomide (TMZ) and survivin-targeted immuniza-
tion. METHODS: Patients with nGBM who hadwith HLA-A*02, -A*03,
-A*11 and -A*24 haplotypes and, Karnofsky performance status >70 were
included. Following craniotomy (3 residual contrast enhancement) and
chemoradiation, patients received 4 prime-boost doses of SurVaxM (500
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mcg) every 2 weeks, followed by adjuvant TMZ and maintenance Sur-
VaxM every 12 weeks until progression. Immunogenicity of SurVaxM was
assessed by measuring anti-survivin antibody levels and survivin-specific
CD8+ T-cells using multimers. RESULTS: Sixty-three patients, median age
60 years (range, 20-82), including 38 males were treated. Survivin expres-
sion was detectable in all patients (1-40% ([median = 12%]) of tumor cells
by immunohistochemistry). The vaccine was highly immunogenic and pro-
duced survivin-specific CD8+ T-cells and antibody (IgG) titers. The regimen
was well-tolerated and immunogen-related adverse events were mild with
no regimen limiting toxicity attributable to SurVaxM. PFS-6 was 96.7%
(C.I.=87.6%-99.1%) and OS-12 was 94.2% (C.1.=83.0%-98.1%) as meas-
ured from diagnosis. In MGMT methylated, PFS6 of 96.9% (C.I. = 99.6%
to 79.8%); OS12 of 98.1% (C.I. = 99.0% to 97.2%) and in unmethylated
tumors, PFS6 of 96.6% (C.L = 99.6% to 78%); OS12 of 88.9% (C.I = 99%
to 77.2%) was observed. Methylated patients with higher survivin levels had
significantly better PFS-6 than those with low survivin levels (r = 0.4). CON-
CLUSIONS: SurVaxM is safe and a promising adjunct therapy in nGBM.
Compared to historical matched controls, addition of SurVaxM improved
PFS-6 and OS-12 in nGBM. Patients with poor prognostic factors (unmeth-
ylated MGMT, higher survivin levels) treated with SurVaxM achieved better
survival than expected.

ATIM-42. SAFETY AND EFFICACY OF AUTOLOGOUS DENDRITIC
CELLS/TUMOR CELL ANTIGEN ADJUVANT THERAPY OF
GLIOBLASTOMA MULTIFORME: RESULTS OF 59 CASES

Yin-Cheng Huang!, Chen-Nen Chang!, Kuo-Chen Wei', Han-Chung Lee?,
Chun-Chung Chen?, Der-Yan Cho? and Wen-Kuang Yang?; 'Chang Gung
Memorial Hospital, Taiwan, 2China Medical University, Taiwan, *Den-Mei
Brain Tumor Education Foundation, Taiwan

In our translational research, an immunotherapeutic, ADCTA-G, has been
developed to emphasize autologous tumor antigens, DC antigen processing/
presentation, enhanced tumor immunogenicity and CTL induction. Two clin-
ical trials, Phase I/II [2003-2005Taiwan DOH/MA 0910072504] and phase
II [2005-2016 NIH NCT02772094], “Dendritic Cell(DC)-Based Tumor
Vaccine Adjuvant Immunotherapy of Human Glioblastoma Multiforme”,
respectively enrolled 17 and 42 WHO Grade-IV glioblastomas. Every patient
received peripheral blood apheresis for PBMNCs. Monocytes were used for
derivation of 3-7x108 phagocytic dendritic cells (iDC). Autologous glioma
cells grown out of surgical tumor specimen were irradiated and co-cultivated
1 to 2:1 with iDC to make a ADCTA-G lot. After surgical tumor de-bulking,
10 vaccinations were given, each with 2-5x107 mature DC from the ADCTA
lot, in a [4x biweekly and 6x monthly] scheduled s.c. injection in both axil-
lar regions. The follow-up period has been 15 years. Primary endpoint is
the overall survival (OS); phenotypes of tumor infiltrating T cells and tumor
IDH mutation were also analyzed for long-term survivors. The ADCTA-G
inoculations were tolerated well, and curtailed the grade-3/4 lymphopenia
adverse effect of the temozolomide CCRT. The median OS is 22.9 months for
the total 59 grade IV patients in the two trials. The median OS is 21.8 months
for the 44 newly diagnosed patients and 28.1 months for the 15 recurrent
patients; the difference is insignificant statistically. In this study, vaccinations
were initiated early in the recurrent GBM patients while the newly diagnosed
GBM patients had to wait till after external radiation therapy, leading to a
comparable OS benefit of the ADCTA vaccination. Also, we demonstrated in
vitro the earlier vaccinations in the recurrent decrease CD133+ tumor stem-
like cells. In addition, the CD8(+) cells were susceptible to ionizing radiation.
A phase 3 open-labelled randomized study will be initiated to improve the
survival of this aggressive malignancy.

ADULT CLINICAL TRIALS - NON-IMMUNOLOGIC

ACTR-01. SAFETY ANALYSES OF TUMOR TREATING FIELDS

IN COMBINATION WITH LOMUSTINE IN THE EF14 PHASE 3
CLINICAL STUDY

Adrian Kinzel', Gitit Lavy-Shahaf? and Eilon Kirson?; '"Novocure GmbH,
Munich, Germany, 2Novocure Ltd., Haifa, Israel

INTRODUCTION: Tumor Treating Fields (TTFields) are low intensity
(1-3V/cm), intermediate frequency (100-300 KHz) alternating electrical fields
approved for glioblastoma (GBM). In the EF-14 phase 3 study, TTFields
showed a significant overall and progression-free survival benefit for patients
with newly diagnosed GBM in combination with Temozolomide (TMZ).
TTFields were not associated with systemic toxicity. At recurrence, patients
continued TTFields with second line therapies. We analyzed the safety and fea-
sibility of TTFields + lomustine (CCNU) combination. Methods: Patients in
the EF-14 trial received TTFields until second progression, or for 24 months.
Change in chemotherapy regimen was allowed in both groups after tumor
progression. We compared patients who received lomustine as second-
line chemotherapy in combination with TTFields (n=134) to patients who
received lomustine as monotherapy after first progression (n=39). We com-
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pared baseline characteristics and the adverse event profile between the two
groups. RESULTS: Baseline characteristics were well balanced; there were less
female patients in the lomustine only group (7.7% vs. 22.4%). Median age
in the TTFields/lomustine group was 55.5 years (29-83) versus 50.0 years
(19-71) for lomustine alone. The addition of TTFields to lomustine therapy
was not associated with any significant increase in rates of systemic adverse
events compared to lomustine therapy alone (number of patients with > 1
SAE 30 % vs. 31 %) and the distribution, severity and overall incidence of
adverse events were not statistically different in patients in the two treat-
ment groups. CONCLUSION: The combination of TTFields and lomustine
is safe and feasible. This analysis emphasizes again the strong safety profile
of TTFields and the high potential of combining TTFields with other therapy
modalities. This data is especially important in light of the recently presented
promising data from a small randomized trial that tested the combination
of lomustine plus TMZ in newly diagnosed (MGMT promotor-methylated
only) GBM patients.

ACTR-02. NRG ONCOLOGY/RTOG 0424: LONG-TERM

RESULTS OF A PHASE I STUDY OF TEMOZOLOMIDE-BASED
CHEMORADIOTHERAPY REGIMEN FOR HIGH-RISK LOW-GRADE
GLIOMAS

Barbara Fisher!, Peixin Zhang?, David Macdonald', Arnab Chakravarti?,
Glenn Lesser*, Sherry Fox®, Stephen Coons®, Leland Rogers’, Maria Werner-
Wasik’, Thomas Doyle®, Jean-Paul Bahary”, John Fiveash!?, Joseph Bovi'l,
Steven Howard'?, Michael Yu'3, David Dsouza', Nadia Laack'4,

Mack Roach'’, Young Kwok'é, Daniel Wahl'?, John Stasser!'®, Minhee Won'?
and Minesh P Mehta?’; 'London Regional Cancer Program, London, ON,
Canada, 2NRG Oncology, Philadelphia, PA, USA, 3Ohio State, Columbus,
OH, USA, *Wake Forest School of Medicine, Winston-Salem, NC, NC, USA,
SCullather Brain Tumor Quality of Life Center, Richmond, VA, USA, ¢St
Joseph’s Hospital and Medical Center, Phoenix, AZ, USA, "Thomas Jefferson
University, Philadelphia, PA, USA, *Henry Ford Hospital, Detroit, MI, USA,
“Institut du Cancer de Montreal, Montreal, QC, Canada, 'University of
Alabama, Birmingham, AL, USA, "'Froedtert and the Medical College of
Wisconsin, Milwaukee, WI, USA, ?University of Wisconsin, Madison,

W1, USA, *H. Lee Moffitt Cancer Center, Tampa, FL, USA, *Mayo

Clinic, Rochester, MN, USA, " University of California at San Francisco,
San Francisco, CA, USA, '®University of Maryland, Baltimore, MD, USA,
7Unviersity of Michigan, Ann Arbor, M1, USA, '$Christiana Care Health
Services, Delaware, MD, USA, "?’NRG Oncology, Philadelphia, PA, USA,
20Miami Cancer Institute, Miami, FL, USA

PURPOSE: To report the long-term outcomes and MGMT analysis
of temozolomide (TMZ) and radiotherapy (RT) in a high-risk low-grade
gliomas (LGG) population. PATIENTS/ METHODS: For this single-arm
phase II study, LGG patients with >3 risk factors (age >40, astrocytoma,
bi-hemispheric tumor, size >6 cm or preoperative neurologic function status
>1) received RT (54 Gy/30 fractions) with TMZ and up to 12 cycles of
post-RT TMZ. The primary endpoint was overall survival (OS) at 3 years
after registration. A one-sided Z-test was used to test the hazard rate based
on the observed 3-year OS rate versus a prespecified historical control from
the EORTC high-risk LGG population. Secondary endpoints included
progression-free survival (PFS), and the association of survival outcomes
with MGMT methylation status, for which the MGMT-STP27 prediction
model was used based on 450k data. The initial report of this study was
published in 2015, when the results of the MGMT analysis were unavail-
able. RESULTS: The study accrued 129 analyzable patients. The median
follow-up for surviving patients was 9 years (range: 0.4-11.8), 4 years
longer than previously reported. The 3-year OS rate was 73.5% (95% CI:
65.8-81.1%), superior to the historical control of 54% (p

ACTR-03. A FEASIBILITY TRIAL OF THE MODIFIED ATKINS DIET
AND BEVACIZUMAB FOR RECURRENT GLIOBLASTOMA

Lisa Rogers!, Sarah Rolfe?, Karen Devine?, David Peereboom?,

Michelle Palcsik®, Mohamed Hamza*, Ann Riehl*, Marge Marsey?, Nathan
A. Berger’, Joseph Gibbons?, Jill Barnholtz-Sloan®, Andrew Sloan” and
Curt Tatsuoka®; 'University Hospitals - Case Medical Center, Cleveland,
OH, USA, 2University Hospitals Cleveland Medical Center, Cleveland,
OH, USA, 3Cleveland Clinic, Cleveland, OH, USA, *Riverside Hospital,
Cleveland, OH, USA, *Case Western University School of Medicine,
Cleveland, OH, USA, ¢Case Comprehensive Cancer Center, Case Western
Reserve University School of Medicine, Cleveland, OH, USA, "University
Hospitals-Cleveland Medical Center, Cleveland, OH, USA

BACKGROUND: We report results of a feasibility trial of the modi-
fied Atkins diet (MAD), a form of ketogenic diet (KD), combined with
bevacizumab (Bev) for recurrent GBM. The rationale for a KD to treat
GBM includes the reduction of glucose availability to this highly glyco-
lytic tumor, reduction of a variety of GBM growth signaling pathways,
and increase in tumor-reactive immune responses. Clinical and laboratory
data indicate the combination of KD and Bev is more effective than either
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treatment alone (Reiger et al 2014). Because adherence to the MAD and
Bev in patients with GBM cannot be predicted, we performed a measure
of treatment compliance before proceeding to an efficacy trial. METH-
ODS: Feasibility study in 12 Bev naive recurrent GBM patients. Bev was
administered in standard doses biweekly. The primary objective was to
document compliance with MAD in at least 60% of the patients (7/12) at
least 80% of the time at 12 weeks. Secondary objectives included adverse
events, tumor response, PFS, OS. Monitoring of MAD biologic effects
included serum glucose and urine ketones daily and serum B-hydroxy-
butyrate biweekly. Compliance was determined by review of daily food
diary and ketone levels. RESULTS: 8/12 patients completed the trial at 12
weeks and all were compliant with diet and all achieved ketosis. One add-
itional patient continues on study at 48 days. Three patients were removed
from study: grade 3 hypertension related to Bev, grade 3 seizures related to
tumor, tumor progression at 71 days. CONCLUSION: We document the
feasibility of the MAD and Bev in recurrent GBM. We will present correla-
tions of treatment outcome with serum levels of ketosis, glucose, insulin,
amino acids and with tumor MCT4 expression and IDH1 mutation status.
Funding: Ohio Clinical Trials Collaborative, Blast GBM, Sally S. Morley
Memorial Glioblastoma Treatment Fund, Nutricia

ACTR-06. INITIAL RESULTS OF A PHASE I STUDY OF PROCASPASE
ACTIVATING CCOMPOUND-1 (PAC-1) IN COMBINATION WITH
TEMOZOLOMIDE FOR RECURRENT MALIGNANT GLIOMA
Martin Nicholas', Matthias Holdhoff?, Richard Peterson?,

Oana Danciu, Jeffrey Wefel’, Ted Tarasow®, Paul J. Hergenrother” and
Arkadiussz Dudek®; 'University of Illinois, Chicago, IL, USA, 2Johns
Hopkins University, Baltimore, MD, USA, *Regions Hospital, Minneapolis,
MN, USA, #Unversity of Illinois, Chicago, IL, USA, *MD Anderson Cancer
Center, Houston, TX, USA, ®Vanquish Oncology, Champaign, IL, USA,
7University of Illinois, Urbana-Champaign, Urbana, IL, USA, ®Partners
Hospital, St. Paul, MN, USA

Disruption of the intrinsic and extrinsic apoptotic pathways is a hallmark
of neoplasia. Conversion of procaspase-3 to caspase-3 is a key reaction,
as both pathways converge at this point. Procaspase activating compound
-1 (PAC-1) catalyzes conversion of procaspase-3 to caspase-3 and induces
apoptosis in tumor cells. Glioblastoma (GBM) is among the tumors that
have high concentrations of procaspase-3 and low levels of caspase-3.
PAC-1 has anti-tumor activity in several glioma cell lines in vitro. PAC-1
crosses the blood brain barrier and its addition to alkylating chemotherapy
augments anti-tumor responses in iz vivo rodent models and spontaneous
canine gliomas. Taken together, these findings suggest PAC-1’s potential in
glioma therapy. This dose-escalation phase I study to assesses the maximum
tolerated dose (MTD) of PAC-1 administered daily for 21 days with TMZ,
150 mg/m? for S days of each 28 day cycle in subjects with recurrent ana-
plastic astrocytoma (AA) or GBM. RANO criteria are used to assess re-
sponse. A modified Fibonacci 3 + 3 design is used, expanding to 9 subjects
at the MTD. Pharmacokinetics (PK) is assessed in each subject during cycle
one. Secondary endpoints include pharmacodynamics and correlation of ac-
tivity with procaspase-3 levels in tumor tissue. Neurologic toxicity, including
cognitive function, is closely monitored throughout the trial. 6 subjects (all
GBM) enrolled at the first dose level, 375 mg PAC-1/day. The PAC-1cycles
administered ranged from 1-6 (mean = 3.2). All subjects left the study due to
tumor progression. The best radiographic response was stable disease. The
first cohort was expanded from 3 to 6 due to CTCAE grade 4 hepatotoxicity
that resolved with dose reductions in both study drugs. An update of toxicity
data and results of PK and tumor procaspase levels will be discussed.

ACTR-07. COMPLETE, DURABLE RESPONSE OF A RECURRENT
UNRESECTABLE GRADE III GLIOMA TO A REPURPOSED DRUG
REGIMEN

Richard Kast! and Michael Salacz?; 'TAIGC Study Center, Burlington,
VT, USA, 2Department of Neuro-Oncology, University of Kansas Medical
Center, Kansas City, Kansas, USA

Some non-oncology drugs can be repurposed as adjuvants to traditional
cytotoxic chemotherapies. Cancer after all uses dysregulated and patho-
logically activated, but otherwise normal, physiological growth factors,
anti-apoptosis pathways and migration mechanisms. We manipulate these
pathways every day in non-cancer medicine so it is straightforward to use
these non-cancer related medicines to address dysregulated growth systems
in cancer. We report here a 28 y/o man diagnosed in May 2011 with Grade
II/II Astrocytoma, 1p/19q intact, IDH1 R132H wild type. Subtotal resec-
tion left mass-like FLAIR involving right internal capsule along with patchy
enhancement. After 1 year of 5-day temozolomide, 20 mg bid, ending in Sept
2012, he was followed with serial MRI scans. After progression of enhancing
tumor in May 20135, repeat biopsy demonstrated anaplastic (gemistocytic)
astrocytoma. Radiation/temozolomide/naltrexone was followed by adju-
vant therapy temozolomide 20 mg BID, celecoxib 200 mg daily, naltrexone
25 mg daily, and levetiracetam 1500 mg BID for seizure control. In June
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2017 new enhancement appeared deep to the surgical cavity. On patient’s
initiative, addition of valproic acid 500 mg BID to current therapy. He has
tolerated this ongoing treatment with no toxicities and remained clinically
asymptomatic, continuing to work full time. Over the interval (mid-2017 to
summer 2018), the enhancing components of the tumor, which had persisted
for years, have completely resolved. CONCLUSION: Repurposed drug
cocktails, which can simultaneously and specifically target multiple tumor
pathways remain a largely untested treatment for patients who face limited
proven options. We report a patient who continues to do well in the face of
an inoperable, poor molecular profile recurrent tumor with a inexpensive
drug regimen that has yielded no toxicity. Repurposing non-oncology drugs
to augment traditional cytotoxic chemotherapy hold great promise.

ACTR-08. A PHASE II STUDY OF APATINIB PLUS TEMOZOLOMIDE
IN ADULTS WITH REFRACTORY RECURRENT HIGH-GRADE
GLIOMAS

un-ping Zhang, Jing-jing Ge and Cheng Li; Department of
Neurooncology, Sanbo Brain Hospital, Capital Medical University, Beijing,
China

BACKGROUND: There is no standard therapy for refractory recurrent
high-grade gliomas. We assessed the efficacy and safety of apatinib, a new
oral small-molecule tyrosine kinase inhibitor targeted vascular endothelial
growth factor receptor 2, combined with temozolomide (TMZ) in patients
with refractory recurrent high grade gliomas. METHOD: This was a single-
arm phase prospective clinical trial. Thirty three patients with recurrent
high-grade gliomas were enrolled from April 2016 to March 2018. They
received oral apatinib (500mg qd) in combination with TMZ. TMZ was
administrated at 200 mg/m?%d according to standard 5/28 days regimen for
the patients who had not received TMZ before, and that patients who had
experienced relapse from the standard 5/28 TMZ regimen, received con-
tinuous daily TMZ (50 mg/m?/d). After 12 cycles, the patients continued to
take apatinib as maintenance until progression. The primary endpoint was
a 6-month progression-free survival (PFS) rate. RESULTS: The 6-month
PFS for glioblastoma (GBM) was 47.8% and 58.3% for anaplastic glio-
mas (AGs). The median PFS was 4.9 months for GBM and 6.3 months for
AGs. The overall survival (OS) at 1 year was 36.2% for GBM and 17.9%
for AGs. The median OS for GBM was 8.3 months and 10.6 months for
AGs. The differences in PFS (P=0.77) or OS (P=0.70) between GBM and
AGs did not reach significance. Five (25%) out of 20 patients with GBM
demonstrated partial (3/20) or complete (2/20) radiographic response to
treatment and 10/20 (50%) remained stable. Four (50%) out of 8 patients
with AGs showed partial (3/8) or minor (1/8) response to treatment and 3/8
(37.5%) remained stable. The most common grade 3 to 4 nonhematologic
toxicities were hypertension, hand-foot syndrome, proteinuria and elevated
transaminase, which were acceptable. CONCLUSIONS: These data show
that apatinib plus TMZ is effective and tolerable in patients with refractory
recurrent high-grade gliomas.

ACTR-09. TARGETING MYELOID DERIVED SUPPRESSOR CELLS:
PHASE 0/1 TRIAL OF LOW DOSE CAPECITABINE + BEVACIZUMAB
IN PATIENTS WITH RECURRENT GLIOBLASTOMA

David Peereboom!, Justin Lathia', Tyler Alban?, Alireza Mohammadi',
Manmeet Ahluwalia!, Cathy Brewer! and Michael Vogelbaum?; 'Cleveland
Clinic, Cleveland, OH, USA, *Department of Cellular and Molecular
Medicine, Lerner Research Institute, Cleveland Clinic, Cleveland, OH,
USA, 3Department of Neurosurgery, Cleveland Clinic, Cleveland, OH, USA

BACKGROUND: Glioblastoma (GBM) creates an immunosuppressive
environment that allows tumor growth. Myeloid derived suppressor cells
(MDSCs) mediate immunosuppression in GBMs. MDSCs are up-regulated
in the blood of GBM patients. We have developed a novel strategy to target
GBM immunosuppression using low dose 5-fluorouracil (5-FU) to target
MDSCs. Marked MDSC depletion occurs at 5-FU doses in mice equiva-
lent to <10% of the normal human dosing. Goal: proof of concept that
MDSC suppression is feasible in GBM patients with low-dose capecitabine
[cap], (oral 5-FU analogue). METHODS: Eligibility: Recurrent GBM in
need of surgical resection; no prior cap or bevacizumab. Cohorts of 3-6
patients receive low-dose cap 150 mg/m2/d (dose level 1) for 7 days pre-
surgery. Post-op, patients resume cap for one cycle after which bev is added.
Concentrations of blood MDSCs, immune cells, and relevant secreted fac-
tors are measured at baseline; pre- and post-op; and after the addition of
bev. Tumors are assayed for MDSCs and glioma stem-like cells (GSCs).
Primary endpoint: MDSC and T-regulatory cell (T-reg) reduction after
cap. RESULTS: Seven patients have enrolled to date. In all patients MDSCs
rose initially after resection (max rise 18 % over baseline) and subsequently
began to fall after cycle 2 (max reduction 6%). T-regs fell slightly (0-12%)
in § of 7 patients. Cytotoxic T-cell (CTL) concentrations rose significantly
(max 93%). CD3+ T-cells fell in 5 of 7 patients (max reduction 52%). Four
of 7 (71%) of patients reached PFS6. Median PFS-6 months (2-14 mos).
Median overall survival 10 months (5-16). Treatment-related SAEs: grade
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3 dyspnea; grade 2 hemorrhage, non-neutropenic fever; and grade 1 hand-
foot. CONCLUSIONS: Low-dose capecitabine is associated with a modest
reduction in MDSCs and T-regs and a significant increase in CTLs. Toxicity
has been manageable. Four of 7 evaluable patients have reached 6 months
free of progression. Dose escalation continues.

ACTR-10. A RANDOMIZED, PHASE I/Il TRIAL OF IXAZOMIB IN
COMBINATION WITH STANDARD THERAPY FOR UPFRONT
TREATMENT OF PATIENTS WITH NEWLY DIAGNOSED MGMT
METHYLATED GLIOBLASTOMA (GBM) STUDY DESIGN
Xiao-Tang Kong!, Albert Lai?, Jose A. Carrillo', Dan Beverly Fu',

Frank Meyskens' and Daniela A. Bota®; 'University of California, Irvine,
Irvine, CA, USA, 2David Geffen School of Medicine, UCLA, Los Angeles,
CA, USA, *University of California, Irvine, Orange, CA, USA

OBJECTIVE: To investigate the toxicity, tolerability and efficacy of the
combination of ixazomib and standard chemoradiation therapy for newly
diagnosed MGMT methylated GBM patients. BACKGROUND: GBM
is the most aggressive primary malignant brain tumor. Standard therapy
with temozolomide and radiotherapy after the surgery offers limited over-
all survival (OS). The median OS in patients with MGMT methylation is
still less than 2 years. Our recent phase II clinical trial found that the addi-
tion of bortezomib, a proteasome inhibitor, to the standard therapy, offered
mild survival benefit (19 months) for the entire group of GBM patients.
However, significant improvement of OS and progression free survival
(PFS) were found in the MGMT methylated patients when compared to
MGMT unmethylated patients (OS: 49.4 vs 15.6 months, p=0.0002; PFS:
24.7 vs 5.1 months, p=0.00004) [Kong et al. Int ] Radiation Oncology Biol
Phys 2018]. Ixazomib is a newer generation of proteasome inhibitor and has
demonstrated similar selectivity and potency to bortezomib in biochemical
and cell-based assays. While bortezomib can be administered via injection,
ixazomib is taken orally, which is more convenient. HYPOTHESIS: Add-
ing ixazomib to standard therapy improve the survival of the patients with
newly diagnosed MGMT-methylated GBM compared to standard therapy.
STUDY DESIGN: This is a randomized, active controlled, open label phase
I/II study of Ixazomib plus standard therapy versus standard therapy. Pri-
mary and secondary endpoints are PFS, 12, 24, 36 and 48 month survival
rates and response duration. The study consists of two parts: In part I, the
maximum tolerated dose (MTD) is decided by using 3 + 3 design with dose
limiting toxicity (DLT) method. In part II, randomize the patients to the
combination therapy or the standard therapy arm. Safety will be assessed by
CTCAE V4.03. We will use Kaplan-Meier estimates for survival data and a
stratified log-rank test for the randomization strata.

ACTR-12. PRELIMINARY SAFETY AND EFFICACY OF A PHASE
II TRIAL OF 18F-DOPA PET-GUIDED, DOSE-ESCALATED
RADIOTHERAPY IN THE TREATMENT OF GLIOBLASTOMA
Nadia Laack', Deanna Pafundi!, S. Anderson', Christopher Hunt',
Mark Zakhary!, Timothy Kaufmann', Hok Seum Wan Chan Tseung',
Val Lowe!, Elizabeth Yan', Sani Kizilbash!, Joon Uhm!, Leland Hu?,
Jann Sarkaria®, Paul D Brown!, Jan Buckner! and Debra Brinkmann';
Mayo Clinic, Rochester, MN, USA, 2Radiology, Mayo Clinic, Phoenix,
AZ, USA, *Translational Neuro-Oncology Laboratory, Mayo Clinic,
Rochester, MN, USA

BACKGROUND: 18F-DOPA-PET thresholds reliably delineate areas
of high-grade astrocytoma not otherwise recognized with standard MRI
and may more accurately identify regions of aggressive, high-density dis-
ease. Herein we report the preliminary safety and feasibility data from an
ongoing phase II study (MC1374; RO1CA178200) evaluating 18F-DOPA-
PET guided-dose-escalated radiotherapy for glioblastoma. METH-
ODS: Newly diagnosed glioblastoma patients without contra-indications
to 18F-DOPA-PET are eligible for study enrollment. Target volumes in-
clude: CTV51Gy=T1-gadolinium contrast-enhancing (T1-CE) disease, T2
FLAIR signal abnormality, and low-grade 18F-DOPA-PET uptake, +1cm;
CTV60Gy=T1-CE and high-grade 18F-DOPA-PET uptake, +lcm; and
CTV76Gy=T1-CE and high-grade 18F-DOPA-PET disease without ex-
pansion all given in 30 fractions simultaneously. Patients are followed with
18F-DOPA-PET in addition to standard clinical follow-up. Safety stopping
rule specifies that after 10 or more patients have been enrolled, if more than
10% experience any of the following adverse events considered to be at
least possibly related to treatment, enrollment will be suspended: Grade
3 or 4 irreversible CNS toxicity, Grade 4 non-hematologic, non-CNS tox-
icity, any Grade $ toxicity. Futility analysis (and primary study aim) is pow-
ered to consider a success to be an MGMT-unmethylated patient who is
without progression within 6 months from the time of craniotomy. If 16
or more successes are observed in the first 25 evaluable patients study will
continue. RESULTS: 77 patients have been accrued since December 2013
with 68 evaluable for toxicity. Grade 3 CNS necrosis was noted in 3 (4.4%)
patients; 2 additional patients developed symptoms that resolved in the
subsequent cycle so did not count towards stopping rule. Other grade 3+
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toxicities include: 1 patient with pre-existing vision dysfunction had Grade
4 optic nerve dysfunction; 2 Grade 4 hematologic events and 1 Grade §
event(sepsis) due to temozolamide-induced cytopenias. CONCLUSION:
18F-DOPA-PET -guided dose escalation appears reasonably safe and toler-
able in patients with high-grade glioma.

ACTR-13. A BAYESIAN ADAPTIVE RANDOMIZED PHASE II TRIAL
OF BEVACIZUMAB VERSUS BEVACIZUMAB PLUS VORINOSTAT IN
ADULTS WITH RECURRENT GLIOBLASTOMA FINAL RESULTS
Vinay Puduvalli!, Jing Wu?, Ying Yuan?, Terri Armstrong?, Jimin Wu?,
Pierre Giglio*, Jihong Xu!, Howard Colman®, Tobias Walbert®,

Jeffrey Raizer’, Morris Groves®, Fabio Iwamoto®, David Tran'?,

Nicholas Avgeropoulos'!, Nina Paleologos'?, Karen Fink!3,

David Peereboom!', Marc Chamberlain'S, Ryan Merrell'é, Marta Penas-
Prado'’7, W.K. Alfred Yung'® and Mark Gilbert?; 'The Ohio State University
Comprehensive Cancer Center, Columbus, OH, USA, ?Neuro-Oncology
Branch, CCR, NCI, NIH, Bethesda, MD, USA, 3UT MD Anderson

Cancer Center, Houston, TX, USA, “Ohio State University, Columbus,

OH, USA, *Department of Neurosurgery, Huntsman Cancer Institute

and Clinical Neuroscience Center, University of Utah, Salt Lake City, UT,
USA, ®Henry Ford Hospital, Detroit, MI, USA, "Northwestern University,
Chicago, IL, USA, 8Texas Oncology Austin Brain Tumor Center, Austin,
TX, USA, °Columbia University, New York, NY, USA, °University of
Florida, Gainesville, FL, USA, ""University of Florida, Orlando, FL, USA,
12Advocate Health Care, Chicago, IL, USA, '3Baylor University, Dallas, TX,
USA, "Cleveland Clinic, Cleveland, OH, USA, *University of Washington,
Seattle, WA, USA, '*Northshore University, Evanston, IL, USA, "University
of Texas MD Anderson Cancer Center, Houston, TX, USA, '*Department
of Neuro-Oncology, University of Texas MD Anderson Cancer Center,
Houston, TX, USA

BACKGROUND: Bevacizumab improves outcome and reduces symp-
toms in patients with recurrent glioblastoma (GBM). However, GBMs de-
velop adaptive resistance to bevacizumab- mediated angiogenesis inhibition
resulting in tumor recurrence. We hypothesized that vorinostat, a histone
deacetylase (HDAC) inhibitor, with pleotropic antiangiogenic effects, would
delay emergence of resistance to bevacizumab therapy and improve clin-
ical outcome. METHODS: In this multicenter phase II trial utilizing a novel
Bayesian design, patients with recurrent glioblastoma were adaptively rand-
omized to bevacizumab alone or bevacizumab+vorinostat based on a primary
endpoint of progression-free survival (PFS) such that patients had a higher
likelihood of receiving the more efficacious treatment. Secondary end points
were overall survival (OS) and quality of life assessment (MDASI-BT). Eligible
patients were adults (> 18 yrs) with histologically confirmed GBMs recurrent
after prior radiation and temozolomide therapy, adequate organ function,
KPSz 60, and no prior bevacizumab/HDAC inhibitors. RESULTS: Ninety
patients (bevacizumab+vorinostat:49, bevacizumab:41) were enrolled and
74 were evaluable for PFS (bevacizumab+vorinostat:44, bevacizumab:30).
Grade 3 or greater toxicities in 85 evaluable patients included hyperten-
sion (n=37), neurological changes (n=2), anorexia (n=2), infections (n=9),
wound dehiscence (n=2), DVT/PE (n=2), and colonic perforation (n=1).
There was one treatment-related death due to pulmonary embolism. Upon
multivariate analysis for bevacizumab+vorinostat vs bevacizumab, median
PES (3.7 vs. 3.9 months, p=0.94, HR 0.63 [95% CI 0.38, 1.06, p=0.08]) or
median OS (7.8 vs. 9.3 months, p=0.64, HR 0.93 [95% CI 0.5, 1.6, p=0.79])
were not significantly different between the two arms. Ongoing analyses
of patient reported outcomes (MDASI-BT) and plasma biomarkers will be
reported. CONCLUSIONS: Combining bevacizumab with vorinostat did
not result in improved PFS or OS compared with bevacizumab alone in
patients with recurrent GBM. This trial is the first to test a Bayesian PFS-
based adaptive randomized design in patients with primary brain tumors
and demonstrates the feasibility of using adaptive randomization in a mul-
ticenter setting.

ACTR-14. PHASE I STUDY OF AZD1775 WITH RADIATION
THERAPY (RT) AND TEMOZOLOMIDE (TMZ) IN PATIENTS WITH
NEWLY DIAGNOSED GLIOBLASTOMA (GBM) AND EVALUATION
OF INTRATUMORAL DRUG DISTRIBUTION (IDD) IN PATIENTS
‘WITH RECURRENT GBM

Brian Alexander!, Jeffrey Supko?, Nathalie Agar’, Manmeet Ahluwalia®,
Arati Desai’, Jorg Dietrich?, Thomas Kaley®, David Peereboom?*,

Naoko Takebe’, Serena Desideri®, Joy Fisher®, Megan Sims®, Xiaobu Ye’,
Keith Ligon'?, L Burt Nabors!!, Stuart Grossman® and Patrick Wen'%;
"Dana-Farber Cancer Institute, Boston, MA, USA, 2Massachusetts General
Hospital, Boston, MA, USA, 3Neurosurgery, Brigham and Womens
Hospital, Harvard Medical School, Boston, MA, USA, “Cleveland Clinic,
Cleveland, OH, USA, *Perelman School of Medicine at the University of
Pennsylvania, Philadelphia, PA, USA, ®Memorial Sloan Kettering Cancer
Center, New York City, NY, USA, "National Cancer Institute, Bethesda,
MD, USA, 8Johns Hopkins, Baltimore, MD, USA, Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins Medical Institution,
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Baltimore, MD, USA, '°Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA, USA, ''Department of Neurology, The University of
Alabama at Birmingham, Birmingham, AL, USA

AZD1775 is an oral small molecular inhibitor of the G2/M check-
point regulator Weel. The Adult Brain Tumor Consortium 1202 trial
(NCT01849146) is a phase I, open label, multicenter dose-finding study of
AZD1775 in combination with standard RT and TMZ followed by an IDD
study for patients undergoing surgery for recurrent GBM. Dose of AZD1775
was increased in a 3 + 3 design M-F during concurrent RT/TMZ and x
5d/28d cycle with adjuvant TMZ in separate cohorts. A combination cohort
with both concurrent and adjuvant AZD1775 at MTD and analysis of PK/
PD and IDD at MTD in patients undergoing surgery for recurrent GBM
followed. MTD was 200 mg for concurrent with 2/6 patients experiencing
DLTs (grade 4 neutropenia, grade 3 ALT elevation). MTD for the adjuvant
cohort was 425 mg with 1/6 patients experiencing DLT (grade 4 decrease in
ANC). 6/12 patients experienced DLTs when cohorts were combined, how-
ever, five during the concurrent phase. Three patients had grade >3 ALT/AST
elevation, one had grade 3 afib, and one had grade 4 neutropenia/throm-
bocytopenia, grade 3 dehydration/fatigue/muscle weakness. A sixth patient
had grade 4 neutropenia in the first adjuvant cycle. Following amendment,
an additional 6 patients were enrolled with 150 mg (concurrent) and 425 mg
(adjuvant) combination and are in the observation period with one DLT
currently. Drug concentration in contrast enhancing and non-enhancing
brain tumor was 4-8 x and 0.5-2.6 x greater than plasma, respectively for
patients on IDD portion. CONCLUSIONS: AZD1775 in combination with
RT/TMZ at 200 mg qd M-F with concurrent RT/TMZ and 425 mg qd x
5d/28d cycle in combination with adjuvant TMZ had unacceptable DLT
rate in the concurrent phase. A cohort with 150 mg concurrent/425 mg
adjuvant has competed accrual with acceptable rates of toxicity currently in
observation. AZD1775 has good penetration to non-enhancing and enhanc-
ing tumor areas.

ACTR-15. SAFETY AND PRELIMINARY ACTIVITY OF PT2385,

A FIRST-IN-CLASS HIF2-ALPHA INHIBITOR, PLANNED INTERIM
ANALYSIS OF AN OPEN LABEL, SINGLE-ARM PHASE II STUDY IN
PATIENTS WITH RECURRENT GLIOBLASTOMA

Roy Strowd!, Benjamin Ellingson?, Patrick Wen?, Manmeet Ahluwalia®,
Anna Piotrowski®, Arati Desai®, Jennifer Clarke’, Frank Lieberman®,
Serena Desideri’, L Burt Nabors'? and Stuart Grossman!'; 'Wake

Forest School of Medicine, Winston Salem, NC, USA, ?Department of
Radiological Sciences, David Geffen School of Medicine, University

of California, Los Angeles, CA, USA, 3Dana-Farber Cancer Institute,
Harvard Medical School, Boston, MA, USA, *Cleveland Clinic, Cleveland,
OH, USA, "Memorial Sloan Kettering, New York, NY, USA, ®Perelman
School of Medicine at the University of Pennsylvania, Philadelphia, PA,
USA, 7University of California San Francisco, San Francisco, CA, USA,
San Francisco, CA, USA, ®University of Pittsburgh, Pittsburgh, PA, USA,
?Johns Hopkins, Baltimore, MD, USA, '°Department of Neurology, The
University of Alabama at Birmingham, Birmingham, AL, USA, !'Sidney
Kimmel Comprehensive Cancer Center, Johns Hopkins Medical Institution,
Baltimore, MD, USA

BACKGROUND: Hypoxia inducible factor 2-alpha (HIF2a) is a stress
response transcription factor that mediates the cellular response to hypoxia.
HIF2a is an underexplored target in glioma. PT238S is a first-in-class oral
HIF2a inhibitor with favorable blood-brain barrier penetrating properties
and in vivo single-agent activity against glioblastoma (GBM). METH-
ODS: A single-arm open-label phase II study of adults with bevacizumab-
naive first recurrence of GBM following chemoradiation with measurable
disease was conducted within the Adult Brain Tumor Consortium. PT2385
was administered at the recommended phase I dose (800 mg b.i.d.). The pri-
mary study outcome is objective radiographic response (CR+PR). Secondary
objectives are safety, overall survival, and progression-free survival. Patients
at selected study sites underwent pH-weighted amine-CEST MRI imaging
to quantify tumor acidity at baseline and explore associations with drug
response. Results of planned interim analysis are presented. RESULTS: 24
patients were enrolled; mean age 61 = 11 years, 63% male, 92% white,
median KPS 80. MGMT promoter was methylated in 46 %, unmethylated
in 50%, and indeterminate in 1 patient. Prior surgery included biopsy (8%),
subtotal (38%) and gross total resection (54%). To date, 21 patients have
progressed at a median of 7.7 weeks (95%CI 4.66-12.3 weeks). No objec-
tive radiographic responses have been observed. Three patients continue
on treatment at a median of 19 weeks (95%CI 12-19.1). The drug was
well tolerated with expected side effect profile. Common Grade 1-2 drug-
related adverse events were anemia, dyspnea, and thrombocytopenia. Grade
3-4 drug-related adverse events included hypoxia (n=2, 8%), anemia (n=1,
4%), and hypophosphatemia (n=1, 4%). At baseline, pH-weighted MRI
showed high levels of acidity and intratumoral heterogeneity. PK and PD
data are forthcoming. CONCLUSIONS: Results of this planned interim
analysis suggest that single-agent PT2385 has acceptable safety but mini-
mal activity in glioblastoma patients after first recurrence. Ongoing analysis
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will explore patterns of progression and correlate these with tumor acidity
measurements.

ACTR-16. PERIPHERAL BLOOD CD4+ MONONUCLEAR CELL
FRACTIONS ARE ASSOCIATED WITH OVERALL SURVIVAL AT
FIRST RECURRENCE OF IDH-WILDTYPE GLIOBLASTOMA AFTER
STANDARD CHEMORADIOTHERAPY: SECONDARY ANALYSES OF
THE PHASE II DIRECTOR TRIAL

Hans-Georg Wirsching', Ekaterina Terksikh?, Manuela Silginer?,

Carsten Krieg?, Ghazaleh Tabatabai', Wolfgang Wick?,

Guido Reifenberger?, Patrick Roth', Burkhard Becher? and

Michael Weller®; 'Department of Neurology, University Hospital Zurich,
Zurich, Zurich, Switzerland, 2Institute of Experimental Immunology,
University of Zurich, Zurich, Switzerland, *University Hospital Zurich,
Zurich, Switzerland, “Neurology Clinic and National Center for Tumor
Diseases, University Hospital Heidelberg, Baden-Wurttemberg, Germany,
SDepartment of Neuropathology, Heinrich-Heine-University Diisseldorf,
Nordrhein-Westfalen, Germany, *Department of Neurology, University
Hospital and University of Zurich, Zurich, Switzerland

The alkylating agent temozolomide prolongs survival of glioblastoma
patients through induction of futile DNA mismatch repair in cancer
cells. Whether systemic temozolomide effects on the immune system
affect outcome has not been studied in detail. To address this question,
we analyzed peripheral blood mononuclear cells (PBMC) of N=52 clini-
cally well-annotated patients with recurrent, isocitrate dehydrogenase
(IDH)-wildtype glioblastoma and of N=21 healthy donors by 11-color
flow cytometry. Patients were treated within the randomized phase II
trial DIRECTOR, which explored the efficacy of two dose-intensified
temozolomide regimens at first recurrence of glioblastoma after stand-
ard chemoradiotherapy with first-line temozolomide. There were no
efficacy differences between both dose-intensified temozolomide sched-
ules in this trial. Unsupervised clustering of flow cytometry annotations
identified two patient clusters, which differed in CD4+ T-cell fractions,
but not with respect to CD8+ T-cells, CD4+;CD25+;FoxP3+ regulatory
T-cells, B-cells or monocytes. All control samples clustered with the
CD4,,,,, cluster. Patients in both clusters did not differ by age, gender,
O6-methylguanine-DNA-methyl-transferase (MGMT) gene promoter
methylation, tumor volume, Karnofsky performance score (KPS), num-
ber of first-line temozolomide cycles or steroid use. Progression-free
survival was similar (CD4,, vsCD4, 2.1 vs 2.4 months, p=0.19),
whereas overall survival was longer in the CD4,, cluster of patients
(12.7 vs8.7 months, p= 0.004). In a multivariate Cox model of overall
survival that controlled for established prognostic factors, we found
associations with overall survival for KPS (p=0.019), high CD4+ frac-
tions (p=0.052) with relevant interactions with cluster assignment
(p=0.058), residual tumor at study entry (p=0.068) and MGMT pro-
moter methylation (p=0.072), but not age (p=0.96) or steroid use at
study entry (p=0.32). There were no interactions of cluster assignment
or CD4+ fractions with steroid use in this model. We conclude that
temozolomide-associated CD4+ T-cell depletion may have unfavorable
effects on the survival of glioblastoma patients, a finding that warrants
further exploration.

ACTR-17. EVOPHOSPHAMIDE (TH-302) FOR RECURRENT GBM
FOLLOWING BEVACIZUMAB FAILURE, FINAL RESULTS OF

A MULTICENTER PHASE II STUDY

Andrew ]. Brenner!, David Reardon?, Patrick Wen?, Shiliang Huang?,

Peter Fox*, Mark Muzi® and Eudocia Lee?; 'Mays Cancer Center / UT
Health San Antonio, San Antonio, TX, USA, ?Dana-Farber Cancer Institute,
Boston, MA, USA, 3Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA, USA, *UTHSCSA, San Antonio, TX, USA, *University
of Washington, Seattle, WA, USA

INTRODUCTION: Evophosphamide is a hypoxia-activated prodrug
that, when activated in hypoxic conditions, (<0.5% O2), releases the bis-
alkylating agent bromo-isophosphoramide mustard (Br-IPM). Our prior
phase 1 study in recurrent GBM (rGBM) with dose expansion showed pre-
liminary activity with a 24% objective response rate and a 26% PFS rate
at 4 months. METHODS: A multicenter, single-arm, two-stage prospective
study, non-blinded with combination therapy with bevacizumab at 10 mg/
kg intravenously (IV) every 2 weeks and TH-302 at 670 mg/m2 IV every 2
weeks, in 6 week cycles, until disease progression. The primary endpoint was
progression free survival at 4 months (PFS4). Patients underwent baseline
assessment for hypoxic burden by 18F-misonidazole PET, dynamic suscepti-
bility contrast (DSC) perfusion imaging, and serum sampling for biomarker
analysis. RESULTS: 36 patients received study drug. Treatment was well
tolerated, with adverse events as expected and the most common toxicity
rash along the perineum. The PFS4 rate was 25% which met the primary
endpoint and compares favorably with historical controls (10%). Biomarker
analysis revealed progression to be correlated with Tmax on DSC perfusion
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(HR=0.8,95% CI 0.66 to 9.96, p=0.02), ratio of enhancement on anatomic
MRI Ratio (HR=9.37, 95% CI 1.18 to 74.5, p=0.03) and survival was most
closely correlated with hypoxic volume on FMISO PET (HR=1.02, 95%
CI 1 to 1.04, p=0.01). CONCLUSION: Evofosfamide has modest activity
in bevacizumab refractory glioblastoma, with progression and survival cor-
related with radiographic features at baseline.

ACTR-18. PHASE II TRIAL OF TEMOZOLOMIDE AND TRC 102,
BASE EXCISION REPAIR INHIBITOR, IN BEVACIZUMAB NAIVE
GLIOBLASTOMA AT FIRST RECURRENCE

Manmeet Ahluwalia!, Jan Drappatz?, Xiaobu Ye?, Tobias Walbert?,
Matthias Holdhoff?, Glenn Lesser’, Tim Cloughesy®, David Peereboom',
L Burt Nabors’, Patrick Wen?®, Stuart Grossman® and Lisa Rogers’;
Cleveland Clinic, Cleveland, OH, USA, 2PUMC, Pittsburgh, PA, USA,
3Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins Medical
Institution, Baltimore, MD, USA, *Henry Ford Hospital, Detroit, MI,
Detroit, MI, USA, *Comprehensive Cancer Center at Wake Forest
Baptist Health, Wake Forest, NC, USA, *UCLA, Los Angeles, CA, USA,
"Department of Neurology, The University of Alabama at Birmingham,
Birmingham, AL, USA, ®Harvard Medical School, Boston, MA, USA,
“University Hospitals - Case Medical Center, Cleveland, OH, USA

BACKGROUND: Temozolomide forms O¢-methylguanine (O°mG),
7-methylguanine (N’mG), and 3- methyladenine (N°mA) DNA adducts.
The O°mG DNA adduct is repaired by MGMT. N’mG and N°mA DNA
adducts are removed by the base excision repair (BER) pathway. TRC-102 is
a BER inhibitor that binds to the apurinic site created through the action of
the glycosylase. METHODS: A phase II study of adult patients with bevaci-
zumab-naive first recurrence of glioblastoma after radiation and temozolo-
mide was performed in the Adult Brain Tumor Consortium. Temozolomide
was administered at 150 mg/ m? and oral TRC-102 at 150 mg daily, days
1-5 every 4 weeks. Primary objective was efficacy measured by objective
radiographic response rate (RR= CR+PR). Secondary objectives included
safety and PFS-6. Exploratory objectives were to assess treatment efficacy
with tumor expression of N-methylpurine DNA glycosylase (MPG), a BER
protein, and MGMT status with RR, PFS, and OS. The study was designed
to test the hypothesis that combination therapy would achieve a RR of
30%. RESULTS: Nineteen patients were enrolled in the first stage. Median
age was 60 years (range: 48-76), 53% females, median KPS was 80 (range:
70-90). Median cycles of treatment was 2 (range: 1-12). No responses were
observed. Median OS was 11.0 months (95% CI: 8-18 months), median PFS
was 2.0 months (95%CI: 1.8-3.6 months). PFS-6 rate was 10.5 % (2/19).
The combination was safe; two grade 3—4 toxicities included lymphopenia,
thrombocytopenia. MGMT promoter was unmethylated in all patients.
MPG staining was negative in six, 1+ in five and 2+ in three patients. PFS of
11 + months in two patients was associated with MPG expression. CON-
CLUSIONS: TRC 102 and temozolomide has acceptable safety but did not
meet the primary endpoint of response. Tissue correlates will be presented.
The study was terminated early and the combination will not be tested in
bevacizumab refractory patients.

ACTR-19. A MULTICENTER PILOT PHASE I STUDY OF
CONTINUING TMZ WITH THE ADDITION OF DISULFIRAM AND
COPPER FOR REFRACTORY GLIOBLASTOMA

iayi Huang', Rehka Chaudhary?, Adam Cohen?, Karen Fink*,
Samuel Godlust®, John Boockvar®, Prakash Chinnaiyan’, Stephen Marcus®
and Jian Campian’; 'Washington University in St. Louis, St. Louis, MO,
USA, 2University of Cincinnati College of Medicine, Cincinnati, OH,
USA, 3Division of Oncology, Department of Internal Medicine, Huntsman
Cancer Institute, University of Utah, Salt Lake City, Utah, Salt Lake City,
UT, USA, “Baylor University, Dallas, TX, USA, SHackensack University
Medical Center, Hackensack, NJ, USA, ¢Lenox Hill Hospital, New York,
NY, USA, "Radiation Oncology, Beaumont Health and Oakland University
William Beaumont School of Medicine, Royal Oak, MI, USA, $Cantex
Pharmaceuticals, Weston, FL, USA, *Washington University, St. Louis, MO,
USA

BACKGROUND: Preclinical studies have suggested promising activ-
ity for the combination of disulfiram and copper (DSF/Cu) against glio-
blastoma (GBM) including re-sensitization to temozolomide (TMZ).
A previous phase I study demonstrated the safety of combining DSF/Cu
with adjuvant TMZ for newly diagnosed GBM. This pilot phase II study
aimed to estimate the potential effectiveness of DSF/Cu to re-sensitize
recurrent GBM to TMZ. METHOD: This open-label, single-arm phase
IT study treated recurrent TMZ-refractory GBM patients with TMZ
150mg/m? on days 1-5 of every 28-day cycle with concurrent daily DSF
80mg TID and Cu 1.5mg TID. Eligible patients must have progressed
after standard chemoradiotherapy and within 3 months of the last dose
of TMZ. Known IDH-mutant or secondary GBMs were excluded. The
primary endpoint was objective response rate (ORR), and the second-
ary endpoints included progression-free survival (PFS), overall survival
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(OS), clinical benefit (stable disease for at least 6 months), and safety.
Evaluable patients must have received at least 28 days of DSF/Cu unless
stopped due to progression, toxicity, or death. RESULTS: From March
2017 to January 2018, 23 TMZ-refractory GBM patients were enrolled
across seven centers in the United States, and 22 patients were evaluable.
The median DSF/Cu duration was 48 days (range: 12-246 days). After a
median follow-up of 4.4 months, there were no objective responses, with
6-month PFS of 14% and 6-month OS of 55%. Among 17 patients who
had at least 28 days of DSF/Cu, 3 patients (18%) had clinical benefit.
Grade 3 toxicities that were possibly related to DFS/Cu included fatigue,
headache, anxiety, and elevated alanine transaminase (5% for each).
CONCLUSION: Addition of DSF/Cu to TMZ for TMZ-refractory GBM
yielded minimal ORR but demonstrated clinical benefit for a subset of
patients. DSF/Cu may have modest TMZ re-sensitization or single-agent
activity for recurrent GBM.

ACTR-20. A SMALL MOLECULE AXL INHIBITOR, BGB324 - FIRST-
IN-HUMAN GBM SURGICAL PK TRIAL FOR RECURRENT TUMORS
Sadashib Ghosh!, Hirokazu Sadahiro?, Kyung-Don Kang?, Justin

T. Gibson?, Mutsuko Minata?, Hai Yu', Junfeng Shi#, Rishi Chhipa®,
Zhihong Chen®, Songjian Lu’, Yannick Simoni®, Takuya Furuta®,
Hemragul Sabit1, Suojun Zhang!, Soniya Bastola'?, Shinobu Yamaguchi',
Heba Allah Alsheikh?, Svetlana Komarova', Jun Wang?, Sung-Hak Kim!?,
Dolores Hambardzumyan'?, Xinghua Lu'3, Evan W. Newell®,

Biplab Dasgupta’, Mitsutoshi Nakada'?, L. James Lee*, L Burt Nabors!?,
Lyse A. Norian® and Ichiro Nakano'; 'Department of Neurosurgery, The
University of Alabama at Birmingham, Birmingham, AL, USA, ?Dept. of
Neurosurgery, University of Alabama at Birmingham, Birmingham, AL,
USA, 3Dept. of Nutrition Sciences, University of Alabama at Birmingham,
Birmingham, AL, USA, “Dept. of Chemical and Biomolecular Engineering,
The Ohio State University, Columbus, OH, USA, SDivision of Oncology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA,
®Dept. of Pediatrics, Aflac Cancer and Blood Disorders Center, Children’s
Healthcare of Atlanta, Emory University School of Medicine, Atlanta,
GA, USA, "University of Pittsburgh, Pittsburgh, PA, USA, 3Singapore
Immunology Network, Agency for Science Technology and Research,
Singapore, *Dept. of Pathology, Kurume University School of Medicine,
Kurume, Fukuoka, Japan, '®Department of Neurosurgery, Graduate
School of Medical Science, Kanazawa University, Kanazawa, Ishikawa,
Japan, ""Dept. of Animal Science, College of Africulture and Life Sciences,
Chonnam National University, Gwangju, Cholla-namdo, Republic of
Korea, ?Emory University, Atlanta, GA, USA, "*Dept. of Biomedical
Informatics, University of Pittsburgh, Pittsburgh, PA, USA, "*Department
of Neurosurgery, Kanazawa University, Kanazawa, Ishikawa, Japan,
SDepartment of Neurology, The University of Alabama at Birmingham,
Birmingham, AL, USA

Glioblastoma (GBM) remains the deadliest of all primary brain tumors
with very few effective treatment options. Recently, we reported that high
AXL expression is correlated with poor prognosis in GBM patients and
demonstrated the therapeutic benefits of targeting AXL, a member of
TAM receptor tyrosine kinase family using a novel small molecule inhibi-
tor, BGB324 in immunocompetent mouse GBM models and xenografts of
patient-derived glioma stem cells(GSCs). The promise of BGB324 in tumor
burden management prompted us to develop a clinical trial with BGB324
as a single agent therapeutic with the goal to extend it as a combinatorial
therapy in the future. Our surgical PK/PD clinical trial with BGB324 in
recurrent GBM has been approved by the Brain Malignancy Steering Com-
mittee at the National Cancer Institute. Study treatment will consist of 2
cohorts of adult GBM patients, one (Group A) receiving the treatment pre-
operatively and the other (Group B) receiving no treatment at all prior to
surgery. First § patients recruited to Group A will be checked for the desired
intra-tumoral drug concentration achieved to continue the trial. Group
A will be supplemented by an additional 5 patients bringing the number
to n=10 in each arm of the trial. Following surgical resection, patients in
both cohorts will receive BGB324 daily in 21-day cycles. Treatment will be
continued unless patients exhibit significant toxicity or substantial tumor
progression. Our preclinical findings show the upregulation of AXL and its
role in apoptosis induction in mesenchymal GBM as well as its association
with MLK4, a serine threonine kinase we previously characterized as a mes-
enchymal GSC molecular target. Inhibition of phosphorylation of AXL and
concomitant NF-kB activation in mesenchymal GSCs was found to be the
nodal target of the drug action. An up-to-date information of the trial will
be presented in detail.

ACTR-21. MANAGEMENT OF OCULAR SIDE EFFECTS IN
PATIENTS WITH EGFR-AMPLIFIED GLIOBLASTOMA RECEIVING
DEPATUXIZUMAB MAFODOTIN

Stella Kim', Golnaz Moazami?, Erica Gomez?, Christopher Ocampo?,
Earle Bain®, Maria Guseva® and Marian Macsai*; 'The Robert Cizik Eye
Clinic, Houston, TX, USA, *Harkness Eye Institute Columbia Medical
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Center, New York, NY, USA, *AbbVie Inc., North Chicago, IL, USA,
“NorthShore University Health System, Glenview, IL, USA

BACKGROUND: Depatuxizumab mafodotin  (depatux-m, formerly
ABT-414), is an antibody-drug conjugate comprised of an EGFR-targeted
antibody, a non-cleavable linker maleimidocaproyl, and the microtubule in-
hibitor monomethylauristatin F. Promising antitumor activity of depatux-
m was observed in patients with glioblastoma (GBM) in Phase 12 studies.
Dosage of depatux-m is limited by ocular side effects (OSE), such as blurred
vision, dry eye, and photophobia from corneal epitheliopathy, which are
generally reversible after dose reduction or drug discontinuation. This Phase
3b study evaluates depatux-m-related OSE management strategies used in
depatux-m clinical trials. METHODS: This open-label study will enroll
approximately 90 patients with newly diagnosed, histologically confirmed,
grade IV GBM that is epidermal growth factor receptor (EGFR)-amplified.
Patients will receive depatux-m during the chemoradiation phase (radiation
and temozolomide [TMZ]), and during adjuvant therapy with TMZ. Patients
are randomized to one of three prophylactic ocular treatments: standard
steroids (SS), SS with vasoconstrictors and cold compress (VC), or enhanced
steroids (ES) with VC. Primary objective is to evaluate these prophylactic
strategies for their effect on the proportion of patients requiring a change
in OSE management due to inadequate control of OSEs, defined as either
a 3-line decline in visual acuity from baseline or Grade 3 OSE severity on
the Corneal Epithelial Adverse Event (CEAE) activities of daily living-based
scale. Inadequate control with initial prophylactic regimen will trigger a
switch to the addition of bandage contact lenses (BCL). Secondary objective
assesses change in OSE management due to inadequate control of OSEs by
BCL, defined as percentage of patients with Grade 3 CEAE that will trigger
transition of patient to investigator discretion regimen (depatux-m interrup-
tion/dose reduction, VC prophylaxis, or ES prophylaxis). ClinicalTrials.gov:
NCT03419403.

ACTR-22. A PHASE I STUDY OF CYTOSINE DEAMINASE-
EXPRESSING NEURAL STEM CELLS (CD-NSCs) ADMINISTERED
INTRACRANIALLY AND IN COMBINATION WITH ORAL
5-FLUOROCYTOSINE (5-FC) AND LEUCOVORIN IN PATIENTS
WITH RECURRENT HIGH GRADE GLIOMA

ana Portnow', Timothy Synold!, Behnam Badie?, Suzette Blanchard?,
Julie Kilpatrick!, Revathiswari Tirughana!, Marianne Metz!, Vivi Tran!
and Karen Aboody?; 'City of Hope, Duarte, CA, USA, 2City of Hope
Beckman Research Institute and Medical Center, Duarte, CA, USA, 3City
of Hope Beckman Research Institute and National Medical Center, Duarte,
CA, USA

BACKGROUND: Human NSCs are tumor tropic, making them attract-
ive vehicles for delivery of therapeutics. An immortalized, clonal NSC line
was retrovirally transduced to express CD, which converts 5-FC to S-fluoro-
uracil (5-FU). The primary objectives of this study were to assess the feasibil-
ity of serially administering CD-NSCs intracranially via a Rickham catheter
and determine the recommended doses for phase I testing (RP2D). METH-
ODS: Adult patients with recurrent high grade gliomas underwent tumor
resection or biopsy and placement of a Rickham. CD-NSCs were injected
during surgery and thereafter infused through the Rickham every 2 weeks.
Three days after each dose of CD-NSCs, patients took 5-FC (and leucov-
orin—dose level 3 patients only) orally every 6 hours for 7 days. The dose of
CD-NSCs was escalated from 50 x 10 to 150 x 10° using a standard 3 + 3
design. 5-FC and leucovorin doses were 37.5 mg/kg and 25 mg, respect-
ively. A treatment cycle was 28 days, with CD-NSCs administered on days 1
and 135, followed by 5-FC (and leucovorin) on days 4-10 and 18-24. Blood
samples were drawn to assess for possible anti-NSC antibody and T cell
responses. RESULTS: Fifteen evaluable patients received a median of 2
(range 1-5) cycles of study treatment. One dose-limiting toxicity occurred:
grade 3 wound infection. Three patients developed anti-NSC antibodies
after receiving 3 doses of NSCs. There was no correlation between these
results and use of dexamethasone or number of cycles. Analyses of PK and
possible anti-NSC T cell responses are ongoing. Three patients had sta-
ble disease for 5 months. CONCLUSIONS: Use of a Rickham to serially
administer CD-NSCs intracranially is safe and feasible. Study treatment was
well tolerated. There were no clinical signs of immunogenicity to these allo-
geneic CD-NSCs. The RP2D is 150 million CD-NSCs, 37.5 mg/kg of 5-FC,
and 25 mg of leucovorin per dose.

ACTR-23. SAFETY OF INTRA-ARTERIAL CHEMOTHERAPY WITH
OSMOTIC OPENING OF THE BLOOD-BRAIN BARRIER

Ryan Priest!, Prakash Ambady' and Edward Neweult?; 'Oregon Health
& Science University, Portland, OR, USA, 2Oregon Health and Science
University, Portland, OR, USA

Intra-arterial (IA) infusion of hypertonic mannitol transiently opens the
blood-brain barrier (BBB) to improve drug delivery to intracerebral tumors.
The aim of this study was to evaluate the safety of osmotic BBB disruption
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(BBBD) followed by administration of IA chemotherapy. We performed a
retrospective chart review of all malignant brain tumor patients who under-
went BBBD on six IRB approved treatment protocols or off protocol at
Oregon Health and Science University between 1997 and 2017. Toxicities
and adverse events (AEs), including death within 30 days of treatment, were
assessed. A total of 4018 BBBD procedures were performed on 268 patients
(mean 15 BBBD procedures per patient). The most common pathologies
were primary central nervous system lymphoma (32%) and anaplastic oligo-
dendroglioma (12%). Most AEs were chemotherapy-related. Only 5% of
AEs were attributable to the BBBD procedure, and only 0.42% of these were
associated with permanent neurological damage (Grade 3 or 4 SAE). Four
SAEs were due to ischemia as detected on magnetic resonance imaging and
had minimal impact on quality of life. Four SAEs were due to anterior cord
syndrome subsequent to iatrogenic laminar flow of the chemotherapy and
were partially responsive to steroids. Subsequently this toxicity was elimi-
nated by procedures to avoid laminar flow. Focal seizures, largely respon-
sive to medical intervention, occurred within 24 hours after 257 (6.4%)
BBBD procedures. Most seizures (229, 89%) followed IA administration of
methotrexate and were transient and without sequelae. Five patient deaths
occurred within 30 days; 1 due to a brain stem stroke related to BBBD, 1
due to a pulmonary embolus, and 3 due to disease progression. We conclude
that although the BBBD procedure is invasive, permanent toxicities or death
are rare. These results show that osmotic BBBD can be performed safely in
brain tumor patients.

ACTR-25. UPDATED RESULTS FROM A PROSPECTIVE,
RANDOMIZED PHASE 2 STUDY IN PATIENTS WITH FIRST
RELAPSE OF HIGH-GRADE ASTROCYTOMA USING TVB-2640 IN
COMBINATION WITH AVASTIN VERSUS AVASTIN ALONE
Brandon Konkel', Laura Caflisch?, Aldolfo Enrique Diaz Duque' and
Andrew J. Brenner'; 'Mays Cancer Center/UT Health San Antonio, San
Antonio, TX, USA, 2UT Health San Antonio, San Antonio, TX, USA

BACKGROUND: Standard of care for glioblastoma multiforme
(GBM) is surgical resection followed by temozolamide, with Avastin
given at relapse. Responses to Avastin remain brief; resistance may
involve overexpression of Fatty Acid Synthase (FASN). Our institution
is conducting a phase 2 study of Avastin with or without the FASN
inhibitor TVB-2640 in patients with GBM in first relapse. METH-
ODS: This is a prospective, randomized, phase 2 study of Avastin with
or without TVB-2640 in patients with GBM in first relapse. Primary
end point is progression free survival (PFS). Inclusion criteria are: age
18, ECOG 0 to 2, GBM progression following standard combined
modality treatment. Randomization is into 2 separate arms. Patients
in arm 1 receive Avastin every 2 weeks in combination with TVB-2640.
Patients in arm 2 receive Avastin alone every 2 weeks. MR-Spectroscopy
(MRS) and serum sampling for exosome analysis will be obtained on
all patients at day 1 and 28 of first cycle. Starting on cycle 2 day 1,
all patients will converge to a single arm and will continue to receive
Avastin in combination with TVB-2640. A total sample size of 24
patients will provide 90% power to detect a 4 month difference in PFS
(3 months for Bev alone (historic controls) versus 7 months for TVB-
2640 in combination with Bev, (i.e., a hazard ratio of 0.43) using a
one-sided log-rank test with alpha=0.1. RESULTS: We have enrolled
13 patients to date, 12 have started therapy; 1 came off study early
due to intracranial hemorrhage. No grade 3 or higher treatment related
AEs have occurred. Updated results will include PFS, response, and bio-
marker analysis (exosome, MRS). CONCLUSIONS: The combination
of TVB2640 with Avastin appears to be well tolerated. Enrollment will
continue with planned completion in early 2019. (Clinical trial registry
number: NCT03032484).

ACTR-26. A FEASIBILITY STUDY OF THE NATIVIS VOYAGER®
SYSTEM IN PATIENTS WITH NEWLY DIAGNOSED
GLIOBLASTOMA (GBM)

Garni Barkhoudarian', Sajeel Chowdhary?, Nicholas Blondin® and
Santosh Kesari#; 1John Wayne Cancer Institute, Santa Monica, CA,
USA, 2Marcus Neuroscience Institute, Boca Raton, FL, USA, 3St.
Vincent’s Medical Center, Bridgeport, CT, Fairfield, CT, USA, *Curtana
Pharmaceuticals, Santa Monica, CA, USA

BACKGROUND: The Nativis Voyager® system is a non-sterile, non-
invasive, non-thermal, portable, investigational medical device that uses
a specific, localized ultra-low radio frequency energy (ulRFE®) cognate
for the treatment of brain cancer. METHODS: In this prospective, open-
label, multi-center trial, adults newly diagnosed with GBM, following
maximal tumor debulking, are eligible for enrollment. The objective of
the study is to assess if the Voyager ulRFE therapy is a safe and feasible
treatment for newly diagnosed GBM when combined with standard of
care (i.e., focal radiotherapy + temozolomide). Patients receive continual
therapy with the Voyager, concurrently with radiotherapy + temozolo-
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mide. Upon progression, investigators can choose to maintain patients
on study with the Voyager and to add second-line therapy. The primary
outcome measure is safety, which is assessed by the incidence and evalu-
ation of any adverse events associated with the Voyager through follow-
up. The secondary outcome measure is clinical utility, which is assessed by
progression-free survival and overall survival. RESULTS: Eleven patients
were enrolled at 3 centers into the first (safety) cohort of this study. No
device-related adverse events were reported by patients receiving concur-
rent therapy with Voyager + radiotherapy + temozolomide. All patients
remain progression-free and on study as of June 2018. Given the safety
profile, enrollment was expanded to 32 patients. Additional interim safety
and clinical utility data will be reported. CONCLUSIONS: The Nativis
Voyager system appears to be safe and feasible for the treatment of GBM.
Given that therapy is delivered non-invasively and no device-related
adverse events were reported, further prospective study of the investiga-
tional device is warranted.

ACTR-27. PHASE 2 STUDY OF DIANHYDROGALACTITOL (VAL-083)
IN PATIENTS WITH MGMT-UNMETHYLATED, BEVACIZUMAB-
NAIVE RECURRENT GLIOBLASTOMA

Barbara O’Brien!, John de Groot?, Carlos Kamiya-Matsuoka',

Shiao-Pei Weathers', Jeffrey Bacha3, Dennis Brown*, Anne Steino?,

John Langlands?, Richard Schwartz*, Sarath Kanekal®, Lorena Lopez* and
Marta Penas-Prado’; 'University of Texas MD Anderson Cancer Center,
Houston, TX, USA, *Department of Neuro-Oncology, The University

of Texas MD Anderson Cancer Center, Houston, TX, USA, *DelMar
Pharmaceuticals, Inc, Vancouver, British Columbia, Canada, *DelMar
Pharmaceuticals, Inc, San Francisco, CA, USA, SDelMar Pharmaceuticals,
Inc, San Diego, CA, USA

Glioblastoma (GBM) is the most common and aggressive primary brain
cancer. Current standard-of-care includes surgery followed by concurrent
therapy with radiation and temozolomide (TMZ) and maintenance TMZ.
Almost all GBM patients experience recurrent/progressive disease, and me-
dian survival after recurrence is 3-9 months. Effective therapies for recurrent
GBM (rGBM) are lacking, representing a significant unmet medical need.
Unmethylated promoter for O6-methylguanine-DNA-methyltransferase
(MGMT) is a validated biomarker for TMZ-resistance and is correlated
with a poor prognosis. Second-line treatment with the anti-angiogenic agent
bevacizumab (BEV) has not improved survival, and S-year survival is less
than 3%. VAL-083 is a bi-functional DNA-targeting agent rapidly inducing
interstrand cross-links at N7-guanine, leading to DNA double-strand breaks
and cell-death. VAL-083s cytotoxicity is independent of MGMT status, and
VAL-083 overcomes TMZ-resistance in GBM cell lines, GBM cancer stem
cells, and in vivo GBM models. We completed a 3 + 3 dose-escalation trial
of VAL-083 in TMZ- and BEV-refractory rGBM. 40mg/m2/day given on
days 1,2,3 of a 21-day cycle was generally well-tolerated, and this dose was
selected for further clinical evaluation in Phase 2 trials. The trial described
here is an ongoing single-arm, biomarker-driven Phase 2 trial in MGMT-
unmethylated BEV-naive adult rGBM. In this trial, 48 patients will receive
VAL-083 40mg/m2/day on days 1,2,3 of a 21-day cycle. Tumor response will
be assessed by MRI approximately every 42 days, per RANO criteria. The
primary objective of this study is to determine if VAL-083 improves median
overall survival (mOS) for MGMT-unmethylated rtGBM patients compared
to a historical mOS of 7.1 months for such patients treated with lomustine
(EORTC26101). Secondary efficacy endpoints include progression-free sur-
vival (PFS), overall response rate (ORR), duration of response (DOR), and
quality-of-life (QOL) evaluation using the MD Anderson Symptom Inven-
tory-Brain Tumor Module (MDASI-BT) self-reporting tool. Enrollment and
safety data update will be provided at the meeting. Clinicaltrials.gov identi-
fier: NCT02717962.

ACTR-28. PHASE 1 DOSE ESCALATION TRIAL OF THE SAFETY

OF BMX-001 CONCURRENT WITH RADIATION THERAPY AND
TEMOZOLOMIDE IN NEWLY DIAGNOSED PATIENTS WITH HIGH-
GRADE GLIOMAS

Katherine Peters', John Kirkpatrick?, Ines Batinic-Haberle?, Mary Affronti,
Sarah Woodring*, Deborah Iden®, Sujata Panta*, Eric Lipp*,

Patrick Healy®, James Herndon®, Ivan Spasojevic’, Sara Penchev®,

Shayne Gad’, David Siberstein'?, Margaret Johnson*, Dina Randazzo®,
Annick Desjardins*, Henry Friedman*, David Ashley* and James Crapo®;
'Duke University Medical Center, Durham, North Carolina, Durham,

NC, USA, Department of Radiation Oncology, Duke University Medical
Center, Durham, NC, USA, Department of Radiation Oncology-Cancer
Biology, Duke University Medical Center, Durham, NC, USA, “The Preston
Robert Tisch Brain Tumor Center, Duke University Medical Center,
Durham, NC, USA, SDuke Cancer Institute Biostatistics, Duke University
Medical Center, Durham, NC, USA, ®Department of Biostatistics and
Bioinformatics, Duke University Medical Center, Durham, NC, USA,
"Department of Medicine - Oncology, Duke University Medical Center,
Durham, NC, USA, $BioMimetix Pharmaceutical, Inc., Greenwood Village,

Abstracts

CO, USA, °Gad Consulting Services, Raleigh, NC, USA, '°BioMimetix,
Jefferson, MD, USA

BACKGROUND: BMX-001 (MnTnBuOE-2-PyP5+) is a metallopor-
phyrin with differential action in response to oxidative stress caused by
radiation therapy (RT)and chemotherapy, both critical components in the
treatment of high-grade gliomas (HGG). In preclinical studies, BMX-001
functions as a radioprotectant of normal tissue, for example protection of
central nervous system white matter and radiosensitizer of human glio-
blastoma (GBM) xenografts. Therefore, we underwent a phase 1 study to
evaluate safety of BMX-001 in newly diagnosed patients with HGG receiv-
ing concurrent RT and temozolomide (TMZ). METHODS: We performed
a phase 1, single-center, dose-escalation study of BMX-001 in combination
with concurrent RT (daily fractions of 1.8-2 Gy given 5 days/week for 6
weeks for a total of 59.4-60 Gy) and TMZ (75 mg/m2 daily X 42 days). We
administered BMX-001 as a subcutaneous injection at a loading dose before
start of RT and TMZ and then subsequently 2 times/week for 8 weeks. Pri-
mary endpoint was determination of the maximum tolerated dose (MTD).
We assessed safety using National Cancer Institute Common Terminology
Criteria for Adverse Events 4.03. RESULTS: We enrolled 15 subjects with
GBM (WHO grade IV) with age range of 19 to 80 years. BMX-001 at 42 mg
loading dose and 20 mg subsequent dose was the maximum administered
dose and 28 mg loading dose and 14 mg subsequent dose was the MTD.
Sinus tachycardia (grade 3) was the dose-limiting toxicity at 42 mg loading
dose (n=1). Only other related grade > 3 event seen was hypotension (grade
3) (n=1). Most common related toxicity was grade 1 injection site reaction
(n=7). CONCLUSIONS: BMX-001 with RT plus TMZ and post-RT TMZ
for patients with newly diagnosed HGG was safe and well-tolerated. Phase
II study with BMX-001 in combination with concurrent RT and TMZ in
subjects with newly diagnosed HGG is planned.

ACTR-29. KETOGENIC DIETS AS AN ADJUVANT THERAPY IN
GLIOBLASTOMA (KEATING): A MIXED METHOD APPROACH TO
ASSESSING TRIAL FEASIBILITY.

Kirsty Martin-McGill', Gemma Cherry?, Anthony Marson', Catrin
Tudur Smith? and Michael Jenkinson?; 'University of Liverpool/ The
Walton Centre NHS Foundation Trust, Liverpool, England, United
Kingdom, ?University of Liverpool, Liverpool, England, United Kingdom

BACKGROUND: There is increasing interest in the use of ketogenic diets
(KD) as adjuvant therapy for glioblastoma (GBM). This trial aimed to: (i)
investigate protocol feasibility, (ii) measure patient/carer acceptability and
(iii) inform phase III trial design. METHODS: A prospective, randomised,
feasibility study, with an embedded qualitative design. Twelve newly diag-
nosed GBM patients were randomised to the modified ketogenic diet (MKD)
or the medium chain triglyceride ketogenic diet (MCTKD). Primary out-
come was retention; secondary outcomes included recruitment rate, side
effects, extent of ketosis and dietary acceptability, assessed at 12 weeks and
12 months. Semi-structured interviews were conducted with a representa-
tive sample of patients and relatives (n=15). RESULTS: Recruitment was
achieved within the defined timeframe of 12 months; 42 patients were eligi-
ble, of which 12 were recruited (29% recruitment rate). Retention was poor;
of the 12 patients randomised, 4 completed the 12-week dietary trial (3 on
MCTKD; 1 on MKD). Median duration on diet was 36.5 days (range 0-49)
for those who discontinued prior to 12 weeks (n=8). Those who completed
the 12-week intervention (n=4) achieved ketosis (1.65mmol/L 1.3mmol/L).
No dietary related serious adverse events occurred. Qualitative interviews
revealed patients who completed the 12-week diet consented without hesita-
tion. Those who declined participation pre-empted the issues experienced by
those who withdrew prior to 12-weeks; namely high levels relative/carer bur-
den and social exclusion. Retainers had a positive experience and reported
the diet became the new normal. Patients stated that the 3-month diet dura-
tion was too long, but 6 weeks would be more attainable. CONCLUSION:
Recruitment to a GBM ketogenic trial is feasible. Retention at 3 months
was poor due to the diet negatively impacting patient lifestyle and causing
burden for relatives. To assess efficacy in a phase III trial, a 6-week dietary
intervention would be advantageous.

ACTR-30. PHASE 1B/2 STUDY TO ASSESS THE CLINICAL EFFECTS
OF PAMIPARIB (BGB-290) IN COMBINATION WITH RADIATION
THERAPY (RT) AND/OR TEMOZOLOMIDE (TMZ) IN PATIENTS
WITH NEWLY DIAGNOSED OR RECURRENT/REFRACTORY
GLIOBLASTOMA (GBM)

Kent Shih', David Schiff?, Lyndon Kim?, James Battiste*, Jian Campian’,
Vinay Puduvalli®, Patrick Wen’, Timothy Cloughesy®, Martin van

den Bent’, Andrea Pirzkall'?, Katie Wood!?, Rachel Wei'?, Bing Du'?,

Song Mu'?, Vanitha Ramakrishnan'® and Tobias Walbert!'!; 'Sarah Cannon
Research Institute, Nashville, TN, Nashville, TN, USA, 2University of
Virginia, Charlottesville, VA, Charlottesville, VA, USA, *Thomas Jefferson
University, Philadelphia, PA, Philadelphia, PA, USA, *University of
Oklahoma Health Sciences Center, Oklahoma City, OK, USA, *Washington
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University, St. Louis, MO, St. Louis, MO, USA, ¢The Ohio State University
Comprehensive Cancer Center, Columbus, OH, USA, "Dana-Farber

Cancer Institute, Harvard Medical School, Boston, MA, USA, SUCLA
Neuro-Oncology, Los Angeles, CA, USA, *Erasmus MC Cancer Institute,
Rotterdam, Zuid-Holland, Netherlands, '°BeiGene USA, Inc., Emeryville,
CA, Emeryville, CA, USA, "Henry Ford Hospital, Detroit, MI, Detroit, MI,
USA

DNA damage caused by TMZ or RT sensitizes tumors to PARP inhibitors,
especially in highly replicating tumors (eg, GBM). Pamiparib is a selective
PARP1/2 inhibitor with potent PARP trapping that can cross the blood-
brain barrier and has shown synergistic cytotoxicity with TMZ in non-
clinical experiments. At 60mg BID, the human-equivalent dose-to-trough
brain concentrations above the nonclinical efficacy threshold, pamiparib
was generally well tolerated and showed antitumor activity in early clin-
ical studies (NCT02361723; NCT03333915). This ongoing dose-escalation/
expansion study (NCT03150862) will determine the safety/tolerability and
antitumor effects of pamiparib (60mg BID)+RT and/or TMZ. The dose-
escalation component consists of three arms. Arm A will establish tolerable
duration of pamiparib (2, 4, 6 weeks)+RT in newly diagnosed GBM patients
with unmethylated MGMT promoter (unmethyl-GBM). In Arm B, newly
diagnosed patients with unmethyl-GBM will receive pamiparib+RT with
increasing TMZ doses. Enrollment in Arm B will commence once RP2D
for pamiparib+RT is established. In Arm C, patients with recurrent/refrac-
tory methylated- or unmethyl-GBM receive pamiparib with increasing TMZ
doses. As of 28 March 2018, 15 patients were enrolled (A: 2-wk, n=3; 4-wk,
n=6; C: TMZ [40mg], n=6). One DLT (grade 3 nausea) was reported in Arm
C. Across arms, pamiparib-related AEs occurring in >3 patients were nausea
(n=6) and fatigue (n=5). Two patients experienced three pamiparib-related
AEs grade 3 (diarrhea [A: 4-wk, n=1]; fatigue and nausea [C: n=1]). All three
resolved with concomitant medication and treatment interruption (A) or dis-
continuation (C). Of the seven patients with 1 tumor assessment, one (A:
4-wk) achieved an unconfirmed PR; four (A: 2-wk, n=2; 4-wk, n=2) had SD,
and two (A: 2-wk, n=1; C: n=1) had PD. Preliminary data suggests pamipa-
rib at 60mg BID is generally well tolerated by patients when administered 4
weeks concurrently with RT for newly diagnosed unmethyl-GBM and when
combined with 40 mg TMZ for recurrent/refractory GBM.

ACTR-31. PHASE 1 STUDY OF AG-881, AN INHIBITOR OF MUTANT
IDH1 AND IDH2: RESULTS FROM THE RECURRENT/PROGRESSIVE
GLIOMA POPULATION

Ingo Mellinghoff', Marta Penas-Prado?, Katherine Peters?,

Timothy Cloughesy*, Howard Burris’, Elizabeth Maher®, Filip Janku?,
Gregory Cote’, Macarena De La Fuente®, Jennifer Clarke’, Lori Steelman'?,
Kha Le!, Huansheng Xu'?, Alison Sonderfan'?, Diana Hummel'?,

Steven Schoenfeld'?, Katharine Yen'?, Shuchi Pandya'® and Patrick Wen'!;
Memorial Sloan Kettering Cancer Center, New York, NY, USA, New York,
NY, USA, 2University of Texas MD Anderson Cancer Center, Houston, TX,
USA, Houston, TX, USA, 3Duke University Medical Center, Durham, NC,
USA, Durham, NC, USA, “UCLA Neuro-Oncology, Los Angeles, CA, USA,
SSarah Cannon Research Institute, Nashville, TN, USA, Nashville, TN,
USA, ®University of Texas Southwestern Medical Center, Dallas, TX, USA,
Dallas, TX, USA, "Massachusetts General Hospital, Boston, MA, USA,
Boston, MA, USA, $Sylvester Comprehensive Cancer Center, University

of Miami, Miami, FL, USA, University of California San Francisco, San
Francisco, CA, USA, San Francisco, CA, USA, '°Agios Pharmaceuticals,
Inc., Cambridge, MA, USA, Cambridge, MA, USA, !'Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA, USA

INTRODUCTION: Isocitrate dehydrogenase 1 and 2 mutations
(mIDH1/2) occur in >70% of low-grade gliomas and secondary glioblas-
tomas, and lead to genetic and epigenetic dysregulation, promoting tumo-
rigenesis. AG-881 is an oral, potent, brain-penetrant inhibitor of mIDH1/2
under phase 1 clinical evaluation in gliomas and other solid tumors. Here we
present clinical data from the glioma population. METHODS: Patients with
recurrent/progressive mIDH1/2 glioma received AG-881 daily in continuous
28-day cycles. A Bayesian model was used for dose escalation. Dose-limiting
toxicity (DLT) definition: Grade 3 AG-881-related adverse event (AE) in
Cycle 1 or by sponsor designation. Blood samples were collected for phar-
macokinetic (PK)/pharmacodynamic (PD) evaluations. MRI response every
8 weeks by RANO and RANO-LGG criteria. RESULTS: As of 28Mar2018,
52 patients with glioma had received AG-881 and 17 (32.7%) remained
on treatment. Grade 2/3 = 90.4%; median age = 42.5 years; IDH1/2: 48/3;
median no. prior therapies = 2 (range 1-6). Five initial dose levels tested:
25mg (n=6), 50mg (n=5), 100mg (n=10), 200mg (n=14), and 300mg (n=5).
To confirm safety and PK, a 10mg dose level was tested (n=6) and 6 addi-
tional patients enrolled in the 50mg cohort. Common (>20%) AEs across
glioma patients regardless of attribution: ALT increased (44.2%), AST
increased (38.5%), headache (34.6%), fatigue (30.8%), nausea (26.9%),
seizure (21.2%). Five patients experienced DLTs at 100mg: Grade 2 ALT/
AST that resolved to Grade 1 with dose modification (n=4) or discontinu-
ation (n=1). Among the evaluable glioma population: 2% minor response,
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75% stable disease, 21% progressive disease, and 2% missing as best overall
response. CONCLUSION: Maximum tolerated dose/recommended phase 2
dose was not reached by Bayesian model; clinical team recommendation was
to proceed with doses <100mg in patients with glioma. The 10mg and 50mg
doses are being explored in an ongoing perioperative glioma study. Updated
safety, PK, and imaging response analyses will be presented.

ACTR-32. 5-ALA FLUORESCENCE IS A POWERFUL MARKER FOR
DETECTION OF UNEXPECTED GLIOBLASTOMA TISSUE DURING
SURGERY OF RADIOLOGICALLY SUSPECTED LOW-GRADE
GLIOMAS

Petra A. Mercea', Arthur Hosmann', Shawn Hervey-Jumper?,

Adelheid Woehrer?, Barbara Kiesel!, Jonathan Weller!, Joanna J Phillips*,
Georg Widhalm® and Mitchel Berger?; 'Department of Neurosurgery,
Medical University Vienna, Vienna, Wien, Austria, 2Department of
Neurological Surgery, University of California San Francisco, San
Francisco, CA, USA, *Institute of Neurology, Medical University of Vienna,
Vienna, Wien, Austria, “Department of Neurological Surgery, Helen Diller
Research Center, University of California San Francisco, San Francisco, CA,
USA, *Medical University Vienna, Vienna, Wien, Austria,

BACKGROUND: Precise tissue sampling during resection of suspected
low-grade gliomas (LGG) is the basis for an accurate histopathological diag-
nosis to enable adequate patient management. In the course of malignant
transformation of initial LGG, small intratumoral areas of glioblastoma tis-
sue can potentially arise that might be unrecognized during surgery and thus
result in treatment failure. Recently, 5-aminolevulinic acid (5-ALA) induced
fluorescence was identified as intraoperative marker for visualization of focal
intratumoral WHO grade III areas. The aim of this study is thus to clarify
if 5-ALA is also capable to identify areas of unexpected glioblastoma tissue
during surgery of radiologically suspected LGG. METHODS: Our database
at the Medical University of Vienna and University of California, San Fran-
cisco was screened for adult patients with 5-ALA fluorescence-guided resec-
tion of a suspected glioma with non-significant MRI contrast-enhancement
(CE; no, patchy/faint or focal CE). In this study, only patients with newly
diagnosed lesions were included. In contrast, recurrent gliomas and biopsy
only cases were excluded. In all patients, histopathological diagnosis was
established according to the WHO classification. RESULTS: Altogether,
7 patients (median age: 53 years, range: 30-66 years) with histological
diagnosis of a glioblastoma were identified despite initial radiological sus-
picion of LGG. Of these, no CE was found on preoperative MRI in two
cases (29%), patchy/faint CE in two cases (29%) and focal CE in three cases
(42%). During surgery, intratumoral areas with focal 5-ALA induced fluor-
escence were observed in all 7 patients. In contrast, no visible fluorescence
was found in the remaining intratumoral regions. CONCLUSIONS: Our
study indicates that 5-ALA induced fluorescence is able to identify intra-
tumoral areas containing even focal glioblastoma tissue in radiologically
suspected LGG. Thus, the 5-ALA technique will in future markedly improve
tissue sampling during resection of suspected LGG to allow a precise histo-
pathological diagnosis and optimized postoperative patient management.

ACTR-33. TUMOR TISSUE PENETRATION AND
PHARMACODYNAMICS OF ONC201 IN ADULT RECURRENT
GLIOBLASTOMA PATIENTS

Isabel Arrillaga-Romany!, Yazmin Odia?, Joshua Allen?, Varun

Vijay Prabhu*, Rohinton Tarapore?®, Debora Vendramini Costa’,
Neelima Shah’, Edna Cukierman?®, Wolfgang Oster*, Minesh Mehta?,
Patrick Wen® and Tracy Batchelor!; 'Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA, 2Miami Cancer Institute,
Miami, FL, USA, 3Oncoceutics, Philadelphia, PA, USA, *Oncoceutics Inc,
Philadelphia, PA, USA, *Fox Chase Cancer Center, Philadelphia, PA, USA,
¢Dana-Farber Cancer Institute, Boston, MA, USA

BACKGROUND: ONC201 selectively antagonizes DRD2, crosses
the blood-brain barrier and induces apoptosis in high grade gliomas and
other advanced cancers. ONC201 efficacy is pronounced in glioma cells
that harbor low DRDS expression and is associated with induction of the
ATF4/CHOP/DR5-mediated integrated stress response pathway. DRD2 an-
tagonism also induces activation of NK and other immune cells. We previ-
ously reported the single agent activity of ONC201 in 17 adult patients with
recurrent glioblastoma that demonstrated the safety, systemic pharmaco-
dynamics, and a durable objective response when administered orally once
every 3 weeks. Here, we evaluated the intratumoral drug concentrations
and pharmacodynamic activity of ONC201 in adult recurrent glioblastoma
patients that were treated on a weekly schedule. METHODS: Six patients
>18 years old with first recurrence of glioblastoma who were eligible for
salvage surgical resection were enrolled. ONC201 was administered orally
as 625 mg once a week. Salvage surgery was performed approximately 24
hours after the second dose of ONC201 and patients continued on ONC201
until radiographic and/or clinical progression. Tumor tissue was flash-frozen
and formalin-fixed for assessment of intratumoral drug concentrations by
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LC-MS and pharmacodynamics by IHC, respectively. RESULTS: Of the 6
enrolled patients, 5 had sufficient tissue for evaluation. Intratumoral drug
concentrations exceeded therapeutic thresholds: median 1.5 pM (range
600 nM 9.3 uM). Investigation of biomarkers related to downstream signal-
ing induced by ONC201 revealed heterogeneous intratumoral induction of
ATF4/CHOP/DRS expression and tumor cell apoptosis (TUNEL). Stronger
induction of the pharmacodynamic signaling was associated with stronger
induction of apoptosis and inversely associated with DRDS expression, but
not with drug concentration. No drug-related adverse events were reported
in this cohort. Evaluation of immune cytokines and effectors molecules
in serum and immune infiltration into the tumor is ongoing. CONCLU-
SIONS: ONC201 is biologically active and well tolerated in recurrent glio-
blastoma tumors when administered to adults.

ACTR-34. INTEGRATED CLINICAL EXPERIENCE WITH ONC201 IN
PREVIOUSLY-TREATED H3 K27M-MUTANT GLIOMA PATIENTS
Andrew Chi', Isabel Arrillaga-Romany?, Sharon Gardner!, Patrick Wen?,
Tracy Batchelor?, Matthew Hall*, Yazmin Odia*, Soumen Khatua’,

Wiafik Zaky?®, Susan McGovern®, Rebecca Harrison’, John de Groot®,
Ashley Sumrall”, Nicole Shonka®, Zaid Khatib?, Matthias Karajannis'?,
Sabine Mueller!!, Rohinton Tarapore'?, Krystal Merdinger'2,

Lee Schalop'?, Joshua Allen'?, Wolfgang Oster'? and Minesh P Mehta*;
INYU Langone Health, New York, NY, USA, 2Massachusetts General
Hospital, Harvard Medical School, Boston, MA, USA, *Dana-Farber
Cancer Institute, Harvard Medical School, Boston, MA, USA, *“Miami
Cancer Institute, Miami, FL, USA, *UT MD Anderson Cancer Center,
Houston, TX, USA, ®Department of Neuro-Oncology, The University

of Texas MD Anderson Cancer Center, Houston, TX, USA, "Levine
Cancer Institute, Charlotte, NC, USA, $University of Nebraska Medical
Center, Omaha, NE, USA, °Nicklaus Childrens Hospital, Miami, FL,
USA, "®"Memorial Sloan-Kettering Cancer Center, New York, NY, USA,
"Department of Neurology, University of California, San Francisco, San
Francisco, CA, USA, San Francisco, CA, USA, '?Oncoceutics, Philadelphia,
PA, USA

BACKGROUND: H3 K27M-mutant gliomas have a dismal clinical prog-
nosis and no proven curative therapy. We report the updated clinical experi-
ence with ONC201, the first cancer-specific DRD2 antagonist, in adult and
pediatric H3 K27M-mutant gliomas. METHODS: As of May 28, 2018, 26
patients with H3 K27M-mutant glioma have been treated with ONC201:
9 pediatric (<18 years old) and 17 adult patients (>18 years old). Twelve
patients had recurrent disease and 14 had previously-treated stable disease
prior to initiating ONC201. Patients had 1-4 prior lines of therapy and
all received prior radiation. Ten adult patients were enrolled on clinical
trials and the other 16 were on compassionate use. ONC201 was orally
administered at 625 mg to adults and scaled by body weight for pediatric
patients. All patients, except one, were dosed weekly. RESULTS: Fourteen
of 26 patients (54%) remain progression-free on ONC201 with a median
follow up of 3.6 (range 1.6-24.5) months. No dose modifications or discon-
tinuation due to toxicity have occurred. Among the 12 adult patients with
recurrent disease who received single agent ONC201, the estimated PFS6 is
36.5%. Seven patients have experienced radiographic and/or clinical benefit
(neurological stabilization or improvement). Among the 5 adults with recur-
rent thalamic glioma, three have experienced durable complete regression of
their thalamic tumors, including the first H3 K27M-mutant glioma patient
treated with ONC201 who has experienced 96 % regression of her recurrent
disease and continues single agent ONC201 for >2 years. Two DIPG pedi-
atric patients who initiated single agent ONC201 6-8 weeks after radiation
have experienced radiographic and neurological improvements and exhib-
ited PFS of >13 months from diagnosis. CONCLUSIONS: Emerging clinical
data suggest that ONC201 exhibits clinical activity for some patients with
H3 K27M-mutant glioma.

ACTR-35. MOLECULAR MATCHMAKING: EFFICACY OF EARLY
CLINICAL TRIALS GUIDED BY NEXT-GENERATION SEQUENCING
IN PATIENTS WITH GLIOBLASTOMA MULTIFORME

acob Leary, Michael Pearlman and Gerald Falchook; Sarah Cannon
Research Institute at HealthONE, Denver, CO, USA

INTRODUCTION: Next-generation sequencing (NGS) is available for
analysis of tumors in patients with glioblastoma multiforme (GBM) and can
be used to match patients to clinical trials of agents that target specific alter-
ations. We studied the relationship between molecular matching by NGS
and treatment outcome in GBM patients treated on trials of targeted agents.
METHODS: Patients were adults with GBM who enrolled on clinical trials
at our center. Patients underwent NGS with either FoundationOne (tissue)
or Guardant360 (cell-free DNA) prior to enrollment on a trial. Treatment
was classified as a direct match, indirect match, or non-match. Clinical ben-
efit was defined as complete response, partial response, or at least 4 months
on treatment without progressive disease by RANO criteria. RESULTS: 19
consecutive patients underwent NGS and were treated on 1 or more of 8 dif-
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ferent clinical trials, including 4 patients who were treated on 2 trials, for a
total of 23 cases analyzed. 10 patients were male; 9 were female. Median age
was 58 years (range 26-73). Median number of prior systemic therapies was
1. Three cases were a direct match, 8 cases were an indirect match, and 12
cases were a non-match. Clinical benefit was observed in 54.5% of patients
with a direct or indirect match vs. 8.3% of patients with a non-match. Mean
treatment duration was 252 days for patients with a direct or indirect match
vs. 57 days for patients with a non-match. CONCLUSION: GBM patients
treated on clinical trials of targeted agents that were a direct match or indi-
rect match had a trend of longer duration of treatment and higher rate of
clinical benefit, compared to trials that were a non-match. These observa-
tions support the use of next-generation sequencing to identify clinical trials
for patients with GBM.

ACTR-36. A SINGLE ARM PHASE 2 STUDY OF THE DUAL
mTORC1/mTORC2 INHIBITOR VISTUSERTIB PROVIDED ON

AN INTERMITTENT SCHEDULE FOR NEUROFIBROMATOSIS

2 PATIENTS WITH PROGRESSIVE OR SYMPTOMATIC
MENINGIOMAS

Scott Plotkin', Justin Jordan?, Roberta Beauchamp?, Alona Muzikansky',
Anat Stemmer-Rachamimov* and Vijaya Ramesh’; '"Massachusetts General
Hospital, Boston, MA, USA, *Department of Neurology and Cancer Center,
Boston, MA, USA, 3Center for Genomic Medicine, Massachusetts General
Hospital, Boston, MA, USA, “Massachusetts General Hospital, Department
of Pathology, Boston, MA, USA, *Massachusetts General Hospital, Center
for Genomic Medicine, Boston, MA, USA

Meningiomas are the second most common tumor in NF2 patients, with
a cumulative prevalence of 80% by age 70 and a high prevalence of mul-
tiple meningiomas. Surgery remains standard of care for these tumors, yet
outcomes remain suboptimal for many patients with multiple tumors. Loss
of NF2 expression is associated with activation of the mTOR pathway, but
treatment with the mTORCI inhibitor everolimus is not associated with
tumor shrinkage. We hypothesized that inhibition of both mTORC1 and
mTORC2 pathways would result in increased activity against meningiomas.
This single center, phase II, open label study evaluated adults (18 years) with
NF2 and progressive meningiomas treated with vistusertib. Subjects received
vistusertib 125 mg BID two consecutive days per week. Radiographic re-
sponse was defined as 20% decrease in tumor volume from baseline. The
primary endpoint was radiographic response rate in the target meningioma;
secondary endpoints included radiographic response in non-target meningi-
omas and vestibular schwannomas. We enrolled 18 subjects (5M;13F) with
a median age of 40 years (range 18-60 years). Baseline volume of target
meningioma was 14.2 ml (range, 3.3-69.2 ml) and median pretreatment
growth rate was 33 %/year. A radiographic response was seen in 1/18 (6%)
target meningiomas and in 2/20 (10%) of non-target meningiomas and in
2/21 (9.5%) of vestibular schwannomas. Three target meningiomas (17%)
progressed during treatment. Seven subjects (39%) discontinued treatment
by choice due to tolerability and 8 remain on study. Adverse events included
fatigue, nausea, vomiting, anorexia, rash, mucositis, and hypophosphatemia.
Vistusertib treatment is associated with radiographic response rates of
5-10% in meningiomas and schwannomas in NF2 patients, with only a
minority of meningiomas progressing during treatment. Grade 2 toxicity
led to treatment discontinuation in a significant minority of patients. Future
analyses will address the relationship between tumor shrinkage and activa-
tion of TORC1/2 pathways in archival tumor specimens.

ACTR-37. SHORT-TERM BEVACIZUMAB FOR RECURRENT
GLIOBLASTOMAS

Tomoo Matsutani, Seiichiro Hirono and Yasuo Iwadate; Department of
Neurological Surgery, Chiba University Graduate School of Medicine,
Chiba-shi, Chiba, Japan

Survival benefit of bevacizumab (BEV) could not be confirmed for recur-
rent glioblastomas in EORTC 26101, while BEV is commonly chosen at
recurrence due to its positive effect in daily life. BEV is usually repeated
until tumor progression or adverse events, but the benefit of continuation
of BEV is not known. Recently, short-term BEV has been administrated in
our institute to avoid from adverse events, and to reduce medical costs. The
survival data of the patients treated with short-term BEV are retrospectively
analyzed. Thirty-two patients, who presented recurrence of primary glio-
blastoma, received short-term BEV, which is 10 mg/kg of BEV bi-weekly ad-
ministration for 2—6 courses. BEV was discontinued after favorable response
in MRI and social functioning, and was resumed for further progression.
When the tumor progressed after short-term BEV, it was continued to delay
neurological deterioration. Twenty-three of 32 patients could discontinue
BEV in the first administration, and 13 of 23 patients were treated with
second short-term BEV for further progression. Six of 13 could discontinue
BEV again. In our retrospective cohort, median post-recurrent survival was
8.0 months, and 9- and 12-months survivals are 39.8% and 31.8%. The
patients, who were able to discontinue BEV, showed statistically longer
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survival than the patients, who were not, 11.0 months and 3.5 months
(p=0.0002, Log-rank). BEV could be safely discontinued for the patients,
who respond well for the first administration, and the initial response to
BEV might be a good prognostic factor at recurrence.

ACTR-38. A PHASE I TRIAL OF AFATINIB AND RADIOTHERAPY
(RT) WITH OR WITHOUT TEMOZOLOMIDE (TMZ) IN PATIENTS
‘WITH NEWLY DIAGNOSED GLIOBLASTOMA (GBM)

Frank Saran', Allan James?, Catherine McBain?, Sarah Jefferies*,

Fiona Harris*, Agnieszka Cseh?®, Karine Pemberton®, Jennifer Schaible’,
Shaun Bender® and Michael Brada®; '"Royal Marsden NHS Foundation
Trust, Sutton, England, United Kingdom, The Beatson West of Scotland
Cancer Centre, Glasgow, Scotland, United Kingdom, 3The Christie NHS
Foundation Trust, Manchester, England, United Kingdom, *Cambridge
University Hospitals NHS Foundation Trust, Cambridge, England, United
Kingdom, SBoehringer Ingelheim RCV GmbH & Co. KG, Vienna, Wien,
Austria, *Boehringer Ingelheim Ltd, Biberach, Baden-Wurttemberg,
Germany, "Boehringer Ingelheim Pharma GmbH Co. KG, Biberach, Baden-
Waurttemberg, Germany, *Boehringer Ingelheim Pharmaceuticals Inc.,
Ridgefield, CT, USA, °Clatterbridge Cancer Centre NHS Foundation Trust,
Bebington, England, United Kingdom

GBM is the most frequent primary CNS tumor. RT + TMZ represents
first-line therapy. ErbB pathway dysregulation contributes to GBM patho-
genesis; EGFR activation is associated with RT resistance. This 3 + 3 dose-
escalation study assessed afatinib, an irreversible ErbB family blocker,
with RT + TMZ in newly diagnosed GBM. Patients with MGMT pro-
moter methylation received afatinib (20, 30, 40 mg/day) + RT + TMZ
for 6 weeks (RT period), then afatinib 40 mg/day + TMZ for 6 months,
then afatinib 40 mg/day until progression/undue adverse events (AEs;
Regimen M). Those with unmethylated MGMT promoter received RT
+ afatinib then afatinib (Regimen U). Primary endpoint was maximum
tolerated dose (MTD) of afatinib + RT = TMZ; secondary endpoints were
safety, pharmacokinetics and antitumor activity. Thirty-six patients were
enrolled (M, 20; U, 16). In regimen M, 1/6 (20 mg), 0/6 (30 mg) and 2/5
(40 mg) evaluable patients had dose-limiting toxicities (DLTs) in the RT
period (two Grade 4 thrombocytopenia, one Grade 3 vomiting); MTD of
afatinib + RT + TMZ was 30 mg/day. In regimen U, 0/3 (20 mg) and 1/6
(40 mg) evaluable patients had DLTs (Grade 3 diarrhea); MTD of afatinib
+ RT was 40 mg/day. Common treatment-related AEs were diarrhea, rash,
fatigue, nausea and thrombocytopenia; 80% and 75% had Grade 3 AEs
in M and U. Pharmacokinetic evaluation suggested that afatinib with RT
+ TMZ had no influence on afatinib exposure. Five patients in M and one
in U had an objective response. Five patients (M, 4; U, 1) were long-term
responders to afatinib (>12 months treatment); two had available tumor
samples. Both had MGMT promoter methylation; one had a PTPN11
mutation, the other focal EGFR amplification with concomitant EGFRvIII
allele amplification. Afatinib + RT = TMZ appears tolerable; prelimin-
ary biomarker analysis may indicate patients likely to have long-term
responses.

ACTR-39. TWO-YEAR RESULTS OF THE INTELLANCE 2/EORTC
TRIAL 1410 RANDOMIZED PHASE II STUDY ON DEPATUX-M
ALONE, DEPATUX-M COMBINED WITH TEMOZOLOMIDE

(TMZ) AND EITHER TMZ OR LOMUSTINE IN RECURRENT EGFR
AMPLIFIED GLIOBLASTOMA (NCT02343406

Martin van den Bent!, Pim French?, Marica Eoli?, Juan Sepulveda®,
Annemiek Walenkamp?®, Jean-Sebastian Frenel®, Enrico Franceschi’,

Paul Clement®, Michael Weller?, Iris de Heer!, Jim Looman'?,

Jyotirmoy Dey'!, Scott Krause'?, Hao Xiong'?, Peter Ansell'?,

Sarah Nuyens'?, Joana Brilhante'?, Maarten Spruyt'?, Thierry Gorlia'?
and Vassilis Golfinopoulos'?; 'Erasmus MC Cancer Institute, Rotterdam,
Zuid-Holland, Netherlands, ?Dept. of Neurology, Brain Tumor Center,
Erasmus Medical Center, Rotterdam, Zuid-Holland, Netherlands, *Carlo
Besta, Milano, Lombardia, Italy, “Hospital Universitario 12 de Octubre,
Madrid, Madrid, Spain, *University Medical Center Groningen, Groningen,
Groningen, Netherlands, ¢Centre R Gauducheau, Nantes, Bretagne,
France, ’AUSL-IRCCS Scienze Neurologiche, Bologna, Lombardia, Italy,
8Leuven Cancer Institute, KU Leuven, Leuven, Brabant Wallon, Belgium,
“Department of Neurology, University Hospital and University of Zurich,
Zurich, Zurich, Switzerland, '°Abbvie, North Chicago, IL, USA, ''Abbvie,
Chicago, IL, USA, '?European Organisation for Research and Treatment of
Cancer (EORTC), Brussels, Brussels Hoofdstedelijk Gewest, Belgium

BACKGROUND: Depatux-M is an antibody-drug-conjugate consist-
ing of an antibody (ABT-806) specific to the activated conformation of
EGEFR bound to the toxin monomethylauristatin-F. In the primary analy-
sis on EORTC 1410 we reported a trend (p = 0.06) towards improved
overall survival (OS) in patients with EGFR-amplified (amp) recurrent
glioblastoma treated with Depatux-M in combination with temozo-
lomide. METHODS: Eligible were patients with centrally confirmed
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EGFRamp glioblastoma at 1st recurrence after temozolomide chemo-irra-
diation. Patients were randomized to either a) Depatux-M 1.0 mg/kg every
2 weeks intravenously, or b) the same treatment combined with temozo-
lomide 150-200 mg/m2 day 1-5 every 4 weeks, or ¢) either lomustine or
temozolomide (TMZ/LOM) depending on the time of relapse. Primary
endpoint was OS. Pharmacokinetic sampling was part of the study design,
all samples were used to calculate the Depatux-M average concentration
during course 1 (CavgC1). The level of EGFRamp was re-analysed using
next generation sequencing. RESULTS: In February 2018, an updated OS
comparison performed after 220 observed deaths of Depatux-M in com-
bination with TMZ versus TMZ/LOM using log-rank test and cox models
stratified by stratification factors at randomization showed a HR of 0.68
(95%CI[0.48,0.95]; p = 0.024) and 1-year OS rates of 40% versus 28%.
In multivariate analysis CavgC1 was a significant predictor for OS (HR
0.96, 95% CI [0.93, 0.98], p = 0.0013). In Depatux-M treated patients,
EGEFR status (high vs low level amplification) did not correlate with OS.
At the meeting the follow-up from Aug 2018 will be presented, obtained
more than 24 months after the end of accrual. CONCLUSION: This
updated OS analysis of Depatux-M in combination with temozolomide
confirmed the OS improvement in EGFRamp recurrent glioblastoma. In
Depatux-M treated patients, higher drug levels during course 1 were asso-
ciated with improved OS, but high levels of EGFR amplification at first
diagnosis were not.

ACTR-40. A PHASE 1, MULTICENTER, OPEN-LABEL STUDY

OF MARIZOMIB (MRZ) WITH TEMOZOLOMIDE (TMZ) AND
RADIOTHERAPY (RT) IN NEWLY DIAGNOSED WHO GRADE

IV MALIGNANT GLIOMA (GLIOBLASTOMA, ndGBM): FULL
ENROLLMENT RESULTS

Daniela A. Bota!, Santosh Kesari?, David Piccioni?, Dawit Aregawi*,
Patrick Roth’, Roger Stupp®, Annick Desjardins’, Steven D. Reich?,

Ileana Elias®, Mingyu Li'?, Nancy Levin®, Benjamin Winograd'® and
Warren Mason'!; 'University of California, Irvine, Orange, CA, USA,
2John Wayne Cancer Institute and Pacific Neuroscience Institute, Santa
Monica, CA, USA, 3University of California, San Diego, San Diego, CA,
USA, “Penn State Health, Hershey, PA, USA, *Department of Neurology,
University Hospital Zurich, Zurich, Switzerland, *Northwestern University,
Feinberg School of Medicine, Chicago, IL, USA, "The Preston Robert Tisch
Brain Tumor Center, Duke University Medical Center, Durham, NC, USA,
8Triphase Accelerator, La Jolla, CA, USA, °Celgene, Toronto, ON, Canada,
10Celgene, Summit, NJ, USA, "University of Toronto University Health
Network, Toronto, ON, Canada

Proteasome inhibition sensitizes glioma cells to TMZ and RT, providing
a novel therapeutic strategy for ndGBM. MRZ, an irreversible, brain-pen-
etrant, pan-proteasome inhibitor with anti-glioma activity was combined
with standard-of-care (SOC) concomitant TMZ/RT followed by adjuvant
TMZ in ndGBM (NCT02903069), to determine the recommended dose
(RD). Patients were enrolled in separate concomitant (TMZ/RT+MRZ,
N=15) and adjuvant (TMZ+MRZ, N=18) cohorts in dose-escalation
(3 + 3 design), followed by dose-expansion (N=20) at RD (0.8 mg/m2) in
concomitant followed by adjuvant treatment. MRZ infused IV (10 min)
at increasing dose levels (0.55, 0.7, 0.8, and 1.0 mg/m2): Concomitant
days 1, 8, 15, 29, 36; Adjuvant days 1, 8, 15 (28-day cycle). RESULTS
(as of 02May2018): Mean age 55 years, 68% male. Most common treat-
ment-emergent adverse events (TEAEs, 20% patients, all grades): fatigue,
nausea, vomiting, hallucination, ataxia, headache. Dose-limiting toxici-
ties (DLTs): 1 (fatigue) at 0.7 mg/m2 adjuvant cohort, 3 (ataxia/diarrhea;
ataxia/confusion; myocardial infarction) in concomitant and 2 (delirium/
ataxia; ataxia/fatigue) in adjuvant cohorts at 1.0 mg/m2. Grade 3 TEAEs
in 11 of 12 patients at 1.0 mg/m2 including one Grade 4 and one Grade
5 TEAE; at 0.8 mg/m2 MRZ, Grade 3 TEAEs in 9 of 21 patients. MRZ
demonstrated a steep dose-response with TEAEs/DLTs predominately
CNS AEs (ataxia, hallucinations) which were dose-related, short-lasting,
reversible and ameliorated by early dose reductions, allowing patients to
remain on treatment. Currently 8 dose-escalation patients remain active in
Cycle 10-23. Median OS for dose-expansion not yet estimated; 7 patients
remain active, 1 death, median follow-up 4.1 months. MRZ at the RD with
adjuvant TMZ+Tumor Treating Fields (Optune) is currently enrolling. An
international Phase 3 trial (EORTC #1709-BTG, NCT03345095) has been
launched in 2018 to assess the overall survival benefit of MRZ added to
SOC in ndGBM.

ACTR-42. THE USE OF ADVANCED DIFFUSION MRI PARAMETERS
IN THE ASSESSMENT OF TREATMENT RESPONSE IN
GLIOBLASTOMA USING MULTI-B VALUE ACQUISITION AND

A HISTOGRAM-BASED APPROACH

Shah Islam', Melanie Morrison!, Matthew Grech-Sollars', Matthew Orton?
and Adam Waldman?; 'Imperial College London, London, England,

United Kingdom, 2ICR, London, England, United Kingdom, University of
Edinburgh, Edinburgh, Scotland, United Kingdom
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PURPOSE: Imaging biomarkers to assess early treatment response in
gliomas are important for guiding optimal clinical decision-making for
individual patients, and as platforms for multi-institutional clinical tri-
als of novel therapies. Current Response Assessment in Neuro-Oncology
(RANO) criteria, rely on subjective, semi quantitative measurements
with limited sensitivity and specificity in the early treatment phase. Previ-
ous diffusion imaging studies have indicated early sensitivity to treat-
ment response, however optimum acquisition and analysis approaches
have yet to be established. The purpose of this study is to assess the util-
ity of advanced quantitative diffusion MRI derived from multi B-value
acquisitions in the assessment of treatment response, using a spatially
independent approach. METHODS: We used least-square fitting to model
six diffusion parameters from mono-, bi-, and stretch-exponential mod-
els, and performed a histogram analysis of voxels located within ROIs
defined by enhancing tumour and increased signal on FLAIR sequences.
Histograms were generated for 10 patients with GBM at 3 time-points
before, at 6 weeks, and 3 months treatment with standard-of-care regimen
(RT with concomitant and adjuvant temozolomide). Changes in the his-
tograms percentile profiles were evaluated across the various time-points,
back-projected onto MRI images for spatial correspondence, and com-
pared with RANO assessment from structural MRI at the latest timepoint.
RESULTS, DISCUSSION & CONCLUSION: Percentile profiles changed
over the course of therapy, reflecting known biological changes in the
tumour microenvironment in response to radiotherapy and chemotherapy;
these preliminary data suggest differential changes in diffusion parameters
early in treatment. Spatially-independent diffusion parameter comparisons
abrogate the confound of voxel misregistration due to tumour growth/
shrinkage. Further assessment of this dataset, augmented by on-going
patient recruitment across multiple centres, will provide insight to the
prognostic value of advanced diffusion MRI as a standardized method for
treatment response assessment.

ACTR-43. OPEN-LABEL PHASE 1 CLINICAL TRIAL TESTING
PERSONALIZED AND TARGETED SKULL REMODELING SURGERY
TO MAXIMIZE TTFIELDS INTENSITY FOR RECURRENT
GLIOBLASTOMA - INTERIM ANALYSIS AND SAFETY ASSESSMENT
(OPTIMALTTE-1)

Anders Korshoej', Slavka Lukacova?, Jens Christian Serensen', Frederik
Lundgaard Hansen?, Nikola Mikic!, Axel Thielscher*, Saren Ole Stigaard
Cortnum?, Trine Lignell Guldberg?, Yasmin Ramshad-Lassen”’,

Christian Rahbek®, Kire Eg Severinsen” and Gorm von Oettingen';
!Aarhus University Hospital, Dept. of Neurosurgery, Aarhus C,
Midtjylland, Denmark, ?Aarhus University Hospital, Dept. of Oncology,
Aarhus, Midtjylland, Denmark, >Aarhus University Hospital, Dept. of
Neurosurgery, Aarhus, Midtjylland, Denmark, *Danish Research Centre
for Magnetic Resonance, Copenhagen University Hospital, Hvidovre,
Copenhagen, Hovedstaden, Denmark, SAarhus University Hospital,
Dept. of Oncology, Aarhus, Midtjylland, Denmark, ¢Aarhus University
Hospital, Dept. of Neuroradiology, Aarhus, Midtjylland, Denmark,
7Aarhus University Hospital, Dept. of Neurology, Aarhus, Midtjylland,
Denmark

BACKGROUND: We present a pre-specified interim analysis of an
ongoing open-label, phase-1 IST (NCT02893137) testing safety/efficacy
of a new rGBM treatment. The intervention combines personalized skull-
remodeling (SR) surgery with TTFields and best-choice chemotherapy. SR-
surgery involves minor craniectomy or burr-holes personalized to enhance
TTFields intensity focally in the tumor. METHODS: Accrual began Dec
2016 (planned total 15 patients). Eligibility: Age > 18 years, first recur-
rence focal supratentorial GBM (RANO), and KPS 70. Patients were
excluded upon progression, death, SUSARs, or unacceptable AEs. Primary
endpoints: Toxicity (CTCAEv4.0). Secondary endpoints: OS, PFS, PFS6,
ORR (iRANO). RESULTS: Interim analysis was based on data prior to
April 1,2018. 16 patients were screened, 1 declined, and 2 had KPS < 70.
3 patients were excluded prior to TTFields (radionecrosis/non-recurrence,
post-op infection, and neurodeficit, respectively). All included patients (10,
M/F 9:1) had GBM IDH-wt tumors (4 MGMT-methylated). Median base-
line variables were KPS 90 (range 70-100), age 55 years (range 49 to 67),
skull-defect area 10.5 cm2 (range 7 to 24), field enhancement 37 % (range
25 to 61), and TTFields compliance 91% (range 61 to 95). All patients
received maximum safe resection (4 had non-measurable and 2 measurable
disease). 8 patients received adjuvant bevacizumab and 2 temozolomide
rechallenge. 5 patients had progression, 3 died, 5 were censored for PFS
and 7 for OS. We observed no SUSARSs, no grade 4/5 SAEs, 5 grade 3 SAEs
(2 generalized seizures, 1 post-op infection, 1 diarrhea, and 1 DVT). 2
patients had grade 1-2 skin rash, and 1 had grade 1-2 headaches. Median
outcome estimates: OS 15.5 months, 95%-CI: 5.9-NA, PFS 9.5 months,
95%-CI: 3.7-NA, and PFS6 58%, 95%-CI: 0.27-0.90. 1 patient had com-
plete response. CONCLUSIONS: SR-surgery with TTFields is non-toxic
and holds promising potential for improving rGBM outcome. A future
phase 2/3 trial is being planned.
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ACTR-44. PRELIMINARY RESULTS FROM THE NCT02770378
PROOF-OF-CONCEPT CLINICAL TRIAL ASSESSING THE SAFETY
OF THE CUSP9v3 PROTOCOL COMBINED WITH METRONOMIC
TEMOZOLOMIDE FOR RECURRENT GLIOBLASTOMA
Marc-Eric Halatsch!, Richard Kast?, Georg Karpel-Massler?,

Carl Schmidt!, Birgit Schmelzle!, Fadi Awad!, Patricia Panther!' and

Tim Heiland'; "Ulm University Hospital, Ulm, Baden-Wurttemberg,
Germany, 2IAIGC Study Center, Burlington, VT, USA, 3UIm University
Medical Center, Ulm, Baden-Wurttemberg, Germany

BACKGROUND: Despite refinements of neurosurgical techniques and
emerging adjuvant therapies, patients with recurrent glioblastoma continue to
face a dismal prognosis. We report preliminary results of a clinical trial evalu-
ating a protocol of 9 repurposed drugs (aprepitant, minocyclin, disulfiram,
celecoxib, sertraline, captopril, itraconazole, ritonavir, auranofin) and low-dose
metronomic temozolomide in patients with recurrent glioblastoma. METH-
ODS: Between November 2016 and April 2018, 10 patients (age 18, KPS
70%) with glioblastoma recurrence after standard therapy were included in
the CUSP9v3 single-arm proof-of-concept clinical trial. The primary endpoint
was dose-limiting toxicity during the first 12 weeks of treatment. Secondary
endpoints were overall survival and best tumor response during the 12-month
medication period according to RANO criteria. RESULTS: Fifty-five cycles
of CUSP9v3 were administered. Median follow-up was 6.6 months (1.9
18.5 months) on May 30th, 2018. No drug-related serious adverse events were
observed. In two patients, a permanent dose reduction (-50 % of the daily
dose) was instituted for one drug (ritonavir). For eight patients, a temporary
dose reduction for one to three drugs (including aprepitant, auranofin, capto-
pril, ritonavir and/or temozolomide) was necessary so far. Five patients showed
radiologic regression or stable disease. Five patients showed progression, two
of which died during the first 6 weeks after inclusion. One patient died from
tumor progression after completing three treatment cycles. Two patients with
radiologic progression remain clinically well and continue to receive CUSP9v3
treatment. CONCLUSION: With close ambulatory monitoring and drug
schedule adaptations according to individual side effects, CUSP9v3 appears to
be a safe protocol with adverse effects comparable to those of more established
second- and third-line treatments. Assessment of efficiency is preliminary but
suggests biological activity of CUSP9v3.
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BACKGROUND: CDK4/6-dependent cell-cycle regulation is disrupted
in 78% of glioblastoma patients. We conducted a Phase 0/2 clinical trial
(NCT02933736) of ribociclib, a selective CDK4/6-inhibitor, to examine the
plasma and tumor pharmacokinetics (PK) and pharmacodynamics (PD) of
recurrent glioblastoma. METHODS: Eligible patients with intact RB expres-
sion and CDKN2A deletion or CDK4/6 amplification were enrolled into
the Phase 0 component to receive ribociclib (900mg daily) for 5 days prior
to tumor resection. Plasma, tumor, and CSF samples were collected to deter-
mine drug concentrations using validated LC-MS/MS methods. PD effects,
including RB and FoxM1 phosphorylation, were compared to archival tissue.
Patients with favorable PK and PD outcomes were transitioned into the Phase
2 component. RESULTS: Twelve patients were enrolled into three presurgi-
cal time-escalation groups (2-hours, 8-hours, 24-hours). Ribociclib penetrated
both enhancing and non-enhancing regions of the tumor. In non-enhancing
tissue, median unbound brain-to-plasma ratio was 1.78 and median riboci-
clib concentration was 0.54 nmol/mL, exceeding the in vitro IC50 for CDK4/6
(0.04 nmol/mL). Suppression of G1-to-S phase was inferred by a decrease
in RB phosphorylation (p<0.01) and cell proliferation (p<0.05). Six patients
(50%) were graduated to the Phase 2 component and demonstrated a median
progression-free survival of 9.7 weeks (95% CI, 6.3 to 40 weeks). Tissue
samples from re-resection following Phase 2 study identified mTOR pathway
upregulation as a candidate resistance mechanism to ribociclib monotherapy.
CONCLUSION: Ribociclib penetrates the tumor-brain barrier, achieving phar-
macologically-active concentrations in human glioblastoma and suppressing
tumor proliferation. Phase 2 study results suggest ribociclib is ineffective as a
monotherapy, but analysis of ribociclib-resistant tumors identified the addition
of an mTOR inhibitor as a dual-drug strategy for recurrent glioblastoma.

ACTR-46. HIGHER DOSES OF TTFIELDS IN THE TUMOR ARE
ASSOCIATED WITH IMPROVED PATIENT OUTCOME
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INTRODUCTION: It has been suggested that increasing Tumor Treat-
ing Fields (TTFields) dose to the tumor leads to better patient outcome.
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However, this hypothesis has yet to be demonstrated. Here we present a
first-of-its-kind study testing this hypothesis using data collected during the
EF-14 trial that demonstrated the clinical benefit of combining TTFields
with chemoradiation in newly diagnosed glioblastoma patients. METH-
ODS: Patients treated with TTFields for at least 2 months for whom base-
line MRI quality was sufficient for creation of a computational model were
included in the study (n=317). The patients transducer array layouts, aver-
age compliance (fraction of therapy time), and the average electrical current
derived from TTFields generator logs, were collected. Based on these data,
realistic computational simulations of TTFields delivery to the patients were
performed. Local Minimum Dose Density (LMiDD) was defined as the lower
of the power densities delivered by two roughly orthogonal electric fields to
each point in the model, multiplied by the average compliance of the patient.
The average LMiDD (within a tumor bed combining the tumor and a 3 mm
wide zone around it) was calculated. A value of average LMiDD that divided
the patients into two groups with the most statistically significant difference
in median OS was sought. RESULTS: The optimal threshold of average
LMiDD was equal 1.6 mW/cm3 OS (25.1 months vs. 20.9 months, p=0.002,
HR=0.69); PFS (8.8 months vs 6.5 months, p=0.006 HR=0.66). Prognostic
factors in both groups were similar. The median OS and PFS were also longer
when average electric field in the tumor bed was >1.05 V/em OS (25.0 months
vs. 21.6 months, p=0.043, HR=0.76) and PFS (8.1 months vs 7.9 months,
p=0.006 HR=0.74). CONCLUSIONS: This study utilizes clinical data to dem-
onstrate the connection between TTFields dose and efficacy, emphasizing the
importance of TTFields treatment planning for improving patient outcome.
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BACKGROUND: A randomized phasell trial on EGFR-amplified recur-
rent glioblastomas showed that Depatux-M+TMZ improves overall survival
compared to the single agent control arms. We performed targeted next-gener-
ation-sequencing to identify patients that benefit from the combination. METH-
ODS: DNA and RNA was isolated from samples, collected at initial diagnosis,
and selected for regions with highest tumor content. Target selection was done
using the Trusight170 panel (Illumina). Patients were eligible with centrally
confirmed EGFR amplification, defined as EGFR/CEP 7 (centromere) ratio 2
in 15% of cells (FISH). RESULTS: DNA and RNA data were generated from
233 and 234 samples respectively (of the 260 study patients). High-copy gene
amplification was detected in EGFR (n=202), MDM2 (n=20), MDM4 (n=22),
CDK4 (n=24) and CDK6 (n=5) which correlated with high expression lev-
els. With this assay, 17 tumors did not show EGFR copy number (cn) aber-
rations (cn < 2.8), a further 14 showed copy number changes consistent with
trisomy (2.8< cn < 4). Most EGFR amplified tumors also had additional genetic
changes in the EGFR locus including point mutations (111/202), splice variants
(132/202, the most common being EGFRVIII (n=96) or fusion genes (13/202).
Response to treatment was not correlated to EGFR gene expression or ampli-
fication levels though, since EGFR amplification was a pre-requisite for inclu-
sion, the majority of cases expressed high levels of EGFR. Preliminary analysis
suggests that subjects with EGFR amplification but without EGFRVIII expres-
sion benefitted more than those with EGFRVIII expression (median survival
14.6 v 9.2 months, HR 0.57, P=0.04). No such association was identified in the
control arms; median survival of EGFRvIII-negative v positive was 7.7 v 8.3
(Depatux-M) and 8.8 v 7.5 (TMZ/CCNU) months. CONCLUSION: Depatux-
M in combination with TMZ confirmed the OS improved outcome in EGFR
amplified recurrent glioblastoma. The improved outcome may be related to an
absence of EGFRVIII expression.
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BACKGROUND: Standard of care for newly diagnosed glioblastoma
(GBM) has been chemoradiotherapy with concomitant and adjuvant temo-
zolomide (TMZ) (Stupp regimen). Optimal number of adjuvant TMZ cycles,
however, has not been well established yet, although the pivotal trial used
6 cycles. In routine practice, up to 24 cycles have been frequently given,
while many recent trials have adopted 12 cycles without solid evidence. Here
we investigated outcome of and prognostic factors associated with discon-
tinuation of adjuvant TMZ after 12 cycles without progression. METH-
ODS: Ninety six patients treated with Stupp regimen since May 2007 to
March 2017 in our institution were retrospectively analyzed. Overall sur-
vival (OS) and progression-free survival (PFS) were evaluated with Kaplan-
Meier method and statistical significance was determined by logrank
test. RESULTS: There were 20 patients (21%, med age 57 yo; med KPS
70; female 12) identified who completed 12 adjuvant TMZ cycles without
progression. Nine patients discontinued adjuvant TMZ (Group A), while 11
continued beyond 12 cycles (Group B). Median PFS (mPFS) and median OS
(mOS) were 40.6 m and 53.7 m, respectively. mPFS after 12 cycles of adju-
vant TMZ (mPFS-TMZ12) for all 20 patients, Group A, and B were 26.8
m, 96.2 m, and 26.8 m (p=0.379 for latter 2), respectively. mOS after 12
cycles of adjuvant TMZ (mOS-TMZ12) were 40 m, not reached, and 27.2
m (p=0.080), respectively. Factors significantly associated with better PFS
were young age, female, higher KPS, debulking resection, and no residual
enhancing disease (NRD) at TMZ12, and were female, debulking resection,
and NRD at TMZ12 with OS. CONCLUSIONS: A minor subset of GBM
patients could continue adjuvant TMZ for 12 cycles without progression
and benefited for better survival. In this cohort of patients, discontinuation
of adjuvant TMZ after 12 cycles may not compromise their outcome, espe-
cially in those with no residual disease.
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BACKGROUND: Tumor Treating Fields (TTFields) in combination with
adjuvant temozolomide (TMZ), applied after completion of radiochemo-
therapy, showed significantly improved clinical outcome in newly diagnosed
glioblastoma (GBM) patients in the EF-14 trial. In preclinical settings,
TTFields synergistically enhanced efficacy of radiotherapy in GBM, hypo-
thetically by inhibiting DNA damage repair in irradiated cells. The presented
phase I/II trial will evaluate safety and feasibilty of TTFields initiated prior
and concomitant to combined radiochemotherapy in newly diagnosed
GBM. METHODS: In arm A of this prospective multi-center trial, seven
eligible patients with newly diagnosed GBM will be enrolled initially. Pro-
vided that treatment is tolerated well, enrollment will continue for up to 20
patients. Patients will be subjected to TTFields after complete wound-heal-
ing following surgery. TTFields treatment will be continued throughout radi-
ochemotherapy and adjuvant chemotherapy for six cycles. In total, patients
will receive TTFields therapy for approximately nine months. In arm B, eld-
erly patients with a reduced KPS (50 or 60) will be treated with postsurgical
TTFields therapy followed by TTFields therapy concomitant to hypofrac-
tionated radiotherapy with 40 Gy for three weeks. TTFields therapy will
continue throughout adjuvant chemotherapy for a total of nine months. In
the first stage, six patients will be accrued. Under the provision of an accept-
able safety profile, seven additional patients will be accrued. RESULTS: The
primary endpoint of the trial is safety and tolerance based on the frequency
of a set of predefined treatment-limiting toxicities (TLTs). Secondary end-
points consist in particular of PFS, OS, radiologic response and frequency
of adverse events. First experiences will be presented. CONCLUSION: The
objective of this trial is to demonstrate that the administration of TTFields
therapy prior and concomitant to radiotherapy and adjuvant chemotherapy
is feasible and safe. Moreover, first data obtained on efficacy may serve as a
basis for a potential randomized phase III trial.
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OBJECTIVE: We investigated the efficacy between radiotherapy alone
versus concurrent chemoradiotherapy with temozolomide followed by
adjuvant temozolomide in Korean adult patients with newly diagnosed
non-co-deleted grade III gliomas. METHODS: This was a randomized,
open-label, phase 2 study, and the first multicenter, prospective clinical trial
for Korean patients with glioma. Eligible patients were aged 18 years or
older and had newly diagnosed grade III gliomas with ECOG performance
status of 0-2. No co-deletion of chromosome 1p/19q and further genetic
biomarker was identified for available subjects. Patients were enrolled at 11
centers, and randomized 1:1 to receive radiotherapy alone (daily fractions
of 2 Gy given 5 days per week for 6 weeks, for a total of 60 Gy) [Control
group (n=44)], or to receive radiotherapy with daily temozolomide (75 mg/
m2/day, 7 days/week from the first to the last day of radiotherapy) fol-
lowed by six cycles of adjuvant temozolomide (150 to 200 mg/m2/day for
5 days during each 28-day cycle) [Treatment group (n=40)]. The primary
endpoint was 2-year progression-free survival (PFS). RESULTS: At the
time of the preliminary analysis, PFS at 2 years was 42.2% with treat-
ment group and 37.2% with control group. On univariable analysis, extent
of tumor resection, age, and IDH-1 mutant were significantly associated
with PFS. On multivariable analysis, IDH-1 mutant was the only signifi-
cant prognostic factor for PFS (HR0.27; 95% CI, 0.12-0.59; p=0.001).
IDH-1 mutant was also the only independent prognostic factors for over-
all survival (HR0.10; 95% CI, 0.02-0.41; p=0.002). Adverse events over
grade 3 were seen in 16 (40.0%) patients with Treatment group, but were
mild and reversible. CONCLUSIONS: Radiotherapy with concurrent and
adjuvant temozolomide in patients with newly diagnosed non-co-deleted
anaplastic gliomas in Korean adults trended toward improved 2-year PFS.
The survival benefit of this regimen would need further analysis for long-
term follow-up.
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Patrick Wen!, Timothy Cloughesy?, John de Groot®, James Battiste*,
James Garner®, Jeremy Simpson®, Alan Olivero® and Elizabeth Gerstner’;
'Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA,
USA, 2UCLA Neuro-Oncology, Los Angeles, CA, USA, *Department of
Neuro-Oncology, The University of Texas MD Anderson Cancer Center,
Houston, TX, USA, *University of Oklahoma Health Sciences Center,
Oklahoma City, OK, USA, *Kazia Therapeutics Limited, Sydney, NSW,
Australia, °*Genentech Inc, South San Francisco, CA, USA, "Massachusetts
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BACKGROUND: GDC-0084 is a potent, oral, selective small molecule
inhibitor of class I phosphoinositide 3-kinase and mammalian target of
rapamycin (PI3K/mTOR) efficacious in GBM models driven by activation
of the PI3K pathway. GDC-0084 crosses the blood-brain barrier (BBB) and
achieves a brain / plasma ratio of approximately 1.0 in three animal species.
GDC-0084 was given as once daily oral dosing in a phase 1 study (Wen
et al, J Clin Oncol 34, 2016(15) suppl.2012; NCT01547546) in 47 patients
with recurrent high-grade gliomas. The adverse events were generally con-
sistent with the established Class I PI3K/mTOR inhibitor class-effects. GDC-
0084 was rapidly absorbed and demonstrated linear- and dose-proportional
increases in exposure. The MTD was determined to be 45 mg once daily, with
7/8 patients receiving this dose having drug exposures consistent with anti-
tumor activity in pre-clinical models. Fluorodeoxyglucose-positron emission
tomography (FDG-PET) scans suggested that GDC-0084 crossed the BBB,
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with a uniform distribution throughout the brain. The current phase 2 study
will investigate the efficacy and safety of GDC 0084 in patients with newly
diagnosed GBM, with unmethylated O6-methylguanine-methyltransferase
(MGMT) promoter status. METHODS: This protocol (NCT03522298)
has a 2-part design. The phase 1b component consists of an open-label, mul-
ticenter dose-escalation study with expansion assess the safety, tolerability,
RP2D, PK and clinical activity of GDC 0084 in patients with newly-diag-
nosed GBM with unmethylated MGMT. The dose-escalation portion of the
study will use a standard “3 + 3” design to determine the MTDs for QD,
QOD and 3 days on/4 days off schedules. At each of the identified MTDs 10
subjects will be recruited in an expansion cohort. The RP2D will be selected
from the three dose schedules being tested. The phase 2 component will
evaluate clinical activity of GDC-0084 at the RP2D vs temozolomide as
adjuvant therapy following surgical resection and chemoradiation in 224
patients.
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INTRODUCTION: TTFields are low intensity, intermediate frequency,
alternating electric fields. The significant overall and progression-free sur-
vival benefit, shown in the EF-14 phase 3 study was seen in all patient-
subgroups, independent of e.g. MGMT-promotor methylation-status or age.
TTFields were not associated with additional systemic toxicity. At recur-
rence, patients were allowed to continue TTFields with second-line thera-
pies. Here, we analyzed the safety data of TTFields + lomustine (CCNU)
to evaluate safety and feasibility of this combination. METHODS: Patients
in the EF-14 trial received TTFields until second progression, or for
24 months. Change in chemotherapy regimen was allowed after tumor
progression. We compared the patients who received lomustine as second-
line chemotherapy in combination with TTFields (n=134) to the patients
who received lomustine as monotherapy after first progression (n=39). We
compared baseline characteristics and the adverse event profile between the
groups. RESULTS: Baseline characteristics were well balanced except for
less female patients in the lomustine only group (7.7% vs. 22.4%). Median
age in the TTFields/lomustine group was 55.5 years (29-83) compared to
50.0 years (19-71) for lomustine alone. The addition of TTFields to lomus-
tine therapy was not associated with any significant increase in systemic
adverse events compared to lomustine therapy alone (number of patients
with 1 SAE 30 % vs. 31 %) and the distribution, severity and overall inci-
dence of adverse events were not statistically different in patients in the two
treatment groups. CONCLUSION: The data show that the combination of
TTFields and lomustine is safe and feasible. This analysis emphasizes again
the strong safety profile of TTFields and the high potential of combining
TTFields with other modalities. This data is especially important in light of
the recently presented, promising data from a small randomized trial that
tested the combination of lomustine + TMZ in newly diagnosed (MGMT
promotor-methylated only) glioblastoma patients.

ACTR-53. STEAM / EORTC 1608: STUDY OF TG02 IN ELDERLY
NEWLY DIAGNOSED OR ADULT RELAPSED PATIENTS WITH
ANAPLASTIC ASTROCYTOMA OR GLIOBLASTOMA - A PHASE 1B
STUDY

Emilie Le Rhun', Tract Parrott?, Thierry Gorlia’, Beatrice Fournier?,

Tom Estok? and Michael Weller*; 'Oscar Lambret Center of Lille,
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BACKGROUND: TGO2 is an oral multi-cyclin dependent kinase (CDK)
inhibitor that is thought to inhibit tumor growth mainly through CDK9-
dependent depletion of oncoproteins such as MCL-1 and MYC. MCL-1 and
MYC are frequently overexpressed in glioblastoma (up to 80%). Several
studies including analyses of patient-derived glioma cell lines have dem-
onstrated profound inhibitory activity (IC50 range = 25-150 nM). Clini-
cal pharmacokinetics from a phase 1b study in multiple myeloma patients
demonstrate that TG02 exposures in humans are sufficient for achieving
inhibitory concentrations required in the majority of the glioma cell lines
tested. Preclinical studies in mice have demonstrated that TG02 is a good
candidate for development in gliomas. METHODS: Based on these data,
the EORTC Brain Tumor Group, in cooperation with Tragara, is currently
conducting the phase 1b STEAM trial (EORTC 1608), a three parallel group
(A,B,C) open-label, non-randomized, multicenter study. The recommended
phase II dose of TGO2 in elderly patients with IDH1R132H-non mutant
newly diagnosed glioblastoma will be determined in a classical 3 + 3 design
dose-escalation and safety study of TG02 in combination with either hypo-
fractionated radiotherapy (RT) or temozolomide (TMZ) in arms A and
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B. Patient allocation to treatment in arms A and B will be determined by
MGMT promoter methylation status centrally determined according to
EANO guidelines for the treatment of elderly patients with glioblastoma.
Arm C will explore single agent TG02 activity in anaplastic astrocytoma
or glioblastoma at first relapse after initial treatment with TMZ/RTTMZ
with a primary endpoint of progression-free survival at 6 months. Sec-
ondary objectives include efficacy, quality of life, safety, and correlation
with molecular markers. The study is currently open in 2 sites and shall be
opened until SNO in 5 additional EORTC sites in Europe. Patient enrol-
ment is planned to start in June 2018. An update will be provided at the
SNO conference. NCT03224104
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OF SALVAGE THERAPIES IN LOW-GRADE GLIOMAS FOLLOWING
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INTRODUCTION: Initial chemotherapy with temozolomide (TMZ) may
provide some benefit in high-risk low-grade gliomas. No standard treatment
is validated at progression. The aim of the study was to investigate which is
the optimal salvage therapy after the first progression in terms of PFS and
the overall survival (OS). PATIENTS AND METHODS: We evaluated 49
patients with grade II oligodendroglioma and oligoastrocytoma according
to WHO 2007 included in a phase II AINO trial, who progressed follow-
ing initial chemotherapy alone with TMZ. Molecular data were available in
48 patients: 29 patients were IDH 1/2 mutated, 23 1p/19q codeleted, and
36 MGMT methylated. Median follow up was 140 months. RESULTS: All
patients had local tumor progression and patterns on MRI were as follows:
a FLAIR lesion in 25 patients (51.0%), a mild patchy enhancing lesion in 14
(28.6%), and a nodular enhancing lesion in the other 10 (20.4%). Twenty-
four patients (49%) underwent a second-line chemotherapy, 12 (24.5%) a
salvage radiotherapy, 11 (22.4%) a second surgery (10 gross-total resection
and 1 subtotal resection), and 2 (4.1%) palliative care. Responses (RANO
criteria) following salvage radiotherapy or chemotherapy consisted in PR in
6/38 patients (15.8%), MR in 9/38 (23.7%), SD in 10/38 (26.3%), and PD
in 13/38 (34.2%). Median PFS after first salvage therapy was 18 months
(IC95% 11-27). Median PFS was 11 months (IC95% 8-74) after radiother-
apy, 14 months after chemotherapy and 31 months after surgery (IC95%
18-51, p 0.013). Median OS from the first salvage therapy was 63 months
(IC95% 4 - NR). Median OS was 44 months (IC95% 4 NR) after radiother-
apy, 38 months (IC95% 22-80) after chemotherapy, and 87 months after
surgery (IC95% 11-NR, p 0.09). CONCLUSIONS: Reoperation aiming at
total or near/total resection seems to offer a probability of a longer PFS and
OS compared with the other treatment options.

ACTR-55. TUMOR VOLUME AS A PREDICTOR OF RESPONSE TO
ANTI-EGFR ADC ABT-414

Hui Gan', Aidan Seow?, Eddie Lau?, Lee Sze-Ting*, Malaka Ameratunga®,
Yuliya Perchyonok*, Diana Cao®, Angela Rigopoulos®, Ho-Jin Lee’,

Erica Gomez®, David Maag” and Andrew Scott?; ' Austin Hospital,
Melbourne, VIC, Australia, 24. Austin Health, Heidelberg, Melbourne, VIC,
Australia, *Department of Radiology, University of Melbourne, Melbourne,
VIC, Australia, *Austin Hospital, Melbourne, VIC, Australia, "Monash
University, Melbourne, VIC, Australia, *Olivia Newton-John Cancer
Research Institute, Heidelberg, Melbourne, VIC, Australia, ’AbbVie Inc.,
Chicago, IL, USA, 8AbbVie Inc., North Chicago, IL, USA

BACKGROUND: Adverse biophysical factors (abnormal vessels and
increased interstitial pressure) are increased in larger brain tumors, which
negatively impacts penetration of antibody drug conjugates (ADC). The
tumour-specific anti-EGFR ADC, depatuxizumab mafadotin (depatux-m),
demonstrated encouraging activity in a Phase 1 glioblastoma study (M12-
356 study, NCT01800695). The impact of tumour size on depatux-m effi-
cacy was investigated. PRECLINICAL STUDY: Forty mice were engrafted
with patient derived xenografts from an M12-356 patient. Eight mice were
imaged in a zirconium-labelled depatux-m (3mg/kg) biodistribution study
at small (70mm3,n=2) or large (350mm3,n=2) tumour volumes; another 4
mice were imaged with a control ADC. In the controls, non-specific uptake
due to blood pool activity was 5% ID/g. In the 89Zr-depatux-m treated
groups, mice with larger tumours had significantly less uptake compared
smaller tumours (11 vs 21 %ID/gram, p<0.0001). Similarly, tumour inhib-
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ition due to depatux-m (3mg/kg every 3 days for 3 weeks, n=16 mice) was
significantly less when treatment commenced at larger volumes (27% vs
93%, p<0.001). CLINICAL STUDY: To confirm our preclinical data, two
reviewers (EL, AS) retrospectively undertook a blinded volumetric analysis
of baseline tumor volumes in M12-356. Inter-rater agreement was excel-
lent. Response was compared by chi-square analysis and OS by log-rank.
110 patients with EGFR-amplified, recurrent glioblastoma were treated
with depatux-m, alone or in combination with temozolomide. Patients with
larger tumours had significant worse response rates (0% in > 25cm3 vs
17% in < 25cm3, p=0.009) and worse overall survival (0.52 vs 0.81 years,
p=0.001). The results were similar in patients treated with depatux-m mono-
therapy for response (n=60, 0% vs 10%, p=0.287) and survival (n=62,
0.50 vs 0.89 years, p=0.001) CONCLUSIONS: Increased tumour volumes
results in significant reduction in ADC penetration. The impact of this as a
modifiable factor, within the broader prognostic impact of increased tumour
volume, warrants further investigation with prospective and/or randomized
data.

ACTR-57. RELATIVE CEREBRAL BLOOD VOLUME (RCBV) AS
RESPONSE PREDICTOR IN THE TREATMENT OF RECURRENT
GLIOBLASTOMA (GB) WITH ANTIANGIOGENIC THERAPY

Michele Breda-Yepes', Enrique Gomez-Figueroa', Gerardo Arellano-Flores?
and Alberto Gonzalez-Aguilar?; 'Instituto Nacional de Neurologia y
Neurocirugia Manuel Velasco Suarez, Mexico City, Mexico, 2Universidad
Nacional Autonoma De Mexico, Mexico City, Mexico

INTRODUCTION: Glioblastoma (GB) is the most common primary brain
tumor in adults having an overall survival (OS) ranging from 12-14 months.
GB is highly vascularized, partly due to excessive levels of VEGFE. Recurrence
is the rule in GB, the second line of treatment is antiangiogenics of which
Bevacizumab(BVZ) - a humanized monoclonal antibody to the VEGF-A -
is the most commonly used antiangiogenic agent in the setting of recurrent
glioblastoma (rGB). rCBV has been evaluated as a predictor of response to
this therapy using perfusion-weighted MR techniques. METHODS: Patients
with rGB according to RANO criteria treated with BVZ with an MRI per-
fusion with rCBV prior treatment initiation were enrolled. The correlation
between rCBV and response was analyzed by correlation coefficient. A cut-
off point to identify responders and non-responders to BVZ was determined
by ROC curve and OS was evaluated using Kaplan Meier curve and log
rank. RESULTS: 31 patients with GB were included. We divided the patients
in non-responders (n=17) and responders (n=14), there were differences
between the groups (age and KPS). The correlation between the RCBV and
the Therapeutic response was r=-0.83, p0.0001 (95% CI -0.918 to -0.675).
The ROC curve showed 3.7 as the cutoff value with a sensitivity of 100%
and specificity of 94% to predict response to BVZ. We divided the groups
into non-responders and responders, with OS of 7.7 months vs 14.4 months
respectively, p 0.045 (HR 2.3, 95% CI 1.0192 to 5.6192). CONCLU-
SIONS: rCBV is a potential biomarker evaluated by MRI that predicts
response to treatment in patients who will be treated with Bevacizumab.
Bevacizumab treatment is highly cost-effective, and this biomarker would
help identify patients that would benefit. This biomarker as predictive/prog-
nostic has been widely used and is currently the most reliable parameter for
measuring the response to antiangiogenic treatment.

ACTR-58. TREATMENT OUTCOMES OF STEREOTACTIC
RADIOTHERAPY COMBINED WITH BEVACIZUMAB THERAPY IN
RECURRENT GLIOBLASTOMA PATIENTS

Yukihiko Sonoda and Ken-ichiro Matsuda; Yamagata University,
Yamagata, Japan

BACKGROUND: The prognosis for patients with recurrent glioblastoma
is still poor with a median survival between 3 and 6 months. METH-
ODS: We performed a retrospective analysis of 11 patients with recurrent
glioblastoma treated with stereotactic radiotherapy (25Gy/5fr) followed by
200 mg/m2 of Bevacizumab every three weeks. Overall survival was esti-
mated by the Kaplan-Meier method. RESULTS: The median age of the
group was 59 years. Median overall survival from initial diagnosis was
21 months weeks. Median overall survival from recurrence was 11 months.
No adverse events (National Cancer Institute Common Terminology Cri-
teria for Adverse Events grade 3 or 4) occurred in any patient. CONCLU-
SION: Stereotactic radiotherapy combined with BEV treatment was found
to be safe and effective in recurrent glioblastoma patients.

ACTR-59. IMPROVING THE INTRA-OPERATIVE DIAGNOSIS OF
HIGH-GRADE GLIOMA USING A FLUORESCENCE BIOMARKER -
RESULT OF THE GALA-BIDD STUDY

Colin Watts', Keyoumars Ashkan?, Michael Jenkinson?, Kathreena Kurian*,
Wendi Qian’, Stephen Price’, Tomasz Matys®, Gail Doughton®,

Andrea Machin’, Josephine Jung?, Ibrahim Jalloh3, Chloe Harman?,
Katrina Gatley®, Gemma Young’, Richard Hardy® and Alimu Dayimu’;
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"University of Birmingham, Birmingham, England, United Kingdom,
*Kings College Hospital, London, England, United Kingdom, *University
of Liverpool, Liverpool, England, United Kingdom, “Southmead Hospital,
Bristol, England, United Kingdom, SCambridge University Hospitals NHS
Foundation Trust, Cambridge, England, United Kingdom, ®University of
Cambridge, Cambridge, England, United Kingdom, “Shandong University,
Jinan, Shandong, China

BACKGROUND: Correctly distinguishing gliomas as low or high grade
(LGG or HGG) during surgery can influence the surgical procedure, enhanc-
ing resection and improving survival. The UK NCRI GALA-BIDD study
was designed to prospectively investigate whether the presence of visible
fluorescence is a pragmatic intra-operative diagnostic surgical biomarker of
high-grade disease within a tumour mass in real time during surgery. METH-
ODS: Patients with suspected intrinsic glioma discussed at neuro-oncology
Multidisciplinary Team meetings and suitable for fluorescence guided
cytoreductive surgery were eligible. 5-aminolevulinic acid (5-ALA) was
used to generate visible fluorescence. Samples of fluorescent tissue were sent
for peri-operative histopathological analysis to establish an intra-operative
diagnosis of LGG or HGG. These data were compared with the final central
pathological diagnosis. RESULTS: From Feb 2015 to March 2017 in the
UK, 106 patients were recruited: median age 59 (range 23-77); 59% male;
25% WHO radiological grade II transforming to a higher grade and 55%
grade IV. 5-ALA were given for 103 patients with a median dose of 1500mg
(range 960-2200mg). 67% of patients classified as HGG at local peri-oper-
ative diagnosis were confirmed by the central review (weighted Kappa 0.37
(95%CI=0.21-0.54)). 88 patients were evaluable for the primary endpoint:
81 had visible fluorescence of the tumour with central histopathology diag-
nosis as 1 LGG, 78 HGG (a 99% concordance in HGG classification with
the 99%CI=91%-99.9%) and 2 not assessed; 7 patients had no visible fluor-
escence and were diagnosed as 6 LGG and 1 HGG. CONCLUSION: There
is an urgent need to improve the local peri-operative diagnosis. The presence
of visible fluorescence can be used as an additional pragmatic intra-operative
diagnostic surgical biomarker of high-grade disease within a tumour mass.
Use for assessment of low-grade disease needs further investigation.

ACTR-61. LONG-TERM ANALYSES OF THE NOA-08 RANDOMIZED
PHASE III TRIAL

Tobias Kessler!, Antje Wick', Michael Platten?, Christoph Meisner?,
Michael Bamberg?3, Ulrich Herrlinger*, Jorg Felsberg®, Astrid Weyerbrock®,
Clemens Seidel”, Joachim Steinbach®, Michael Sabel®, Jan Vesper!?,

Jiirgen Debus', Felix Sahm!!, Jiirgen Meixensberger’, Ralf Ketter!2,

Regine Mayer-Steinacker!'3, Andreas von Deimling!!, Guido Reifenberger'4,
Michael Weller's and Wolfgang Wick!®; 'University of Heidelberg,
Heidelberg, Germany, *University of Heidelberg, Mannheim, Germany,
3University of Tiibingen, Tiibingen, Germany, *Division of Clinical
Neurooncology, University of Bonn Medical Center, Bonn, Germany,
SDepartment of Neuropathology, Heinrich-Heine-University Diisseldorf,
Diisseldorf, Germany, ®University of Freiburg, Freiburg, Germany,
7University of Leipzig, Leipzig, Germany, ®Dr. Senckenberg Institute

of Neurooncology, Goethe University Hospital Frankfurt, Frankfurt,
Germany, *University of Diisseldorf, Duesseldorf, Germany, °University of
Duesseldorf, Duesseldorf, Germany, 'University of Heidelberg and DKFZ,
Heidelberg, Germany, '*University of Saarland, Homburg, Germany,
B3University of Ulm, Ulm, Germany, “Department of Neuropathology,
Heinrich-Heine-University Diisseldorf, Diisseldorf, Germany, *Department
of Neurology, University Hospital and University of Zurich, Zurich,
Switzerland, '*Neurology Clinic and National Center for Tumor Diseases,
University Hospital Heidelberg, Heidelberg, Germany

BACKGROUND: Optimal treatment and role of O6-methylguanine
DNA-methyl transferase (MGMT) status in elderly patients is still not
defined. METHODS: This is the long-term update (LT) of the NOA-08 trial
(NCT01502241) that compared efficacy and safety of RT to TMZ in eld-
erly patients with anaplastic astrocytoma (AA) or glioblastoma (GB) using
overall survival (OS) as primary endpoint and event-free survival (EFS) as
well as efficacy according to MGMT status as major secondary endpoints.
FINDINGS: In the LT with a data cut-off Apr 1 2018 median OS was 8-2
[7-0-10-0] months for TMZ treatment versus 9-4 [8:1-10-4] months for RT;
hazard ratio (HR)=0-93 (95% CI: 0-76-1-15)] of TMZ versus RT did not
differ between both arms. Also, median EFS [3-4 [3-2-4-1] months versus
4-6 [4:2-5-0] months 3did not differ with a HR=1-02 (0-83-1-25)]. MGMT
promoter methylation tested in tumor tissue (82/221 patients, 37-1%)
was associated with prolonged OS [13:6 [10-1-16-5] versus 8-0 [6:9-9-9]
months; HR=0-53 (0-40-0-70), p<0-0001]. Patients with MGMT promoter
methylation had longer OS and EFS when treated with TMZ (18-4 [13-9—
24-4] months and 8-5 [6-9-13-3] months) versus RT (96 [6-4—13-7] months
and 4-8 [4:3-6-2] months, HR 0-44 [0.27-0.70], p<0-001 for OS and 0-46
[0.29-0.73], p=0-001 for EFS). Patients without MGMT promoter methyla-
tion had shorter EFS and a shorter OS with the usual testing not significant
when treated with TMZ (6-7 [5:6-8-2] months and 3-0 [2:6-3-3] months)
versus with RT (10-2 [8:0-12-0] months and 46 [3-7-6-4] months), HR
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1-33 [0-95-1-87], p=0-099 for OS and 1-86 [1:32-2:62], p<0-001 for EFS).
INTERPRETATION: LT of NOA-08 confirms the non-inferiority of TMZ
compared with RT in the treatment of elderly patients with AA or GB. To
improve OS and EFS, MGMT promoter methylation is a strong predictive
biomarker for the choice between RT and TMZ and offers unexpectedly fa-
vorable long-term outcome with initial TMZ monotherapy.

ACTR-62. PHASE I/II STUDY OF TEMOZOLOMIDE PLUS
NIMUSTINE CHEMOTHERAPY FOR RECURRENT MALIGNANT
GLIOMAS: KYOTO NEURO-ONCOLOGY GROUP

Tomokazu Aoki!, Yoshiki Arakawa?, Tetsuya Ueba?, Masashi Oda*,
Namiko Nishida’, Yukinori Akiyama®, Tetsuya Tukahara', Koichi Iwasaki’,
Nobuhiro Mikuni® and Susumu Miyamoto’; 'Kyoto Medical Center,
Kyoto, Japan, 2Kyoto University, Kyoto, Japan, *Kochi University, Kochi,
Japan, *Himeji Medical Center, Himeji, Japan, ‘Kitano Hospital, Osaka,
Japan, ¢Sapporo Medical College, Sapporo, Japan, "Department of
Neurosurgery, Kyoto University, Kyoto, Japan

The objective of this phase I/Il study was to examine the efficacy and
toxicity profile of temozolomide(TMZ) plus nimustine (ACNU) Patients
who had received a standard radiotherapy with one or two previous
chemo-regimens were enrolled. In phase I, the maximum-tolerated dose
(MTD) by TMZ (150mg/m2/day) (Day1-5) plus various doses of ACNU
(30,35,40,45 mg/m2/day) (Day15) per 4 weeks was defined on a stand-
ard 3 + 3 design. In phase II, these therapeutic activity and safety of this
regimen were evaluated. Forty-nine eligible patients were enrolled. The
median age was 50 years-old. Eighty percent had a KPS of 70100. His-
tologies were glioblastoma(73%), anaplastic astrocytoma(22%), anaplas-
tic oligodendroglioma(4%). In phase I, 15 patients were treated at four
cohorts by TMZ plus ACNU. MTD was TMZ (150/mg/m2) plus ACNU
(40mg/m2). In phase II, 40 patients were treated at the dose of cohort
3 (MTD). Thirty-five percent of patients experienced grade 3 or 4 tox-
icities, mainly hematologic. The overall response rate was 11% (4/37).
Sixty-eight percent (25/37) had stable disease. Twenty-two percent (8/37)
showed progression. Progression free survival (PFS) at 6 and 12 month
were 24% (95%Cl, 12-35%) and 8% (95%CI, 4-15%). Median PFS was
13 months(95%CI, 9.2-17.2months). Overall survival (OS) at 6 and 12
were 78% (95%CI, 67-89%) and 49% (95%CI, 33-57%). Median OS
was 11.8 months (95%CI, 8.2-14.5months). This phase I/Il study showed
a moderate toxicity in hematology and may has a promising efficacy in OS,
without inferiority in PFS.

ACTR-63. TREATMENT AND SURVIVAL OF PATIENTS WITH
LOWER GRADE GLIOMA ACCORDING TO THE 2007 AND THE
2016 WHO CLASSIFICATION: A RETROSPECTIVE ANALYSIS OF 423
PATIENTS

Eike Steidl', Pia Zeiner', Marlies Wagner!, Emmanouil Fokas',
Marie-Therese Forster!, Michael Ronellenfitsch!, Joachim Steinbach?,
Patrick Harter! and Oliver Baehr?; 'University Hospital Frankfurt,
Frankfurt, Germany, 2Dr. Senckenberg Institute of Neurooncology,
University of Frankfurt, Frankfurt, Germany, *Dr. Senckenberg Institute of
Neurooncology, Goethe University Hospital Frankfurt, Frankfurt, Germany

INTRODUCTION: Classification as well as treatment of patients with
lower grade gliomas (°II+°IIl) have changed fundamentally during the last
years. Molecular markers have augmented diagnostic workup and com-
bined radiochemotherapy was established for most of the subgroups.
However, molecular markers have not been part of the inclusion criteria
of most of the relevant clinical trials. Larger analyses outside of clinical
trials are rare. MATERIALS AND METHODS: We screened our clinical
cancer database for patients with lower grade glioma newly diagnosed from
1995 to 2015. We identified 774 patients of whom 345 had to be excluded,
resulting in an evaluable cohort of 423 patients. We evaluated general char-
acteristics, morphological diagnosis, molecular markers, treatment, time-to-
treatment-failure (TTF; initiation of a new treatment or death) and overall
survival (OS). RESULTS: According to the 2007 WHO classification our
cohort included 145 (34.3%) Astrocytoma WHO °II, 56 (13.3%) Oligoas-
trocytoma/Oligodendroglioma WHO °II, 129 (52.5%) Astrocytoma WHO
°III and 93 (22.0%) Oligoastrocytoma/Oligodendroglioma WHO °IIL In
235 patients we were able to molecularly classify the tumors based on the
2017 WHO classification using IDH status and 1p/19q or ATRX status.
Patients with a molecularly defined Oligodendroglioma showed a median
TTF of 5.2, 4.2 and 7.8 years for radiotherapy, chemotherapy and radio-
chemotherapy, respectively. Patients with a molecularly defined Astrocy-
toma showed a median TTF of 1.6, 2.9 and 6.7 years for radiotherapy,
chemotherapy and radiochemotherapy, respectively. In IDH wildtype
tumors TTF was below 12 months without relevant differences. Treatment
with combined radiochemotherapy resulted in markedly improve TTF in
molecular defined oligodendroglioma and astrocytoma compared with
either radiotherapy or chemotherapy alone. Due to the short follow-up
of 5.3 years (mean) median OS has not been reached for any of the IDH
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mutant subgroups. CONCLUSIONS: Combined treatment with radiother-
apy and chemotherapy resulted in markedly improved TTF in patients with
molecularly defined oligodendroglioma and astrocytoma.

ACTR-64. OBJECTIVE RESPONSES TO CHEMOTHERAPY IN
RECURRENT GLIOMA DO NOT PREDICT BETTER SURVIVAL:

A PROSPECTIVE ANALYSIS FROM THE GERMAN GLIOMA
NETWORK

Oliver Baehr!, Bettina Hentschel?, Elke Hattingen?®, Matthias Reusche?,
Marcos Tatagiba*, Jérg-Christian Tonn’, Oliver Schnell®,

Gabriele Schackert”, Manfred Westphal®, Ulrich Herrlinger?,

Thorsten Pietsch'®, Guido Reifenberger!!, Michael Weller1?,

Markus Loffler? and Joachim Steinbach!?; 'Dr. Senckenberg Institute

of Neurooncology, Goethe University Hospital Frankfurt, Frankfurt,
Germany, 2Institute for Medical Informatics, Statistics and Epidemiology,
University of Leipzig, Leipzig, Germany, 3Department of Neuroradiology,
University of Bonn, Bonn, Germany, “Interdisciplinary Division of Neuro-
Oncology, Departments of Neurology and Neurosurgery, University
Hospital Tuebingen, Hertie Institute for Clinical Brain Research, Eberhard
Karls University Tuebingen, Tuebingen, Germany, *Department of
Neurosurgery, Ludwig-Maximilians-University Munich, Munich, Germany,
¢Department of Neurosurgery, University of Freiburg, Freiburg, Germany,
"Department of Neurosurgery, University of Dresden, Dresden, Germany,
$Department of Neurosurgery, University of Hamburg, Hamburg,
Germany, “Division of Clinical Neurooncology, University Hospital
Bonn, Bonn, Germany, '°Department of Neuropathology, University of
Bonn, Bonn, Germany, !'Department of Neuropathology, Heinrich Heine
University Hospital, Diisseldorf, Germany, '?Department of Neurology,
University Hospital and University of Zurich, Zurich, Switzerland,

3Dr. Senckenberg Institute of Neurooncology, University of Frankfurt,
Frankfurt, Germany

Outside of clinical trials, the occurrence of objective responses (OR) to
chemotherapy in patients with recurrent gliomas is poorly characterized.
Further, the predictive value of OR for PFS and OS is unclear. We screened
the German Glioma Network Database for patients who had received
chemotherapy only for recurrent glioma. As PFS was not available for a
large number of patients we used the composite endpoint time-to-treatment-
failure (progressive disease, start of a new therapy or death). We included
485 patients who received 646 chemotherapy regimens for treatment of re-
current glioma. Of these, only 32 chemotherapies in 32 patients resulted in
an OR (30 PR, 2 CR) after central review according to RANO criteria. OR
rates were 2.8%, 11.0% and 10.6% for glioblastoma, anaplastic glioma
WHO grade III and diffuse glioma WHO grade II, respectively. Temozo-
lomide (n=232) resulted in ORs in 7.8% of the patients, while nitrosourea
(n=212) and imatinib (n=27) resulted in ORs in 6.1% and 3.7%, respect-
ively. Overall, responders showed a significantly improved OS compared
to non-responders (median OS 33.3 versus 15 months, p=0.054). Yet,
a Cox regression analysis adjusted for diagnosis and age did not reveal a
significant association of objective responses with overall survival (rela-
tive risk 0.8, p=0.391). In addition, we generated a 1:3 cohort (n=96) of
non-responders matched for diagnosis. There was no relevant difference in
OS comparing responders to the matched cohort (median OS 33.3 versus
25.6 months, p=0.929). When comparing non-responders with longer time-
to-treatment-failure (>14 weeks, assumed stable disease as best response)
with responders (n=32) the difference in outcome was lost (median OS 24.3
versus 33.3 months, p=0.86). In this prospective trial ORs to chemotherapy
in the recurrent setting were rare. Notably, when comparing responders with
a matched cohort or patients with assumed stable disease as best response,
ORs were not associated with improved survival.

ACTR-65. INTRATHECAL PEMETREXED FOR PATIENTS

WITH RECURRENT LEPTOMENINGEAL METASTASIS FROM
LUNG ADENOCARCINOMA: A PHASE I CLINICAL TRIAL
(IPRLM,NCT03101579)

Zhenyu Pan, Guozi Yang, Lihua Dong, Pengxiang Gao, Tongchao Jiang
and Zhuo Wang; Department of Radiation Oncology, The First Hospital of
Jilin University, Changchun, Jilin, China

BACKGROUND: To determine toxicities, maximally tolerated dose
(MTD), and potential antitumor activity of intrathecal pemetrexed (IP).
MATERIAL AND METHODS: Pulmonary adenocarcinoma patients
with recurrent or progressive leptomeningeal metastases (LM) after intra-
thecal chemotherapy and other LM-related therapy were included. IP
doses escalated from 10 mg to 15 mg, and even 20 mg. Protocol schema
of IP was twice per week for 2 weeks (induction therapy), followed by
once per week for 2—-4 weeks (consolidation therapy). The primary end-
points were MTD and safety. The secondary endpoint was efficacy. Plasma
and cerebrospinal fluid (CSF) samples were collected and analyzed for
drug concentration. RESULTS: Nine patients (male: 3; female: 6; age:
37-71 years; median: 55) were enrolled between March 2017 and March
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2018. All cases received total 50 times of IP (2—-8 times, median: 6). Inci-
dence of >grade III adverse events was 50%, including 4 cases with hema-
tological toxicities and 2 with radiculitis. One patient received 15 mg IP
dose expired due to hematological toxicities. Then protocol was revised.
The dose was decreased to 10 mg. B12 and folic acid supplementation
was indispensable. Three more cases were enrolled subsequently. No case
showed severe hematological toxicities. Total clinical response rate was
80%. For the cohort of 10 mg dose, clinical response rate was 88%. All
cases were followed up until May 1, 2018. Six cases died from cancer or
related complications. No acute or subacute CNS toxicity was observed.
The median overall survival was 2.5 (0.3-12) months from enrollment of
this study. Pemetrexed was not cumulative in CSFE. Times of plasma con-
centration peak were 6 h in 3 cases, 9 h in 1 case, and 12 h in 1 case after
IP. CONCLUSION: Pemetrexed is suitable for intrathecal use. A dose of
10 mg shows well safety and high clinical response rate, which is worth
for subsequent trials.

ACTR-66. BEVACIZUMAB THERAPY FOR THE TREATMENT

OF ADULT GLIOBLASTOMA: SYSTEMATIC REVIEW & META-
ANALYSIS

Nagham Kaka', Karim Hafazalla? and Sunit Das?; 'National University
of Ireland Galway, Ancaster Hamilton, ON, Canada, 2SKMC at Thomas
Jefferson University, Philadelphia, PA, USA, 3St. Michael’s Hospital,
University of Toronto, Toronto, ON, Canada

INTRODUCTION: Glioblastoma is the most common high-grade pri-
mary brain tumor in adults. Standard multi-modality treatment of glioblas-
toma often results in transient tumor control, but inevitably gives way to
disease progression. The need for other therapeutic avenues led to inter-
est in the anti-angiogenic therapy, namely bevacizumab, as a treatment for
glioblastoma. We sought to determine the efficacy of bevacizumab as a
treatment for glioblastoma. METHODS: We conducted a literature search
using the PubMed database and Google Scholar to identify randomized
controlled trials (RCTs) since 2014 investigating the safety and efficacy of
bevacizumab in the treatment of adult patients (18 years and older) with
both newly diagnosed and recurrent glioblastoma. Only Level I data that
reported progression-free survival (PFS) and overall survival (OS) were
included for analysis. RESULTS: We identified 14 studies that met our
criteria, reporting on a total of 3,192 patients. Our preliminary analysis
finds that treatment with bevacizumab consistently prolongs PFS with a
correspondent decrease in PFS hazard ratio (HR) for treatment groups that
include bevacizumab versus those that do not. Bevacizumab had no signifi-
cant effect on OS in patients with newly diagnosed or recurrent glioblas-
toma. Seven studies reported on MGMT status: four studies found that
patients with methylated MGMT status had a consistently longer PFS and
OS, corresponding with significantly lower HR for both variables, when
compared to unmethylated groups. CONCLUSIONS: Our preliminary
findings suggest that bevacizumab therapy is associated with a longer PFS
in adult patients with glioblastoma, however, bevacizumab had an incon-
sistent effect on OS in this patient population. The differential response
to bevacizumab in relation to MGMT methylation status and molecular
subtype requires further analysis.

ACTR-67. A PHASE I STUDY OF CONVECTION-ENHANCED
DELIVERY OF LIPOSOMAL-IRINOTECAN (ONIVYDE) USING
REAL-TIME IMAGING WITH GADOLINIUM IN PATIENTS WITH
RECURRENT HIGH GRADE GLIOMAS: RESULTS THUS FAR
Karishma Kumar, Susan Chang, Nancy Ann Oberheim-Bush,

Jennifer Clarke, Jennie Taylor, Margaretta Page, Katherine Chang,

Lisa Guthrie, Amanda Lawrence, Chelsea Lindahl, Courtney Miyamoto,
Ute Vogrinec and Nicholas Butowski; University of California, San
Francisco, San Francisco, CA, USA

BACKGROUND: Chemotherapy for high grade gliomas (HGG) is
limited by the blood-brain-barrier (BBB). Convection enhanced delivery
(CED) improves chemotherapy delivery by utilizing fluid convection obvi-
ating the challenges of crossing the BBB while minimizing systemic tox-
icity. CED of nanoliposomal-irinotecan (Onivyde) showed to be a superior
delivery route for anti-tumor activity in animal models. An advance of
this trial is the development and use of real time CED, which utilizes
MRI to visualize the CED process with the aid of co-convected contrast
agents, monitoring delivery into the brain and affording for corrective
action. METHODS: This is a 3 + 3 single dose escalation trial with 2
cohorts: 20mg/ml and 40mg/ml. Onivyde and GAD were co-infused via
the same catheters in a one-time delivery. The total volume of infusate,
and consequently total dose, were personalized based on the patient’s
tumor volume, and ranged from 20-680 mg of Onivyde, given via up to
4 catheters. Tumor diameters were allowed to be 1 — 4 ¢cm, with injection
volumes ranging from 2 — 17 mL of infusate. RESULTS: 10 patients have
been treated on this protocol, all in under 5 hours. There were 7 GBs,
2 anaplastic astrocytomas, and 1 oligoastrocytoma. Seven patients lived
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over a year after treatment, which is remarkable since median survival
rates for multiply recurrent: GBs = 8 months, AAs = 11 months. Utilizing
imaging software, we correlated pre-infusion modeling of the drug distri-
bution with post-infusion imaging. A number of technical challenges were
overcome by real time monitoring; the total volume of distribution (Vd),
and the Vd to volume infused (Vi) ratio for each infusion was ~2. CON-
CLUSIONS: Image-guided distribution allows for safe real-time place-
ment and adjustment of CED cannula of Onivyde into patient’s brains.
Such methods allow for maximum tumor coverage and warrant further
studies with repeat dosing.

ACTR-68. INITIAL TREATMENT OF GBM WITH A KETOGENIC
DIET ALONG WITH RADIATION AND CHEMOTHERAPY:
FEASIBILITY, TOXICITY AND RESPONSE

Kenneth Schwartz', Mary Noel!, Michele Nikolai?, Karl Olson',
Mohamed Elnabtity!, Micheal Zakem', Justin Clark!, Bryan Figueroa'
and Howard Chang!; "Michigan State University, East Lansing, MI, USA,
“Michigan State University; Sparrow Hospital, East Lansing, MI, USA

INTRODUCTION: We initiated and now report early outcomes of a pilot
clinical trial study using a ketogenic diet (KD) combined with radiation and
chemotherapy as initial therapy for aggressive gliomas (glioblastoma, GBM).
METHODS: Eligibility criteria included: 1. Tissue diagnosis; 2. Age over
18; 3. ECOG performance status of 2 or better; and 4. Not having dia-
betes or being pregnant. An isocaloric KD diet with 3:1 weight ratio of
fat to combined weight of carbohydrate and protein was supervised by
an experienced dietitian. Per protocol the KD together with radiation and
chemotherapy was maintained for 6 weeks. RESULTS: 9 patients (mean
age 45, 8F,1M) completed 6 weeks of this trial. Blood counts, chemistries,
lipid profiles and uric acids were not markedly changed. No other signifi-
cant side effects were observed. Ketosis was maintained for the 6 week
study period with blood ketone and glucose levels checked twice daily: The
ketones ranged between 0.9 and 4.1 and glucose ranged between 80.3 and
120. Patients’ daily AM weights decreased on average < 10% during the
study. 3 patients (mean age 28) showed no progression of their gliomas
at 34 (IDH +), 19 (IDH +), and 25 (IDH WT) months since diagnosis. 6
patients (mean age 54) have died at 25, 25, 13, 12, 9 and 9 months after
diagnosis. CONCLUSIONS: 1. Combining an adjuvant KD with standard
therapy of radiation and chemotherapy right after tissue diagnosis is feasi-
ble and safe. 2. Daily measurements of blood ketones and glucose are nec-
essary to assure continued ketosis; 3. KD may be a helpful adjuvant initial
treatment of GBM patients, especially in younger patients. A larger study
will be required to test this hypothesis.

ACTR-69. BLOOD DERIVED EXOSOMAL hTERT mRNA -

A POTENTIAL BIOMARKER FOR GLIOBLASTOMA

Orit Uziel', Einat Beery', Meir Lahav!, Ramez Abu Shkara', Shlomit Yust-
Katz!, Alexandra | Amiel', Andrew Kanner?, Yoseph Laviv! and

Tali Siegal'; 'Rabin Medical Center, Petach Tikva, Israel, 2Rabin Medical
Center, Beilinson Campus, Petah Tikva, Tel Aviv, Israel

BACKGROUND: Primary glioblastoma multiforme (GBM) have a high
proportion (~80%) of TERT-expressing tumors, indicating that this is
the primary mechanism of telomerase (WTERT) activation. Exosomes are
nano-sized secreted vesicles containing nucleic acids and proteins, which
reflect the content of the mother cells. We have previously shown that
hTERT transcripts in serum exosomes may serve as a “pan-cancer” diag-
nostic method, reflecting the load of hTERT in systemic cancer cells. The
goal of the current study was to evaluate whether exosomal hTERT may
serve as a circulating biomarker for GBM. METHODS: hTERT mRNA
levels were determined in serum derived exosomes obtained from 20 GBM
patients and 45 healthy controls. The level of exosomal hTERT mRNA was
measured prior to surgery in all GBM patients. In 10 patients additional
longitudinal evaluation was performed in blood samples obtained prior
to and after concurrent radio/chemotherapy and again during adjuvant
temozolomide treatment. RESULTS: Circulating hTERT transcripts were
absent in controls and were variably detected in 40% of GBM patients
with significantly elevated mean level at diagnosis (p=0.049). These tran-
scripts were gradually downregulated on longitudinal evaluations and dur-
ing treatment period with significant reduction observed after 3 months of
adjuvant treatment when compared to initial sampling (p=0.026). In 10
patients an analysis of A TERT promoter mutation was performed and in
8/10 one of the two common mutations (C228T and C250T) was detected
on tumor samples. CONCLUSIONS: hTERT mRNA levels may reflect the
tumor burden and the clinical status of patients with GBM. In systemic
tumors exosomal hTERT mRNA expression is detected in about 60% of
cases while in GBM the percentage is probably lower. In patients with
detectable levels, this assay may serve as a serum biomarker. These results
warrant further confirmation and an update on an extended cohort of
patients will be presented at the meeting.
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ACTR-70. INCREASING SURVIVAL IN BIOPSY-ONLY GBM
PATIENTS

ohn Gainer and Harry Cook; Diffusion Pharmaceuticals Inc,
Charlottesville, VA, USA

It is generally expected that survival from GBM is correlated to the ex-
tent of resection. That is, patients having only a biopsy don’t live as long as
those having partial or complete resections. Fifteen years ago, 2-year sur-
vival of biopsy-only patients was 5%. In 2005, Stupp et al. added temozo-
lomide (TM Z) to radiation therapy and also established a follow-up TMZ
chemotherapy regimen. This increased 2-year survival of unresected GBM
patients from 4.6% to 10.4 % (Stupp et al., 2009). Lately, due to the still-
low survival rate, biopsy-only patients are often excluded from GBM clinical
trials. It is known that hypoxic tumors are resistant to radiation therapy
(Sheehan et al., 2010). Thus, Diffusion Pharmaceuticals Inc. added trans so-
dium crocetinate (TSC) to temozolomide-radiation therapy, but not to the
chemotherapy in a Phase 2 clinical trial (Gainer, et al., 2017). TSC stimulates
re-oxygenation of hypoxic tumors (Sheehan, et al, 2009, 2011). It acts sys-
temically to re-oxygenate hypoxic tissue but has no effect on normal cells.
When combined with temozolomide and radiation, TSC resulted in a 2-year
survival of biopsy-only patients of 40%, in effect quadrupling the 2005
Stoop results. TSC is being currently studied in a Phase 3 GBM trial involv-
ing solely biopsy-only patients. In this trial, TSC is added to both the radio-
therapy and chemotherapy sessions, preceding the dosing of TMZ. This trial
is called INTACT (NCT03393000) and is currently enrolling patients.

ACTR-71. PHASE 1/2 STUDY OF DIANHYDROGALACTITOL (VAL-
083) WITH RADIATION THERAPY IN PATIENTS WITH NEWLY
DIAGNOSED, MGMT-UNMETHYLATED GLIOBLASTOMA
Zhong-ping Chen', Chengcheng Guo?, Jeffrey Bacha®, Anne Steino?,

John Langlands®, Claire Kwan*, Sarath Kanekal®, Richard Schwartz?,
Lorena Lopez* and Dennis Brown*; 'Department of Neurosurgery/Neuro-
oncology, Sun Yat-sen University Cancer Center; State Key Laboratory of
Oncology in South China; Collaborative Innovation Center for Cancer
Medicine, Guangzhou, Guangdong, China, 2Sun Yat-sen University Cancer
Center, Guangzhou, Guangdong, China, *DelMar Pharmaceuticals, Inc,
Vancouver, BC, Canada, “DelMar Pharmaceuticals, Inc, San Francisco, CA,
USA, ’DelMar Pharmaceuticals, Inc, San Diego, CA, USA

Glioblastoma (GBM) is the most common and aggressive primary brain
cancer. Current standard-of-care includes surgery followed by chemo-
radiation and temozolomide. An unmethylated promoter for O6-methyl-
guanine-DNA-methyltransferase (MGMT) is a validated biomarker for
temozolomide-resistance and is strongly correlated with poor outcomes.
Unmethylated MGMT represents the majority of newly diagnosed GBM
tumors. VAL-083 is a first-in-class bi-functional DNA-targeting agent that
has shown activity against GBM in NCl-sponsored clinical trials both
as single agent and in combination with radiotherapy. VAL-083 induces
interstrand cross-links at N7-guanine, leading to DNA double-strand
breaks and cell-death. VAL-083s unique mechanism-of-action circumvents
MGMT-mediated chemoresistance, and it has demonstrated cytotoxicity
in MGMT-unmethylated GBM cell-lines, cancer stem cells (CSCs) and in
vivo models. Furthermore, VAL-083 acts as a radiosensitizer in GBM CSCs
and non-CSCs. We completed a dose-escalation trial of VAL-083 in recur-
rent GBM, and a generally well-tolerated dosing regimen was selected for
further clinical development. The present trial is an ongoing open-label,
biomarker-driven, Phase 1/2 study to evaluate the tolerability and efficacy
of VAL-083 in combination with radiotherapy in newly diagnosed MGMT-
unmethylated GBM patients. A treatment regimen, consisting of a 6-week
induction period of VAL-083 and concurrent radiation (2 Gy daily, 5 days/
week) followed by up to 24 weeks of maintenance therapy with single-
agent VAL-083, is being evaluated. The study is being conducted in two
parts: 1) a dose-escalation part (20, 30, and 40mg/m2/day IV infusion
on days 1,2,3 of a 21-day cycle) in up to 10 patients; 2) an expansion
part in up to 20 additional patients at the determined well-tolerated dose.
Tumor response will be assessed by MRI, according to RANO criteria.
Efficacy endpoints include progression-free survival (PFS) and overall sur-
vival (OS). Additional endpoints include safety evaluations and pharma-
cokinetic assessments of plasma and CSF samples. Enrollment and safety
data update will be provided at the meeting. Clinicaltrials.gov identifier:
NCT03050736.

ACTR-72. IDH-WILD TYPE GRADE II GLIOMAS: A RETROSPECTIVE
SERIES OF ITALIAN ASSOCIATION OF NEURO-ONCOLOGY
Roberta Ruda!, Francesco Bruno', Alessia Pellerino', Antonio Silvani?,
Tamara Ius?, Lorenzo Bello*, Giuseppe Minniti’, Andrea Pace®,

Giuseppe Lombardi” and Riccardo Soffietti'; 'Dept Neuro-Oncology,
University and City of Health and Science Hospital, Turin, Turin, Italy,
2Dept of Neuro-Oncology, Neurologic Institute Carlo Besta, Milan,
Lombardia, Italy, *Dept of Neurosurgery, University Hospital of Udine,
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Udine, Italy, “Department of Neurosurgery, University of Milan and
Clinical Institute Humanitas, Rozzano, Italy, SDept of Radiotherapy,
University and SantAndrea Hospital, Rome, Italy, “Neurooncology Unit,
IRCCS Regina Elena Cancer Institute, Rome, Italy, "Department of Clinical
and Experimental Oncology, Veneto Institute of Oncology, IOV IRCCS,
Padova, Veneto, Italy

BACKGROUND: Information regarding clinical characteristics and
response to treatments of IDH-wild type grade II gliomas are still lack-
ing. MATERIAL AND METHODS: We performed a retrospective study
on patients with WHO grade II IDH wild type gliomas recruited from
1999 to 2017 in six Italian Institutions. IDH mutation was assessed by
either immunohistochemistry or sequencing (in case of negative immu-
nohistochemistry). Exclusion criteria were the presence of minimal ana-
plastic foci or radiological features of HGGs. Kaplan-Meier curves and
Cox-regression models were used for univariate and multivariable ana-
lysis. RESULTS: Out of 194 patients 122 met the inclusion criteria.
Median age was 45 years. Non-enhancing tumours on MRI accounted
for 74% while 26 % had mild contrast enhancement. Surgery consisted in
gross total resection in 29%, partial/subtotal in 45%, biopsy in 24%, and
unknown in 2%. According to WHO 2007 astrocytomas were 44 %, oli-
godendrogliomas 35%, and oligoastrocyomas 21%. Post-surgical manage-
ment consisted in observation with MRI in 42%, chemoradiation in 21%,
chemotherapy alone in 21%, radiotherapy alone in 5%, radiotherapy fol-
lowed by chemotherapy in 5%, and 6% unknown. Median time of follow-
up was 31 months. Median PFS at first recurrence from diagnosis was
24.0 months (1.2 147.0). Treatments at recurrence consisted in second line
chemotherapy in 33 cases (42.3%), second surgery in 18 cases (23.1%),
radiotherapy in 10 cases (10.4%), and palliative care in 13 cases (16.7%).
Median OS was 45.3 months (1.0 225.6). Factors associated with longer
PFS and OS in univariate analysis were younger age, absence of contrast
enhancement, and gross total resection. Younger age and gross total resec-
tion retained the statistical significance in multivariable analysis. CON-
CLUSIONS: WHO grade I IDH-wild type gliomas have a worse outcome
as compared with IDH-mutant tumours. This is the first real life study
reporting that gross total resection improves the outcome.

ANGIOGENESIS AND INVASION

ANGI-01. CORRELATION BETWEEN HISTOLOGICAL AND

MRI MEASURES OF INFILTRATION IN A PRECLINICAL
GLIOBLASTOMA MODEL

Gerard Thompson!, Antoine Vallatos?, Haitham Al-Mubarak?,

Lesley Gilmour?, Joanna Birch?, Lindsay Gallagher?, James Mullin?,

Adam Waldman', William Holmes? and Anthony Chalmers?; 'University of
Edinburgh, Edinburgh, Scotland, United Kingdom, 2University of Glasgow,
Edinburgh, Scotland, United Kingdom,

INTRODUCTION: Maximal safe cytoreductive surgery is the therapeutic
ideal in GBM. Occult, non-enhancing, infiltrative disease ultimately drives
treatment failure. Diffusion-weighted imaging (DWI) assessment of tumor
margins through apparent diffusion coefficient (ADC) transition coefficients
shows promise in non-invasive molecular subtyping and relating poten-
tially-invasive behavior to survival. ADC non-specificity limits biomarker
interpretation. We aimed to explore histological tumor cell burden relation-
ship to ADC measurements at the macroscopic margin in a GBM model.
METHODS: G7 GBM orthotopic xenografts were implanted into nude
mice. T2-, and diffusion-weighted images were acquired at 7T. Brains were
extracted and fresh-frozen to minimise fixation artefacts and preserve mor-
phology. Cryosections were stained with human leucocyte antigen (HLA)
marker specific for human-derived GBM cells. Confocal HLA photomicro-
graphs (10x) and high resolution T2w MRI were linearly co-registered and
resampled to match DWI. Macroscopic tumour margin was visually deline-
ated using the low ADC/high-T2w-signal region. Linear profiles perpendicu-
lar to these boundary voxels produced serial, centrifugal, spatially-congruent
measurements of ADC and HLA across the infiltrating edge over 0.7mm.
Spearman’s rho was calculated in each subject for every profile. RESULTS: §
mice were suitable for analysis. In 72% of tumor boundaries (n=562), there
was a statistically significant (p<0.05) inverse correlation (<-0.8) between
ADC and HLA. Areas with insignificant/positive correlation represented dis-
tinct physical boundaries such as pia/ependyma or artefact. DISCUSSION:
Characterizing microinvasive disease which ultimately leads to treatment
failure in maximally-resected GBM is challenging. Research dwells on the
enhancing disease which is excised. Margin assessment provides an opportu-
nity to characterize tumor behavior at the crucial interface between dividing
bulk tumor and the parenchymal infiltration which predicates recurrence.
The spatially-consistent inverse correlation between tumor margin HLA and
ADC values for almost all profiles at the tumor-parenchyma interface indi-
cates that ADC transition profiles relate to tumor infiltration as previously
hypothesised, with lower ADC related to higher tumor burden.
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ANGI-02. A CRITICAL ROLE FOR LARG IN RhoC MEDIATED
GLIOBLASTOMA CELL INVASION

Zonghui Ding!, Zhiwan Dong?, Yuping Yang?, Shannon Fortin-

Ensign*, Hemragul Sabit’, Mitsutoshi Nakada®, Rosamaria Ruggieri’,
Marc Symons’, Nhan Tran® and Joseph Loftus'; 'Department of Cancer
Biology, Mayo Clinic Arizona, Scottsdale, AZ, USA, *Incyte, Wilmington,
DE, USA, *University of Miami, Miller School of Medicine, Miami,

FL, USA, *Department of Internal Medicine, Scripps Green Hospital,

La Jolla, CA, USA, *Department of Neurosurgery, Graduate School of
Medical Science, Kanazawa University, Kanazawa, Japan, “Department
of Neurosurgery, Kanazawa University, Kanazawa, Japan, "The Feinstein
Institute for Medical Research, Manhasset, NY, USA, ®Departments of
Cancer Biology and Neurosurgery, Mayo Clinic Arizona, Scottsdale, AZ,
USA

Glioblastoma (GBM) is the most common and highly lethal central ner-
vous tumor in adults. A significant hurdle to effective clinical treatment is
the aggressive, highly diffuse infiltration of tumor cells into the normal brain
parenchyma which makes surgical removal of GBM tumors impossible,
increases resistance to chemotherapy and radiation treatment, and ultimately
leads to tumor recurrence. A distinguishing feature of the brain parenchyma
is the tight extracellular space resulting from the densely packed neurons
and glial cells. Invasion of glioblastoma cells into the brain parenchyma is
challenged by migration through extracellular spaces that are narrower than
the nuclear diameter. In an effort to identify signaling elements involved in
cell invasion which requires nuclear squeezing, we examined the role of pro-
teins involved in regulating actomyosin contractility. We demonstrate that
siRNA-mediated depletion of the leukemia-associated Rho guanine nucleo-
tide exchange factor (LARG), which was originally identified as a result of
chromosomal translocation in acute myeloid leukemia, impaired the nuclear
squeezing of glioblastoma cells in vitro and invasion into brain slices ex-
vivo. Moreover, depletion of LARG inhibited serum-induced activation of
RhoC, but not RhoA. In addition, transwell migration assays with 3-pm
pore size filter and matrigel invasion assays demonstrated that RhoC is es-
sential for nuclear squeezing and glioblastoma invasion whereas RhoA is
dispensable. Finally, immunohistochemistry analysis demonstrated that the
expression of LARG and RhoC increases with glial tumor grade and are
highest in glioblastoma and their expression is enriched in the invading cells.
Collectively, these results suggest that LARG plays an essential role in glio-
blastoma cell invasion and may provide new insight into targeting invasive
glioblastoma cells.

ANGI-03. PSA-NCAM IN GLIOBLASTOMA - A NEGATIVE
PROGNOSTIC MARKER AND A THERAPEUTIC TARGET?

Thomas Park', Bernard Kim?, Jena Macapagal!, Birger Dieriks?,

Patrick Schweder*, Peter Heppner?, Clinton Turner®, Maurice Curtis® and
Mike Dragunow'; 'The Centre for Brain Research, Faculty of Medical and
Health Sciences, The University of Auckland, Auckland, New Zealand,
2The University of Auckland, Auckland, New Zealand, 3The Centre for
Brain Research, Faculty of Medical and Health Sciences, The University
of Auckland, Auckland, New Zealand, “Auckland City Hospital and The
Centre for Brain Research, The University of Auckland, Auckland, New
Zealand, *Auckland City Hospital, Auckland, New Zealand, ¢Department
of Anatomy and Medical Imaging and The Centre for Brain Research, The
University of Auckland, Auckland, New Zealand

BACKGROUND: Glioblastoma (GBM) is the most common and aggres-
sive primary brain tumour in adults. Despite the current clinical manage-
ment of surgical resection, followed by radiation and chemotherapy, the
median survival time is still a dismal 15 months. This may be due to treat-
ment-resistant GBM stem cells (GSCs) that survive and migrate, resulting
in tumour recurrence. Therefore, elucidating the mechanisms of GSC mi-
gration and studying ways of limiting this process will be beneficial in the
treatment of GBM. A key molecule of interest is polysialylated neural cell
adhesion molecule (PSA-NCAM). During normal development and adult
neurogenesis, its presence on the cell surface reduces interactions with the
extracellular matrix and aids in cellular migration. However, it has also
been associated with malignant brain tumours and with negative patient
prognosis. METHODS: We investigated PSA-NCAM’s role in tumour re-
currence by immunohistologically evaluating over 160 surgically resected
brain tumour specimens for PSA-NCAM expression and correlating this
with patient outcomes. We also utilized GSCs isolated from the same pa-
tient specimens to investigate the role of PSA-NCAM in tumour cell migra-
tion. RESULTS: Univariate and Cox proportional hazard analysis showed
that PSA-NCAM expression was a strong predictor of rapid tumour pro-
gression, even more so than the cell proliferation marker Ki67, which is
often used to assess tumour grade. In addition, high-content image ana-
lysis revealed that PSA-NCAM was highly expressed by migrating patient-
derived GSCs in vitro, and drugs that limited their migration also decreased
PSA-NCAM expression. This led to investigations that aimed to elucidate
the effects of PSA-NCAM removal on GSC migration. SUMMARY: Our
work highlights the potential role of PSA-NCAM in GSC migration and
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tumour progression. This opens up avenues to pharmacologically and gen-
etically manipulate PSA-NCAM to reduce GBM cell migration and curb tu-
mour recurrence.

ANGI-04. TEAD1 REGULATES CELL MIGRATION IN HUMAN
GLIOBLASTOMA IN PART THROUGH EMT-ASSOCIATED
CADHERINS

essica Tome-Garcia', Parsa Erfani', German Nudelman?, Rut Tejero?,
Roland Friedel®, Elena Zaslavsky? and Nadejda Tsankova'; 'Department of
Pathology, Icahn School of Medicine at Mount Sinai, New York, NY, USA,
2Department of Neurology, Icahn School of Medicine at Mount Sinai, New
York, NYY, USA, *Department of Neuroscience, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

The epithelial to-mesenchymal transition (EMT) is a process by which
epithelial cells gain migratory/invasive properties by upregulating pro-
mesenchymal pathways, such as the expression of certain cadherin family
proteins. Although a normal process during embryogenesis, EMT is often
used by tumoral cells to increase their malignancy. In glioblastoma (GBM), a
progressive glial tumor characterized by rapid growth and diffusely infiltra-
tive spread, residing populations of glioma stem cells (GSCs) are thought
to contribute to tumor invasiveness, EMT, and therapeutic resistance. To
better understand GBM invasiveness in a developmental context, we used
a recently described methodology to prospectively isolate human stem cell
populations from GBM and germinal matrix tissues, and employed epige-
netics to study their underlying transcriptional drivers. Analysis of RNA-
seq in acutely-isolated GSC (vs. non-GSC) GBM populations revealed an
upregulated EMT signature, with loss of “epithelial” markers, such as
DSP and claudins (CLDN1, 7, 11, 12), and gain of mesenchymal mark-
ers, such as TNC and N-cadherin (CDH2). Chromatin accessibility map-
ping via ATAC-seq defined a tumor-specific signature related to migration,
in which the TEAD1/4 transcription factor motif was the most highly and
uniquely overrepresented in GSCs. Comparative analysis of ATAC-seq and
RNA-seq data revealed several putative targets of TEAD1, and in vivo chro-
matin immunoprecipitation confirmed direct TEAD1 binding at the mesen-
chymal R-cadherin CDH4. Genetic ablation of TEAD1 in patient-derived
GBM cells, using CRISPR-Cas9, reversed EMT transcriptome signature,
diminished migratory properties in vitro, which were partially rescued after
TEAD1 overexpression, and reduced profoundly infiltrative tumor burden
in vivo after orthotopic xenotransplantation. CDH11 was one of the most
downregulated mesenchymal cadherins after TEAD1 ablation, and its over-
expression partially restored deficits in TEAD1-knockout cells related to
cell migration, cell-cell adhesion, and substrate anchoring. Overall, our data
validates a role for TEAD1 in GBM migration, mediated partially through
the upregulation of EMT-associated cadherins.

ANGI-06. THE MATRIX PROTEIN THROMBOSPONDIN-1 IS

A DOWNSTREAM TARGET OF TGF-8 INDUCED MICROTUBE
FORMATION IN GLIOBLASTOMA

Justin V. Joseph!, Capucine Magaut?, Amalie Trones', Julia Grosch?,
Wenjing Zhou*, Jubayer Hossain!, Md Abdul Latif', Sandra Ninzima',
Frank AE Kruyt®, Rolf Bjerkvig®, Frank Winkler?, Thomas Daubon? and
Hrvoje Miletic’; 'Department of Biomedicine, University of Bergen, Bergen,
Norway, 2Departement Sciences du Vivant et de la Santé, Université de
Bordeaux, Bordeaux, France, *Neurology Clinic and National Center for
Tumor Diseases, University Hospital Heidelberg, Heidelberg, Germany,
4K. G. Jebsen Brain Tumour Research Centre, Department of Biomedicine,
University of Bergen, Bergen, Norway, *Department of Medical Oncology,
University of Groningen, University Medical Center Groningen,
Netherlands, °K. G. Jebsen Brain Tumour Research Centre, Department
of Biomedicine, University of Bergen, Bergen, Norway, "Department of
Pathology, Haukeland University Hospital, Bergen, Norway

Microtubes (MTs), which are cytoplasmic extensions of glioma cells, have
recently been discovered as important cell communication structures. MTs
are abundant in chemoresistant 1p/19q non-codeleted tumors, in particular
glioblastomas, however are scarce in chemosensitive 1p/19q co-deleted oligo-
dendrogliomas. Here we report that TGF-f is an important mediator of MT
formation. TCGA data analysis revealed upregulation of TGF-f3 growth-fac-
tors and receptors in non-codeleted versus co-deleted tumors. TGF-f3 stimu-
lation in vitro promotes enhanced MT formation in a panel of GBM stem
cell lines which was blocked by a TGFBR2 inhibitor (Ly2157299). Analysis
of RNA sequencing data comparing TGF-f stimulated versus unstimulated
cells revealed extracellular matrix receptor interactions as a major regulated
pathway. We identified Thrombospondin-1 (THBS1) as a major candidate
of this pathway, which was upregulated upon TGF-f stimulation in GBM
stem cell lines. Interestingly, one GBM stem cell line that did not respond to
TGF-B stimulation with enhanced MT formation lacked also upregulation
of THBS1. This non-responder cell line did not invade into fetal microbrains
in vitro and xenografts in vivo, whereas responder cell lines showed a highly
invasive and MT forming phenotype in both models. Knockdown of THBS1
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in a responder cell line using shRNAs substantially reduced MT formation
in vitro and in vivo. Thus, we identified THBS1 as an important mediator
of MT formation downstream of TGF-f3, which might play a role in therapy
resistance of GBM.

ANGI-07. 5ALA FLUORESCENCE BASED SORTING IDENTIFIES
SERPINE1 AS A NOVEL THERAPEUTIC TARGET ON INVASIVE
GBM CELLS

Jonathan Rowlinson, Maria de los Angeles Estevez Cebrero,

Anbarasu Lourdusamy, Ruman Rahman and Stuart Smith; University of
Nottingham, Nottingham, England, United Kingdom

INTRODUCTION: We previously described separating invasive tumor
cells from within normal brain using SALA based fluorescent activated cell
sorting (FACS). Using RNAseq on these cells we identify new potential ther-
apeutic targets whose expression is elevated in tumor cells invading brain
parenchyma. METHOD: 5-aminolevulinic acid (5-ALA) is a clinically used
drug for fluorescence guided resection of GBM. Tumors from 11 patients
were dissociated and FACS used to separate invasive fluorescent cancer cells
from within normal brain. FACS sorted and unsorted mixed samples from
tumor core, rim and invasive margin were compared. Gene expression was
analyzed by RNA-seq and validated by qPCR, IHC and in vivo xeno-
grafts. RESULTS: Differential expression analysis identified 2567 genes
with differences between core and invasive margin, and 78 genes with
differences between 5-ALA FACS positive and FACS negative. Interest-
ingly SERPINE1 expression is reduced in the unsorted invasive margin
but expression remains high within sorted invasive tumor cells. Pathway
analysis identified a predominance of immune system pathway changes
between core and invasive margin. The differential expression of SER-
PINE1, VEGE, CHI3L1 and RTN1 in qPCR and IHC validated the same
changes observed from the RNA-seq data. The invasive and tumorigenic
capacity of 5-ALA positive sorted tumor cells was confirmed by enhanced
engraftment in a mouse flank model compared to unsorted cells, whereas
5-ALA negative sorted cells failed to engraft. SERPINE1 knockdown had
no effect on GBM cell proliferation but significantly reduced the ability of
GBM cells to invade in an in vitro assay. CONCLUSION: This study has
demonstrated that 5-ALA fluorescent sorting of the invasive region can
identify new targets such as SERPINE1, whose high expression in invasive
tumor cells would otherwise be overlooked. Our approach gives hope
that we can interrogate true residual disease, identifying more relevant
therapeutic targets.

ANGI-08. TARGETING THE RhoGEF BETA-PIX TO ENHANCE

THE ACTIVITY OF BEVACIZUMAB IN GLIOBLASTOMA:

A NANOPARTICLE MEDIATED GENE SILENCING APPROACH

Kate Connor!, David Murray!, Bo Lou?, Kieron Sweeney!,

Monika Jarzabek!, Ian Miller?, Alice O’Farrell', Eduardo Ruiz-Hernandez*,
Garry Duffy®, Alan Wolfe®, Enrico Mastrobattista?, Raymond Schiffelers’,
Wim Hennink?, Marc Symons® and Annette Byrne'; Department of
Physiology and Medical Physics, Royal College of Surgeons in Ireland,
Dublin, Ireland, 2Department of Pharmaceutics, Utrecht Institute for
Pharmaceutical Sciences, Utrecht University, Utrecht, Netherlands,
3Department of Physiology and Medical Physics, Royal College of Surgeons
in Ireland, Dublin, Ireland, “School of Pharmacy and Pharmaceutical
Sciences, Trinity College Dublin, Dublin, Ireland, *Anatomy, School of
Medicine, College of Medicine Nursing and Health Sciences, National
University of Ireland, Galway, Ireland, ®UCD School of Veterinary
Medicine, Belfield, Dublin, Ireland, 7Department of Clinical Chemistry and
Haematology, University Medical Center Utrecht, Utrecht, Netherlands,
8The Feinstein Institute for Medical Research, Manhasset, N'Y, USA

Glioblastoma (GBM), a highly invasive brain malignancy, remains an in-
curable disease. Angiogenesis, the formation of new vasculature, is a defining
feature of this disease. Targeting GBM angiogenesis with Bevacizumab (Bev)
is associated with improved progression free survival, but may also enhance
tumour invasion into the surrounding parenchyma (Norden et al., 2008) and
is not curative. Rho GTPases and their activators, guanine nucleotide ex-
change factors (GEFs), play central roles in the invasive process (4). Herein,
we sought to identify and target GEFs of importance in mediating GBM
invasion with a view to improving Bev response. We report a novel mech-
anism by which GBM tumours invade and proliferate via overexpression
of the GEF beta-PIX gene which was shown to be increased at the invasive
edge in 74% of GBM tumours assessed (n=19), compared with tumour core
(Hoelzinger et al., 2005). We have further demonstrated that siRNA-medi-
ated knockdown of beta-PIX in GBM patient-derived xenograft cell cultures
and cell lines resulted in decreased cell invasion in 3D, cell proliferation and
survival assays in vitro. An in vivo pilot study whereby beta-Pix knockdown
was achieved using commercially available alphaV-beta3 integrin target-
ing nanoparticles (InVivoPlex Aparna Bio Corp), suggested that treatment
with beta-PIX siRNA nanoparticles in combination with Bev could improve
survival compared with Bev- alone in tumour-bearing animals. To further
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develop this strategy, we have recently designed and characterized a propri-
etary novel biodegradable, RGD-targeting and cholesterol-stabilized poly-
plex system for siRNA delivery in GBM. This novel nanoparticle system
supports efficient gene silencing, and demonstrates a low toxicity profile in
vitro and in vivo. We are currently performing advanced pre-clinical effi-
cacy studies employing a clinically relevant GBM rodent resection model
(Sweeney et al., 2014), to determine if nanoparticle mediated beta-PIX gene
silencing will improve survival outcomes when combined with Bevacizumb
and delivered in the adjuvant setting.

ANGI-09. CIRCULATING MIR-10B AND MIR-21 IN PATIENTS
WITH GBM TREATED WITH BEVACIZUMAB ARE SECRETED

TO THE CIRCULATION BY PROTEINS AND THEIR HIGH
QUANTIFICATION IS PROBABLY THE RESULT OF DRUG-INDUCED
TUMOR HYPOXIA

Hanna Charbit, Anat Mordechai, Alexander Lossos and Iris Lavon; Neuro-
oncology, Hadassah Hebrew University Medical Center, Jerusalem, Israel

Bevacizumab is a one of the salvage therapy to patients with recurrent
GBM. Antiangiogenic treatment such bevacizumab reduce blood supply and
consequently increase hypoxia in the tumor microenvironment. We previ-
ously demonstrated that miR-10b and miR-21 are highly quantified in the
circulation following bevacizumab treatment, and that the quantity of these
miRNAs in the circulation is correlated negatively and significantly with
tumor volume. miRNAs are selectively exported from tumors due to cellular
signals or environmental cues and are selectively released to differential car-
rier such as exosomes, microvesicles, HDL or protein-associated miRNAs.
The aim of the current study was to explore whether the upregulation of
these miRNAs during the antiangiogenic treatment is induced by hypoxia,
and via which carrier they are transported to the circulation. Three glioma
and one endothelial cell line were exposed to hypoxic condition and the
expression of VEGF and mir-10b and mir-21 were studied by quantitative-
PCR. The cell medium as well as serum of patients treated with bevacizumab
was fractionated by size-Chromatography-column (Izon’s qEV) and then the
quantification of the miRNAs in each fraction was measured by quantita-
tive-PCR. Hypoxia induction was confirmed by upregulation of VEGF in
both endothelial and glioma cell-lines. mir-10b and mir-21 were upregulated
in the glioma cells and the glioma medium culture after 24Hr of hypoxia,
but not in the endothelial cell-line Moreover, these miRNAs were enriched in
the size fraction of protein and not in the other fractions. The results of this
study imply that the high quantification of mir-10b and mir-21 in the serum
of patients treated with bevacizumab are induced by tumor hypoxia and that
these miRNAs are selectively secreted to the circulation by proteins. Further
study is needed to investigate whether these circulating miRNAs and their
delivery mode have a role in treatment response of GBM to bevasizumab.

ANGI-10. WSD1227: A BRAIN PENETRABLE VEGFR2 INHIBITOR
FOR THE TREATMENT OF PRIMARY AND METASTATIC BRAIN
TUMORS

ingiang Zhang, Wei Zhong, Zhihua Mu and Claire Sun; Wayshine
Biopharm, Corona, CA, USA

The VEGF pathway has emerged as an important target for cancer
therapy by blocking the development of malignant neovasculature, thus
to reduce oxygen availability to the tumor and decrease its growth. Anti-
VEGF agents have been approved for several malignancies, such as GBM,
NSCLC, mBC, CRC, OC, etc with satisfactory performance to extracranial
lesions, but not in intracranial lesions. Insufficient penetration across BBB
is one of factors limiting intracranial anti-tumor activity for those anti-
VEGF agents, due to either large molecule weight or being substrate of
BBB efflux transporters. The incidence of BM is increasing, and surgery/
radiotherapy are the most common options for the management of BM.
Patients with BM have a very poor prognosis and short survival. To address
the role of anti-angiogenesis in the treatment of BM, a BBB penetrable,
selective and potent VEGFR2 inhibitor WSD1227 is discovered with IC;,
against VEGFR1/2/3 at 0.69/0.35/0.41nM versus against other targets such
as PDGFR IC,, 22.9nM, PDGFRg IC,, 19.4nM, cKit IC,, 383nM, FLT3
IC,, 555 nM and CSFIR IC,, 1062nM. In-vitro MDCKII transfected cell
assays demonstrated WSD1227 is not a substrate of P-gp or BCRP, two
main efflux transporters on human BBB. Preclinical CNS PK studies con-
firmed brain penetration of WSD1227 with K, , prain close to unity, thus not
exacerbating VEGF related systemic toxicities. WSD1227 possessed super-
ior PK profile with sufficient free PK exposure to achieve target engage-
ment in mice. Treatment of tumor bearing mice in GBM, NSCLC, CRC and
OC xenograft models with WSD1227 resulted in significant tumor growth
inhibition. Predicted human PK properties are very promising to offer suf-
ficient target engagement in clinic. Taken together, our data provide a good
rationale for WSD1227 to be developed toward clinic to investigate anti-
angiogenetic therapies for management of patients with primary or meta-
static brain tumors.
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ANGI-11. TUMOR TREATING FIELDS (TTFIELDS) INHIBIT
CANCER CELL MIGRATION AND INVASION BY INDUCING
REORGANIZATION OF THE ACTIN CYTOSKELETON AND
FORMATION OF CELL ADHESIONS

Rosa S Schneiderman!, Moshe Giladi', Einav Zeevi!, Tali Voloshin',
Anna Shteingauz', Yaara Porat!, Mijal Munster!, Eilon Kirson®,

Uri Weinberg? and Yoram Palti'; '"Novocure Ltd, Haifa, Israel, 2Novocure
GmBH, Root, Luzern, Switzerland

TTFields have been demonstrated to disrupt cancer cell replication in cul-
tures, inhibit tumor progression in animals and increase overall survival in
GBM patients when combined with temozolomide. TTFields are delivered
via continuous, noninvasive application of low intensity, intermediate fre-
quency alternating electric fields. In this study, we investigated the effects of
TTFields on cancer cell migration and invasion properties. Glioma, breast,
colon, melanoma and NSCLC cancer cell lines were treated with TTFields
using the inovitro and the inovitro live systems. Cell migration rates were
measured using wound healing assays. Invasion assays were performed using
a modified Matrigel coated Boyden chamber. Cell adhesion assays were per-
formed during TTFields treatment and compared to untreated controls. At
the end of TTFields’ treatment, adhered cells were trypsinized and counted.
A cell de-adhesion assay was performed following different durations of
TTFields application with the outcome being the number of cells removed
after varying times of trypsinization. Confocal fluorescence microscopy im-
aging of vinculin and F-actin were utilized to demonstrate changes in cellular
focal adhesions and stress fibers respectively following TTFields application.
Application of TTFields in-vitro led to a significant reduction in the velocity
of cell migration compared with untreated control cells. Cancer cell invasion
was significantly reduced compared to untreated cells in all tested cell lines.
In addition, cell de-adherence following TTFields treatment took signifi-
cantly longer time of trypsinization. TTFields application also resulted in an
increase in focal adhesion size and number as well as peripheral distribution
of the adhesion sites. TTFields treated cells also adopted a more flattened
and spread shape and exhibited reduction in appearance of stress fibers and
a dense meshwork of actin filaments around the entire cell periphery. While
typically regarded as an anti-mitotic treatment modality, TTFields may war-
rant further investigation and development for their anti-invasive and anti-
metastatic potential.

ANGI-12. MRI-BASED CELL TRACKING WITH INDIVIDUAL CELL
SENSITIVITY FOR MEASURING CANCER CELL INVASION

Dorela Shuboni-Mulligan', Barbara Blanco-Fernandez?,

Shatadru Chakravarty? and Erik Shapiro?; 'Neuro-Oncology Branch, NIH,
Bethesda, MD, USA, 2Michigan State University, East Lansing, MI, USA

PURPOSE: GBM cell invasion is particularly aggressive and leads to
poor prognosis. In vitro and in vivo cell tracking techniques for study-
ing tumor progression could facilitate drug discovery. Here we demon-
strate the utility of MRI-based cell tracking as a tool for in vitro testing
of inhibitors for cancer cell invasion. Iron oxide particles are the core
technology that enables single-cell tracking, as labeled cells can be visual-
ized as hypo-intensive spots using MRI. The technique provides a robust
method to easily visualize cell invasion in 3D and can be applied iz vivo to
track invasion of labelled cells within the brain. METHODS: We devel-
oped an in vitro MRI assay capable of detecting invasion inhibition for
human (U87MG) and rodent (RG2) glioma cell lines. We first estab-
lished magnetic labelling efficiency (microscopy and ICP-OES) and cell
viability/proliferation (MTT assay and PKH26 labelling) to determine
optimal labelling concentration. Next, to visualize tumor cell invasion,
magnetically labelled cells were formed into spheroids and embedded
into a collagen matrix; samples were then scanned with a 7T MRI in a
custom 3D printed holder. Cell invasion was visualized with and with-
out inhibitor (CEP-1347, 400nM) and compared to traditional micros-
copy. RESULTS: Two scan sequences, T, FISP and FLASH, effectively
visualized our 3D invasion assay; producing 3D images that demon-
strated suppression of tumor cell invasion with inhibitor, equivalent to
those observed with 2D microscopy. Further, cell viability and prolif-
eration were not significantly impacted at 72hrs below bead concentra-
tions of 0.1ug/mL. Tumor spheroids size was impacted by concentration
(F=4.820, p=0.001)but not for cells labelled at the optimal 25pg/cell
concentration. CONCLUSION: MRI can be used as a tool to monitor
GBM invasion in vitro and can effectively test inhibitors for cancer inva-
sion. This technique provides a powerful tool that can be used to observe
invasion in vitro and in vivo.

ANGI-13. TENASCIN-C INDUCES VASCULOGENIC MIMICRY
FORMATION IN GLIOBLASTOMA THROUGH AKT PATHWAY
Hai-ping Cai, Yin-sheng Chen, Jing Wang, Xiang-rong Ni, Fu-rong Chen
and Zhong-ping Chen; Department of Neurosurgery/Neuro-oncology,
Sun Yat-sen University Cancer Center; State Key Laboratory of Oncology
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in South China; Collaborative Innovation Center for Cancer Medicine,
Guangzhou, Guangdong, China

Glioblastoma is a highly invasive and vascularized primary CNS tumor.
Although anti-angiogenesis therapy was effective in some tumors but not
in GBM. Vasculogenic mimicry (VM), a vessel-like structure formed by
highly invasive tumor cells, has been considered responsible for the fail-
ure of GBM patients for anti-angiogenesis therapy. Tenascin-c (TNC), an
extracellular protein involves in tumor angiogenesis, is overexpressed in
GBM. However, how TNC contributes to VM formation remains unclear.
We first knocked down the expression of TNC in two glioma cell lines
(U251 and A172), which had TNC overexpression. Then the formations
of VM were observed by three-dimensional culture. Transwell and wound-
healing assay were applied to investigate the role of TNC in cell invasion
and migration abilities. The expression of MMP2, MMP9 and the phos-
phorylation status of AKT were determined by western-blot, RT-qPCR and
gelatin zymography. Furthermore, AKT inhibitor, MK-2206 was used to
block the AKT/MMP2/MMP9 signaling pathway to investigate its role in
TNC regulation at different concentration (Opm, Spm, 10pm and 20pm)
for 24 hours. The knockdown efficiency was detected by western blot and
RT-qPCR in U251 and A172 after siRNA transfection for 48 hours. Three-
dimensional culture showed that VM-like structure formation decreased
in knockdown groups compared to controls dramatically (19.67 = 6.65
and 46.34 = 9.10 vs. 125.67 = 8.34 p<0.01 in U251; 59.67 = 18.52 and
51 = 14.97 vs. 100.67 = 2.87, p<0.01 in A172). The invasion and migra-
tion ability of U251 and A172 were also attenuated (p<0.01) by TNC
knockdown. TNC knockdown impaired the phosphorylation of AKT at
both Ser473 and Thr308, and the expression of MMP2 and MMP9 were
downregulated too. Exposure of AKT inhibitor blocked the VM formation
as well as the expression of MMP2 and MMP9. Our study demonstrated
that TNC upregulated the VM formation via AKT/MMP2/MMP9 pathway
in glioma and provided a potential therapeutic target for glioblastoma by
anti-angiogenesis therapy.

ANGI-14. EPIGENETIC REACTIVATION OF BAI1 SUPPRESSES
TUMOR INVASION BY PREVENTING TGFg1-INDUCED
MESENCHYMAL SWITCH IN GLIOBLASTOMA

Satoru Osuka, Liquan Yang, Dan Zhu, Narra Devi and Erwin Van Meir;
Laboratory of Molecular Neuro-Oncology, Departments of Neurosurgery
and Hematology & Medical Oncology, School of Medicine and Winship
Cancer Institute, Emory University, Atlanta, GA, USA

Glioblastoma (GBM) is the most common and lethal type of malignant
brain tumor in adults. GBM cells are highly invasive and diffusely infiltrate
throughout the brain, which strongly restricts multimodal therapies. Acquir-
ing a better knowledge of molecular defects underlying GBM invasion is
essential for the development of effective therapies. Brain-specific Angiogen-
esis Inhibitor 1 (BAI1) is a transmembrane receptor of the adhesion GPCR
family widely expressed in normal brain, but its expression is lost in the
majority of human brain tumors. We have previously shown that BAI1 is
epigenetically silenced in most GBM and restoration of its expression can
inhibit glioma growth in vitro and in vivo (Zhu D. et al, Cancer Res, 2012).
Recently, we reported that BAI1 protects pS3 from Mdm2-mediated degrad-
ation and regulate tumor growth in medulloblastoma (Zhu D. et al, Cancer
Cell, 2018). However, it is unclear whether BAI1 loss is important for tumor
invasion in GBM. We found that restoration of BAI1 expression in GBM
cells suppressed mesenchymal transition. Microarray analysis of the TCGA
dataset revealed that BAI1 expression inversely correlates with the expres-
sion of many key mesenchymal genes, including Fibronectin1, SLUG, and
TWIST1. Reduced BAI1 expression also correlates with poor outcome. Res-
toration of BAI1 expression suppresses mesenchymal gene expression and
dramatically decreases GBM cell brain invasion in mice. Mechanistically,
the N-terminal thrombospondin type 1 repeat (TSR#1) of BAI1 inhibits the
maturation process of TGFB1, a key growth factor involved in EMT. BAI1
is silenced epigenetically in GBM cells by MBD2, and its expression can be
reactivated by KCC-07, a blood-brain barrier permeable MBD2 inhibitor.
We found that GBM cells treated by KCC-07 exhibited decreased tumor
invasion. These experiments demonstrate that epigenetic silencing of BAI1
is important for activation of the GBM invasive phenotype through TGFf31
pathway activation. Epigenetic targeting of this process by KCC-07 can re-
duce GBM invasion.

ANGI-15. PDGF-MEDIATED MESENCHYMAL TRANSFORMATION
RENDERS ENDOTHELIAL RESISTANCE TO ANTI-VEGF
TREATMENT IN GLIOBLASTOMA

Wenjuan Ma', Yanqing Gong?, Steven Brem? and Yi Fan*; 'University of
Pennsylvania, Department of Radiation Oncology, Philadelphia, PA, USA,
2Department of Medicine, Udiversity of Pennsylvania, Philadelphia, PA,
USA, 3University of Pennsylvania, Philadelphia, PA, USA, “University of
Pennsylvania School of Medicine, Philadelphia, PA, USA

Abstracts

Angiogenesis is a hallmark of cancer. However, most malignant solid
tumors exhibit robust resistance to current anti-angiogenic therapies that
primarily target VEGF pathways. As such, bevacizumab, a humanized anti-
VEGF monoclonal antibody, fails to prolong the overall survival time in
patients with newly diagnosed glioblastoma (GBM). Here, we show that
endothelial mesenchymal transformation induces GBM resistance to anti-
VEGF therapy by downregulating VEGFR-2 expression in tumor-associated
endothelial cells (ECs). Analyzing human GBM tumor-derived ECs and
mouse EC lineage-derived cells in a genetically engineered GBM model, we
show that VEGFR-2 expression is markedly reduced in GBM-associated ECs.
Transcriptome analysis by RNA-seq shows abrogated VEGFR2 expression
in GBM ECs and reveals a robust genetic reprograming with increased mes-
enchymal gene expression in these ECs. Furthermore, we identify a PDGF/
NF-kB/Snail axis that controls mesenchymal transformation and reduces
VEGFR2 expression, which induces EC resistance to anti-VEGF treatment.
Finally, dual inhibition of VEGFR and PDGFR eliminates tumor-associated
ECs and improves animal survival in the genetic mouse GBM model. Not-
ably, EC-specific knockout of PDGF receptor-f§ (PDGFR-f) sensitizes tumors
to antibody-based VEGF-neutralizing treatment. Taken together, these find-
ings reveal a previously unidentified mechanism for anti-angiogenic treat-
ment resistance, namely, cell plasticity-driven endothelial unresponsiveness
to anti-VEGF treatment, and suggest that vascular de-transformation may
offer promising opportunities for anti-vascular therapy in GBM and pos-
sibly other malignant solid tumors.

ANGI-16. EARLY DETECTION OF TUMOR CELL PROLIFERATION
IS ASSOCIATED WITH A UNIQUE RADIOMIC BIOMARKER IN
PRECLINICAL GLIOBLASTOMA XENOGRAFT AND PATIENTS
Islam Hassan'!, Sanjay Singh', Jennifer Mosley', Nabil Elshafeey’,
Aikaterini Kotrotsou!, Frederick Lang', Pascal Zinn? and Rivka Colen';
IMD Anderson Cancer Center, Houston, TX, USA, 2Baylor College of
Medicine, Houston, TX, USA

PURPOSE: The mainstay imaging technique in brain tumor is Magnetic
resonance imaging (MRI). However, early detection of tumor cell prolif-
eration using MRI is limited due to inapparent disruption of normal brain
architecture. Radiomics and machine learning techniques can quantitate
thousands of imaging features that can depict neoplastic changes in appar-
ently normal brain. Herein, we investigate the potential role radiomics can
play in early detection of tumor cell proliferation in apparently normal MRI
using a preclinically trained radiomic. METHODS: Two glioblastoma stem-
like cell lines were transformed to stably express luciferase under a consti-
tutive promoter. A stereotactic injection of tumor cells was performed to
generate orthotopic mouse models (N=48). Tumor cell engraftment and in-
vivo proliferation were assessed using bio-luminescence imaging (BLI) along
with a weekly MRI (Bruker 7T). Images were analyzed, and ROIs were
placed using 3D slicer software and radiomic features were extracted using
Matlab. ROIs (0.75 mm) were placed on tumor injection sites and normal
appearing contralateral brain. Radiomic features were compared for their
significant alterations over time using comparative marker selection (CMS).
Genomics and Histopathology of tumors were performed ex-vivo. Valida-
tion was performed in a cohort of brain cancer patients. RESULTS: Three
stages of post-implantation tumor cell presence and proliferation were
identified: 1. Immediate post implantation lag/engraftment phase. 2. Linear
cellular proliferation phase (normal on conventional MRI). 3. Exponential
cellular proliferation phase (apparent tumor on conventional MRI). Our
data showed that 43% of extracted radiomic features were significantly
changing (P Conclusion: Radiomic texture analysis and machine learning
detects tumor cell presence and proliferation in normal-appearing brain
prior to tumor development on conventional imaging. CLINICAL REL-
EVANCE: Radiomics and machine learning algorithms are predictive of
tumor presence in seemingly normal MRIs. Early detection of tumors can
allow earlier intervention, more extensive radiation planning and appropri-
ately dose chemotherapeutic regimens.

ANGI-17. INTERLEUKIN 1 SIGNALING REGULATES BLOOD-BRAIN
BARRIER INTEGRITY IN GLIOBLASTOMA

Cameron Herting, Dmitry Shayakhmetov and Dolores Hambardzumyan;
Emory University, Atlanta, GA, USA

Glioblastoma is the most common and aggressive primary brain tumor
characterized by a dismal prognosis despite aggressive treatment regimens.
A hallmark of glioblastoma is aberrant angiogenesis that results in disrup-
tion of the blood-brain barrier. This drives glioblastoma-associated cerebral
edema caused by leakage of serum from the blood into the brain. Typically,
edema is managed by the corticosteroid dexamethasone which is known to
normalize the blood brain barrier. Various groups have also demonstrated
beneficial effects following normalization of the blood-brain barrier with
anti-angiogenic therapies such as cediranib and bevacizumab. Interleukin 1
(IL-1) signaling inhibition, however, has not been investigated in this con-
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text despite evidence that it modulates blood-brain barrier integrity in other
neuroinflammatory conditions. In this work, we demonstrate that IL-1 sign-
aling does not impact the production of VEGF by bone marrow-derived
macrophages and microglia in vitro. Moreover, we demonstrate no effect
of dexamethasone treatment on VEGF levels in murine PDGFB-driven glio-
blastoma generated with RCAS/tv-a technology in vivo. This suggests that
the restoration of blood-brain barrier integrity by dexamethasone is VEGF-
independent. Dexamethasone is shown here, however, to downregulate both
IL-1a and IL-1f expression in vivo and in vitro. Genetic ablation of IL-1f
and subsequent MRI analysis is shown to reduce formation of edema in
vivo, allowing mice to survive with larger tumors than wildtype controls.
Serial sectioning of the tumor, and histological reconstruction of the total
volume post-euthanasia confirms these results. Genetic ablation of IL-1R1
in vivo is shown to reduce blood-brain barrier permeability in a Hoechst
dye-based vessel leakage assay. Future experiments will elucidate if these
effects can be attributed to altered angiogenesis or regulation of endothelial
cell junction molecules. Regardless, this work outlines IL-1 signaling as a
promising therapeutic target to modulate blood-brain barrier integrity and
serve as an alternative to dexamethasone for the treatment of glioblastoma-
associated cerebral edema.

ANGI-18. AUTOCRINE CYCLE OF BONE MORPHOGENETIC
PROTEIN 4 (BMP4) ENHANCES TUMOR AGGRESSIVENESS IN
IDH1-MUTATED GLIOMAS

Yigiang Zhou!, Yang Liu?, Yanxin Lu?, Di Yu?, Fusheng Liu* and
Chunzhang Yang?®; 'NCI, Bethesda, MD, USA, 2Neuro-Oncology Branch,
CCR, NCI, NIH, Bethesda, MD, USA, *Neuro-Oncology Branch, Center
for Cancer Research, NCI, Bethesda, MD, USA, “Brain Tumor Research
Center, Beijing Neurosurgical Institute, Department of Neurosurgery,
Beijing Tiantan Hospital Affiliated to Capital Medical University, Beijing,
Beijing, China

BACKGROUND: IDHI1 mutations are the most prevalent genetic abnor-
mality in WHO Grade IVIII glioma. IDHI-mutated glioma exhibits dis-
tinctive tumor biology, including oncogenesis, invasiveness and therapeutic
sensitivity. BMP4, a member of TGFp superfamily, has been reported to
promote tumor progression and invasiveness in various types of malignan-
cies. In the present study, we investigated BMP4 signaling in IDH1-mutated
glioma, seeking for the underlying molecular mechanisms as well as possible
therapeutic approaches by targeting BMP4 pathway. METHODS: We ana-
lyzed the expression level of the BMP family in transcriptomic profiles of
IDH1-mutated glioma. BMP4 expression was further quantified in clinical
samples and patient-derived brain tumor initiating cells (BTIC). Further, we
investigated the autocrine cycle of BMP4 to IDH1-mutated cells, focusing
on the aggressive phenotype and cellular invasiveness. Finally, we analyzed
the therapeutic value of BMP pathway inhibitors. RESULTS: Transcriptomic
profiling showed significant up-regulation of BMP in IDH1-mutated glioma
as compared with wild-type counterparts (8.20-fold for BMP2, 1.73-fold for
BMP4). The up-regulation of BMP was confirmed in clinical samples through
IHC. Moreover, we confirmed the up-regulation and secretion of BMP in
IDH1-mutated BTIC. Autocrine of BMP not only activates concomitant
Smad signaling, but also prompts cellular migration/invasion. Pharmacologic
targeting BMP receptors by LDN-193189 suppressed Smad phosphorylation
and cellular invasion. RNA sequencing and xenograft studies are currently
ongoing to explore the molecular mechanism and therapeutic value of target-
ing BMP/Smad pathway for IDH1-mutated malignancies. CONCLUSION:
Our preliminary findings showed that the BMP4 autocrine loop promotes the
aggressiveness of IDH1-mutated glioma via Smad1 signaling. LDN-193189,
the BMP receptor inhibitor, could be a potential therapeutic strategy to
inhibit the aggressiveness of IDH1-mutated gliomas.

CELL BIOLOGY AND METABOLISM

CBMT-01. PARAOXONASE-2 IS HIGHLY EXPRESSED IN GBM AND
PROMOTES GBM CELL SURVIVAL

Hae-Ri Song, Hannah Cho and Edlira Hoxha; NYU School of Medicine,
New York, NY, USA

Paraoxonase-2 (PON2), a member of paraoxonase family, is an anti-
oxidant enzyme that is implicated in cell survival. Recent evidence demon-
strated that PON2 promotes apoptosis resistance in the selective tumor cells.
Here, we report genetic regulation and role of PON2 in glioma. We showed
that PON2 is highly expressed in glioblastomas (GBM) compared to non-
tumor brains and that high PON2 expression is associated with poor sur-
vival in patients with GBM. Functional studies showed that knockdown of
PON2 inhibits cell growth, induces apoptosis, and increases pro-apoptotic
factor CHOP. Using transcriptome and transcription factor motif analysis,
we showed that Nuclear Factor I-A (NFIA), a glioma-promoting transcrip-
tion factor, positively regulates PON2 transcription and protein level and
that PON2 and NFIA expression is highly correlated in GBM. Moreover,
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NFIA directly regulated PON2 transcription through binding to the PON2
promoter. Consistent with this finding, PON2 knockdown-induced growth
inhibition is reversed by ectopic expression of NFIA. Furthermore, Nfia-
deficient brain shows decrease in expression of PON2, providing genetic
evidence that supports NFIA-PON2 regulatory relationship. Collectively,
these data suggest that the pro-survival effect of PON2 is at least partly
mediated by NFIA in GBM, advancing our understanding of the emerging
role of PON2 in glioma.

CBMT-02. miR-124, -128, AND -137 COMBINATION THERAPY
AGAINST GLIOBLASTOMA

Adam Kosti, Mei Qiao, Erzsebet Kokovay and Luiz Penalva; University of
Texas Health Science Center at San Antonio, San Antonio, TX, USA

miRNAs are critical regulators of tumorigenesis, acting as oncogenes or
tumor suppressors. Previous work, by us and others, have demonstrated
that miR-124, -128, and -137 are key players in controlling neurogen-
esis and gliomagenesis. Together these miRNAs promote differentiation of
neural stem cells (NSCs), while in gliomas their dysregulation contribute
to the glioma phenotype. The three miRNAs display strong expression cor-
relation in GBM cohorts and synergize to drive neuronal differentiation of
NSCs by regulating a shared network of genes. Individually ectopic over-
expression of these miRNAs induces significant changes in proliferation,
and differentiation of GBM cells; however, it is unclear if they synergize
to produce a stronger effect as observed in NSCs. We tested the combin-
ation of miR-124, -128, and -137 in glioblastoma cell lines and found that
together they produce a synergistic effect, decreasing cell proliferation and
we will test this synergy in other systems. In NSCs we found an intercon-
nected transcription factor (TF) network to be important targets of miR-
124, -128, and -137. Due to their importance in NSCs, we hypothesized
that these TFs are critical in gliomas. We performed a siRNA screen against
the TFs network in GBM cell lines and examined the impact of knock-
down on cell proliferation, viability, and apoptosis. While several genes
were important in maintaining the glioma phenotype, knockdown of ETS-
related transcription factor Elf-4 (ELF4) produced the strongest pheno-
type changes. We will next characterize ELF4’s transcriptional influence
utilizing ChIP-seq paired with RNA-seq. Overall our initial data suggests
that this miRNA-Transcription factor network is important in the glioma
phenotype, and that combination of the three miRNAs is synergistic. Fur-
thermore, we find the ELF4 is a critical TF from this network and regulates
the glioma phenotype.

CBMT-03. A NOVEL METABOLIC PET TRACER STRATEGY TO
DETERMINE EARLY EFFECTS OF TUMOR TREATING FIELDS
(TTFIELDS)

Chirag Patel', Corinne Beinat?, Yuanyang Xie?, Tom Haywood?,

Surya Murty!, Edwin Chang? and Sanjiv Gambhir?; 'Stanford University
School of Medicine, Palo Alto, CA, USA, 2Stanford University, Stanford,
CA, USA, 3Canary Center, Stanford University, Palo Alto, CA, USA

Pyruvate kinase M2 (PKM2) is a key marker of cancer metabolic repro-
gramming since it catalyzes the final step in glycolysis. [I8F]DASA-23 is a
novel radiotracer that measures aberrantly-expressed PKM2 in glioblast-
oma (GBM). Tumor treating fields (TTFields), the application of alternat-
ing electric fields (100-300 kHz, 1-4 V/cm) to tumors, is emerging as the
fourth therapeutic modality in GBM after surgery, temozolomide (TMZ)
chemotherapy, and radiotherapy. There is an important need to assess
early on whether a patient’s GBM is responding to a given therapy. We
evaluated the ability of [18F]DASA-23 to detect changes in GBM metab-
olism in response to standard-of-care (TMZ) and emerging (TTFields)
therapies. Human U87 GBM cells were subjected to 200 kHz TTFields,
the IC,, of TMZ, or vehicle for three or six days (n>3/condition), followed
by evaluation of [18F]DASA-23 uptake. Immunofluorescence for PKM2
was performed to confirm the [18F]DASA-23 uptake results. Finally,
Western blot analysis was performed to determine the effect of TMZ and
TTFields exposure on the expression of PKM2 and a downstream enzyme,
lactate dehydrogenase (LDH). 2-way ANOVA with multiple comparisons
was performed. Data are reported as mean=SD. There was a significant
interaction between the treatment (TTFields, TMZ, or vehicle) and treat-
ment duration (3 or 6 days) on PKM2 expression as measured by [18F]
DASA-23 uptake (p=0.005) at 30 minutes post-addition of radioactivity.
Immunofluorescence independently confirmed reduced PKM2 expres-
sion due to TTFields. Western blot analysis revealed reduced PKM2 and
LDH (normalized to loading control) without/with TMZ (0.43 = 0.13 vs.
0.30 = 0.05 [p=0.14] and 0.61 = 0.16 vs. 0.43 = 0.04 [p=0.12], respect-
ively) and without/with TTFields (0.70 = 0.23 vs. 0.15 = 0.09 [p=0.01] and
1.14 = 0.36 vs. 0.54 = 0.14 [p=0.04], respectively). These data highlight
the potential for non-invasive assessment of GBM’s glycolytic response to
standard and emerging therapies using [18F]DASA-23. A clinical study is
underway to evaluate the ability of [18F]DASA-23 to predict responders
vs. non-responders to anti-GBM therapy.
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CBMT-04. INDUCING MITOCHONDRIAL OXIDATIVE STRESS AND
TARGETING CELLULAR STRESS RESPONSE BY INHIBITION OF
NAMPT, THE RATE LIMITING ENZYME IN THE NAD+ SALVAGE
PATHWAY IN GLIOMA

Pratibha Sharma', William Senepides?, Erkan Baloglu? and

Vinay Puduvalli®; 'The Ohio State University Wexner Medical Center,
Columbus, OH, USA, 2Karyopharm Therapeutics Inc, Newton, MA, USA,
3The Ohio State University Comprehensive Cancer Center, Columbus, OH,
USA

BACKGROUND: Pathways that regulate differential energy metabolism
in gliomas have recently emerged as promising therapeutic targets. Nico-
tinamide Phosphoribosyltransferase (NAMPT), the rate-limiting enzyme of
the NAD+ salvage pathway regulates key metabolic processes preferentially
used in glioma energy metabolism and essential for tumor cell biology and
proliferation. This study examines the effects of NAMPT inhibition using
KPT9274 and FK866 (NAMPTI) on cellular respiration, oxidative stress
and cytotoxicity to better delineate the role and regulation of NAD sal-
vage pathway in gliomas. METHODS: Effects of NAMPTi on glycolysis
and mitochondrial stress in gliomas and glioma stem cells (GSC) with vary-
ing IDH and MGMT status were measured including their oxidative state,
basal cell respiration rate, maximum respiration capacity, spare respiratory
capacity and proton leak using Agilent-Seahorse assay. Untargeted metabo-
lomics was performed to analyze the effect of NAMPi on glioma cell metab-
olism. Effect of mitochondria dysfunction on cytotoxicity was measured by
annexin-PI and CaspaseGlo assays. RESULTS: NAMPT inhibition caused
NAD depletion, reduced ATP levels and PAK4 downregulation in gliomas.
NAMPTi-treated cells showed reduction in basal cell respiration, spare and
maximum respiration capacity indicating mitochondrial dysfunction and
oxidative stress in glioma cells resulting in programed cell death. Untargeted
metabolomics study indicated specific metabolic changes including accumu-
lation of oxidized glutathione in NAMPTi-treated cells, indicating oxida-
tive stress. Further, accumulation of metabolites indicative of a glycolytic
pathway block and shunt towards the de novo purine synthesis pathway
was seen. Further, glycolysis inhibition by NAMPTi was confirmed by gly-
colysis stress assays. Lastly, glycolysis inhibition and mitostress appeared to
be related to a decrease in NAD+ dependent SIRT1 expression. CONCLU-
SIONS: NAMPTi cause profound disruption of mitochondrial function, in-
duce oxidative stress and trigger cytotoxicity in GSC irrespective of MGMT
promoter-methylation or IDH1 status. Targeting NAMPT is hence a novel
therapeutic strategy that potentially circumvents tumor heterogeneity and
can specifically disables tumor cell metabolism.

CBMT-05. ROLE OF THE let7-eEF2K AXIS IN MYC-DRIVEN
MEDULLOBLASTOMA ADAPTATION TO NUTRIENT
DEPRIVATION

Alberto Delaidelli', Gian Luca Negri', Simran Sidhu!, Marc Remke?,
Stefan Pfister?, Michael Taylor*, Gabriel Leprivier®, Marcel Kool and
Poul Sorensen'; 'Department of Molecular Oncology, British Columbia
Cancer Research Centre, Vancouver, BC, Canada, 2Department of
Neuropathology, Medical Faculty, University Hospital Diisseldorf,
Diisseldorf, Germany, *Division of Pediatric Neurooncology, German
Cancer Consortium (DKTK), German Cancer Research Center (DKFZ),
Heidelberg, Germany, “Department of Developmental & Stem Cell Biology
and Division of Neurosurgery, Hospital for Sick Children, Toronto, ON,
Canada, *Department of Pediatric Oncology, Hematology and Clinical
Immunology, Medical Faculty, University Hospital Diisseldorf, Diisseldorf,
Germany

BACKGROUND/OBJECTIVES: MYC amplification in medulloblas-
toma (MB) determines highly aggressive disease, underscoring an urgent
need for novel therapies. Let-7 microRNAs (miRNAs) inhibit tumor pro-
gression and regulate metabolism by degrading several mRNAs, including
MYC. Let-7 miRNAs are frequently repressed in cancer, including MYC-
driven MB. We previously reported that eukaryotic Elongation Factor-2
Kinase (eEF2K) is a pivotal regulator of MYC-driven tumor adaptation to
nutrient deprivation (ND). Our data indicate that the eEF2K 3’ untrans-
lated region (UTR) harbors a potential binding site for let-7. In addition,
eEF2K mRNA and let-7 miRNA expression negatively correlates in MB,
suggesting regulation of the former by the latter. We therefore hypothe-
sized that let-7 down-regulation induces eEF2K expression in MB, thereby
supporting MYC-driven MB adaptation to ND and tumor progression.
METHODS: Immunohistochemistry for eEF2K substrate (p-eEF2) was
performed on MB tissue microarrays to link results with MYC expres-
sion and clinical outcome. Effects of eEF2K pharmacological inhibition
on MB cell survival were evaluated in vitro by MTT assays. The ability
of let-7 to degrade eEF2K mRNA was assessed by lez-7 miRNAs transfec-
tion into MB cells, followed by RT-PCR and Western Blotting for eEF2K.
Binding of let-7 to the eEF2K 3°UTR was validated by luciferase reporter
assays. RESULTS: High eEF2K activity is linked to MYC over-expression
and reduced survival in MB (p<0.05). Pharmacological inhibition of
eEF2K significantly reduces survival of MYC-amplified MB cell lines under
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ND. Transfection let-7 miRNAs decreases eEF2ZK mRNA and protein lev-
els (by ~40-50%) in MB cells. Down-regulation of luciferase activity by
let-7 miRNAs is impaired upon mutation of the let-7 binding site on the
eEF2K 3’UTR. CONCLUSIONS: Let-7 miRNAs degrade eEF2K mRNA,
indicating that lez-7 repression in MYC-driven MB is partially responsible
for eEF2K increased levels and activity. Moreover, the let-7-eEF2K axis
represents a critical mechanism for MYC-driven MB adaptation to ND,
constituting a promising therapeutic target.

CBMT-06. LOWER GRADE ISOCITRATE DEHYDROGENASE
(IDH) MUTANT GLIOMAS METABOLICALLY MIMICKING
GLIOBLASTOMA (GBM) EXPRESS HIGHER R:S
2-HYDROXYGLUTARATE RATIOS RELATIVE TO NON-GBM-
MIMICKING IDH MUTANT GLIOMAS

Romina Nejad!, Farshad Nassiri', Yasin Mamatjan?, Hao-Wen Sim?,
Eric Chen?, Sameer Agnihotri*, Kenneth Aldape® and Gelareh Zadeh®;
"University of Toronto, MacFeeters-Hamilton Center for Neuro-Oncology
Research, Princess Margaret Cancer Center, Toronto, ON, Canada, *The
Kinghorn Cancer Center, Toronto, Ontario, Canada, 3Princess Margaret
Cancer Center, Toronto, Ontario, Canada, *University of Pittsburgh,
Pittsburgh, PA, USA, *Center for Cancer Research, National Cancer
Institute, Bethesda, MD, USA, ¢Toronto Western Hospital, University
Health Network, University of Toronto, Toronto, Ontario, Canada

BACKGROUND: Glioma patients continue to carry a very poor prog-
nosis despite maximal therapy, urging for the development of novel therapies.
Previous studies have identified mutations of metabolic enzymes directly reg-
ulating cellular metabolism, specifically, isocitrate debydrogenase (IDH1/2)
mutation. IDH1/2 mutations occur early in glioma pathogenesis and result
in the accumulation of oncometabolite 2-hydroxylgutarate (2-HG), with the
preferential accumulation of the R relative to the S enantiomer of 2-HG.
This metabolic reprogramming may help explain treatment resistance and
highlight potential metabolic pathways involved in tumorigenesis. METH-
ODS: To investigate the metabolic profile of a cohort of gliomas, we used
ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) to detect a set of 689 metabolites in 90 IDHI mutant and
IDH1 wildtype gliomas. RESULTS: Unsupervised consensus clustering
identified two distinct metabolic subgroups of gliomas: metabolic group 1,
which consists of only IDH1 mutated tumors (n=30) and metabolic group 2,
which consists of all IDH1 wildtype tumors and a subset of IDHI mutated
tumors (n=60). We therefore, termed these IDH1 mutated tumors in meta-
bolic group 2 as “GBM mimickers”. Importantly, comparison of IDH mu-
tant tumors from metabolic group 1 versus the GBM mimickers showed
distinct R:S 2-HG ratio differences, specifically with the GBM mimickers
expressing significantly higher R:S 2-HG ratios (mean R:S 2-HG 2421.44
vs. 625.46, p=0.014). Moreover, the GBM mimickers showed significantly
decreased progression free survival (20 months vs. 49 months, p<0.05, re-
spectively) and increased tumor enhancement on imaging versus their IDH1
mutated counterparts in metabolic group 1 (100% vs. 37.5%, p<0.0001),
suggesting that R:S 2-HG ratio may be a marker of poor outcome. CON-
CLUSION: Our data supports distinct metabolic subtypes of IDH mutant
gliomas, and highlights the use of R:S 2-HG ratio as a potential marker of
poor outcome in IDH mutant gliomas.

CBMT-07. EVALUATION OF GLYCOLYTIC RESPONSE TO SEVEN
CLASSES OF ANTI-GLIOBLASTOMA DRUGS BY NON-INVASIVE
MEASUREMENT OF PYRUVATE KINASE M2

Corinne Beinat!, Chirag Patel?, Yuanyang Xie' and Sanjiv Gambhir’;
IStanford University, Stanford, CA, USA, 2Stanford University School of
Medicine, Palo Alto, CA, USA

INTRODUCTION: Pyruvate kinase M2 (PKM2) catalyzes the final and
rate-limiting step in glycolysis, a key step in tumor growth and metabo-
lism. PKM2 is preferentially expressed by glioblastoma (GBM) cells with
minimal expression in the healthy brain, making it an important marker
of cancer glycolytic re-programming. Our laboratory has developed
1-((2-fluoro-6-[18F]fluorophenyl)sulfonyl)-4-((4-methoxyphenyl)sulfonyl)
piperazine ([18F]DASA-23), a novel radiotracer to noninvasively measure
the expression of PKM2 and are currently conducting first-in-human stud-
ies with positron emission tomography (PET) imaging. METHODS: In
this study we evaluated the ability of [18F]DASA-23 to detect GBM met-
abolic changes in response to seven classes of anti-GBM chemotherapy
(n=11 drugs total). Human U87 GBM cells were subjected to the IC, of
alkylating agents (temozolomide [TMZ], carmustine, lomustine), a topoi-
somerase I inhibitor (irinotecan), inhibitors of vascular endothelial and
epidermal growth factor receptors (cediranib and erlotinib, respectively)
an anti-metabolite (5-fluorouracil), an anti-microtubule agent (vincristine),
and metabolic therapies (AG-120 and dichloroacetate). After three or six
days of exposure (n>5/condition), the cellular uptake of [18F]DASA-23
was evaluated and PKM2 protein expression determined. PKM2 protein
expression was compared via correlation analysis between two methods,
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[18F]DASA-23 uptake and Western blot. Two-way ANOVA was used
with corrections for multiple comparisons. Results are reported as
mean=SD. RESULTS: There was a significant interaction between the
interventions (n=13 including vehicle, media-only, and 11 drugs) and
treatment duration (3 or 6 days) on PKM2 expression as measured by
[18F]DASA-23 uptake (p=0.0001). The most significant change in [18F]
DASA-23 uptake at XX minutes was evident in response to treatment
with alkylating agents (p=0.0003), irinotecan (p=0.00535), erlotinib
(p=0.04), and S-fluorouracil (p=0.02). Western blot analysis revealed a
moderate correlation between PKM2 protein expression [18F]DASA-23
uptake (R?=0.44, p=0.15, Pearson correlation). CONCLUSIONS: These
studies highlight the potential for evaluation of PKM2 expression with
[18F]DASA-23 as a means to non-invasively monitor response to multi-
ple classes of anti-GBM agents.

CBMT-08. COMPARISON OF THREE METABOLIC PET
RADIOTRACERS IN GLIOBLASTOMA: CELL CULTURE AND
ANIMAL STUDIES

Corinne Beinat!, Chirag Patel?, Surya Murty?, Tom Haywood!, Jun Hyung
Park!, Yuanyang Xie'! and Sanjiv Gambhir!; 'Stanford University, Stanford,
CA, USA, ?Stanford University School of Medicine, Palo Alto, CA, USA,
3Stanford University, Palo Alto, CA, USA

INTRODUCTION: Positron emission tomography (PET) is a non-invasive
imaging modality used to visualize and define tumors based on their molecu-
lar characteristics and may play an important role in diagnosis and response
assessment in glioblastoma patients. We have reported [18F]DASA-23 as
a novel radiotracer for the measurement of aberrantly-expressed pyruvate
kinase M2 (PKM2) in glioblastoma. PKM2 represents an attractive target for
PET imaging due to lack of expression in the healthy brain and key role in
the glycolytic reprogramming of glioblastoma. METHODS: We compared
the uptake dynamics and in vivo performance of [18F]DASA-23 to that of
established radiotracers ([18F]FDG and [18F]FDOPA). Human U87 glio-
blastoma cells were studied for the uptake experiments and were also ortho-
topically implanted into nude mice (N=4) for in vivo microPET/CT dynamic
imaging with the three radiotracers. Finally, a separate cohort of mice (N=6)
was evaluated with [18F]DASA-23 microPET/CT before and one week post-
initiation of vehicle or temozolomide chemotherapy (70 mg/kg, oral, 5 days
per 28-day cycle). Data are reported as mean=SD. RESULTS: The cellular
uptake at 60 minutes post-addition of radioactivity was 10.5 = 0.5 %uptake/
mg protein for [18F]DASA-23, which was significantly greater than that of
[18F]FDG (1.94 = 0.1, p<0.0001) and [18FJFDOPA (1.2 = 0.1, p<0.0001).
In the animal imaging studies at 30 minutes post-injection of radioactivity,
[18F]DASA-23 clearly delineated the tumors from the surrounding healthy
brain tissue and had a significantly higher tumor-to-brain ratio compared
to that of [18F]FDG and [18FJFDOPA (4.1 = 0.4 vs. 1.2 = 0.2 [p=0.0005]
and 2.6 = 0.2 [p<0.0001], respectively). In another cohort of mice, the per-
cent change in the [18F]DASA-23 tumor-to-brain ratio from pre-treatment
to one week post-treatment was significantly reduced in the temozolomide
compared to the vehicle group (p=0.004). CONCLUSIONS: These studies
highlight the benefit of PET imaging with [18F]DASA-23 over other radi-
otracers ([18F]FDG and [18F]FDOPA) and suggest the potential to detect
early response to temozolomide therapy with [18F]DASA-23.

CBMT-09. ESTABLISHMENT AND IN VITRO CHARACTERIZATION
OF A SPORADIC PEDIATRIC ATYPICAL MENINGIOMA CELL LINE
Desmond Brown', Tatiana Kaptzan', Timothy Peterson', Mark Jentoft?
and David Daniels'; !Mayo Clinic, Rochester, MN, USA, 2Mayo Clinic,
Jacksonville, FL, USA

Meningiomas represent ~30% of primary neoplasms in adults but only
0.4-4.6% in children. Due to the paucity of cases, relatively few studies have
addressed pediatric meningiomas and there are insufficient cell lines to con-
duct in vitro studies. We have established and characterized a new cell line
(PED-24) from a 12-year-old male who presented with headaches and subse-
quently underwent gross total resection of a sporadic, large left frontal men-
ingioma, WHO grade 2. The tumor was focally positive for EMA and GFAP.
Whole-exome sequencing of the patient was negative for NF-2. Compared
to three high grade glioma lines (two H3K27M DIPG tumors and one adult
GBM), PED-24 showed significantly increased growth kinetics as assessed
by real-time live-cell analysis. The cells were also successfully cultured as
neurospheres in neurobasal medium. Ultrastructural analysis with SEM and
TEM demonstrated unique cellular morphology. Average cellular diameter
was 3.2 = 0.3 pm and the cells had a microvilli-covered smooth surface.
There was a high burden of transport vesicles and an extensive network of
endoplasmic reticulum with evidence of autophagy events. This line provides
a resource for further exploration of pathogenic mechanisms involved in
sporadic pediatric meningiomas. One novel avenue of interest is the poten-
tial presence of a stem-like subpopulation within sporadic pediatric atypical
meningiomas.
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CBMT-10. GLUTAMINE DEPRIVATION ALTERS ONE-CARBON
METABOLISM TO MAINTAIN GLIOMA CELL SURVIVAL

Kazuhiro Tanaka', Takashi Sasayama', Takiko Uno!, Masahiro Maeyama',
Yuichi Fujita', Yasuhiro Irino? and Eiji Kohmura'; 'Department of
Neurosurgery, Kobe University, Kobe, Japan, 2Division of Evidenced-based
Laboratory Medicine, Kobe University, Kobe, Japan

Cancer cells acquire and utilize necessary nutrients to survive from a fre-
quently poorly nutrient environment. This metabolic processes include cellular
biosynthesis, redox maintenance and epigenetic regulation through nucleic acid
and protein methylation, leading to selection for cancer cells with increasing
tumorigenicity and therapy-resistance. But less is known about how cancer
cells alter metabolism to support cell growth and survival from nutrient starva-
tion. Here, we identify that one-carbon metabolism integrated cellular nutrient
status by cycling carbon units from amino acids to support cell proliferation.
To identify metabolic response to glutamine deprivation in glioma cells, we
analyzed metabolites using gas chromatography and mass spectroscopy (GC/
MS) in glioma cells cultured in glutamine-deprived medium and examined gene
expression of key enzymes for one-carbon units using RT-PCR and western
blotting methods. These expressions were also confirmed by immunohisto-
chemical staining in glioma clinical samples. Metabolome studies indicated
serine, cysteine, and methionine as key differentiating amino acids between
control and glutamine-deprived groups. Gene expression analysis identified
upregulation of Phosphoserine aminotransferase 1 (PSAT1)Serine hydroxy-
methyl transferase 2 (SHMT2), and Methylenetetrahydrofolate dehydrogen-
ase 2 (MTHFD2) to regulate serine synthesis and one-carbon metabolism.
Importantly, suppression of these metabolites impaired glioma cells in glu-
tamine-deprived condition. In human glioma samples. SHMT2 and MTHFD2
expressions were highest in poorly nutrient regions around “pseudopalisading
necrosis”. One-carbon metabolism has a key role for glioma cells to survive
glutamine deprivation. These results may suggest the new therapeutic strategies
targeting critical glioma cells adapting the tumor microenvironment.

CBMT-11. PEROXISOMAL FATTY ACID OXIDATION IN
GLIOBLASTOMA DURING HYPOXIA

Laura Caflisch!, Aleksandra Gruslova', Michael Garcia!, Alessia Lodi2,
Stefano Tiziani’> and Andrew J. Brenner3; 'UT Health San Antonio, San
Antonio, TX, USA, University of Texas at Austin, Austin, TX, USA, *Mays
Cancer Center / UT Health San Antonio, San Antonio, TX, USA

BACKGROUND: Peroxisomal fatty acid oxidation (FAO) offers some
unique metabolic advantages compared to mitochondrial FAO that may be
important to cancer cells adapting to chronic hypoxia exacerbated by anti-
angiogenic treatment. When peroxisomal FAO is dominant, the resulting low
FADH,/NADH ratio allows for more efficient oxygen utilization and lower
oxidative stress production during oxidative phosphorylation. Our previous
findings suggest cells from tumors treated with bevacizumab are more sen-
sitive to peroxisomal FAO inhibition. The current study further examines
changes in peroxisomes, mitochondria, and their FAO pathways, and their
roles in adaptation to hypoxia and anti-angiogenic treatment. METH-
ODS: Peroxisomal number was determined by electron microscopy. Gene
expression was determined by QT-PCR. RESULTS: Metabolomic analysis
by NMR/MRS revealed glioblastoma cells under chronic hypoxia (2-5
weeks) likely utilize less mitochondrial FAO and showed signs of increased
oxidative stress. In some cell lines we observed that chronic hypoxic cells
were more sensitive to treatment with a peroxisomal FAO inhibitor, par-
ticularly in an anti-angiogenic resistant tumor cell line. Increased expression
(RQ>2) of the genes ACADVL, ACADS, and DECR2, suggests an increase in
mitochondrial FAO for very long and short fatty acids and increase in per-
oxisomal FAO for unsaturated fatty acids. There were higher overall levels of
peroxisomes in the anti-angiogenic resistant tumor cell line and lower levels
of mitochondria in hypoxia compared to normoxia for cell lines which were
sensitive to peroxisomal FAO inhibition (p<.05). CONCLUSIONS: Both
chronic hypoxia in vitro and through anti-angiogenic treatment appear to
produce changes in peroxisome and mitochondria levels and FAO pathways
which we are currently further characterizing with additional cell lines and
animal experiments.

CBMT-12. FATTY ACID SYNTHASE POSITIVE EVs AS NOVEL
BIOMARKERS IN BRAIN CANCER.

Franz Ricklefs!, Cecile Maire?, Katharina Kolbe2, Mareike Holz!,

Jakob Matschke!, Sean Lawler?, E. Antonio Chiocca®, Manfred Westphal*
and Katrin Lamszus?; 'University Medical Center Hamburg-Eppendorf,
Hamburg, Germany, 2Department of Neurosurgery, Hans-Dietrich
Herrmann Laboratory for Brain Tumor Biology, University Medical
Center Hamburg-Eppendorf, Hamburg, Germany, BWH, Boston, MA,
USA, “Department of Neurosurgery, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany

BACKGROUND: Extracellular vesicles (EVs) are known for their im-
portant role in cancer progression and hold considerable potential as tumor
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biomarkers. However, purification of tumor-specific EVs from plasma is
still a pressing need since contamination by normal host cell-EVs, results in
compromised analytical sensitivity. Fatty acid synthase (FASN) was recently
shown by us to be present on EVs from cultured glioma cells. Here we ana-
lyzed circulating patient EVs for the expression of FASN, CD9, CD81 and
CD63. METHODS: Plasma EVs from patients with glioblastoma (n=24),
anaplastic astrocytoma (n=6) and healthy controls (n=16) as well as EVs
from early passage glioma stem cells (GSCs) were analyzed for FASN,
CD9, CD81, CD63 by imaging flow cytometry (IFC). EVs were further
investigated by nanoparticle tracking analysis (NTA), electron microscopy
and immunoblotting. Glioblastomas, anaplastic astrocytomas and normal
brain tissue specimens were analyzed for FASN by Western blotting and
immunohistochemistry. RESULTS: FASN is elevated in glioblastoma tis-
sue compared to noncancerous brain and FASN expression levels correlate
with WHO grade (p+/CD81*and FASN*/CD63*EVs are present in plasma
from patients with glioblastoma and anaplastic astrocytoma as determined
by IFC (p+EVs and double positive (CD9*/CD63+, CD9*/CD81*or CD63*/
CD81*) EVs (p CONCLUSION: FASN expression is elevated on circulat-
ing EVs from patients with malignant gliomas and FASN is a promising
marker for the identification and enrichment of glioma-derived plasma EVs,
an important prerequisite for in-depth genetic, epigenetic and transcrip-
tional analyses that could inform clinicians on molecular alterations and
help monitoring treatment efficacy.

CBMT-13. UNRAVELLING METABOLISM OF GLIOBLASTOMA
USING MASS SPECTROMETRY IMAGING

yvotsna Upendra Rao', Katherine Gibson?, Gregory Hamm?, Alan Wright?,
Maria Fala’, Richard Mair?, Richard Goodwin? and Kevin Brindle?;
ICRUK-CI, Cambridge, England, United Kingdom, 2Astrazeneca R and D,
Cambridge, England, United Kingdom, 3Cancer Research UK - Cambridge
Institute, Cambridge, England, United Kingdom

INTRODUCTION: Glioblastoma Multiforme (GBM) is the most frequent
malignant brain tumour in adults. The dismally low survival rates require
novel diagnostic and therapeutic approaches. Understanding the tumour
metabolic landscape in relation to its microenvironment is paramount. To
address this issue, we have used high-resolution Mass Spectrometry Imag-
ing (MSI). METHODS: A female wistar rat implanted intracranially with
C6-GBM cells was infused with [U-'3C]glucose (a bolus of 0.4 mg/g body
weight followed by infusion with 0.012 mg/g/min at 300 pL/h for 2 h) at
15 days post cell implantation. The presence of tumour at this point was
confirmed in a T,-weighted magnetic resonance image. Post-infusion, the
rat brain was rapidly excised and fixed by rapid freezing in liquid nitrogen.
Coronal cryosections were subjected to desorption electrospray ionization
(DESI) MSL The mass-to-charge (72/z) ratios of '>C-labelled and unlabelled
metabolites were compared between different brain regions using unsuper-
vised spatial clustering. Naive rat brain (not infused with [U-*Clglucose)
was used as a control for natural abundance *C. RESULTS: An increase in
circulating blood glucose levels from 8 to 9.5 mmol/L was observed at the
end of [U-1*Clglucose infusion. Unsupervised clustering of metabolite 71/z
ratios distinguished different regions of the brain and normal brain from
tumour. The profile of metabolite 71/z ratios also showed intra-tumoural
metabolite heterogeneity with differences between tumour boundary and
core regions. CONCLUSIONS: These results demonstrate that C6-GBMs
are metabolically heterogeneous and different from surrounding brain tis-
sue. MSI can thus help unravel spatial differences in tumour metabolism.
Comparison of MSI data to histological staining of brain sections can yield
additional information about the relationship between the tumour and its
microenvironment.

CBMT-14. EXPLOITING VULNERABILITIES OF THE
MESENCHYMAL SUBTYPE OF GLIOMA STEM-LIKE CELLS TO
ENDOPLASMIC RETICULUM STRESS

Alessandra Audia', Xing Guo!, Arvid Das', Farah Mukheef!,

Siobhan Conroy? and Krishna Bhat'; 'MD Anderson Cancer Center,
Houston, TX, USA, *University of Groningen, Groningen, Netherlands

Transcriptome profiling of glioma stem-like cells (GSCs) show differences
in biological properties depending on their expression signature. Mesen-
chymal (MES) GSCs are generally associated with increased treatment re-
sistance, thus it is important to identify essential molecules that promote
their survival. Here, we discover the preferentially higher expression of the
endoplasmic reticulum (ER) chaperone protein glucose-regulated protein 78
(GRP78) in the MES subtype of glioblastomas (GBMs) and derivative GSCs.
MES GSCs showed lesser activated basal unfolded protein response (UPR)
compared to its proneural (PN) counterparts. GRP78 knockdown in GSCs
increased the basal level of UPR and enhanced tunicamycin induced apop-
tosis. GSCs expressing high levels of GRP78 concomitantly possess higher
content of protein and lipid droplets (LDs). As shown by metabolomics stud-
ies we have performed in MES GSCs, silencing GRP78 stimulated biosyn-
thesis of lipids that we hypothesize might protect MES GSCs from ER stress
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induced reactivation oxygen species (ROS) accumulation and apoptosis.
In fact, concomitant treatment with simvastatin, a cholesterol inhibitor,
induced apoptosis in cells with silenced GRP78 in vitro and significantly
improved survival in vivo. Our study shows that higher GRP78 expression
and lipid biosynthesis in MES GSC might act as protective mechanisms from
ER and oxidative stress, which can be exploited for therapeutic targeting of
the MES subtype of GSCs.

CBMT-15. METABOLIC AND TRANSCRIPTIONAL PROFILES

OF GBM INVASION: COMPARISON OF PATIENTS AND PAIRED
PATIENT DERIVED XENOGRAFTS USING'H MAGNETIC
RESONANCE SPECTROSCOPY AND IMAGING (7T AND 14T) AND
RNA-SEQUENCING

Monika Hegi!, Cristina Cudalbu?, Pierre Bady', Marta Lai?, Lijing Xin?,
Olga Gusyatiner!, Marie-France Hamou', Mario Lepore?, Roy Daniel!,
Rolf Gruetter? and Andreas Hottinger'; 'University Hospital Lausanne,
Lausanne, Switzerland, 2Center for Biomedical Imaging (CIBM), Ecole
Polytechnique Fédérale de Lausanne, Lausanne, Switzerland

BACKGROUND: Glioblastoma (GBM) are notorious for their invasive
behavior. Little is known about the biology of the tumor cells and the
microenvironment at the invasive front that is highly relevant for recur-
rence. These cells are technically difficult to visualize, lie usually outside
the resected and irradiated area, and are behind the blood brain barrier
that renders them difficult to treat. We present patient specific metabolic
and transcriptomic features of invasive growth using corresponding
patient derived xenografts (PDX). METHODS: Patients with suspected
GBM were enrolled and underwent 'H magnetic resonance spectroscopy
and imaging (‘H-MRS/I) at 7 Tesla. Tissue obtained at the subsequent
resection was dissociated and transplanted orthotopically into mice (n=4
to 6). Mice were followed longitudinally by "H-MRS/I (14T). The PDX,
the corresponding tissue of the contralateral side, and the original tumors
were subjected to RNA sequencing. Tumor versus host (mouse) derived
sequencing reads are computationally separated. RESULTS: Diffuse xeno-
grafts developed for 8 (IDHwt) of 9 patients within 2-5 months. 'H-MRS
at ultrahigh fields allowed reliable quantification of 22 metabolites. The
temporal changes of the metabolite signatures characterized the kinet-
ics of invasive growth on both, the injected and the contralateral side.
At end stage the signatures corresponded well with histological findings.
Migration to the contralateral side ranged in a patient dependent manner
between < 1 to > 50% 50% of tumor cells. Comparison of MRS derived
metabolite signatures at end stage and the corresponding human signa-
tures compared best with voxels measured outside the core of the human
tumor. Associations between the metabolite signatures and the transcrip-
tome in the xenografts and the host will be discussed. CONCLUSION:
Integration of metabolic profiles and gene expression of the tumor and
the invaded brain may provide insights and tools for in vivo monitoring of
treatment response in the infiltration zone. GRANTS: Swiss Bridge Award,
Swiss Cancer Ligue

CBMT-16. A COMBINATION STRATEGY TO COUNTERACT
PTEN-DEFICIENCY BY TARGETING THE S6 AND TAM KINASES IN
GLIOBLASTOMA

Kelli Ennis, Pranjal Sarma, Collin Wetzel, Catherine A. Behrmann and
David Plas; Department of Cancer Biology, University of Cincinnati,
Cincinnati, OH, USA

PTEN deficiency affects the majority of glioblastomas, triggering sig-
nal transduction pathways that induce anabolic metabolism and apop-
tosis resistance. The mTOR complex 1 (mTORC1) and S6 kinases (S6Ks)
are key mediators of metabolic reprogramming and apoptosis resistance
in PTEN-deficient cells. S6K1 can be inhibited using LY2584702, a select-
ive inhibitor that has been tested in Phase 1 clinical trials. We show here
that LY2584702 can be used in combination with the TAM tyrosine kinase
inhibitor BMS777607 to interfere with anabolic metabolism and restore cell
death pathways in PTEN-deficient glioblastoma cells. In vivo, combination
treatment reduced the growth rate of PTEN-deficient glioblastoma cells in
both subcutaneous and orthotopic tumor settings. The data indicate that the
TAM kinases, consisting of the tyrosine kinases TYRO3, AXL, and MERTK,
can be targeted together with the S6Ks to counteract PTEN-deficiency in
glioblastoma.

CBMT-17. NOVEL APPROACH OF UTILISING SERUM/PLASMA

EV AND CELL-FREE RNA FOR TREATMENT MONITORING IN
GLIOBLASTOMA PATIENTS

Theophilos Tzaridis', Katrin Reiners?, Ulrich Herrlinger?,

Hartmann Gunther?, Bjorn Scheffler*, Martin Glas® and Christoph Coch?;
Division of Clinical Neurooncology, Department of Neurology and
Center of Integrated Oncology (CIO), University of Bonn, Bonn, Germany,
2Institute of Clinical Chemistry and Clinical Pharmacology, University
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Hospital of Bonn, Bonn Germany, *Division of Clinical Neurooncology,
University of Bonn Medical Center, Bonn, Nordrhein-Westfalen, Germany,
4DKFZ-Division Translational Neurooncology at the West German Cancer
Center (WTZ), German Cancer Consortium (DKTK), Essen, Germany,
*Division of Clinical Neurooncology, University Hospital Essen, Essen,
Germany

INTRODUCTION: Glioblastoma (GBM) is a malignant primary brain
tumour with dismal prognosis. Treatment monitoring remains a challenge
in clinical routine, since brain imaging cannot reliably differentiate between
true progression and treatment-associated changes. In this project, we evalu-
ate different methods of extracellular vesicles (EV) purification, in order
to specifically isolate GBM-EVs from human serum/plasma and introduce
EVs, as well as cell-free RNA as possible biomarkers for treatment moni-
toring in GBM patients. METHODS: EVs from primary GBM cells and
the Gaussia luciferase expressing Gli36-GLuc cells were isolated via size-
exclusion chromatography (SEC) and ultracentrifugation. EV-surface mark-
ers were evaluated by flow cytometry. Gli36-GLuc EVs containing GLuc
mRNA were spiked in healthy plasma. Thereafter, plasma EVs were iso-
lated via ultracentrifugation, SEC and immunoprecipitation. Subsequently,
RNA was isolated from vesicles and evaluated for GLuc levels via qRT-PCR.
Total cell-free RNA from serum of GBM patients was tested for different
mRNAs and micro-RNAs at different disease stages. RESULTS: EVs from
GBM cells expressed high levels of CD29 and CD44, when compared to EVs
from healthy donor plasma. Gli36-GLuc EVs spiked in healthy plasma were
more effectively isolated with CD44-based immunoprecipitation than with
ultracentrifugation or SEC, as shown by higher GLuc RNA levels in the cor-
responding vesicles. When compared to total cell-free RNA extracted from
this plasma, RNA from EVs exhibited a higher GLuc yield. In cell-free RNA
from GBM patients, MGMT levels alone were not capable of detecting pro-
gressive disease. CONCLUSIONS: 1. CD44 could serve as a novel, promis-
ing target for GBM-EV and be utilised for immunoprecipitation-based EV
capturing. 2. Using the appropriate EV purification method possibly affects
their potential as biomarkers for GBM. 3. MGMT levels alone in cell-free
RNA of GBM patients did not correlate with disease status contrary to pre-
vious reports.

CBMT-18. INTEGRATIVE CROSS PLATFORM ANALYSES IDENTIFY
ENHANCED HETEROTROPHY AS A METABOLIC HALLMARK IN
GLIOBLASTOMA

Antony Prabhu!, Shiva Kant!, Pravin Kesarwani', Kamran Ahmed?,

Peter Forsyth?, Ichiro Nakano* and Prakash Chinnaiyan®; 'Department of
Radiation Oncology, Beaumont Health, Royal Oak, MI, USA, 2Radiation
Oncology, H. Lee Moffitt Cancer Center and Research Institute, Tampa,
FL, USA, *H. Lee Moffitt Cancer Center, Tampa, FL, USA, “Neurosurgery,
University of Alabama, Birmingham, AL, USA, Radiation Oncology,
Beaumont Health and Oakland University William Beaumont School of
Medicine, Royal Oak, MI, USA

Although considerable progress has been made in understanding mo-
lecular alterations driving gliomagenesis, diverse metabolic programs con-
tributing towards is aggressive phenotype remains unclear. We performed
integrative cross platform analyses coupling global metabolomic profiling
with genomics in patient-derived glioma (low-grade astrocytoma [LGA;
n=28] and glioblastoma [GBM; n=80]) to define and provide molecular con-
text to metabolic reprogramming driving gliomagenesis. Clear metabolic
programs were identified differentiating LGA from GBM, with aberrant
lipid, peptide and amino acid metabolism representing the most dominant
metabolic nodes associated with malignant transformation. Although the
metabolomic profiles of GBM and LGA appeared mutually exclusive, con-
siderable metabolic heterogeneity was still observed in GBM. Surprisingly,
these integrative analyses demonstrated that MGMT methylation and IDH
mutation status, which represent two of the strongest prognostic factors
in GBM, were equally distributed among GBM metabolic subtypes. Tran-
scriptional subtypes, on the other hand, tightly clustered by their metabo-
lomic signature, with proneural and mesenchymal tumors’ profiles being
mutually exclusive. Extending genomic signatures of individual metabolic
phenotypes to Ivy GAP, we demonstrated the observed metabolic subtypes
were a function of intra- rather thaninter-tumoral heterogeneity. Integrat-
ing these metabolic phenotypes with gene expression analyses uncovered
tightly orchestrated and highly redundant transcriptional programs designed
to support the observed metabolic programs by actively importing these
biochemical substrates from the microenvironment. These findings were
metabolomically, genomically, and functionally recapitulated in preclinical
models by demonstrating the potential of subtype-specific GBM lines to ac-
tively important fatty acids and protein/amino acids from the environment.
This contributed to a state of enhanced metabolic heterotrophy supporting
survival in diverse microenvironments that are implicit in this malignancy.
Collectively, we demonstrate that despite disparate molecular pathways
driving the progression of GBM, metabolic programs designed to maintain
its aggressive phenotype remain conserved and are a function of its diverse
tumor ecology.
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CBMT-19. RNU6-1 ANALYSED IN EXOSOMES FROM SERA AS

A NOVEL DIFFERENTIAL BIOMARKER FOR GBM VS NON-
NEOPLASTIC BRAIN LESIONS AND NSCPL

Montserrat Puigdelloses Vallcorba!, Maider Varela-Guruceaga',

Marisol Gonzalez-Huarriz', Beatriz Zandio?, Sarah Besora?, Jordi Bruna?,
Gregorio Petrirena*, Miguel Marigil’, Ricardo Diez-Valle®, Sonia Tejada®,
Jorge Nufiez®, Marta M Alonso! and Jaime Gallego Pérez-Larraya’;
!Clinica Universidad de Navarra-CIMA, Pamplona, Navarra, Spain,
2Complejo Hospitalario de Navarra, Pamplona, Navarra, Spain, *Hospital
Universitari de Bellvitge, Barcelona, Catalonia, Spain, “Hopital de la
Timone, Marseille, France, SClinica Universidad de Navarra, Pamplona,
Navarra, Spain, *Research Support Service, Clinica Universidad de
Navarra, Pamplona, Navarra, Spain

The identification of circulating biomarkers by non-invasive methods
would be helpful for glioma detection and response assessment. Strong
evidences have shown that GBM cells release microvesicles containing pro-
teins and RNA. We have previously demonstrated that exosomes isolated
from the serum of GBM patients had an increased expression of RNU6-1
compared to control samples; therefore it could serve as a non-invasive
diagnostic biomarker for GBM. In this study, we set to investigate the role
of RNU6-1 as a differential biomarker of GBM versus other brain diseases
with similar radiological features. RNU6-1 expression was analysed by
digital droplet PCR (ddPCR) in circulating exosomes from serum samples
of GBM patients (n=18), healthy controls (n=28), and patients with dif-
ferent brain lesions: subacute stroke (n=30), acute-subacute haemorrhage
(n=29), acute demyelinating lesions (n=19), brain metastases (n=21) and
Primary CNS Lymphomas (PCNSL) (n=12). We observed that the expres-
sion of RNU6-1 was significantly higher in GBM patients (412 = 550.48
copies/20pL) than in healthy controls (150 = 224.35 copies/20pL; p=0.039)
validating our preceding results. Furthermore, RNU6-1 levels were
increased in exosomes from GBM patients than in exosomes from patients
with non-neoplastic lesions (stroke [223 = 709.8 copies/20pL; p=0,067],
haemorrhage [127 = 198.7 copies/20pL; p=0.010], demyelinating lesions
[111.5 = 250.35 copies/20pL; p=0.019]) and PCNSL [18.15 = 245.7
copies/20pL; p=0.004]). Contrary, RNU6-1 levels were similar between
brain metastases and GBM patients [325 = 632 copies/20pL; p=0.573].
In addition, assessing RNU6-1 as a predictive marker of GBM by ROC
curves analysis, we demonstrated that RNU6-1 was a robust diagnostic
biomarker of GBM compared to subacute stroke [AUC=0.659; p=0.004],
acute/subacute haemorrhage [AUC=0.724; p=0.006], acute demyelinat-
ing lesions [AUC=0.728; p=0.011] and PCNSL [AUC=0.814; p<0.001];
in contrast, it did not allow differentiating GBM from brain metastases
[AUC=0.552; p=0.575]. Our data indicate that RNU6-1 from circulating
exosomes could serve as a differential biomarker for GBM versus non-
neoplastic brain lesions and PCNSL, therefore, be used as a non-invasive
method for GBM diagnosis.

CBMT-20. A KETOGENIC PILL FOR GLIOBLASTOMA

Hassan Azari!, Angela Poff?, Dominic D’Agostino? and Brent Reynolds?;
"University of Florida, Gainesville, FL, USA, Molecular Pharmacology and
Physiology, University of South Florida, Tampa, FL, USA, *Department of
Neurosurgery, University of Florida, Gainesville, FL, USA

INTRODUCTION: While the KD holds promise as a therapeutic option
for brain cancer patients, stringency of the diet impacts compliance. We have
previously demonstrated that a high fat/low carbohydrate diet, similar to the
Ketogenic Diet [KD], can reduce tumor progression and enhance survival
in an orthotopic xenograft model. However, while this diet is less restric-
tive than the classic KD it still involves significant changes to a patient’s
diet. Two of the primary physiological changes that occur when on the KD
are a reduction in glucose and an increase in ketone bodies. These physi-
ological changes are mimicked by providing ketone esters [KE] in the diet,
and we [AMP, DPD], have recently shown that ketone esters can reduce
glucose, elevate ketone bodies and enhance survival in a metastatic cancer
model. HYPOTHESIS: We hypothesize that KE [1,3 butanediol acetoac-
etate diester] will reduce glucose, elevate ketones, reduce tumor progression
and enhance survival in an orthotopic xenograft GBM model using a PDX
model. APPROACH: NON/SCID animals implanted with patient-derived
GBM cells were fed a standard diet [SD], or SD + KE [20%] till they reached
endpoint. Body weight, plasma glucose, and ketones were measured weekly
and overall survival assessed. RESULTS: While the KE is bitter and can have
poor compliance, we found that supplementing with 1% Stevia increased
palatability based on food consumption and body weight. Comparing to SD,
KE supplemented diet reduced plasma glucose (145.5 + 5.3 vs 121.7 = 5.7),
increased ketone bodies [8-hydroxybutarate, 0.7 = 0.15 vs.1.3 = 0.1] and
enhanced median survival [47 = 6.2 vs 60.8 = 1.9, days]. CONCLUSION:
Ketone esters can be effectively delivered orally together with a standard
diet, and produce similar physiological changes [reduction in glucose and
elevation in ketones] and enhance survival as the more restrictive KD in
NON/SCID animals.
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CBMT-21. ALTERATIONS OF CYSTEINE METABOLISM IN
GENETIC VARIANTS OF HIGH GRADE GLIOMAS

Mirna Lechpammer!, Zachary Rabow!, Taryn Morningstar!, Jean-
Pierre Gagner?, Kiarash Shahlaie?, Fady Girgis®, Ralph Green!,

Evgeny Nudler* and David Zagzag®; 'University of California Davis,
Department of Pathology and Laboratory Medicine, Sacramento, CA, USA,
2Department of Pathology, NYU Langone Medical Center, New York,
NY, USA, 3University of California Davis, Department of Neurosurgery,
Sacramento, CA, USA, “New York University School of Medicine,
Department of Biochemistry, New York, CA, USA, *Langone Hospital,
Department of Pathology, Division of Neuropathology, NYC, NY, USA

Isocitrate dehydrogenase (IDH) mutation have been reported to impose in
gliomas a shortage of NADPH required to maintain a redox state and may
rely on cysteine (Cys) availability for biosynthesis of glutathione (GSH) to
ensure antioxidant levels. Cys may be replenished via extracellular intake or
by de novo intracellular synthesis via transsulfuration (TS) pathway. The aim
of this study was to investigate alterations of Cys metabolism in genetic vari-
ants of high-grade gliomas (HGG). Seventeen tumor samples from 15 adult
patients (11 M / 4 F; average age 57 years, range 25 — 81 years), who under-
went surgical resection for newly diagnosed or recurrent HGG were analyzed
by HPLC. Levels of Cys, homocysteine and GSH were correlated with the
genetic signature of HGG (wild-types vs. IDH1 mutation, PTEN deletion,
EGFR amplification and MGMT methylation). Cys levels were significantly
higher (2.1 fold increase; p=0.0038) in IDH1-mut (n=4) vs. IDH1-wt HGG
(n=13), with comparable homocysteine and GSH levels. PTEN deletion and
EGFR amplification did not significantly alter Cys metabolites with compar-
able levels of Cys, homocysteine and GSH detected in PTEN-del (n=7) and
PTEN-intact (n=6) HGG, as well as in EGFR-amp (n=7) and EGFR-non amp
(n=9) HGG. Significantly higher Cys levels (3.2 fold increase; p=0.0186) were
also found in MGMT methylated (n=4) vs. non-methylated (n=3) HGG, with
comparable levels of homocysteine and GSH. Increased Cys levels detected in
IDH1-mut and MGMT methylated HGG support the hypothesis that these
tumors may preferentially use the TS pathway for GSH synthesis. These find-
ings are consistent with our report of increased TS pathway enzyme cysta-
thionine B-synthase (CBS) in HGG, but concurrent increased intake of Cys
cannot be excluded. Our results suggest utilizing Cys metabolites as poten-
tial markers and/or therapeutic targets in some genetic variants of HGG, a
hypothesis that should be further explored in larger translational trials.

CBMT-22. The PI3K/mTOR PATHWAY CONTRIBUTES TO SEX
DIFFERENCES IN GLIOBLASTOMA

asmin Sponagel', Kwanha Yu?, Benjamin Deneen?, Joseph Ippolito! and
Joshua Rubin'; "Washington University School of Medicine, St. Louis, MO,
USA, ?Baylor College of Medicine, Houston, TX, USA

Glioblastoma (GBM) occurs more commonly in males but female GBM
patients survive significantly longer. Therefore, understanding the mo-
lecular mechanisms that underlie these sex differences may be an innovative
approach for developing novel treatments. We found that EGFR amplifica-
tion and increased mTOR phosphorylation worsen outcome for men, but
not women with GBM. To investigate the contribution of the PI3K/mTOR
pathway to sex differences in GBM biology and outcome, we used a murine
model of GBM with inactivation of Neurofibromin 1 and p53 function,
which has previously yielded important insights into sexual dimorphism
in GBM. We found that PI3K/mTOR pathway activity was significantly
greater in male GBM cells upon treatment with the activating ligands EGE,
insulin or IGF-1. Furthermore, when we treated GBM cells with the tar-
geted mTORCT inhibitor temsirolimus, male GBM cells were significantly
more resistant to pathway inhibition, underlining our hypothesis that the
PI3K/mTOR pathway is sexually dimorphic in GBM. One mechanism by
which the PI3K/mTOR pathway regulates GBM cell growth is through the
regulation of metabolic pathways. Furthermore, high expression levels of
glycolytic genes worsens outcome in male glioma patients but not females,
suggesting there are sex differences in glioma metabolism. To discover sex
differences in PI3K/mTOR pathway-regulated metabolism, we performed a
targeted metabolomic screen of male and female GBM cells treated either
with insulin or vehicle. Multiple central carbon metabolites, involved in nu-
cleotide metabolism, NAD metabolism, and TCA cycle, were significantly
different in male and female cells. We further confirmed the validity of these
findings with controlled nutrient deprivation and supplementation studies
in cell culture and found that male GBM cells were more sensitive to those
manipulations. Together, these data indicate that the PI3K/mTOR pathway
and its metabolic targets are sexually dimorphic in GBM and that metabolic
targeting approaches may be particularly effective in male GBM patients.

CBMT-23. MODULATION OF HYPERSYNAPTIC
MICROENVIRONMENT DIFFERENTIALLY PROMOTES
GLIOMAGENESIS ACROSS PIK3CA VARIANTS

Kwanha Yu'!, Asante Hatcher!, Jungsung Woo', Chia-Ching John Lin',
Kathleen Kong!, Carrie Mohila?, Brittney Lozzi', Chad Creighton!,

Abstracts

Jeffrey Noebels' and Benjamin Deneen'; 'Baylor College of Medicine,
Houston, TX, USA, ?Texas Children’s Hospital, Houston, TX, USA

Genetic mutations remain one of the principle drivers for glioblastoma
multiforme, a devastating disease with the poorest prognosis; however,
much like other cancers mutations are both a cause and consequence of
glioma. While there is a wealth of patient genomics data, they do not prop-
erly discern or address whether annotated genetic perturbations are causa-
tive “driver” events or consequential “passenger” mutations. To address
this, we developed a screening platform where we can screen up to 50
different genetic factors, in vivo. In combination with next generation
sequencing, we identified the most potent candidate drivers. Addition-
ally, we’ve comparatively analyzed 30 different alleles of PIK3CA in vitro.
Using these approaches, we identified candidate drivers and individually
validated these alleles. Testing 7 variants in vivo, we identified C420R and
M1043I as rare and previously uncharacterized driver mutations in GBM.
Additionally, we identified variants that do not promote tumor growth,
demonstrating that each variant differentially drives gliomagenesis. Subse-
quent molecular profiling of driver variants suggested differential synaptic
environments which correlated with seizure activity. We further charac-
terized this synaptic deregulation, revealing that individual variants can
differentially modulate the hypersynaptic microenvironment, independent
of tumor context. Taken together with recent work revealing that local
synaptic activity can promote tumor growth, this would suggest that spe-
cific variants of PIK3CA differentially drive gliomagenesis by differentially
modulating the hypersynaptic profile of the tumor microenvironment. In
sum, our study reveals: 1) a novel screening approach whereby we can
screen 50 different factors in vivo, 2) novel GBM-relevant driver alleles
C420R and M10431 previously not characterized in vivo, 3) that even sin-
gle amino acid alterations across driver mutations can drastically alter gli-
omagenic programs, and 4) one differential mechanism by which PIK3CA
variants differentially promote gliomagenesis is by deregulating synaptic
microenvironment.

CBMT-24. MITOCHONDRIAL DNA CONTENT IN GLIOBLASTOMA
AND ITS CLINICAL SIGNIFICANCE

Palavalasa Sravya, Shilpa Rao, Vidya Nimbalkar, Nandaki Kanuri,
Kruthika Banavathy, Arivazhagan Arimappamagan, Sampath Somanna
and Vani Santosh; National Institute of Mental Health and Neurosciences,
Bangalore, India

Evidence of altered mitochondrial DNA (mtDNA) content in several
malignancies has surfaced in recent years. However, in glioblastoma, this
aspect remains obscure. Hence, we have studied mtDNA content in glio-
blastoma at diagnosis and recurrence. METHODS: Formalin fixed paraffin
embedded tissue of newly diagnosed glioblastoma (n=100), paired recur-
rent glioblastoma (n=16 pairs) and non-neoplastic brain (n=30) archived
in the department of Neuropathology, NIMHANS, were utilized for the
study. Clinical details of the patients were obtained from files. IDH, ATRX
and TERT promoter mutations, MGMT promoter methylation and EGFR
amplification were assessed using immunohistochemistry, Sanger’s sequenc-
ing, methylation specific PCR and fluorescent insitu hybridization. mtDNA
copy number was analyzed using quantitative real time PCR (relative quanti-
fication). The mtDNA content was calculated as percentage of normal using
the formula 2° AACT x 100. Hence, for example, 20% mtDNA copy number
means that if non-neoplastic brain tissue contains 100 copies of mtDNA,
the tumor contains only 20 copies. RESULTS: mtDNA content was lower
than non-neoplastic brain tissue (mean mtDNA copy number 19.8%) in all
cases. Among them, the mtDNA content was significantly lower in older
patients (p=0.04). Tumors expressing markers of aggressiveness had lower
mtDNA content, though the difference was not statistically significant. Sur-
vival analysis using Cox regression showed that lower mtDNA copy num-
ber is associated with higher risk and hence poorer prognosis (Exp(B):0.97;
p=0.045). Of the16 patients with recurrence studied, 7 had received radia-
tion therapy (RT) while the others defaulted or recurred before initiation
of RT. mtDNA content had increased at recurrence(mean:48.02%) when
compared to the primary tumor(mean:20.32%) in all 7 cases who received
RT. In the remaining 9 cases who did not receive RT, the difference was not
statistically significant. Thus, for the first time, we show that lower mtDNA
copy number is associated with poorer survival and earlier recurrence in
glioblastoma and that RT may increase the mtDNA content.

CBMT-25. ANTI-TUMOR EFFECT OF VEGF INHIBITOR PLUS
KETOGENIC DIET THERAPY FOR GLIOBLASTOMA

Masahiro Maeyama!, Takashi Sasayama!, Kazuhiro Tanaka',

Yasuhiro Irino?, Masamitsu Nishihara®, Hirotomo Tanaka?,

Satoshi Nakamizo' and Eiji Kohmura'; 'Department of Neurosurgery,
Kobe University, Kobe, Japan, ?Division of Evidenced-Based Laboratory
Medicine, Kobe University, Kobe, Japan, *Department of Neurosurgery,
Nishi-Kobe Medical Center, Kobe, Japan, *Department of Neurosurgery,
Kobe University, Kobe, Japan

NEURO-ONCOLOGY e« NOVEMBER 2018 vi37

20z |4dy g uo 3senb Aq 299151 G/dN/9 |ddns/oz/aj01e/ABojoouo-oinau/wod dnoolwapede//:sdily woly papeojumoq



Abstracts

INTRODUCTION: Malignant glioma cells depend on glucose as the main
energy source. Cancer cells may not be able to metabolize ketones as effi-
ciently as normal brain cells, the ketogenic diet (KD) has been proposed
as a complementary therapy for treatment of malignant gliomas. VEGF
(vascular endothelial growth factor) inhibitor (bevacizumab) decreases
blood supply to tumor and clinically used for glioblastoma treatment.
Therefore, we examined anti-tumor effect of the combination of bevaci-
zumab (Bev) and KD therapy using mouse model. METHODS: U87MG
cells were implanted into the right brain of nude mice. One week after the
implantation, mice were randomized into four treatment groups: control
group, KD group, Bev group, and combination group. KetoCal 4:1 was
administered to the mice for KD. Bev (10mg/kg) was injected from tail vein
twice a week. Metabolic and histological analysis of the tumor, and survival
analysis of the mice were performed. RESULTS: 3-hydroxy-butyrate, one
of the ketone bodies, was increased in the tumor of KD group, and princi-
pal component analysis (PCA) analysis demonstrate distinct clustering or
a clear separation of the four groups. Histologically, density of neovascu-
larization was more increased in the combination group, compared with
control, and phospho-ERK expression and Ki-67 index were decreased in
the combination group. There was no different in body weight between KD
group and other groups, and there was no different in survival time between
KD group and control median overall survival 26 days vs 23 days, p=0.11.
However, Bev group had significant longer survival than control group
median OS 40 days, p=0.0016, and the combination group had most longer
survival time among four groups median OS 50 days, p=0.0015. CON-
CLUSIONS: Drastic metabolic remodeling in the tumor occurred in the
combination of Bev and KD. This combination may be potentially useful
for glioblastoma therapy.

CBMT-26. HIGH MOBILITY GROUP AT-HOOK 2 (HMGA2) IS

A PROGNOSTIC FACTOR ASSOCIATED WITH MALIGNANT
PHENOTYPE IN MEDULLOBLASTOMAS

Yoshiki Arakawa', Liu Bin2, Masahiro Tanji?, Yohei Mineharu? and
Susumu Miyamoto?; 'Kyoto University, Kyoto, Japan, 2Department of
Neurosurgery, Kyoto University, Kyoto, Japan

Medulloblastoma is an embryonal tumor arising in the cerebellum
and its molecular mechanism has been revealed to be classified in sev-
eral groups. The constitutive expression of high mobility group AT-hook
2 (HMGA?2) is associated with malignant phenotype and reduced sur-
vival in some cancers. However, the clinical and biological significances
of HMGA2 in medulloblastoma have not been elucidated. Here, we
examined the expression, prognostic and therapeutic role of HMGA2 in
medulloblastoma. HMGA1 and HMGA?2 expressions were examined in
20 patients with medulloblastoma using immunohistochemical study. High
expression levels of HMGA1 and HMGA2 were frequently identified in
medulloblastoma tissues. In addition, high expression of HMGA2 corre-
lated with high proliferation marker Ki-67 labeling index. High expression
of HMGA2 was significantly associated with progression free survival and
overall survival of patients with medulloblastoma (p=0.021 and p=0.016,
respectively). To examine the function of HMGA2 expression, knock-
down HMGA2 expression was applied in Daoy, D283 and D341 cells.
Knock-down of HMGA2 resulted in inhibited cell proliferation, migration/
invasion and enhanced apoptosis in vitro. In conclusion, HMGA2 over-
expression is frequent in medulloblastoma, and its expression is related
to proliferation marker and poor prognosis. These findings suggest that
HMGA2 could serve as a potential target for future therapeutic strategies
in medulloblastoma.

CBMT-27. PROTEOMIC MAP OF GLIOMA BIOPSIES REVEALS
FUNCTIONAL DEFECTS IN ENDOCYTOSIS

ean-Louis Boulay', Marie-Francoise Ritz?, Gregor Hutter?,

Cristobal Tostado*, Dominik Buser®, Martin Spiess®, Stephan Frank’,
Paul Jen6® and Luigi Mariani’; 'University Hospital, Basel, Switzerland,
2University of Basel, Basel, Switzerland, Department of Neurosurgery and
Biomedicine, University Hospital Basel, Basel, Switzerland, *BTB (Brain
Tumor Biology), Basel, Switzerland, *Biozentrum, University of Basel,
Basel, Switzerland, °Biozentrum University of Basel, Basel, Switzerland,
Institute of Pathology, Basel-U, Basel, Switzerland, $Biozentrum of the
University of Basel, Basel, Switzerland, *University Hospital Basel, Basel,
Switzerland

BACKGROUND: Decades of molecular genetic analyses have shown
that gliomas accumulate genetic alterations that result in the enhanced
activity of growth factor receptor tyrosine kinases (RTKs) and mediators
of downstream pathways. Among them are gain-of-function of EGFR,
PDGER, PIK3CAor BRAF, and loss-of-function of PTEN or NF1, result-
ing in exacerbated proliferative responses. METHODS: We performed
deep proteomic analysis of human gliomas of distinct genetic backgrounds,
i.e. IDH, TERT statuses in combination with EGFR or PDGFRA ampli-
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fication. RESULTS: Mass spectrometric analysis confirmed the R132H
mutation in the IDH-mutant biopsies. Proteomic quantification not only
revealed strikingly high levels of EGFR protein in biopsies carrying EGFR
amplification when compared to control biopsies from white matter, but
also overexpression of EGFR irrespective of EGFR copy number status,
genetic background, tumor histology or grade. Furthermore, proteomic
data and Western blot analysis showed a general decrease in the expression
of core components of clathrin-mediated endocytosis, like adaptin (AP2),
clathrin (CLT) and dynamin (DNM) in tumors of all genotypes, histol-
ogy or grades. Functional binding assays in two primary cell lines yielded
identical binding of transferrin to its receptor, even though one contained
much reduced transferrin receptor levels. This clearly shows that reduced
endocytosis leads to prolonged residence time of receptors on the plasma
membrane. CONCLUSION: These three groups of proteins are indispen-
sable for clathrin-mediated endocytosis and inactivation of growth factor
receptors. Thus, loss of endocytosis proteins increases the availability of
RTKs at the plasma membrane by prolonging growth factor signaling, lead-
ing to a selective advantage in tumorigenesis and progression. We are cur-
rently performing electron microscopy to visualize impaired clathrin vesicle
formation in glioma cell lines and extending our uptake assay to RTKs like
EGFR. Further, we are currently investigating on a general endocytosis gene
shut down in gliomas by epigenetic silencing.

CBMT-28. THE PROSURVIVAL ROLE OF HEME OXYGENASE-1 AND
ITS REGULATION BY EGFRvVIII IN GLIOBLASTOMA: SURGICAL
AND PHOTODYNAMIC THERAPY APPLICATIONS

Andrea Fontana' and Michael Reinert?; '"CHUV Lausanne, Lausanne,
Switzerland, ?Laboratory for Biomedical Research, Lugano, Switzerland

BACKGROUND: The extent of surgical resection of Glioblastoma
Multiforme can be greatly improved using 5-aminolevulinic acid (5-ALA)
induced fluorescence-guided surgery. Yet, the intensity of the 5-ALA
induced fluorescence is heterogeneous and may vary between patients. We
have previously determined that Heme Oxygenase-1 is strongly involved
in the metabolism of Protoporphyrin IX (PpIX), the fluorescent metabolite
of 5-ALA (Fontana et al. 2017). Noteworthy, our experiments have shown
that the EGF-mediated activation of Epidermal Growth Factor Receptor
(EGFR) and its constitutively active truncation version, EGFRVIII is able
to significantly increase the expression of HO-1 in glioblastoma cells. We
are now investigating the role of Heme Oxygenase-1 in glioblastoma pro-
gression and possible future implications for 5-ALA-based photodynamic
therapy. METHODS: We measured the effect of EGFR/EGFRVIII status
on the downstream effect on Heme Oxygenase-1 (HO-1). 5-ALA induced
fluorescence, cell proliferation and survival were measured by different
techniques. Furthermore, effects of inhibition by Tin(IV)-Protoporphyrin
(SnPP) or gene knockdown using small interfering RNA (siRNA) against
HO-1were analyzed. RESULTS: A significant difference in fluorescence
was observed in U87MG and U87EGFR (EGFR overexpression) compared
to U87EGFRVIII (EGFRVIII overexpression). Treatment with EGF, but not
TGF-a significantly reduced cellular fluorescence by promoting HO-1 tran-
scription and expression in a concentration-dependent manner, and the
effect was reversed by HO-1 inhibition. We show evidence that this effect is
mediated by pAKT/NF-kf pathway activation. Furthermore, inhibition of
HO-1 activity was significantly associated with an increase in apoptosis and
reduced cell proliferation and survival. CONCLUSION: In GBM cell lines,
S5-ALA-induced fluorescence is variable, and modulated by EGFR/EGFRvIII
pathway activity inducing HO-1. EGFRVIII was shown to induce higher
levels of HO-1 and therefore reduced cellular fluorescence. Furthermore,
HO-1 protein expression was associated with cell survival and treatment
with HO-1 inhibitors may reverse its anti-apoptotic/pro-survival effect and
be therefore a new tool in GBM treatment.

CBMT-29. INDUCTION OF AUTOPHAGY FOLLOWING TTFIELDS
APPLICATION SERVES AS A SURVIVAL MECHANISM MEDIATED
BY AMPK ACTIVATION

Anna Shteingauz', Yaara Porat!, Tali Voloshin', Rosa S Schneiderman',
Mijal Munster!, Einav Zeevi', Noa Kaynan', Karnit Gotlib',

Moshe Giladi', Eilon Kirson', Uri Weinberg?, Adrian Kinzel® and

Yoram Plati'; 'Novocure Ltd., Haifa, Israel, 2Novocure GmBH, Root,
Luzern, Switzerland, *Novocure GmbH, Munich, Bayern, Germany

Tumor treating fields (TTFields) are an approved treatment modality for
patients with glioblastoma. Previous studies have shown that TTFields lead
to increased cellular granularity, which is often associated with autophagy. In
this study, we evaluated the effect of TTFields on the induction of autophagy
in glioma cells. Cells were treated with TTFields using the inovitro system.
Autophagy was monitored by quantifying levels of lipidated Microtubule
Associated Protein Light Chain 3 (LC3-II) using immunoblotting and immu-
nofluorescence microscopy. Transmission Electron Microscopy (TEM) was
used to visualize autophagosome-like structures. Western blot analysis was
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utilized to evaluate autophagy regulatory activity of mTOR through p70 S6
kinasel and AMPK and its down-stream target ULK-1. siRNAs was used to
deplete siAMPK from U87-MG cells. To evaluate involvement of autophagy
in cell fate after TTFields treatment, we produced glioma cell lines depleted
from ATG7 by shATG?7 infection. Significant elevation in LC3-II levels was
observed in TTFields-treated cells using fluorescence microscopy; punc-
tate distribution of LC3-II was observed. TEM micrographs demonstrated
the presence of autophagy typical, autophagosome-like structures follow-
ing TTFields treatment. Evidence of increased autophagic flux following
TTFields treatment was detected using immunoblotting analysis in the pres-
ence of CQ. Western blot analysis of cells after TTFields treatment revealed
the stimulation of AMPK signaling as well as activation of p70. Depletion of
AMPK from U87-MG cells resulted in reduction of autophagy and enhance-
ment of TTFields cytotoxicity. ER stress in treated cells was evident by
immunoblotting, showing increased levels of ER stress marker GRP78. The
combination of TTFields with CQ resulted in a significant dose-dependent
reduction of cell growth compared with TTFields treatment alone. Cells with
ATG?7 depletion showed similar results. Combined, these results suggest that
cells upregulate autophagy in response to ER stress induced by TTFields
application and that AMPK may serve as a key regulator of this process.

CBMT-30. ASSESSMENT OF PRECEDENCE RELATIONSHIPS
BETWEEN IDH1 MUTATION AND GLS2 EXPRESSION ON 5-ALA
FLUORESCENCE IN GLIOMAS

Sojin Kim!, Youngbeom Seo?, Tamrin Chowdhury!, Yun-Sik Dho',

Min Jung Park! and Chul-Kee Park!; 'Seoul National University Hospital,
Seoul, Republic of Korea, 2Yeungnam University Hospital, Daegu, Republic
of Korea

Fluorescence-guided surgery with 5-aminolevulinic acid (5-ALA)is widely
utilized modality for detection and resection of malignant gliomas. We have
previously reported that the mutational status of IDH1 and the expression
level of glutaminase 2(GLS2) are associated with the 5-ALA fluorescence in
gliomas. This study is to investigate the dominant factor on 5-ALA fluores-
cence between IDH1 and GLS2 in gliomas. Primary cultured human glioma
cells and malignant glioma cell lines were used to engineer the IDH1 muta-
tional status and GLS2 expression. Functional analysis and in vitro experi-
ments confirmed that GLS2 is the dominant factor over IDH1 mutation for
intracellular protoporphyrin IX (PpIX) accumulation and fluorescence and
in gliomas. NADPH production capacity was associated with in accordance
with IDH1 mutational status and GLS2 expression level, and correlated
with fluorescence. GLS2 underexpression was the dominant factor for the
5-ALA fluorescence in gliomas over IDH1 mutation.

CBMT-31. QUIESCENT GLIOBLASTOMA CELLS SHIFT TO AN
EPITHELIAL-MESENCHYMAL TRANSITION (EMT)-LIKE GENE
PROGRAM

Rut Tejero!, Yong Huang?, Hongyan Zou? and Roland Friedel';
Department of Neuroscience, Icahn School of Medicine at Mount Sinai,
New York, NY, USA, 2Icahn School of Medicine at Mount Sinai, New
York, NY, USA

Glioblastoma (GBM) is the most common malignant primary brain tumor
in adults, with a median survival rate of less than 15 months. Quiescent stem
cells of GBM are potential sources for recurrence after therapy. Therapeutic
targeting of this quiescent population in combination with therapies that
target proliferative cells may be able to completely eradicate GBM tumors,
however, our understanding of the physiology and molecular features of qui-
escent GBM cells is still limited. To isolate quiescent GBM stem cells and to
investigate their molecular signature, we have engineered GBM cells with an
inducible histone2B-GFP reporter (iH2B-GFP) by CRISPR/Cas9 knock-in.
Quiescent GBM cells retain GFP-high label after pulse-chase paradigms. We
utilized a 3D GBM organoid model that mimics tumor heterogeneity, includ-
ing the formation of a quiescent population. GFP-high quiescent GBM cells
were subjected to stem cell assays and RNA-Seq expression analysis. While
quiescent GBM cells were similar in clonal culture assays to their prolifera-
tive counterparts, they displayed higher therapy resistance. RNA-Seq ana-
lysis of quiescent and proliferative GBM cells showed upregulation of EMT
pathway genes and also induction of genes that modify the extracellular ma-
trix. After exposure to irradiation or temozolomide, we observed increased
fractions of the GFP-high population, demonstrating higher therapy resist-
ance. Histological analyses of tumors growing in mouse host brains revealed
the relative prevalence of quiescent cell populations near putative peri-
vascular stem cell niches. Our findings connect quiescent GBM cells with
an EMT-like shift, possibly explaining how GBM stem cells achieve high
therapy resistance and invasiveness, and suggest new targets to abrogate
the stem cell population of GBM. In addition, the upregulation of ECM
components suggests that quiescent GBM cells may actively form their own
extracellular “niche”, in line with the concept that a distinct microenviron-
ment determines the physiology of GBM stem cells.

Abstracts

CBMT-32. IMAGING A HALLMARK OF CANCER: TERT
EXPRESSION LEADS TO MRS-DETECTABLE METABOLIC
REPROGRAMMING

Pavithra Viswanath', Russell Pieper? and Sabrina Ronen'; 'Department

of Radiology and Biomedical Imaging, University of California, San
Francisco, San Francisco, CA, USA, 2University of California San Francisco,
San Francisco, CA, USA

Hotspot promoter mutations reactivate expression of telomerase reverse
transcriptase (TERT) in mutant IDH1 oligodendrogliomas. TERT expres-
sion allows glioma cells to avoid telomere dysfunction-induced senescence,
thereby enabling limitless proliferation. Since TERT expression is essen-
tial for glioma proliferation and TERT inhibitors are attractive therapeutic
targets, identification of metabolic biomarkers of TERT expression will
facilitate non-invasive imaging of tumor status and response to therapy.
Therefore, the goal of this study was to identify 'H- and hyperpolarized
13C-magnetic resonance spectroscopy (MRS)-detectable metabolic bio-
markers of TERT expression in mutant IDH1 glioma cells. We studied
mutant IDH1-expressing immortalized normal human astrocytes without
(NHA ) and with TERT expression (NHA  and NHA ). Using 'H-
MRS we monitored steady-state metabolite fevels and analyzed the data
in an unbiased manner using principal component analysis. Our results
indicated that the metabolic profile of NHA__ cells differed significantly
from that of NHApnst and NHA . Elevated levels of glutathione (GSH,
reduced), NADPH, NADH, aspartate and taurine in NHAPUS[ and NHA
cells relative to NHA  were responsible for this discrimination. These
results identify IH-MRS-detectable biomarkers of TERT expression in
mutant IDH1 glioma cells. Next, we used '*C-MRS to examine [2-'3C]-
glucose flux to the pentose phosphate pathway (PPP) since the PPP is a
major source of NADPH, which, in turn, maintains GSH levels. PPP frac-
tional flux was significantly higher in NHA _ and NHA  cells relative to
NHA_, consistent with higher levels of NADPH and GSH in the TERT-
expressing models. Importantly, the flux of hyperpolarized [U-*C]-glucose
to the PPP intermediate 6-phosphogluconate was elevated in NHA
and NHA _ cells relative to NHA , thereby identifying hyperpolarized
[U-13C]-glucose as a potential imaging biomarker of TERT status. Col-
lectively, our study links TERT expression to significant metabolic repro-
gramming in mutant IDH1 gliomas and identifies '"H- and hyperpolarized
BC-MRS biomarkers that may be valuable for monitoring tumor TERT
status and response to therapy.

CBMT-33. ALTERNATING ELECTRIC FIELDS INDUCED BY FAST
SPINNING STRONG MAGNETS MODULATE MITOCHONDRIAL
ENERGY METABOLISM IN GBM CELLS

Kumar Pichumani', Omkar Ijare', Martyn Sharpe!, David Baskin? and
Santosh Helekar?; 'Kenneth R. Peak Brain and Pituitary Tumor Treatment
Center, Houston Methodist Hospital and Research Institute, Houston, TX,
USA, *Houston Methodist Hospital and Research Institute, Houston, TX,
USA

Recently, scalp application of alternating electric fields has shown thera-
peutic benefit in patients with glioblastoma multiforme (GBM). The U.S.
Food and Drug Administration has approved this new “Tumor Treating
Fields (TTF)” therapy provided by Novocure (trade name Optune) as mono-
therapy for recurrent GBM and in combination with temozolomide for
newly diagnosed GBM. Two multicenter Phase III clinical trials demonstrate
that in the former condition TTF treatment after standard of care chemo-
therapy only increases median survival from 6 to 6.6 months, and in the lat-
ter condition combination chemo-TTF therapy, compared to chemotherapy
alone, prolongs progression free survival from 4 to 7.1 months. Although
this treatment is highly promising, its underlying biophysical and molecular
mechanisms are unclear. “Transcranial Rotating Permanent Magnet Stimu-
lation” (TRPMS) is a similar approach in which non-invasive multifocal
magnetic stimulation produces the required alternating electric fields by
electromagnetic induction. Ongoing pilot TRPMS trials in chronic ischemic
stroke and other neurological patients reveal a complete absence of sig-
nificant TRPMS device-related adverse effects. Here, we report pre-clinical
tests of the hypothesis that TRPMS-based alternating electric fields cause
depolarization of the mitochondrial membrane potential (MMP) and alter
mitochondrial oxidation of nutrients, leading to reactive oxygen species
(ROS) and cytochrome C-mediated apoptosis in patient-derived GBM cells.
Using '3C NMR spectroscopybased isotopomer analysis in GBM cells we
observe that after 3 hours of treatment with TRPMS-induced electric field
stimulation there is an increased metabolic flux of glycolysis and decreased
mitochondrial glucose oxidation in the TCA cycle. Fluorescence microscopy
with MitoTracker demonstrates changes in staining intensity that are con-
sistent with TRPMS-induced disruption of mitochondrial networks due to
depolarization of MMP, processes that culminate in apoptosis triggered by
release of ROS and cytochrome C. These findings, if supported by in-vivo
data in mouse models, would suggest an important role of TRPMS in GBM
treatment.
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CBMT-34. TARGETING THE RNA-PROCESSING GENE MAGOH AS
A NOVEL THERAPY FOR MEDULLOBLASTOMA

ennifer Ocasio, Hedi Liu and Timothy Gershon; University of North
Carolina, Chapel Hill, NC, USA

We have proposed that microcephaly-producing mutations identify genes
required for growth in the nervous system that may be new targets for brain
tumor treatment. We tested this hypothesis by deleting the RNA-processing
gene Magoh during cerebellar development and medulloblastoma pathogen-
esis. Magoh mutation has been shown to induce DNA damage and apoptosis
in forebrain progenitors, resulting in microcephaly. We conditionally deleted
Magoh during postnatal cerebellar neurogenesis by crossing Magoh!oxPlox?
mice with CAG-CreER transgenic mice (Magoh®<tR), Magoh-deleted cer-
ebellar granule neuron progenitors (CGNPs) of the cerebellum of Mag-
oh®FR mice showed DNA damage, cell cycle arrest and apoptosis, which
depleted the progenitor-rich external granule layer within 72 hrs. Moreover,
deleting Magoh in SHH-driven medulloblastomas in SmoA1 mice similarly
induced DNA damage, apoptosis and tumor shrinkage. These data show
that MAGOH is required for SHH-driven proliferation in both normal cer-
ebellar progenitors and in SHH-driven medulloblastoma. These findings are
the first to show that medulloblastoma growth can be disrupted by targeting
the RNA processing machinery.

CBMT-35. MicroRNA ANALYSIS OF THE INVASIVE MARGIN OF
GLIOBLASTOMA REVEALS DRUGGABLE THERAPEUTIC TARGETS
IN LIPID METABOLISM PATHWAYS

Huda Alfardus, Maria de los Angeles Estevez Cebrero,

Jonathan Rawlinson, Anbarasu Lourdusamy, Richard Grundy,

Alan MclIntyre and Stuart Smith; University of Nottingham, Nottingham,
England, United Kingdom

BACKGROUND: Heterogeneity of gene expression in Glioblastoma
(GBM) has been recently recognised as a key feature involved in therapy
resistance with invasive cells remaining after surgery and displaying unique
molecular features. The dysregulation of small non-coding RNAs known
as microRNAs (miRNAs) can disrupt gene regulatory networks and con-
tribute to GBM development. However, the intra-tumour heterogeneity of
miRNA expression in GBM has not yet been investigated. MATERIAL
AND METHODS: Global miRNA expression profiling was performed
in 45 GBM surgical specimens sampled from the tumour necrotic core,
proliferative rim and the invasive margin. Gain-of-function studies were
conducted using transfection of selected mature miRNAs into GBM cell
lines. Global metabolomic profiling by liquid chromatography coupled
with electrospray mass spectrometry (LC-ESI-MS) and gene expression
assays were used to identify molecular targets regulated by miRNAs in
GBM cells. Transwell assays were performed to examine the migration
and invasion effects of inhibiting targets expression. Evaluation of targets
expression in tumour tissue samples was performed by qRT-PCR, flow
cytometry and immunohistochemical analysis. RESULTS: We identified
two significantly upregulated miRNAs in the invasive margin compared
to the core and the rim of the tumour. Integrated metabolomic and gene
expression analysis revealed that these miRNAs may act synergistically to
target key enzymes involved in fatty acid oxidation (ACOX1 and CPT2)
and lipoprotein uptake and secretion (LDLR). ACOX1, CPT2 and LDLR
were found to be expressed at lower levels in the core and the rim relative
to the tumour invasive margin. The pharmacological inhibition of CPT2
and LDLR resulted in a significant reduction in GBM cell invasion. CON-
CLUSION: Our finding indicates that lipid metabolism may present a pos-
sible vulnerability of GBM invasive margin. Understanding the function
of miRNAs in regulating lipid homeostasis in GBM may provide novel
avenues for GBM therapy.

CBMT-36. GRK2 PROMOTES MEDULLOBLASTOMA GROWTH
AND SURVIVAL

Anup Pathania!, Xiuhai Ren', A. Xavier Garcia?, Min Mahdi!,
Gregory Shackleford! and Anat Erdreich-Epstein'; 'Children’s Hospital
Los Angeles/University of Southern California, Los Angeles, CA, USA,
2University of Southern California, Los Angeles, CA, USA

BACKGROUND: GRK2 (G-protein coupled receptor kinase 2) is a ubi-
quitous member of the GPCR family that phosphorylates agonist-stimulated
GPCRs, leading to b-arrestin mediated receptor internalization and recy-
cling. GRK2 can also phosphorylate non-GPCR substrates and participate
in various signaling networks related to cell proliferation and survival. Des-
pite the potential connectivity of GRK2 to signaling pathways related to
cell proliferation and survival, there are few reports of GRK2 in cancer, and
none in medulloblastoma. Medulloblastoma is the most common malignant
brain tumor in children. Here we demonstrate for the first time that GRK2
has a pro-growth effect in medulloblastoma cell lines and that it mitigates
cell death in response to the chemotherapeutic agent, cisplatin. METH-
ODS: flow cytometry, SDS-PAGE, western blotting. CELL LINES: UW228
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and Daoy medulloblastoma cell lines (SHH subgroup). RESULTS: 1. GRK2
knockdown inhibited cell proliferation and slowed growth rate of both
medulloblastoma cell lines. 2. GRK2 overexpression increased cell pro-
liferation and growth rate in both medulloblastoma cell lines. 3. GRK2
silencing increased basal and cisplatin-induced cell death in both medul-
loblastoma cell lines, whereas GRK2 upregulation mitigated this cisplatin
effect. 4. GRK2 K220R (catalytically-inactive) and GRK2 S670A (cannot be
phosphorylated) both mitigated the cisplatin-induced cell death to similar
degree as wild type GRK2. Conversely, GRK2 S670D (phosphomimic) lost
the ability to mitigate cisplatin-induced cell death, suggesting that GRK2
phosphorylation at $670 is inhibitory and blocks the pro-growth effect of
GRK2 in these medulloblastoma cell lines. 5. Akt phosphorylation at serine
473 was diminished in Daoy cells with GRK2 knockdown compared to
controls. CONCLUSIONS: Our data for the first time identify pro-growth
and pro-survival roles for GRK2 in medulloblastoma cells and a modulatory
effect of GRK2 on cisplatin-induced cell death of these medulloblastoma
cells.

CBMT-37. FDA-APPROVED HDAC INHIBITORS ANTAGONIZE

THE WARBURG EFFECT AND CAUSE UNIQUE METABOLIC
VULNERABILITIES

Yiru Zhang!, Chiaki Ishida?, Georg Karpel-Massler? and Markus Siegelin';
!Columbia University Medical Center, New York, NY, USA, 2Columbia
University Medical Center, Department of Pathology, New York, NY, USA,
3Ulm University Medical Center, Ulm, Germany

Histone deacetylase inhibition is a potential new strategy for the
treatment of glioblastoma (GBM) and FDA-approved for multiple mye-
loma. However, resistance to therapy is a major issue. By conducting a
global transcriptome with subsequent gene set enrichment analysis in
stem-like GBM cells and PDX models coupled with a comprehensive
polar and non-polar untargeted metabolite analysis, we have unraveled
that HDAC - inhibition results in global reprogramming of metabolism,
revealing unique metabolic vulnerabilities. Acute HDAC — inhibition sup-
presses c-myc protein levels and thereby blunts glycolysis and the pen-
tose phosphate pathway. Acutely, this results in lower ATP levels coupled
with activation of AMPK, as well as dysregulation of redox equivalents.
Furthermore, GBM cells activate mitochondrial metabolism oxidative
phosphorylation (OXPHOS) with an increase in mitochondrial fusion,
mitochondrial biogenesis and higher mitochondrial oxygen consumption
rate coupled with increased fatty acid oxidation (FAO), which is medi-
ated by the master regulator transcription factors, PGCla and PPARD. In
turn, GBM cells become addicted to OXPHOS and susceptible to apop-
tosis induction by inhibitors of mitochondrial translation and OXPHOS.
In like manner, the clinical validated CPT1 inhibitor, etomoxir, reduces
oxygen consumption rate in HDAC - inhibitor treated cells and syner-
gistically induces apoptosis in GBM cells, highlighting the dependence
of HDAC - inhibitor treated cells on FAO. HDAC - inhibitor resistant
cells display a highly mitochondrial oxidative phenotype with increased
number and size of mitochondria and substantial higher oxygen consump-
tion rate, a transcriptional signature of FAO and reliance on oxidative
energy metabolism. To fuel FAO, HDAC - inhibitor treated cells activate
lysosomal, autophagic signaling. Finally, we show that interference with
mitochondrial energy metabolism along with HDAC - inhibition results
in synergistic growth inhibition in six xenograft model systems, reempha-
sizing the translational relevance of our findings.

CBMT-38. ASSOCIATION OF miR-146aC>G, miR-149C>T, miR-
196a2C>T, AND miR-499A>G POLYMORPHISMS WITH BRAIN
TUMORS

aejoon Lim', Jung Oh Kim?, NamKeun Kim? and Kyunggi Cho®; 'CHA
University, CHA Bundang Medical Center, Seongnam, Kyonggi-do,
Republic of Korea, ?Department of Biomedical Science, College of Life
Science, CHA University, Seongnam, Kyonggi-do, Republic of Korea,
3Department of Neurosurgery, CHA University, CHA Bundang Medical
Center, Seongnam, Kyonggi-do, Republic of Korea

MicroRNAs (miRNAs) are short, noncoding RNAs that are implicated
in tumorigenesis, functioning as both tumor suppressors and oncogenes.
However, the clinical significance of miRNA expression profiles for brain
tumors remains unclear. Therefore, we designed a study to investigate
the association between microRNA genetic variants and brain tumor
risk. We recruited 362 participants; 179 for the healthy subjects and
183 who were brain tumor patients confirmed as having gliomas, men-
ingiomas, or schwannomas. This study investigated the single nucleo-
tide polymorphisms 7iR-146aC>G, miR-149T>C, miR-196a2T>C, and
miR-499A>G by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). We found that the dominant #iR-149 and
CC genotypes were significantly more frequent in patients with glioma.
The odds ratios for the C-C-C-G, C-T-C-G, and G-C-T-G haplotypes
(miR-146aC>G-miR-149T>C-miR-196a2T>C-miR-499A>G) were sig-
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nificantly increased in glioma, as was the odds ratio for the GCT haplo-
type of miR-146aC>G, miR-149T>C, and miR-196a2T>C and for the
CCG haplotype of miR-149T>C, miR-196a2T>C, and miR-499A>G. In
meningioma, the odds ratios were increased in the GTCG haplotype of
miR-146aC>G, miR-149T>C, miR-196a2T>C, and miR-499A>G. The
odds ratios were also increased in the GCG haplotype of miR-146aC>G,
miR-196a2T>C, and miR-499A>G and CCG haplotype of miR-149T>C,
miR-1962T>C, and miR-499A>G. The odds ratios for schwannoma were
increased in the GCTG haplotype of miR-146aC>G, miR-149T>C, miR-
196a2T>C, and miR-499A>G and the CCG haplotype of miR-149T>C,
miR-196a2T>C, and miR-499A>G. In conclusion, our results suggested
that the miR-149 polymorphism might be involved in the development of
gliomas, and the CCG haplotype of miR-149T>C, miR-196a2T>C, and
miR-499A>G showed increased odds ratios for all types of brain tumors
in Koreans.

CBMT-39. METABOLIC PROFILING OF HUMAN GLIOMAS
ASSESSED WITH NMR

Seung-Ho Yang' and Jung Eun Lee?; !St. Vincent Hospital, The Catholic
University of Korea, Suwon, Kyonggi-do, Republic of Korea, 2Department
of Neurosurgery, The Catholic University of Korea, Suwon, Kyonggi-do,
Republic of Korea

Little is known about the underlying metabolic alterations of gliomas.
The objective of this study was to analyze metabolomic profiles of glio-
mas diagnosed according to revised WHO classification to demonstrate
metabolic signatures beyond isocitrate dehydrogenase (IDH) 1/2 mutation.
'TH-NMR spectroscopy of tumor extracts was performed to analyze brain
tumor metabolism. We detected 46 metabolites including 2-hydroxyglutar-
ate from human brain tumors. Metabolic profiles obtained were analyzed
using multivariate analysis and MetaboAnalyst 3.0, a pathway analysis
tool. We found that 2-hydroxglutarate, glutamine, and O-phophocholine
had top-ranked VIP scores in metabolic pathway analyses of glioma. Major
metabolism pathways perturbed in glioma included alanine/aspartate/glu-
tamate metabolism, glycine/serine/threonine metabolism, pyruvate metab-
olism, taurine/hypotaurine metabolism, and D-Glutamine/D-glutamate
metabolism. MetaboAnalyst 3.0 generated three unique clusters of gliomas.
Concentration of 4-aminobutyrate was the highest in cluster 1 while con-
centrations of acetate and O-phosphocholine were the highest in cluster
2. Other metabolites had higher concentrations in cluster 2 compared to
those in cluster 1 or cluster 3. Concentrations of isoleucine and phenyl-
alanine were lower in those with high-grade gliomas than in those with
low-grade gliomas. Gliomas could be reclassified according to their metab-
olomics features. Metabolic cluster approach may lead to development of
metabolic anti-glioma therapy.

CBMT-40. A SOX2-EXPRESSING PERICYTE PRECURSOR
CONSTITUTES A NEW AND EFFICIENT TARGET FOR ANTI-
ANGIOGENESIS IN GLIOMAS

Roland Kilin!, Yuping Li', Cai Linzhi', Michael Synowitz?, Jérg-
Christian Tonn', Wolfgang Enard?, Eloi Montanez? and Rainer Glass';
University Clinics Munich, Munich, Germany, 2University Clinics
Schleswig-Holstein, Kiel, Germany, *Ludwig Maximilians University
Munich, Munich, Germany

Pericytes are essential for maintaining the stability of CNS blood-vessels
and the blood-brain-barrier. They are closely associated with endothelia and
can be identified by a set of markers. New pericytes are required during neo-
angiogenesis but how pericytes are generated in the adult brain is largely
unknown. We investigated neoplastic vascularization of the adult brain in a
transgenic lineage-tracing model. We observed that the vast majority of ma-
ture pericytes originates from a newly identified precursor cell-type. These
precursors are characterized as pericyte marker-negative cells of non-hemat-
opoietic origin, which are distant from blood-vessels and highly prolifera-
tive. Immunofluorescence analysis of pericyte precursors was corroborated
by single-cell transcriptomic data. Pericyte precursors, but not mature peri-
cytes, express the transcription factor SOX2, which has a role in maintaining
a stem-like identity. In particular, we observed that traced, SOX2+ cells are
confined to a non-vascular localization and do not express pericyte-markers
(PDGFRB, Desmin, NG2 or CD146). Whereas mature, traced pericytes
were Sox2-negative, expressed the entire set of pericyte-markers and had a
perivascular position. Conditional knockout of Sox2 in pericyte precursors
resulted in largely reduced numbers of traced cells and blocked the forma-
tion of new pericytes. This indicates that new intratumoral pericytes are
generated by a previously uncharacterized, Sox2-positive avascular pericyte
precursor cell. Lineage ablation experiments in brain tumor models showed
that pericyte precursors are necessary for angiogenesis and tumor expan-
sion. All in all, this shows that pericyte precursors are a new and promising
target for glioma-therapy.

Abstracts

CBMT-41. GLIOBLASTOMA CLONES DERIVED FROM

TUMOR CORE AND EDGE DISPLAY SPATIAL METABOLIC
HETEROGENEITY

Daisuke Yamashita!, Soujun Zhang', Hai Yu', Hirokazu Sadahiro?,
Shinobu Yamaguchi!, Svetlana Komarova', Soniya Bastola',

Sadashib Ghosh'!, Anutosh Ganguly', Burt Nabors?, James Markert!,
Zhibo Yang*, Nicola Zamboni® and Ichiro Nakano!; 'Department of
Neurosurgery, The University of Alabama at Birmingham, Birmingham,
AL, USA, ?Department of Neurosurgery, The University of Alabama at
Birmingham, Yamaguchi, Yamaguchi, Japan, *Department of Neurology,
The University of Alabama at Birmingham, Birmingham, AL, USA,
“Department of Chemistry and Biochemistry, University of Oklahoma,
Norman, OK, USA, °Institute of Molecular Systems Biology, ETH Zurich,
Zurich, Switzerland

The highly heterogeneous nature of glioblastoma (GBM) is a hallmark
of limited response to the current therapies and subsequent unfavorable
clinical prognosis. Although intratumoral cellular heterogeneity has been
recognized in various cancers including GBM, the spatial distributions of
tumor-associated cell types and their mechanisms of metabolic pathways
that are essential for their heterogeneity remain poorly understood. Here,
we utilized the MRI-guided localized biopsy of GBM tumor tissues during
surgery, thereby establishing multiple patient-derived GBM clones from
both the tumor core and edge tissues in a clonal density, termed core-
GBM clones and edge-GBM clones. Using these GBM clones as well as the
original tumor tissues, we investigated the underlying molecular mecha-
nisms that drive spatial metabolic heterogeneity in GBM. Comprehensive
single cell-metabolome analysis revealed a clear difference between the
core and edge clones, as well as between the core and edge tissues. In par-
ticular, we noticed metabolic heterogeneity in the nicotinamide adenine
dinucleotide (NAD) pathway between the core-GBM clones/tissues and
the edge-GBM clones/tissues. Manipulation of the NAD pathway showed
distinct phenotypic changes among these clones. These findings suggest
that metabolic heterogeneity plays an essential role in therapeutic resist-
ance of glioblastoma.

CBMT-42. LOSS OF PROMOTER METHYLATION IN GLYCOLYTIC
GENES IS ASSOCIATED WITH AGGRESSIVENESS IN IDH1-MUTANT
LOWER GRADE GLIOMAS

Mioara Larion!, Victor Ruiz Rodado?, Tomohiro Seki?, Tathiane Malta?,
Adrian Lita', Tyrone Dowdy!, Orieta Celiku', Alejandra Cavazos Saldana!,
Aiguo Li', Wei Zhang*, Hua Song*, Dionne Davis?, Sunmin Lee?,

Jane Neckers?, Jeeva Munasinghe?, Houtan Noushmehr?, Christel Herold-
Mende’, Mark Gilbert* and Murali Krishna Cherukuri?; 'Neuro-Oncology
Branch, Center for Cancer Research, NCI, Bethesda, MD, USA, 2National
Institutes of Health, Bethesda, MD, USA, 33Henry Ford Health System,
Detroit, MI, Detroit, MI, USA, “Neuro-Oncology Branch, CCR, NCI, NIH,
Bethesda, MD, USA, *7Division of Neurosurgical Research, Heidelberg
University, Heidelberg, Germany

BACKGROUND: Identification of malignant progression is a major
challenge in the field of Neuro-Oncology because of inability of trad-
itional imaging methods to distinguish pseudo-progression from true
progression. IDH1-mutant gliomas represent an ideal model system to
study the molecular mechanisms associated with malignant progression
because they appear initially indolent and non-glycolytic, but eventually
a subset progress towards secondary glioblastoma with a Warburg-like
phenotype. The mechanisms and molecular features associated with this
transformation are poorly understood. METHODS: TS603, NCH1681
and BT142 cell lines harboring IDH1 mutation were cultured in DMEM/
F12+ N2 supplement, glutamine, FGF and EGEF, then either harvested for
metabolomics and methylation analyses or (250,000 cells) were injected
into 6-week-old SCID mice brains. MRI was used to monitor tumor size;
when tumors reached 100 mm?, mice were injected in the tail vain with
96 mM 1-13C pyruvate which was hyperpolarized using Oxford Hyper-
sense hyperpolarizer and chemical shift images were acquired immedi-
ately. Metabolite quantification was done using the Agilent LC/MS 6545
QTOF mass spectrometer. DNA methylation analysis was performed
using Ilumina Infinium MethylationEPIC. RESULTS AND CONCLU-
SIONS: Cell lines that demonstrate aggressive growth both in vitro and
in vivo have lost methylation in the promoters of glycolytic enzymes
and have increased mRNA and metabolite levels for the glycolysis path-
way compared to the non-transformed model. Metabolic '*C MRI using
hyperpolarized'*C pyruvate confirmed that these aggressive lines have
a Warburg-like phenotype (aerobic glycolysis). Moreover, the glycolytic
enzyme expression of the aggressive cell line correlated with the subset of
patients that are IDH1 mutated and low-G-CIMP in TCGA database. We
hypothesize that specific modulation of epigenetic markers is a mechan-
ism of malignant transformation and that monitoring lactate production
may be a biomarker of transformation.
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CBMT-43. SINGLE LIVE TUMOR CELL METABOLISM VIA RAMAN
IMAGING MICROSCOPY

Adrian Lita', Jing Wu?, Deric Park?, Mark Gilbert> and Mioara Larion';
'Neuro-Oncology Branch, Center for Cancer Research, NCI, Bethesda,
MD, USA, 2Neuro-Oncology Branch, CCR, NCI, NIH, Bethesda, MD, USA

BACKGROUND: Raman has been used for decades to determine vi-
brational models linked with structural changes of small molecules. Due
to recent progress in the diode lasers and notch filters, study of biological
systems became possible in the form of Raman Imaging Microscopy. Focus-
ing the laser through a microscope allows the collection of Raman spectra
for each pixel and subsequent movement of the stage permits the acqui-
sition of spectra in a new position. This approach provides a biochemical
mapping of the entire cell while maintaining viability in the culture media.
Therefore, the technique is non-destructive, non-invasive and can accept a
wide range of samples from bulk to microscopic, from solids to liquids or
gasses. However, Raman has not been primarily used for biological sam-
ples, therefore spectral assignments for metabolites are currently limited
for these samples. METHODS: Tumor cells used for Raman analysis were
transferred into 35 mm sterile glass bottom dishes (Ibidi) and cultured for
24 hours. Raman spectra were acquired using a DXR 2xi Raman micro-
scope (Thermo Fisher Scientific) with 24 mW of 780 nm laser through a 60x
water immersed confocal objective, at 0.5 s exposure time for a 1 pm pixel
size, between 50 and 3200 cm~! spectral region. Spectra were collected and
subsequently background corrected using the Raman silent region. Chemical
maps were produced by the peak area function using Thermo Fisher Sci-
entific OMNIC software. RESULTS AND CONCLUSIONS: Raman spec-
troscopy on a single live cells enabled visualization of cytochrome C release
from mitochondria after treatment of an inhibitor of glycolyisis drug treat-
ment; quantification of lipid content in a tumor cell upon treatment with
AGI-5198 drug, as well as mapping and quantification of DNA damage.
These results highlight to potential for Raman imaging to perform single
cell metabolomics.

CBMT-44. METABOLIC PLASTICITY AND HETEROGENEITY IN
IDH1MUT CELL LINES PRODUCES RESISTANCE TO GLUTAMINASE
INHIBITION BY CB839

Victor Ruiz Rodado!, Adrian Lita!, Tyrone Dowdy!, Alejandra

Cavazos Saldana', Mark Gilbert> and Mioara Larion'; 'Neuro-Oncology
Branch, Center for Cancer Research, NCI, Bethesda, MD, USA, *Neuro-
Oncology Branch, CCR, NCI, NIH, Bethesda, MD, USA

BACKGROUND: Mutant IDH1 (IDH1™¥) gliomas have characteristic
genetic and metabolic profiles and exhibit phenotype that is distinct from
their wild-type counterparts. The glutamine/glutamate pathway has been
hypothesized as a selective therapeutic target in IDH1™ gliomas. However,
little information exists on the contribution of this pathway to the forma-
tion of D-2-hydroxyglutarate (D-2HG), a hallmark of IDH™ cells, and
the metabolic consequences of inhibiting this pathway. METHODS: We
employed an untargeted metabolic profiling approach in order to detect
metabolic changes arising from glutaminase (GLS) inhibition treatment.
Subsequently, '*C metabolic tracing analysis through a combined Nuclear
Magnetic Resonance and Liquid Chromatography-Mass Spectrometry
approach, we explored the fate of glutamine and glucose under treatment
with CB839 a glutaminase-GLS-inhibitor and their respective contributions
to D-2HG formation. RESULTS AND CONCLUSIONS: The effects of
CB839 on cellular proliferation differed among the cell lines tested, lead-
ing to designations of GLS-inhibition super-sensitive, -sensitive or -resistant.
Our data indicates a decrease in the production of downstream metabolites
of glutamate, including those involved in the TCA cycle, when treating the
sensitive cells with CB839 (glutaminase -GLS- inhibitor). Notably, CB839-
sensitive IDH1™ cells respond to GLS inhibition by upregulating glycolysis
and lactate production. In contrast, CB839-resistant IDH1™" cell lines do
not rely only on glutamine for the sustenance of TCA cycle. In these cells,
glucose contribution to TCA is enough to compensate the downregulation
of glutamine-derived TCA metabolites. This investigation reveals that the
glutamine/glutamate pathway contributes differentially to D-2HG in a cell-
line dependent fashion on a panel of IDH™ cell lines. Further, these results
demonstrate that there is a heterogeneous landscape of IDH1™ metabolic
phenotypes. This underscores the importance of detailed metabolic profil-
ing of IDH1™t patients prior to the decision to target glutamine/glutamate
pathway clinically.

CBMT-45. A NOVEL C-CIRCLE ASSAY FOR DETECTING
ALTERNATIVE LENGTHENING OF TELOMERES (ALT)
MECHANISMS

Humaira Noor, Robert Rapkins, Jeremy Henson and Kerrie McDonald;
University of New South Wales, Sydney, NSW, Australia

Low-grade gliomas, in particular astrocytoma, have been previously
reported to harbor Alternative lengthening of telomere (ALT) to maintain
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their telomeres to aid sustained replication. Targeting genetic pathways spe-
cific to ALT mechanism is crucial in developing novel drugs to minimise
recurrence and improve prognosis in low grade glioma patients. Herein, we
used a novel C-circle assay to identify ALT positivity in a local, retrospective
cohort of astrocytoma and oligodendroglioma, where matched primary
and recurrent tumors were available. We identified a retrospective cohort
of 25 patients with grade II or III astrocytomas (n=17) or oligodendroglio-
mas (n=8) where matched tissue from recurrences were available. DNA was
extracted and a novel C-circle assay was used to determine the ALT status of
the primary and recurrent tumors. Approximately 77% (13 out of 17) astro-
cytomas were positive for ALT. Only 25% (2 out of 8) oligodendrogliomas
were ALT positive. LOH 1p/19q was confirmed in these cases. Patients who
were ALT positive showed longer overall survival. We found a significant
association with ALT and IDH1 mutation status and mutations in TP53. In
conclusion, the C-circle assay provides a robust and quantitative measure of
ALT and could be incorporated into routine clinical use.

CBMT-46. MICROENVIRONMENT-DERIVED MITOCHONDRIA
PRIME GLIOMA CHEMORESISTANCE BY AUGMENTING NAD+
METABOLISM AND PARP-DEPENDENT DNA REPAIR

Yang Liu', Yanxin Lu?, Aiguo Li%, Hua Song?, Wei Zhang', Mark Gilbert!
and Chunzhang Yang?; '"Neuro-Oncology Branch, CCR, NCI, NIH,
Bethesda, MD, USA, 2Neuro-Oncology Branch, Center for Cancer
Research, NCI, Bethesda, MD, USA

BACKGROUND: Mitochondria is the major organelle for cellular metab-
olism. Increasing evidence shows that mitochondria are released into the
extracellular microenvironment and taken up by adjacent cells, reshaping
the metabolism and other biological processes in the recipient cells. While
knowledge of intercellular mitochondria transfer under normal physiology
is expanding, the roles of mitochondria transfer in tumor microenviron-
ment and disease outcome remains elusive. METHODS: In this study, we
established in vitro and in vivo models to aid in the understanding of mito-
chondrial transfer between astrocytes and glioma cells. We investigated the
mitochondria population in extracellular vesicles (EV), and their influence
on the recipient glioma cells, with focuses on NAD* metabolism and PARP
DNA repair pathway. The role of intercellular mitochondria was further val-
idated in glioma xenograft model with chemotherapy. RESULTS: We dem-
onstrated that mitochondria are released from normal astrocytes through EV
and adopted by neighboring glioma cells. Moreover, mitochondrial transfer
improved metabolism in recipient glioma cells, supporting the detoxification
of chemotherapeutic agents and evoking treatment resistance. Mechanisti-
cally, mitochondria-derived NAD* metabolic enzymes expanded the pool
of NAD* in recipient cancer cells, which fueled PARP DNA repair pathway
with key cofactors. Targeting astrocyte mitochondria-releasing pathways
not only increased the chemotherapy-derived cytotoxicity, reduced xeno-
graft progression, but also improved disease outcome by prolonging overall
survival. CONCLUSION: Our findings revealed that microenvironment-
derived mitochondria transfer is a potential chemoresistance mechanism in
cancer cells. Targeting intercellular mitochondria transfer may be important
in reducing the capacity for cancer cells to recover from cancer treatment,
thereby enhancing treatment efficacy.

CBMT-47. THE ROLE OF PHOSPHOFRUCTOKINASE-1 IN
GLIOBLASTOMA MAINTENANCE AND MOTILITY

Kamilla Jensen!, Rikke Rasmussen', Kristoffer Vitting-Seerup’,

Irina Gromova?, Pavel Gromov?, Jane Skjoth-Rasmussen?, Jeanette

K. Petersen*, Bjarne W. Kristensen*, Jeremy N. Rich® and Petra Hamerliké;
'Danish Cancer Society Research Center, Brain Tumor Biology,
Copenhagen, Denmark, 2Danish Cancer Society Research Center,
Copenhagen, Denmark, 3Rigshopitalet, Copenhagen, Denmark,
“Department of Clinical Research, University of Southern Denmark,
Odense, Denmark, *Division of Regenerative Medicine, Department of
Medicine, University of San Diego, San Diego, CA, USA, ®Brain Tumor
Biology, Danish Cancer Society Research Center, Copenhagen, Denmark

BACKGROUND: Glioblastoma (GBM) remains one of the most lethal
tumors and is associated with a median survival of only approx. 15 months
despite aggressive radio-chemo-therapy. One distinct challenge in GBM
management includes diffuse location of the tumor within the brain and
migration of cancerous cells into the healthy surrounding tissue prevent-
ing complete surgical removal and promoting recurrence. A subpopulation
within the tumor mass, the so-called stem cells (or glioma initiating cells,
GICs) are further complicating treatment strategies as this pool of cells is
more invasive and is known to possess resistance to traditional therapy. It
is commonly known that cancer cells utilize glucose as their main energy
source, a phenomenon known as the Warburg effect. Phosphofructokinase-1
(PFK-1) is one of two rate-limiting enzymes in glycolysis and presents a
potential critical check point for these glucose “addictive” cells. Additional
to its glycolytic role we here propose a regulatory role for PFK-1 in motility
in GICs. METHODS: To elucidate the role of PFK-1 in GBM, we abrogated
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its function using shRNA-mediated knockdown or chemical inhibition.
Next, we evaluated the cellular responses utilizing a broad range of in vitro
assays including cell viability, apoptosis, cytoskeleton assembly, migration
and invasion assay. RESULTS: Depletion of PFK-1 in GICs led to decreased
viability and increased rates of apoptosis. Furthermore, impaired function of
PFK-1 affected cytoskeleton assembly and decreased migration and invasion
capacity, a phenotype we were able to mimic with a chemical PFK-1 inhibi-
tor. PFK-1-regulated motility was found to be through translational regula-
tion of KIF11. CONCLUSION: PFK-1 regulates GBM stem cell motility and
invasion through the regulation of KIF11, a motor protein belonging to the
kinesin-like protein family. The novel role of PFK-1 identified in our studies,
together with successful therapeutic targeting in vitro and in vivo, expands
our understanding of GBM maintenance and cell motility.

CELL SIGNALING AND SIGNALING PATHWAYS

CSIG-01. GLYCOPHOSPHATIDYLINOSITOL TRANSAMIDASE
(GPIT) SUBUNIT GPAA1 IS OVEREXPRESSED IN GLIOBLASTOMA
MULTIFORME (GBM) CELL LINES AND CONTRIBUTES TO
TUMOR CELL MIGRATION

Blake Johnson!, Martin Tremwell?, Sheldon McCown', Zhongpeng Lu?
and Karen Abbott?; 'Ouachita Baptist University, Arkadelphia, AR, USA,
2UAMS, Little Rock, AR, USA

The glycophosphatidylinositol (GPI) anchor is a highly conserved lipid
and glycan modification added to the C-terminus of substrate proteins in the
endoplasmic reticulum via the activity of the multi-subunit GPI transami-
dase, or GPIT. Several subunits of the GPIT, namely GPAAI, have pre-
viously been characterized as oncogenes across a variety of tumor types.
Using a C. septicum alpha toxin enrichment strategy pioneered by our lab,
we have previously documented significantly elevated plasma levels of GPI
anchored proteins occurring in glioblastoma (GBM) patients relative to
non-malignant controls. To better understand the biological significance of
GPIT expression and subsequent activity in GBM, we have combined the use
of qRT-PCR, immunoblot analysis, chemotaxis and clonogenic assays, with
targeted alpha toxin glycoproteomics. Using these methods, we have docu-
mented significant increases in GPIT subunit expression in human GBM cell
lines relative to normal human astrocyte controls. The observed increases in
GPIT expression levels corresponded with increases in GPI anchored protein
content. In addition, we found GPAA1-targeted knockdown in U87-MG is
sufficient to significantly decrease both tumor cell migration and clonogenic
cell growth relative to non-targeted control U87-MG. Collectively, these
results suggest that GPIT and GPI anchors are involved in the tumorigenicity
of GBM and may represent novel therapeutic alternatives in this disease.

CSIG-02. VAL-083 INHIBITS PROLIFERATION OF A PANEL OF
EIGHT GLIOBLASTOMA STEM CELL LINES: DOWNREGULATION
OF BDR4 AS A NOVEL ANTI-NEOPLASTIC MECHANISM

Elise Fernandez', Anne Steino?, Glenn Lesser?, Jeffrey Bacha?,

Dennis Brown* and Madan Kwatra'; 'Duke University, Durham, NC,
USA, 2DelMar Pharmaceuticals, Inc, Vancouver, BC, Canada, *Wake
Forest School of Medicine, Winston-Salem, NC, NC, USA, “DelMar
Pharmaceuticals, Inc, Menlo Park, CA, USA

VAL-083 (Dianhydrogalactitol) is a bi-functional DNA targeting agent
that is currently being evaluated in a phase II trial in recurrent glioblast-
oma (GBM) patients. The goal of the present study was to further elucidate
the anti-neoplastic effects and signaling pathways through which VAL-083
functions. We examined the efficacy of VAL-083 against a panel of eight
GBM stem cells (GSCs) isolated from newly diagnosed GBM patients. The
panel of GSCs were molecularly phenotyped based on the expression of
several proteins including EGFR, EGFRVIIL, and MGMT as well as several
stem cell markers including SOX2, NESTIN, MST1, CD133, TFRC, and
OLIG2. The effect of VAL-083 on GSC growth was measured using WST-1
reagent and the effect on GSC’s ability to form neurospheres was assessed
by microscopy. Our results show that VAL-083 inhibits neurosphere for-
mation in all eight GSCs. Further, VAL-083 inhibits the growth of GSCs
with an IC of 200-2000 nM. To identify the molecular pathways affected
by VAL-083, control and VAL-083-treated GSCs were subjected to prote-
omic analysis using reverse phase protein array (RPPA) technology. The
RPPA examined the expression of a total of 297 proteins and phosphopro-
teins. It was found that VAL-083 affects the expression of several proteins
and phosphoproteins central to GBM growth. A key protein significantly
downregulated by VAL-083 was bromodomain protein 4 (BRD4). This
is a salient important finding because BRD4 has been implicated in sev-
eral cancers including GBM, and agents that target BRD4 are undergoing
development as anti-neoplastic agents. In summary, we report that VAL-
083 is effective in halting the growth of a panel of GSC isolated from
newly diagnosed GBM patients and the underlying mechanism involves
downregulation of BRD4.

Abstracts

CSIG-03. CYCLIC DEPSIPEPTIDE LIGANDS TO TARGET
CO-TRANSLATIONAL TRANSLOCATION AND ER PROTEOSTASIS
IN GLIOBLASTOMA CELLS

ane Ishmael, Xuemei Wan, Soheila Kazemi and Kerry McPhail; Oregon
State University, Corvallis, OR, USA,

Coibamide A, is a rare cytotoxic N-methyl-stabilized cyclopeptide origin-
ally isolated from a cyanobacterium growing within the marine reserve of
Coiba National Park, Panama. We have recently determined that this natural
product targets the co-translational translocation machinery and potently
inhibits expression of secreted, resident endoplasmic reticulum (ER) and
membrane-bound proteins. This mechanism of coibamide A action leads to
a pattern of cellular consequences including inhibition of glucose regulated
protein 78 (GRP78) expression and a specific pattern of cell stress and death
signaling in cultured glioblastoma cells. Exposure to nanomolar concentra-
tions of coibamide A, or the related cyclic depsipeptide natural product apra-
toxin A, promotes proteasomal degradation of GRP78 and a compensatory
upregulation of cytosolic heat shock proteins 40 and 70 that precedes cell
death. Co-translational translocation is mediated by the Sec61 translocation
channel, which comprises a conserved hetero-oligomeric protein composed
of a main pore-forming Sec61alpha subunit plus beta and gamma subunits.
Sec61 also signals directly with the protein folding machinery of the ER
lumen to maintain proteostasis. The Sec61 translocon channel is not a direct
target of any currently approved or experimental drug, however, several nat-
ural product structures are now known to target the Sec61 channel and in-
hibit the co-translational translocation process. Pharmacological inhibitors
of Sec61 may be valuable tools to probe GBM biology as SEC61gamma
has previously been identified as a proto-oncogene, and Sec61gamma over-
expression reported in high versus low grade glioma or normal astrocytes.
Natural products have historically been important sources of new chemical
structures, particularly for cancer and infectious disease, rather than pro-
viding the final drug entity. Although preliminary, the discovery of natural
product ligands to target the ER translocation machinery reveals a distinct
mechanism to perturb proteostasis in aggressive CNS cancers characterized
by high expression of GRP78 and therapeutic resistance.

CSIG-04. A REQUIREMENT FOR RIOK2 CATALYTIC ACTIVITY IN
RTK-PI3K DEPENDENT GLIOBLASTOMA

Nathaniel Boyd', Alexander Chen?, Jhomar Marquez? and Renee Read?;
University of Alabama at Birmingham, Birmingham, AL, USA,
2Department of Pharmacology, Emory University, Atlanta, GA, USA

Glioblastoma (GBM) is a particularly lethal brain neoplasm that accounts
for half of malignant and fifteen percent of all primary brain tumors diag-
nosed in adults. These statistics elevate GBM to a priority in neuro-oncology
research, but the tumors remain incurable with an exceptionally poor me-
dian survival of fifteen months after diagnosis. In order to promote targeted
therapy development, there are ongoing efforts to understand GBM at a
molecular level, which involve characterization of these tumors via their
transcriptional and mutational profile. Recent studies indicate aberrations
in receptor tyrosine kinase (RTKs), including EGFR and PDGFRA, and the
Pi-3 kinase (PI3K) signaling pathways are major drivers of tumorigenesis in
GBM. Using a Drosophila melanogasterGBM model to locate downstream
targets of these pathways, our laboratory has identified right open read-
ing frame 2 (RIOK2) serine-threonine kinase as a downstream effector of
aberrant RTK-PI3K signaling in glial tumorigenesis. Subsequent follow-up
studies indicate that RIOK2, which is overexpressed in RTK mutant human
GBM:s, drives survival and proliferation of RTK-PI3K-dependent human
GBM cells. In order to understand how RIOK2 functions to promote
tumorigenesis through RTK-PI3K signaling, we used a chemical genetics
approach in both Drosophilaand cultured human GBM cells to test the
effects of catalytic inhibition of RIOK2 in tumorous glia as well as normal
glia to find that RIOK2 catalytic activity is essential for the growth of tumor
cells, but dispensable for the growth of normal glia. However, the substrates
of RIOK2 are unknown. Therefore, through a combination of proteomic
and genetic approaches, we are currently seeking to identify potential targets
of RIOK2 catalytic activity. Together, our data indicate a role for RIOK2 in
promoting GBM tumorigenesis and our ongoing studies reveal an important
tumor-specific target signaling pathway for consideration in experimental
therapeutics.

CSIG-05. PI3K INHIBITORS PX-866 AND BEZ235 DIFFERENTIALLY
MODULATE AUTOPHAGY IN GBM

Bryan Harder!, Christopher Sereduk? and Nhan Tran?; 'Mayo Clinic,
Scottsdale, AZ, USA, ?Department of Cancer Biology, Mayo Clinic Arizona,
Scottsdale, AZ, USA, *Departments of Cancer Biology and Neurosurgery,
Mayo Clinic Arizona, Scottsdale, AZ, USA

Glioblastoma multiforme (GBM) is the most common and deadly neuro-
logical malignancy with few treatment options. Maximal safe surgical resec-
tion of the primary tumor followed by radiotherapy (RT) with concomitant
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Temozolomide (TMZ) remains the primary standard of care, but in all
cases, the tumor eventually recurs. The recurrent tumor typically harbors a
distinct molecular landscape compared to the primary tumor and displays
resistance to RT and TMZ. With no effective treatment options for recur-
rent tumors that prolong lifespan, there is a great need to understand the
molecular alterations that have occurred in order to address resistance and
provide treatment options. One pathway that has been previously reported
to be up-regulated in recurrent tumors is the PI3K/AKT/mTOR axis, which
has prompted the use of various PI3K inhibitors in the clinic. Unfortunately,
these have shown to be largely ineffective either as stand-alone agents or in
combination with other precision-targeted drugs. Here, we have explored
the action of 2 PI3K inhibitors; PX-866 (pan PI3K inhibitor) and BEZ235
(dual PI3K and mTOR inhibitor) and their ability to modulate the pro-sur-
vival autophagy pathway in T98G cells and the recurrent patient-derived
xenograft (PDX) cell model GBM10. Both PX-866 and BEZ235 showed
strong inhibition of the PI3K/AKT/mTOR axis. However, in combination
with the autophagic blocker Bafilomycin A1, PX-866 inhibited autophagic
flux and BEZ235 induced autophagic flux. Interestingly, both compounds
showed an increased activation of ERK signaling, potentially leading to
an altered dependence on MAPK signaling when the PI3K/AKT/mTOR
pathway is inhibited. The differential effects on autophagy and the induction
of ERK signaling using PX-866 and BEZ235 can be used to further provide
rational drug combinations for the treatment of recurrent GBM, while still
effectively targeting the overactive PI3K pathway, which GBM heavily relies
on for survival and invasion.

CSIG-06. THE MOLECULAR SUBTYPE OF PRIMARY
GLIOBLASTOMA CELLS CORRELATES WITH RESPONSE

TO THERAPEUTIC AGENTS THAT INDUCE APOPTOSIS OR
SENESCENCE

Ritesh Kumar! and Ian Lorimer?; 'The Ottawa Hospital, Ottawa, ON,
Canada, The Ottawa Hospital Research Institute, Ottawa, ON, Canada

INTRODUCTION: Glioblastoma (GBM) is the most common adult
primary brain tumour. Despite maximal therapy, median survival is
14 months. Resistance to therapy in GBM is due to extensive molecu-
lar heterogeneity. Gene expression profiling demonstrates four major
subtypes: proneural, neural, classical, and mesenchymal. Recently it was
shown that the mesenchymal subtype of GBM cells are resistant to ioniz-
ing radiation induced apoptosis. However, the response of other subtypes
to therapy with respect to apoptosis or senescence (irreversible growth
arrest) remains unknown. Further investigation into the susceptibility of
the molecular subtypes and mechanisms responsible for resistance may
yield insight into novel therapeutic targets. METHODS: Primary Glio-
blastoma (PriGO) cells were harvested from 3 human patients with GBM
and cultured in serum free media. Microarray analysis was used to deter-
mine the predominant molecular subtype of each cell line. Cells were then
treated with radiation, chemotherapy, or serum (an agent known to induce
senescence in PriGO cells). Apoptosis was measured by cell counts, cas-
pase-3 activation, and Annexin-V positivity. Senescence was determined
by SA-B-Gal assay, markers of cell cycle arrest (p21) and heterochromatin
formation (PML bodies). RESULTS: PriGO8A and PriGO9A cells were
predominantly classical whereas PriGO17A cells were predominantly mes-
enchymal. Classical PriGO8A and PriGO9A cells underwent apoptosis in
response to radiation and the chemotherapeutic agent Triapine but under-
went senescence in response to serum. Mesenchymal PriGO17A cells failed
to undergo apoptosis or senescence in response to any agent. Inhibition
of a key hyperactive pathway in mesenchymal cells, the Ras pathway, led
to an increase in senescence induction. CONCLUSIONS: The molecular
subtype of GBM correlates with response to therapy. The classical subtype
is sensitive to agents that induce apoptosis and senescence whereas the
mesenchymal subtype is resistant. Resistance to therapy may be mediated
by the Ras pathway and its inhibition may render such cells susceptible to
senescence inducing agents.

CSIG-07. COMPARATIVE RNA-SEQ ANALYSIS OF GLIOMAS
OF DIFFERENT MALIGNANCY IDENTIFIES FYN AS A NOVEL
REGULATOR OF GBM AGGRESSIVENESS

Andrea Comba, Padma Kadiyala, Patrick Dunn, Anna Argento,
Priti Patel, Mahmoud Alghamri, Felipe Nunez, Maria G Castro and
Pedro Lowenstein; University of Michigan, Ann Arbor, MI, USA

Glioblastomas (GBM) are the most frequent and aggressive primary
tumors of the brain. Fyn, a Src family kinase member, is overexpressed in
human GBM. Its function, however, remains poorly understood. We ana-
lyzed the differential gene expression (DE) of highly malignant tumor (NPA:
N-Ras/shp53/shATRx) compared to a less malignant one (NPAIL: N-Ras/
shp53/shATRx/IDH1R132H). Bioinformatics and network analysis iden-
tified Fyn as a highly connected node. This suggests that Fyn could be a
regulator of GBM growth and progression. We therefore investigated the
role of Fyn on glioma function in vitro and in vivo. Fyn expression levels
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in both human and mouse GBM cells correlated with tumor aggressiveness.
Fyn knockdown in NP and NPA glioma cells decreased cell proliferation and
migration. To test the activity of Fyn on tumor growth in vivo, we developed
a Fyn-deficient glioma genetic model using the Sleeping Beauty transposase
system. We induced Fyn knockdown in glioma tumors with different genetic
drivers: NPF: N-Ras/shp53+shFyn, NPAF: N-Ras/shp53/shATRx+shFYN
and NPDF: N-Ras/shp53/PDGFp+shFYN. Fyn knockdown increased sur-
vival in all three genetically different tumors. The absence of Fyn reduced
malignant neuropathological features such as pseudopalisades, ischemic
necrosis, and microvascular proliferation. At the molecular level, RNA-Seq
and DE analysis comparing NPF tumors with their controls, NP tumors
(N-Ras/shp53) identified 573 differentially expressed genes. Bioinformatics
analysis indicated altered activity in the following Gene Ontologies: “regu-
lation of cell adhesion”, “inflammatory response”, and “positive regulation
of cell motility”. In addition, signaling pathways significantly altered in
their activity included “cell adhesion molecules (CAMs)”, “focal adhesion”
and “ECM receptor interaction”. Our results indicate that Fyn would exert
its effects by regulating cell motility and interactions with the ECM. We
suggest that inhibiting Fyn activity, a novel regulator of glioma malignancy,
could become a relevant treatment for GBM.

CSIG-08. DYNAMICS OF GLIOMA GROWTH: SELF-
ORGANIZATION GUIDES THE PATTERNING OF THE
EXTRACELLULAR MATRIX AND REGULATES TUMOR
PROGRESSION

Andrea Comba!, Daniel B Zamler!, Patrick Dunn', Anna Argento!,

Padma Kadiyala', Viveka Nand Yadav', Alon Kahana', Phillip E Kish!,
Felipe Nunez', Carl Koschmann', Neha Kamran', Sebastien Motsch?,
Maria G Castro' and Pedro Lowenstein'; 'University of Michigan Medical
School, Ann Arbor, MI, USA, ?Department of Mathematics, Arizona State
University, Tempe, AZ, USA

GBM remains the deadliest primary malignant brain tumor. Given the
importance of invading cells, less attention has been paid to the tumor
mass, even if such a mass eventually kills the patient. We previously dem-
onstrated that human and mouse transplantable or GEMM gliomas display
regular anatomical multicellular structures containing elongated cells which
we named ‘oncostreams’. Oncostreams are 10-20 cells wide, 2-400 um long,
and are distributed throughout the tumors. Furthermore, we uncovered a
negative correlation between oncostream density and animal survival sug-
gesting that oncostreams play a role in tumor malignancy. Further data indi-
cate that oncostreams aid local invasion of normal brain. Co-implantation
experiments demonstrated that oncostreams facilitate the intratumoral
spread of slow migrating cells. To determine a possible molecular distinct-
iveness of oncostreams we used laser capture microdissection followed by
RNA-Seq, bioinformatics and network analysis. Evaluation of the transcrip-
tome demonstrated differential expression (DE) of genes between oncos-
treams and adjacent tumor. Functional enrichment of DE genes showed
that “collagen catabolic processes”, “positive regulation of cell migration”,
and “extracellular matrix organization” were the most over-represented
gene ontologies. Network analysis indicated that Collal, ACTA2, MMP9,
MMP10 and ADAMTS2, genes important for cell migration and ECM
interactions, are part of these networks. IHC and PCR were used to val-
idate RNA-Seq expression changes. To understand the cellular dynamics in
our system we used time lapse imagining and evaluated the results using
high level statistical analyses. The following tests, i.e., velocity distribution,
pair-wise correlation of local position, velocity correlation, etc. were used
to characterize the dynamics of cellular intratumoral motility. These data
demonstrate the existence of collective motion within glioma tumors. Taken
together, our results show that oncostreams, move by collective motion, are
anatomically and molecularly distinct, reveal the existence of glioma self-
organization, and regulate glioma growth and invasion. Targeting oncos-
treams is a candidate therapeutic strategy.

CSIG-09. THE ROLE OF HYDROGEN SULPHIDE IN GLIOMAS

Farhana Akter! and Parisa Nikrouz?; "Harvard Medical School, Boston,

MA, USA; 2London Deanery, London, England, United Kingdom

Glioblastoma is the most common malignant brain tumour in adults, with
high relapse rates and a dismal prognosis. Despite advances in our under-
standing of the pathobiology of the condition, a curative treatment has yet
to be found. Hydrogen sulphide (H,S) is a multifunctional novel gasotrans-
mitter, which has recently garnered interest in the tumour biology field.
However, little is known about this molecule in glioblastoma. A systematic
review of the literature was thus undertaken to determine whether H,S and
its synthesizing enzymes play a significant role in the glioma tumour biology.
A total of 108 published articles were identified in our systematic search of
electronic databases (PUBMED, WEB OF SCIENCE). After screening for eli-
gibility, a total of seven studies investigating the role of sulphur, H,S and H,S
synthesizing enzymes underwent comprehensive review, quality assessment,
and data extraction. H,S synthesising enzymes CBS, CSE and MPST were

20z |4dy g uo 3senb Aq 299151 G/dN/9 |ddns/oz/aj01e/ABojoouo-oinau/wod dnoolwapede//:sdily woly papeojumoq



increased in glioma cells compared to normal non-tumour cells in all the
studies. The MPST enzyme appears to be particularly abundant in glioma
cells. The CBS enzyme was shown to have a beneficial role in glioma, and
when deficient led to increased angiogenesis and tumour growth. H,S pro-
duced from cysteine is stored as bound sulphane sulphur. Levels of sulphane
sulphur was shown to be raised in high grade gliomas compared to normal
human brain regions and were thought to be involved in tumour prolifer-
ation. The underlying mechanisms of H,S -induced effects in glioma cells
were investigated in only three studies. Although there is a clear evidence of
the presence of H,S or its synthesising enzymes, the role of H,S in glioma
has not been fully delineated. A thorough understanding of the molecular
mechanisms underlying its action in glioma and in vivo studies investigating
its affect on tumour growth and survival are warranted.

CSIG-10. INVESTIGATING THE S6K1 AND S6K2 IN PTEN-
DEFICIENT GLIOBLASTOMA

Pranjal Sarma, Kelli Ennis and David R. Plas; Department of Cancer
Biology, University of Cincinnati, Cincinnati, OH, USA

BACKGROUND: Glioblastoma (GBM), the most lethal type of malig-
nant brain cancer in adults, sustains frequent mutations and/or deletions in
the tumor suppressor gene PTEN (phosphatase and tensin homolog), result-
ing in the activation of downstream mTOR-S6K signaling. METHODS:
We proposed experiments to test the hypothesis that PTEN deficiency
induces signaling through both S6K1 and S6K2. We used for genome edit-
ing by knock down of S6K paralogs in combination with LY2584702, an
S6K1 inhibitor. RESULTS: We found that LY2584702 is highly specific
for S6K1 inhibition in a kinome-wide analysis. Consistent with this result,
gene-targeted S6K1-deficient cells exhibited little additive effect when
treated LY2584702. S6K2 knockout induced a substantial reduction in the
phosphorylation of the S6K substrate, ribosomal protein S6 (rpS6). Addi-
tion of LY2584702 reduced rpSé phosphorylation further, indicating that
S6K2 cooperates with S6K1 to mediate pathway signaling downstream of
mTORCT in PTEN-deficient glioma cells. Similar results employing genetic
S6K1/S6K2 targeting using combination siRNA and sgRNA approaches are
consistent with the results of LY2584702 experiments. We survey additional
S6K substrates to define the relative contributions of S6K paralogs in signal-
ing induced by PTEN-deficiency. CONCLUSIONS: In short, our data sup-
port overlapping features of S6K1 and S6K2 regulation by PTEN, suggesting
the importance of both kinases as clinical targets in GBM.

CSIG-11. UNDERSTANDING THE MECHANISM OF RIOK2
FUNCTION IN GLIOBLASTOMA

Alexander Chen' and Renee Read?; 'Emory University, Atlanta, GA, USA,
?Department of Pharmacology, Emory University, Atlanta, GA, USA

Glioblastoma multiforme (GBM) is the most aggressive and prevalent form
of primary brain cancer and is incurable. Amplification, mutation, and/or
overexpression of the EGFR receptor tyrosine kinase and activating mutations
in components of the PI3K pathway are common in GBM tumors, although
the pathways that act downstream of EGFR and PI3K to drive tumorigen-
esis remain poorly understood. To better understand the underlying biology
of tumorigenesis, we use a Drosophila melanogaster GBM model in which
malignant neoplastic tumors arise from glial progenitor cells overexpressing
activated oncogenic versions of EGFR and PI3K and identified Right-Open-
Reading-Frame-2 (RIOK2), an atypical serine-threonine kinase, as a possible
driver of EGFR-PI3K-dependent GBM. To elucidate downstream targets
of RIOK2, we conducted preliminary immunoprecipitation experiments of
RIOK2 from patient-derived GBM cell cultures coupled with proteomics and
identified several novel RNA-binding proteins (RBPs) as binding partners
and potential substrates of RIOK2. Subsequent experiments using our Dros-
ophila GBM model show that RBP knock-down drastically reduced aberrant
glial cell proliferation and invasion, similar to RIOK2 knock-down. Further-
more, co-immunoprecipitation experiments using patient derived primary
GBM cells reveal that RIOK2 and novel RBPs are co-IPed and may operate
in a complex. Moreover, RNA-binding protein immunoprecipitations (RIP)
suggest that RIOK2 is associated with a number of oncogenic mRNAs. Based
on our preliminary results, we hypothesize that RIOK2 drives tumorigenesis
by modulating the activity of RBPs, and that this promotes the translation of
RBP target mRNAs to drive tumor cell proliferation and survival.

CSIG-12. ANNEXIN A7 ISOFORMS DIFFERENTIALLY REGULATE
TUMORIGENIC EGFR SIGNALING IN GLIOBLASTOMA
MULTIFORME

Sindhu Nair, Susan Nozell, Centdrika Hurt, Rajani Rajbhandari and
Markus Bredel; Department of Radiation Oncology, University of Alabama
at Birmingham, Birmingham, AL, USA

Dysregulation of receptor tyrosine kinase genes is a frequent genetic
abnormality in GBM. A common genetic alteration is amplification and/
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or overexpression of the epidermal growth factor receptor (EGFR) gene.
Annexin A7 (ANXA?7) is a hydrophilic protein that binds membranes in a
calcium dependent manner; it is important for membrane scaffolding and
vesicle trafficking. ANXA?7 is alternatively spliced and expressed as two iso-
forms — unspliced ANXA7 Isoform 1 (I1), containing cassette exon 6 and
spliced Isoform 2 (12). Our lab has determined that I1 is tumor suppressive
in GBM and that loss of I1 promotes tumorigenicity by perpetuating EGFR
signaling. However, if restored, I1 but not 12, reduces EGFR levels, activa-
tion and downstream pathways and diminishes tumorigenicity. In patients,
I1 levels directly correlate with survival and prognosis. We propose that I1
inhibits EGFR signalling by binding to and promoting degradation of EGFR
in a calcium dependent manner. In GBM, I1 is absent, preventing endosomal
degradation of EGFR and leading to perpetual signalling. Our approach is
novel; rather than address how/whether EGFR is activated, we focus on why
EGFR fails to be downregulated afterwards. Herein, we present a mechan-
ism that explains, in part, how I1 mediates endosomal degradation of EGFR.
Further studies are underway to identify exactly where and how I1 modifies
endosomal trafficking and degradation of EGFR. We are also exploring the
role of I1 in regulating the degradation of other receptor tyrosine kinases
(RTKs), such as MET and PDGFRA. Collectively, understanding how I1
functions will provide the foundation for future, selective therapies that
restore I1 expression and/or function to reduce GBM tumorigenicity.

CSIG-13. COMPUTATIONAL MODELING OF GLIOBLASTOMA
STEM CELL SIGNALING NETWORKS

Emilee Holtzapple!, Natasa Miskov-Zivanov!, Kenneth Jahan?,
Yahan Zhang?, Steven Young? and Brent Cochran?; 'University of
Pittsburgh, Pittsburgh, PA, USA, *Tufts University, Boston, MA, USA

Despite a tremendous increase in knowledge about glioblastoma in recent
years, it has proven difficult to devise new effective therapies. It is likely
that a major reason for the failure of new therapies is due to the molecular
heterogeneity of GBM between tumors. We have found from RNAi screens
that there is significant diversity in essential genes between the tumor stem
cells of different patients with only about 50% of all inhibitory kinases being
in common between any 2 stem cell lines. Thus, it is likely that a personal-
ized therapeutic approach will be needed for effective treatment of brain
tumors. We are building causal computer models of signaling pathways and
networks in these tumor stem cells in order to predict the drug responsive-
ness of individual GBM stem cell lines. To do this, we are using a framework
that assembles and tests element rule-based models in an automated manner,
assuming a discrete modeling approach, capable of capturing causal rela-
tionships between model elements. The use of causal relationships (positive
and negative regulation), in addition to mechanistic relationships (e.g., phos-
phorylation, binding), allows for capturing not only direct but also indirect
interactions between elements. By including these indirect interactions on
pathways, when there is no information available about exact mechanisms,
we are able to account for known element relationships, and capture larger
network motifs (e.g., intertwined feedback and feedforward loops), which
are often critical in network response to interventions. Our current model
with 141 elements and 298 edges can successfully model responses to CDK6
and GSK3-beta inhibition after initialization with RNA-Seq data. With our
automated framework, we are now extending the model using text mining
with human supervision, and we will test the extended model against chem-
ical inhibitor and RNAi data from multiple GBM stem cell lines.

CSIG-14. ALPHA-CARDIAC ACTIN 1 IS EXPRESSED IN
MEDULLOBLASTOMA AND MAY PLAY A ROLE IN CELL SURVIVAL
DURING MITOTIC INHIBITION

Rahul Suresh’, Rita Lo?, Daniel Picard3, Marc Remke® and Roberto Diaz';
!Montreal Neurological Institute and Hospital, Montreal, QC, Canada,
2Ms., Montreal, QC, Canada, *Department of Pediatric Neuro-
Oncogenomics, DKFZ, Heidelberg, Germany, and DKTK, Partner Site
Essen/Diisseldorf, Germany, Duesseldorf, Germany

We have previously demonstrated that Myc-overexpressing medulloblas-
toma cells are sensitive to apoptosis induction in response to mitotic in-
hibition with an Aurora kinase B inhibitor. Profiling of differential mRNA
expression by microarray and RT-PCR revealed that alpha cardiac actin 1
(ACTC1) mRNA expression is upregulated in cells resistant to apoptosis
triggered by Aurora kinase B inhibition and this upregulation is absent in
Myc-overexpressing cells. We confirmed expression of ACTC1 protein by
Western blot in SHH subgroup (DAQY, UW228, UW426) and Group 3
subgroup cell lines (D458, D425) and observed that expression is lower in
Group 3 cells. These findings were further validated by analysis of ACTC1
mRNA expression among all four medulloblastoma subgroups by micro-
array in a set of 763 medulloblastomas which revealed increased expression
of ACTC1 in SHH and WNT subgroups compared to Group 3 and Group 4.
Inhibition of Aurora kinase B in SHH cells that overexpress Myc results in
a reduction in ACTC1 protein level after 96 hours and this is not observed
in the isotype control cells with basal Myc expression. Reduction in ACTC1
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protein levels in SHH cells overexpressing Myc is associated with Caspase 3
cleavage. ACTC1 may play a role in blocking apoptosis triggered by mitotic
inhibition in medulloblastoma. Further experiments to test this hypothesis
are planned. These finding could potentially impact on chemotherapy choice
in the treatment of SHH and WNT tumours, which demonstrate increased
ACTC1 expression.

CSIG-15. SLFNS: A REPRESSOR OF INTERFERON-INDUCED
SIGNALING THAT STIMULATES GLIOBLASTOMA CELL
PROLIFERATION. SURVIVAL RESPONSES IN DIFFERENT
XENOGRAFT GLIOBLASTOMA MOUSE MODELS

Frank D. Eckerdt!, Mariafausta Fischietti', Craig Horbinski?, C.

David James? and Leonidas Platanias*; 'Robert H. Lurie Comprehensive
Cancer Center of Northwestern University, Chicago, IL, USA, Department
of Neurological Surgery, Northwestern University Feinberg School of
Medicine, Chicago, IL, USA, 3Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA, “Northwestern University, Chicago, IL, USA

The Schlafen (SLFN) family of proteins are involved with essential cellular
functions in normal as well as tumor biology. In our previously published
work (Oncogene 2017;36:6006-6019) we showed that high-level expres-
sion of SLFNS, an IFN-regulated member of the SLFN protein family, was
correlated with shorter overall survival in glioblastoma (GBM) patients and
that SLFNS is a contributor to the aggressive biology of GBM in stimulat-
ing the proliferation, motility and invasiveness of GBM cells, as indicated
by the results of in vitro assays. In that study we had also found that type-I
IFN treatment triggers SLFNS interaction with STAT1, and this suppresses
STAT1-mediated gene transcription. Thus, SLFNS is a repressor of IFN-
gene transcription, suggesting the existence of a feedback loop that may
contribute to the suppression of antitumor immune response. Here, we have
examined the engraftment and xenograft growth effects of U87 SLENS KO
cells. Wild-type (wt) and KO cells were intracranially injected in athymic nu/
nu mice as well as NSG-SGM3 mice: the former are T-cell deficient whereas
the latter are deficient in T-, B-, and NK cells. Athymic and NSG-SGM3 mice
injected with KO cells lived significantly longer than mice injected with wt
cells: all two-way comparisons yielded log-rank p-values of 0.011 or less.
Interestingly, the survival of NSG-SGM3 mice injected with KO cells was
significantly reduced relative to athymic nu/nu mice injected with the same
cells: p = 0.027. This differential response raises the possibility of a potential
immunosuppressive effect of SLFNS involving NK and B-cells. Immuno-
histochemical analysis of intracranial xenograft tumors for KO effects on
proliferation, apoptosis, and immune cell infiltrates is ongoing, and will be
presented at the meeting.

CSIG-16. INTRONIC miR-744 INHIBITS GLIOBLASTOMA INVASION
THROUGH INHIBITION OF MAPK-, SMAD- AND BETA-CATENIN
SIGNALING

Max Hiibner', Christian Hinske', David Effinger', Friedrich-

Wilhelm Kreth? and Simone Kreth'; 'Department of Anesthesiology,
University Hospital, LMU Munich, Munich, Germany, 2Department of
Neurosurgery, University Hospital, LMU Munich, Munich, Germany

INTRODUCTION: There is accumulating evidence that intronic micro-
RNAs (miRNAs) are capable of either supporting or restraining functional
pathways of their host genes thereby creating intricate regulative net-
works. We hypothesized that such type of interaction might gain special
importance in human glioblastoma (GBM): The second intron of Mito-
gen-Activated Protein Kinase Kinase 4 (MAP2K4), an important hub in
the pro-invasive MAPK pathway, harbors miR-744. We hypothesized that
miR-744 regulates GBM migration by interacting with its host’s pathways.
METHODS: MiR-744 was stably overexpressed in U87 cells. U87 inva-
sion was studied using migration and Boyden chamber assays. TGFB1,
MAP2K4 and DVL2 levels were measured by quantitative Real-Time-PCR
(qQRT-PCR) and SDS-PAGE. Interactions of miR-744 and 3'UTRs were ana-
lysed by luciferase reporter assays, SMAD2/3, p38 and beta-Catenin activ-
ity by SDS-PAGE, and TOP/FOPflash reporter gene assays. Stereotactically
obtained tumor specimens were analysed by qRT-PCR. Experiments were
performed in triplicate at least 3 times. Results are presented as mean=SEM.
P-Values were calculated using Student’s t-test. RESULTS: MiR-744 over-
expression inhibited U87 invasion in migration- and Boyden chamber
assays (-46%=5,8%, n=4; p=0.026), qRT-PCR and SDS-PAGE revealed
reduced levels of TGFB1, DVL2 and MAP2K4 (mRNA:-38%=5.6%,
-33.6%=4.9% and -66.2%=7.9%; protein:-35.6%=8.3%, -36.8%=5.3%
and -56.2%x9.6%; n=5, p0.05). TGFB1 knockdown repressed MAP2K4
mRNA- and protein levels (NRNA:-66.2% =7.9%, protein:-56.2% =9.6%,
n=5, p<0.05). MiR-744 levels were dramatically decreased in glioblas-
toma samples (-90.3%=14.7%, n=21, p<0.05). DVL2 and TGFB1 were
significantly induced (DVL2:3.35-fold=0.14; n=17; p<0.001; TGFB1:2.19-
fold+0.09, n=29, p=0.015). CONCLUSION: These results provide evi-
dence that miR-744 acts as an intrinsic brake on its host: It impedes
MAP2K4 functional pathways through simultaneously targeting SMAD,
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beta-Catenin and MAPK signaling networks, thereby strongly mitigating
pro-migratory effects of MAP2K4. Reexpression of miR-744 could be a
promising approach to attenuate GBM invasion.

CSIG-17. CHARACTERIZATION OF AN ALTERNATIVELY SPLICED
NTRK2 VARIANT IN GLIOMA: EMPLOYING NOVEL REAGENTS TO
UNCOVER NOVEL FUNCTIONS

Siobhan Pattwell', Sonali Arora', Patrick Cimino!, Tatsuya Ozawa?,
Benjamin Hoffstrom?, Norman Boiani?, Hamid Bolouri', Keith Loeb*,
Colin Correnti*, John Silber’ and Eric Holland'; 'Human Biology Division,
Fred Hutchinson Cancer Research Center, Seattle, WA, USA, 2Division of
Brain Tumor Translational Research, National Cancer Center Research
Institute, Chuo-ku, Tokyo, Japan, 3Antibody Development, Shared
Resources, Fred Hutchinson Cancer Research Center, Seattle, WA, USA,
4Clinical Research Division, Fred Hutchinson Cancer Research Center,
Seattle, WA, USA, SDepartment of Neurological Surgery, University of
Washington School of Medicine, Seattle, WA, USA

Most known for their essential roles in the development and mainten-
ance of the nervous system, the neurotrophins consist of nerve growth
factor (NGF), brain derived neurotrophic factor (BDNF), NT-3, NT-4
and their respective tropomyosin receptor kinases (TRKs) TrkA, TrkB,
and TrkC along with the low affinity nerve growth factor receptor, p75.
In addition to known roles in neuronal survival, proliferation, differen-
tiation, and apoptosis, TRKs exert diverse effects on cellular outcomes
through their interactions with downstream signaling cascades. Prior to
TRKSs” established roles in neurobiology, oncogenic TRK was discovered
as tropomysoin 3 (TPM3)-TrkA fusion and as a result, oncological studies
of the neurotrophin family have identified additional TRK fusions. Puta-
tive oncogenic TRK fusions have been observed in various cancer types,
but their clinical significance remains unclear and these fusions tend to
occur at very low frequencies below 1-2%. The low incidence of these
fusions combined with significant overexpression of various TRKs in a
multitude of cancers raises the possibility that another aspect of TRK biol-
ogy, in addition to kinase-domain fusions, may be relevant. Basic scientific
and clinical investigation surrounding TRKs’ role in cancer has often been
hindered due to the nonspecific nature of antibodies and kinase inhibitors,
combined with a lack of precise exon-specific expression data from patient
populations. Tropomyosin receptor B (TrkB), encoded by the NTRK2
gene, exhibits complex alternative splicing patterns. Here we show a novel
role for a TrkB splice variant in gliomas via NTRK2 transcript analyses
and immunostaining using a novel antibody engineered specifically to this
variant. This NTRK2 splice variant enhances PDGF-driven gliomas in
vivo and augments PDGF-induced signaling in vitro. Through the lens of
NTRK2, these results highlight the importance of expanding upon whole
gene-level and kinase-fusion analyses to explore TRK splicing in basic and
translational research.

CSIG-18. MODELING TEMOZOLOMIDE RESISTANCE WITH
GLIOBLASTOMA PATIENT DERIVED XENOGRAFTS

C. David James!, Atique Ahmed', Adam Sonabend!, Craig Horbinski® and
Roger Stupp!; 'Feinberg School of Medicine, Northwestern University,
Chicago, IL, USA, 2Department of Neurological Surgery, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA

We have conducted experiments with intracranial patient-derived xeno-
graft (PDX) models of glioblastoma (GBM) in which PDX recurrence, fol-
lowing the administration of radiotherapy (RT) and temozolomide (TMZ)
to animal subjects, is monitored by bioluminescence imaging. Recurrent
tumors were resected from brain then sequentially propagated as subcu-
taneous xenografts through three successive mouse hosts that received no
treatment during tumor propagation. Subcutaneous tumor from the third
mouse host was used for establishing intracranial tumors in a new series
of mice that received the same treatments as in the initial experiment, in
order to assess whether recurrent, treated tumors respond differently to the
same treatments used in treating corresponding therapy naive tumors. We
observed no indication of tumor recurring from one cycle of RT + TMZ
treatment as displaying resistance to the same treatments used in treat-
ing corresponding therapy naive tumor. However, recurrent tumor that
was subjected to two additional cycles of TMZ treatment, prior to resec-
tion from brain and subcutaneous propagation through 3 successive mice
(107 days total subcutaneous propagation while receiving no treatment),
displayed TMZ resistance when tested for response to the same treatments
as corresponding naive tumor. Median TMZ treatment survivals for mice
intracranially engrafted with naive, RT + 1 cycle TMZ treated, and RT + 3
cycles TMZ treated tumor cells were 80, 74, and 42 days, respectively, and
survival results yielded log-rank p-values <0.001 for naive and RT + 1 cycle
TMZ comparisons against mice with RT + 3 cycle TMZ treated intracranial
tumor. These results suggest that GBM PDX with stable TMZ resistance
can be developed in vivo by repetitive, cyclical administration of TMZ to
mice with intracranial tumor. Results from the multidimensional analysis of

20z |4dy g uo 3senb Aq 299151 G/dN/9 |ddns/oz/aj01e/ABojoouo-oinau/wod dnoolwapede//:sdily woly papeojumoq



such PDX should yield useful information for testing therapeutic hypotheses
aimed at improving treatment outcomes for patients with recurrent GBM.

CSIG-19. DETECTION OF IDH1 R132H VIA FLOW CYTOMETRY IN
INTRAOPERATIVE AND ARCHIVAL GLIOMA SPECIMENS

ustine Sinnaeve, Alan Simmons, Kyle Weaver, Reid Thompson,
Lola Chambless, Ken Lau, Bret Mobley and Rebecca IThrie; 'Vanderbilt
University, Nashville, TN, USA

Gliomas are the most common adult primary brain tumor and remain
incurable. One critical challenge in the study of glioma is separating the
biological effects of diverse cells that make up a tumor. Mass cytometry is a
method used to simultaneously detect 37 or more epitopes per-cell on tens
of thousands of cells isolated from patient tumor samples. This technology
has been widely used in blood cancers and has recently been employed in
solid tumors including glioma patient samples. However, a definitive pro-
tein marker that can distinguish glioma versus non-glioma stromal cells
in flow cytometry does not exist. The isocitrate dehydrogenase 1 (IDH1)
enzyme is mutated in approximately 80% of grade II and III gliomas and
10% of glioblastomas, with R132H as the most common mutation. Mu-
tant IDH1 is found exclusively in cancerous cells and, when incorporated in
flow cytometry experiments, positively identifies these cells in IDH-mutant
tumors. We have developed a protocol to detect the IDH1 R132H antigen in
fluorescence and mass cytometry. This protocol has been successfully com-
bined with other staining and preparation steps to identify CD45-positive
immune cells, CD31-positive endothelial cells, and IDH R132H-positive
tumor cells in engineered cell lines, primary patient samples, and material
extracted from paraffin blocks. These cell populations can be computation-
ally separated for further analysis of protein expression, high dimensional
phenotypes, signaling features, and cell abundance. Flow cytometry can be
used to confidently identify a subset of cancer lineage cells and compare their
protein phenotypes to other cells within the tumor as well as to other pa-
tient samples. This technique will ultimately provide a useful complement to
other single-cell approaches and enable tracking of mutant IDH1 expression
over the duration of functional assays such as drug response or engraftment.

CSIG-20. GBP2 ENHANCES GLIOBLASTOMA INVASION THROUGH
STAT3/FIBRONECTION PATHWAY
Shuye Yu and Ming Li; Soochow University, Suzhou, Jiangsu, China

Glioblastoma multiforme (GBM) is the most common and deadliest
form of brain tumor in adults. Guanylate-binding protein 2 (GBP2) is an
interferon-inducible large GPTase with antimicrobial activities. However, its
biological function in cancer remains largely unknown. Here we show that
GBP2 expression is highly elevated in GBM tumor and cell lines, particularly
those of the mesenchymal subtype. High GBP2 expression is associated with
poor outcomes for GBM patients. GBP2 deregulation has no obvious effects
on GBM cell proliferation in vitro. GBP2 overexpression significantly pro-
motes GBM cell migration and invasion, and GBP2 silencing by RNA inter-
ference exhibits opposite effects. We further show that fibronectin (FN1) is
dramatically induced by GBP2 expression at both mRNA and protein levels,
and FN1 is essential for GBP2-promoted GBM invasive capacity. Inhibition
of STAT3 pathway prevents GBP2-promoted FN1 induction and cell inva-
sion. Consistently, GBP2 dramatically promotes GBM tumor growth and in-
vasion in mice, and GBP2 expression significantly shortens the survival time
of the mice with tumor. Together, these findings establish the role of GBP2/
STAT3/FN1 signaling cascade in GBM invasion and suggest GBP2 may
serve as a novel potential therapeutic target for inhibiting GBM invasion.

CSIG-21. THE ROLE OF miR-219a-2-3p AS A TUMOR SUPPRESSOR
IN IDH1/2-WILD-TYPE GRADE II/IIl GLIOMAS

essica Fleming', Erica Hlavin Bell', Zhen-yue Tong!, Ivana Grozdic!,
Joseph McElroy!, Sasha Beyer!, Denise Fabian!, Tiantian Cui,
Ilinca Popp?, Ori Staszewski?, Marco Prinz?, Saikh Jaharul Haque',
Anca-Ligia Grosu® and Arnab Chakravarti'; 'The Ohio State University,
Columbus, OH, USA, 2University Hospital Freiburg, Freiburg, Germany,
SDepartment of Radiation Oncology, University Hospital Freiburg,
Freiburg, Germany

IDH1/2 mutation status can accurately stratify distinct groups of lower-
grade glioma (LGG) patients with IDH1/2 non-mutant patients having
significantly worse survival rates. A better understanding of the molecular
alterations in IDH1/2 mutant versus non-mutant patients may lead to new
therapeutic options for the high-risk non-mutant population. We conducted
a global microRNA (miRNA) expression analysis using the NanoString
array to identify miRNAs differentially expressed in IDH1/2 mutant ver-
sus non-mutant grade II/III glioma patients. Of the miRNAs differentially
expressed, we performed additional validation experiments confirming 72iR-
219a-2-3p, which provided strong rationale to characterize this miRNA
in gliomas. miR-219a-2-3p was significantly upregulated 3.4-fold (FDR
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p = 0.026) in IDH1/2 mutant versus non-mutant tumors (n=56) and was
validated in the TCGA LGG cohort. Upon univariable Cox-regression ana-
lysis, miR-219a-2-3p was significantly associated with better overall survival
(HR = 0.73 (0.55-0.96); p = 0.03). We hypothesized that #iR-219a-2-3p
may act as a tumor suppressor in IDH1/2 non-mutant gliomas. Overex-
pression of miR-219a-2-3p in LN18 (PTEN wild-type) and U87 (PTEN
mutated) glioma cell lines harboring wild-type IDH1/2 resulted in a signifi-
cant inhibition of cell proliferation, colony formation, and cell invasion. We
also observed a significant radiosensitizing effect of 7iR-219a-2-3p. Using
an in silico approach, we identified four putative targets of 7iR-219a-2-3p.
Overexpression of miR-219a-2-3p significantly downregulated each target
at the mRNA and protein levels. These targets have been shown to play a
role in tumor progression by activating the PI3K-AKT and Ras-ERK path-
ways. Accordingly, we observed a significant decrease in AKT phosphor-
ylation when 7iR-219a-2-3p was overexpressed. These data suggest that
miR-219a-2-3p and/or its targets may be potential candidates to pursue as
novel therapeutic options in IDH1/2 wild-type gliomas. Currently, in vivo
experiments for 7iR-219a-2-3p are in progress. FUNDING: RO1CA108633,
RO1CA169368, RC2CA148190, U10CA180850-01(NCI), Brain Tumor
Funders Collaborative Grant, and the Ohio State University Comprehensive
Cancer Center (all to AC).

CSIG-22. RECONCILING TUMOR HETEROGENEITY IN
GLIOBLASTOMA USING A PATHWAY-BASED APPROACH

Alvaro Alvarado', Riki Kawaguchi', Giovanni Coppola’, Steven Goldman?
and Harley Kornblum'; 'Department of Psychiatry and Biobehavioral
Sciences, and Semel Institute for Neuroscience & Human Behavior, David
Geffen School of Medicine, UCLA, Los Angeles, CA, USA, *Department of
Neurology and the Center for Translational Neuromedicine, University of
Rochester Medical Center, Rochester, NY, USA

Despite efforts to gain a deeper understanding of its molecular architec-
ture, glioblastoma (GBM) remains uniformly fatal. While genome-based
molecular subtyping has revealed that GBMs may be parsed into several
molecularly distinct categories, this insight has yielded little progress towards
extending patient survival. In particular, the great phenotypic heterogeneity
of GBM -both inter and intratumorally — has hindered therapeutic efforts.
To this end, we interrogated tumor samples using a pathway-based approach
to resolve tumoral heterogeneity. Gene set enrichment analysis (GSEA) was
applied to gene expression data and used to provide an overview of each
sample that can be then compared to other samples, to generate sample
clusters based on their overall patterns of enrichment. The Cancer Genome
Atlas (TCGA) samples were clustered using the canonical and oncogenic
signatures and in both cases the clustering was distinct from the molecu-
lar subtype previously reported. Using principal component analysis (PCA)
and other bioinformatics tools we extracted gene sets to further character-
ize the pathways contributing to each of these clusters. We generated gene
lists comprised of the top common elements and Ingenuity pathway analysis
exposed molecular targets that control critical pathways of each identified
cluster. Similar analyses were completed in a gene expression database of
patient-derived gliomasphere lines and in datasets that address intratumoral
heterogeneity: 1) sorted stem cell populations compared with unsorted frac-
tions and 2) lines derived from tumor cores, versus those derived from tumor
periphery of the same patients. Validation studies are in progress, to assess
whether molecules of interest may be targeted in lines from a particular clus-
ter and to determine treatment responsiveness in terms of tumor cell cycle
kinetics, proliferation, survival and self-renewal. Our studies relate inter-
and intratumoral heterogeneity to critical cellular pathways dysregulated
in GBM, with the ultimate goal of establishing a pipeline for patient- and
tumor-specific precision medicine.

CSIG-23. miR-146a PREDICTS BETTER OVERALL SURVIVAL

AND ACTS AS A TEMOZOLOMIDE (TMZ) SENSITIZER
THROUGH TARGETING MULTIPLE SIGNALING PATHWAYS IN
GLIOBLASTOMA

Tiantian Cui', Erica Hlavin Bell!, Kevin Liu', Joseph McElroy’,
Marjolein Geurts?, Ashley Gray!, Aline Becker!, Jessica Fleming!,

Sasha Beyer!, Jahar Haque', Pierre Robe® and Arnab Chakravarti'; 'The
Ohio State University, Columbus, OH, USA, 2UMC Utrecht, Utrecht,
Netherlands

BACKGROUND: Glioblastomas (GBMs) are the most aggressive pri-
mary brain tumors, with an average survival of less than 15 months. micro-
RNAs (miRNAs) are emerging as promising, novel prognostic biomarkers
in GBM. miRNA-146a acts as a tumor suppressor in different cancer
types. This purpose of this study is to assess the prognostic value of miR-
146a and investigate its role in tumor growth and therapeutic sensitivity
and the underlying cellular and molecular mechanisms in GBM. METH-
ODS: To determine the correlation between expression of miR-146a and
overall survival (OS) of GBM patients, total RNAs were isolated from
268 FFPE GBM tumor samples (IDH1/2 WT) for miR expression ana-
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lysis (simultaneously) using the nCounter human miRNA v3a assay
(NanoString Technologies), then, univariable and multivariable analyses
were performed. Furthermore, functional studies were conducted to define
the role of miR-146a in GBM tumorigenesis and therapeutic response and
the underlying molecular mechanisms in established and patient-derived
primary GBM cells. RESULTS: Univariable analyses demonstrated that
miR-146a is correlated with better prognosis in GBM patients (HR=0.66,
p=9.21E-05), which was independent of the promoter methylation of
O¢-methylguanine-DNA methyltransferase by multivariable analyses
(p<0.001). Interestingly, expression of miR-146a was downregulated in a
majority of GBM cells compared with normal human astrocytes, as well
as GBM tissues compared with paired non-tumor tissues. Functionally,
overexpression of miR-146a significantly inhibited proliferation and inva-
sion of both established and patient-derived primary GBM cells in vitro.
Importantly, we also found that miR-146a overexpression increased the
sensitivity of GBM cells to temozolomide (TMZ) and potentiated TMZ-
induced apoptosis in vitro. While conducting downstream targeting and
mechanistic studies, we found that overexpression of miR-146a signifi-
cantly inhibited the NF-xB, AKT, and ERK pathways through targeting
novel targets in GBM. CONCLUSION: Our data suggest that miR-146a
predicts favorable prognosis for GBM patients and may serve as a thera-
peutic target in GBM.

CSIG-24. miR-575 IS ASSOCIATED WITH WORSE SURVIVAL OF
GBM PATIENTS AND ACTS AS A NOVEL ONCOGENE THROUGH
TARGETING p27/CDKN1B AND BLID/BRCC2

Tiantian Cui', Ashley Gray!, Erica Hlavin Bell!, Joseph McElroy!,
Marjolein Geurts?, Wei Meng!, Jahar Haque', Pierre Robe? and

Arnab Chakravarti'; 'The Ohio State University, Columbus, OH, USA,
2UMC Utrecht, Utrecht, Utrecht, Netherlands

Glioblastoma (GBM) patients currently face poor survival outcomes
with an average survival period of less than 15 months, while only 3-5%
of patients survive longer than 36 months. Although the mechanisms of
tumorigenesis are still being elucidated, miRNAs are promising candi-
dates to explore as novel and prognostic biomarkers in GBM. Here, we
determined the correlation between miR-575 expression in GBM tumors
and overall survival (OS) of patients and undertook functional studies to
unfold the contribution of this miR to GBM tumorigenesis. Total RNAs
were isolated from 268 FFPE GBM tumor samples and miR expression
was assayed (simultaneously) using NanoString Technologies, and uni-
variable and multivariable cox regression analyses were performed. Cell
proliferation, colony formation, migration assay, qQPCR, immunoblotting,
and luciferase assay were conducted to define the function of miR-575
in GBM. Our survival analysis (n=268) show that miR-575 is associated
with worse OS of GBM patients (HR=1.5, p-value=5.77E-05) by continu-
ous UVA. miR-575 was also found to be significantly associated with OS,
independent of age, gender, treatment, and KPS in a MVA (HR=1.208,
p=0.012). Since miR-575 was found to be negatively associated with OS,
we hypothesized that miR-575 overexpression would increase tumor pro-
gression. Our functional studies indicate that overexpression of miR-575
significantly increased the proliferation and motility of LN229 and U251
GBM cells in vitro. Consistent with the result found in LN229 and U251
cells, inhibition of miR-575 in U87 cells significantly decreased their prolif-
eration and motility. Subsequent iz silico and mechanistic studies identified
p27/CDKN1B and BLID/BRCC2 aspotential target genes of miR-575 in
GBM. Overexpression of miR-575 in GBM cells reduced the expression of
both BLID and p27 at both mRNA and protein levels. miR-5735 has prog-
nostic value in GBM, with higher expression correlating with worse OS of
patients, and contributes to GBM tumorigenesis by inhibiting expression
of p27 and BLID.

CSIG-25. EPIDERMAL GROWTH FACTOR RECEPTOR
EXTRACELLULAR DOMAIN MISSENSE MUTATION A289V AS

A DRIVER OF GLIOBLASTOMA INVASION AND PROLIFERATION
Zev Binder'*, Amy Thorne?*, Spyridon Bakas3*, E. Paul Wileyto!,

Hamed Akbari', Saima Rathore?, Sung Min Ha?, Logan Zhang!,

Ahmed Idbaih*, Stephen Bagley’, Jennifer Morrissette®,

MacLean Nasrallah?, Jianhui Ma®, Ciro Zanca®, Andrew Scott?,

Christos Davatzikos?, Frank Furnari® and Donald O’Rourke!’; 'University
of Pennsylvania, Philadelphia, PA, USA, ?Inovio Pharmaceuticals, San Diego,
CA, USA, 3Center for Biomedical Image Computing and Analytics (CBICA),
University of Pennsylvania, Philadelphia, PA, USA, “AP-HP, Hopitaux
Universitaires Pitié Salpétriére - Charles Foix, Sorbonne Université, Ile-
de-France, France, *Perelman School of Medicine at the University of
Pennsylvania, Philadelphia, PA, USA, éCenter for Personalized Diagnostics,
Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA,
USA, "Department of Pathology and Laboratory Medicine, Perelman School
of Medicine, University of Pennsylvania, Philadelphia, PA, USA, *Ludwig
Institute for Cancer Research UCSD, La Jolla, CA, USA, *Austin Hospital,
Melbourne, Australia, Melbourne, Victoria, Australia, '’Department of
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Neurosurgery, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA, USA

Epidermal Growth Factor Receptor (EGFR) missense-mutations in glio-
blastoma (GBM) typically occur within the extracellular domain (ECD) and,
to-date, have not shown a clinical impact. These ECD mutations, while not
as common as wild-type amplification or EGFRVIII, do represent a distinct
patient population in need of investigation. This study investigates the onco-
genic effect of the most common EGFR ECD missense-mutations (R108K,
A289D/T/V, and G598V) in a retrospective cohort of 260 de novo GBM
patients from the University of Pennsylvania. Extrapolation of each indi-
vidual missense-mutation revealed a significant reduction in patient survival
for the EGFRAZPTV mutants (p=0.028). This effect was confirmed with
a follow-up cohort of 111 patients. The Cancer Imaging Phenomics Tool-
kit (CaPTk — www.cbica.upenn.edu/captk) was used to extract 2104 quan-
titative imaging phenomic (QIP) features, from multiparametric magnetic
resonance imaging, across the various tumor sub-regions comprising the
enhancing and non-enhancing tumor core, as well as the peritumoral edema-
tous/invaded tissue. Multivariate machine learning techniques integrated
these features, revealing radiographic signatures suggestive of increased
invasion and proliferation for patients bearing the A289 mutation. The
underlying mechanism of EGFRA2%°V in tumor growth was examined using
engineered U87 glioma cells and patient-derived HK281 glioma spheres
simulating expression of wild-type-EGFR or EGFRA2%*V. Corroborating
our findings in patients, mice bearing intracranial tumors with EGFRA28%V
mutations revealed significantly worse survival accompanied by highly inva-
sive tumors. Cells expressing EGFRA%%V yielded a highly active EGFR/ERK
signaling pathway, resulting in increased expression and functionality of the
matrix metalloproteinase MMP1, which can be attenuated by the use of
ERK pathway inhibitors. Collectively, the findings of this study highlight a
highly invasive and proliferative phenotype associated with the EGFRA?$%V
missense-mutation. Moreover, given the tumor-specific and extracellular
nature of the mutation, we postulate that it may be amenable to targeted
therapy. Key data presented is from a manuscript with preliminary accept-
ance to Cancer Cell. *equal contribution

CSIG-26. MOLECULAR DETERMINANTS OF SENSITIVITY TO PI3K/
AKT/mTOR PATHWAY INHIBITION IN GLIOBLASTOMA

Caroline von Achenbach!, Michael Weller?, Kerstin Kaulich?,

Dorothee Gramatzki*, Angela Zacher?, Doriano Fabbro’,

Guido Reifenberger® and Emese Szabo'; 'Laboratory of Molecular Neuro-
Oncology, Department of Neurology, University Hospital Zurich, Zurich,
Switzerland, 2Department of Neurology, University Hospital and University
of Zurich, Zurich, Switzerland, *University of Diisseldorf, Diisseldorf,
Germany, “Department of Neurology, University Hospital Zurich,

Zurich, Switzerland, PIQUR Therapeutics AG, Basel-Stadt, Switzerland,
¢Department of Neuropathology, Heinrich-Heine-University Diisseldorf,
Disseldorf, Germany

Molecular genetic aberrations in the phosphoinositide 3-kinase (PI3K)/
protein kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway
are common in human cancers including glioblastoma, yet, novel therapeutic
approaches targeting this pathway in glioblastoma have had limited success
to date. Here we analyzed the molecular mechanisms determining sensitivity
to PI3K/AKT/mTOR inhibition using gene silencing or pharmacological in-
hibition by assessing target inhibition, modulation of down-stream signaling
pathways, viability, proliferation, and clonogenicity (sphere formation) in
human isocitrate debydrogenase (IDH) wild-type long-term cell (LTC) lines
and glioma-initiating cells (GIC). Glioma cells including GIC in particular
were universally sensitive to growth inhibition induced by PQR309, a novel,
dual pan-PI3K/AKT/mTOR antagonist in vitro. Cells exhibited profound
growth arrest, but little apoptotic or necrotic cell death as confirmed by
electron microscopy; yet, there was evidence of senescence. Cell lines with
high basal levels of phosphorylated (active) AKT, low levels of phosphoryl-
ated (inactive) protein translation repressor eukaryotic initiation factor (elF)
4E-binding protein 1 (p4E-BP1), and high levels of Ser9-phosphorylated (in-
active) glycogen synthase kinase 3 beta (pGSK3[3) were more sensitive to
PQR309. Accordingly, PQR309 acted synergistically in combination with
AKT inhibitors to inhibit clonogenicity or spherogenicity in vitro, indicating
that persistent AKT activity may represent an escape mechanism from PI3K/
AKT/mTOR-targeted therapy. In vivo studies confirmed the anti-glioma
activity of PQR309 alone or in combination with AKT inhibition in the
orthotopic LN-229 glioma model. Altogether, these data may help to stratify
or enrich for patients likely to benefit from PI3K/AKT/mTOR inhibition in
future clinical trials of targeted therapy in glioblastoma.

CSIG-27. DIFFERENTIAL ELEVATION OF TERT ACTIVITY AND
SENSITIVITY TO TEMOZOLOMIDE BY TYPE OF TERT MUTATION
IN MGMT PROMOTER-METHYLATED GLIOBLASTOMA

Manuela Silginer', Alexandros Papachristodolou?, Bettina Hentschel?,
Dorothee Gramatzki?, J6rg Felsberg®, Markus Loffler?, Gabriele Schackert®,
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Manfred Westphal’, Jérg-Christian Tonn®, Andreas von Deimling?,

Torsten Pietsch!®, Guido Reifenberger1!, Patrick Roth* and

Michael Weller'?; "University Hospital Zurich, Zurich, Switzerland,
2Zurich, Switzerland, 3Institute for Medical Informatics, Statistics and
Epidemiology, University of Leipzig, Leipzig, Germany, “Department of
Neurology, University Hospital Zurich, Zurich, Switzerland, Department
of Neuropathology, Heinrich-Heine-University Diisseldorf, Diisseldorf,
Germany, *Department of Neurosurgery, University of Dresden,

Dresden, Germany, "Department of Neurosurgery, University Medical
Center Hamburg-Eppendorf, Hamburg, Germany, *Department of
Neurosurgery, Ludwig-Maximilians-University Munich, Munich, Germany,
“Neuropathology Department, Heidelberg University Hospital, Heidelberg,
Germany, "“Institut fiir Neuropathologie, Universititsklinikum Bonn, Bonn,
Germany, "Department of Neuropathology, Heinrich Heine University
Hospital, Diisseldorf, Germany, ?Department of Neurology, University
Hospital and University of Zurich, Zurich, Switzerland

BACKGROUND: Benefit from temozolomide chemotherapy in glio-
blastoma is essentially limited to patients with tumors that exhibit O®-meth-
ylguanine DNA methyltransferase (MGMT) promoter methylation. Recent
retrospective clinical analyses indicate that the impact of the MGMT status
on chemosensitivity may be modulated by telomerase reverse transcriptase
(TERT) promoter mutations. These commonly affect two regions of the
TERT promoter, C228T and C250T. METHODS: TERT promoter muta-
tion status and TERT activity were determined and correlated with sensi-
tivity to irradiation or temozolomide in long term and glioma-initiating cell
lines. TERT status alterations were induced using sh-mediated gene TERT
silencing or wildtype TERT overexpression. TERT mutation and MGMT
promoter methylation status were also determined in a clinical patient co-
hort from the German Glioma Network. RESULTS: C228T-mutant glioma
cell lines (n=8) show higher TERT mRNA expression (mean 0.046 = 0.012
vs 0.012 = 0.004 arbitrary units, p=0.049) and higher TERT catalytic ac-
tivity (mean 122 = 16 vs 53 = 11 arbitrary units, p=0.022) than C250T-
mutant glioma cell lines (n=5). C228T-mutant glioma cell lines are also more
sensitive to irradiation (mean ED90 4.6 = 0.7 versus 7.1 = 0.8 Gy, p=0.039)
or temozolomide (mean ECS50 101.6 = 58.5 versus 295.2 = 53.8 pM,
p=0.0435) in vitro. Targeted alterations of TERT status affect sensitivity to ir-
radiation or temozolomide: TERT gene silencing confers protection whereas
TERT overexpression confers sensitization. Consistent with these preclinical
observations, patients with C228T TERT mutation and MGMT promoter
methylation may derive more benefit from temozolomide chemoradiother-
apy (median overall survival 26.5 months, 95% CI 20.3-32.7) than patients
with the C250T mutation (median overall survival 16.2 months, 95% CI
8.5-23.8) or patients without TERT mutation (median overall survival
23.7 months, 95% CI 18.7-28.8). CONCLUSIONS: These results con-
firm a link between TERT promoter status and sensitivity to irradiation and
temozolomide and illustrate how TERT and MGMT might interact to deter-
mine outcome in human glioblastoma. They allow to design future targeted
interventions focusing on TERT and MGMT to improve the treatment of
glioblastoma.

CSIG-28. LONG NONCODING RNA MIR22 HOST GENE-DERIVED
miR-22-3p AND miR-22-5p PROMOTE PROLIFERATION, INVASION
AND SELF-RENEWAL IN HUMAN GLIOMAS VIA Wnt/-CATENIN
SIGNALING

Mingzhi Han', Shuai Wang?, Jian Wang', Xingang Li?> and Rolf Bjerkvig?;
K. G. Jebsen Brain Tumour Research Centre, Department of Biomedicine,
University of Bergen, Bergen, Norway, 2Department of Neurosurgery, Qilu
Hospital of Shandong University and Brain Science Research Institute,
Shandong University, Key Laboratory of Brain Functional Remodeling,
Jinan, Shandong, China, 3K. G. Jebsen Brain Tumour Research Centre,
Department of Biomedicine, University of Bergen, Bergen, Norway

BACKGROUND: Long noncoding RNAs (IncRNAs) are essential tran-
scripts with critical roles in tumor initiation and malignant progression.
In the present study, through analysis of whole-transcriptome profiles, we
showed that MIR22 host gene (MIR22HG), the primary microRNA of miR-
22, ranked among the most overexpressed IncRNAs in glioblastoma (GBM).
Herein, our study aims to elucidate the biological functions of MIR22HG
and therapeutic potency of MIR22HG targeted inhibition in GBM. METH-
ODS: We characterized the expression pattern of MIR22HG/miR-22 by
bioinformatics analysis and by in situ hybridization (ISH) in GBMs. We fur-
ther determined whether genetic targeting of MIR22HG affected oncogenic
functions of primary GBM cells in vitro and in vivo. A co-culture model
where brain organoids are co-cultured with GBM spheroids were utilized
for the invasion assessment. Finally, based on the three-dimensional struc-
ture of the pre-miR-22, we performed virtual screening strategy to disclose
a novel inhibitor of the MIR22HG/miR-22 axis. RESULTS: We showed
that MIR22HG/miR-22 was highly expressed in GBM, especially in isoci-
trate dehydrogenase 1/2 (IDH1/2) wild-type tumors. Specially, MIR22HG/
miR-22 was preferentially expressed in glioblastoma stem cells (GSCs)
compared to normal neural stem cell (NSCs). Analysis of intra-tumoral
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transcriptional heterogeneity showed that MIR22HG was higher in the
infiltrating region compared to the tumor center. In functional assays, silenc-
ing MIR22HG attenuated aggressive phenotypes in GBM cells, including
invasion, self-renewal and in vivo tumor growth via suppressing the pro-
duction of miR-22-3p and miR-22-5p. Using a luciferase reporter assay, we
further confirmed that two inhibitors of the Wnt/B-catenin pathway, SFRP2
and PCDH135, were direct targets of miR-22-3p and miR-22-5p. Finally, we
identified a specific inhibitor termed AC1L6JTK, which blocks the ability of
Dicer to process pre-miR-22 to mature miR-22, thus exerting therapeutic ef-
ficacy on GBMs. CONCLUSIONS: Our findings show that the MIR22HG/
miR-22 axis is a novel biomarker as well as a therapeutic target in GBM.

CSIG-29. THE DUAL PI3K/mTOR-PATHWAY INHIBITOR GDC-0084
ACHIEVES ANTITUMOR ACTIVITY IN BREAST CANCER BRAIN
METASTASES IN VITRO AND IN VIVO

Franziska Ippen', Christopher Alvarez-Breckenridge?, Benjamin Kuter!,
Alexandria Fink!, Ivanna Bihun', Tristan Penson!, Jianfang Ning!,
Hiroaki Wakimoto! and Priscilla Brastianos®; 'Massachusetts General
Hospital, Boston, MA, USA, ?Department of Neurosurgery, Massachusetts
General Hospital, Harvard Medical School, Boston, MA, USA, 3Divisions
of Neuro-Oncology and Hematology/Oncology, Departments of Medicine
and Neurology, Massachusetts General Hospital Cancer Center, Harvard
Medical School, Boston, MA, USA

Breast cancer is the second most common primary tumor leading to brain
metastases in adult cancer patients. Previous studies have shown that the
PI3K/AKT/mTOR pathway in breast cancer brain metastasis is activated in
up to 70% of analyzed tumors. However, there are no approved agents tar-
geting this pathway in breast cancer brain metastases at present. GDC-0084
is a dual brain penetrant PI3K/mTOR-inhibitor that has already demon-
strated promising response rates in a preclinical glioblastoma model. The
aim of this study was to analyze the efficacy of this compound in a breast
cancer brain metastases model in vitro and in vivo using PIK3CA-mutant
and PIK3CA-wildtype cell lines. In vitro methods included cell viability,
apoptosis, growth inhibition assays, cell cycle analysis, Western blots and
immunohistochemistry. In vivo, the effect of GDC-0084 was evaluated in an
orthotopic intracranial mouse model with bioluminescent imaging. GDC-
0084 induced apoptosis in PIK3CA-mutant breast cancer brain metastases
cell lines and growth inhibition in PIK3CA-wildtype cell lines in vitro and
markedly inhibited tumor growth of PIK3CA-mutant cell lines in vivo. The
results of this study highlight the importance of brain-penetrant agents tar-
geting the PI3K/AKT/mTOR-pathway and suggest that GDC-0084 might
be a promising treatment option for breast cancer brain metastases patients
in the future.

CSIG-30. DEUBIQUITINATING ENZYME (USP5) COOPERATE
‘WITH RNA BINDING PROTEIN (hnRNPA1) DURING GLIOMA
PROGRESSION, BRING THERAPEUTIC INSIGHTS

Ajay Yadav; Delhi University, Delhi, India

Glioma is a challenging disease with median survival less than a year.
Disease reoccurrence where RNA binding proteins are potentially involved
in modulating the whole cascade of event. Flexibility in alternative splic-
ing variants formation are the major events, where key regulators (RBP’s)
are under the control of deubiquitinating enzymes. Expression analysis of
USPS were evaluated in between Grade II and Grade IV Gliomas immuno-
histochemistry. USPS expression were elevated in grade IV GBMs, whereas
Grade II lacks its expression. USPS expression were positively correlated
with hnRNPA1(RBP). Western blotting experiments were performed in
USPS knock down glioma cell line shows downregulation of hnRNPA1.
Similarly, interaction between USPS and hnRNPA1 were performed, indi-
cating a positive cooperation between USP5 and hnRNPA1. Ubiquitination
and deubiquitination profiling of hnRNPA1 from grade to grade basis will
help us in evaluating the disease outcome. Screening of drugs against USPS
activity along with expression studies of RNA binding proteins, would be a
best strategy, to evaluate the therapeutic efficacy.

CSIG-31. MUTATION OF PIM1 GENE IN PRIMARY CENTRAL
NERVOUS SYSTEM LYMPHOMA INHIBITS CELL DEATH
THROUGH CHANGE IN SUBCELLULAR LOCALIZATION OF PIM-1
AND INCREASE OF BAD PHOSPHORYLATION

Nobuyoshi Sasaki', Koichi Ichimura!, Motoo Nagane? and

Arata Tomiyama?; 'Division of Brain Tumor Translational Research,
National Cancer Center Research Institute, Tokyo, Japan, 2Department

of Neurosurgery, Kyorin University, Faculty of Medicine, Tokyo, Japan,
3Department of Neurosurgery, National Defense Medical College,
Tokorozawa, Saitama, Japan

BACKGROUND: In a study of Next Generation Sequencing in primary
central nervous system lymphoma (PCNSL), we have previously reported

NEURO-ONCOLOGY e« NOVEMBER 2018 vi49

20z |4dy g uo 3senb Aq 299151 G/dN/9 |ddns/oz/aj01e/ABojoouo-oinau/wod dnoolwapede//:sdily woly papeojumoq



Abstracts

several mutations of high frequency, in comparison with systemic diffuse
large B cell lymphoma (DLBCL)s. Consequences of these specific muta-
tions in PCNSL are unknown. In this study, we have analyzed the func-
tional consequence of mutations in the PIM1 gene, observed in 100% of
PCNSL patients, which encodes a serine/threonine kinase and is known
to drive tumorigenesis in several malignancies. METHODS: Four most
frequent mutations of PIM1 in PCNSL, S77N, K115N, P216S, L275F,
were chosen from our previous study, and each mutant was generated
by site directed mutagenesis in PIM1 cDNA cloned in an expression
vector. Resulting vectors were transiently transfected into human can-
cer cell lines. Cell death of the cells expressing each mutant was evalu-
ated by dye-exclusion method under treatment of chemotherapeutic
agents. Alteration of molecular signaling was evaluated by immunoblot-
ting. RESULTS: Among the four mutants, increased phosphorylation of
BCL-2 associated death promoter (BAD) at Ser112, which is a phospho-
rylation target of Pim-1, was observed by expression of K115N mutant
compared with wild type PIM1 in Nagai and Hela cells expressing endo-
geneous BAD. Decreased cell death under campthotethin treatment was
also observed in K115N mutant expressing Nagai cells compared with
wild type PIM1-expressed cells. Moreover, we observed a significant shift
in subcellular localization of Pim-1 carrying K115N mutant; from the
nucleus, main sublocalization for wild type Pim-1, into the cytosol deter-
mined by immunocytochemistry and immunoblotting of nuclear and cyto-
solic fraction of the cells. DISCUSSION: It is suggested that PIM1 K115N
mutant may drive chemoresistance through increased BAD phosphoryla-
tion that suppresses cell death compared with wild-type PIM1 through
modification of its subcellular localization.

CSIG-32. DUAL PI3K/Akt INHIBITION TO OVERCOME THE P-gp/
BCRP DRUG EFFLUX SYSTEM FOR IMPROVED DRUG DELIVERY
IN GLIOBLASTOMA THERAPY

Anika Hartz, Julia Schulz, Brent Sokola and Bjoern Bauer; University of
Kentucky, Lexington, KY, USA

The blood-brain barrier is a primary obstacle for effective anticancer drug
therapy of patients with glioblastoma multiforme (GBM). On a molecular
level, failure of anticancer drug treatment is largely due to the blood-brain
barrier efflux transporters P-glycoprotein (P-gp) and Breast Cancer Resist-
ance Protein (BCRP). P-gp and BCRP (P-gp/BCRP) work together to re-
strict anticancer drugs from crossing the barrier and from entering the brain
to reach tumor targets. We found that PI3K/Akt regulates P-gp/BCRP in
brain capillaries of the rodent and human blood-brain barrier. Our in vivo
data show that combination treatment with LY294002 (PI3K inhibitor) and
triciribine (Akt inhibitor) downregulates P-gp and BCRP protein expression
and transport activity in brain capillaries. We also have evidence from brain
capillaries isolated from GBM mice and GBM patients showing that GBM
induces P-gp/BCRP overexpression in capillaries in the brain hemisphere
that is contralateral to the primary tumor. These findings indicate that P-gp/
BCRP overexpression in brain capillaries protects invasive tumor cells that
are scattered throughout the brain from being targeted by anticancer drugs.
To overcome this obstacle, we are currently developing a novel therapeutic
strategy by targeting PI3K/Akt to transiently decrease P-gp/BCRP expres-
sion and activity, thus, creating a “window-in-time” during which anticancer
drugs can enter the brain.

CSIG-33. ONCOLYTIC HERPES VIRUS TREATMENT INDUCED
NOTCH SIGNALING VIA HSV-1 microRNA H16 AND IT INVOLVED
IN TREATMENT RESISTANCE

Yoshihiro Otani', Ji Young Yoo', Tae Jin Lee', Joseph Liu?, Alena

Cristina Jaime-Ramirez? and Balveen Kaur'; 'Department of Neurosurgery,
University of Texas Health Science Center at Houston, Houston, TX,

USA, Department of Neurological Surgery, James Comprehensive Cancer
Center, The Ohio State University Wexner Medical Center, Columbus, OH,
USA

INTRODUCTION: Glioblastomas (GBMs) are resistant to traditional
therapies. Thus, the development of novel treatment strategies is urgently
needed. NOTCH signaling is activated in GBM and important for mediating
proliferation, angiogenesis, and resistance to therapy. In this study, we uncov-
ered the mechanism by which oncolytic herpes simplex viruse-1 (oHSV)
therapy induced NOTCH activation in the tumor microenvironment (TME).
We also investigated the therapeutic benefit of combining oHSV therapy
with Gamma-secretase inhibitor (GSI), a NOTCH inhibitor. METHODS:
Real time Q-PCR, NOTCH reporter assay, and bioluminescence mice
imaging were used to test oHSV-induced NOTCH activation. Screening
of HSV-1-encoded microRNAs (HSVmiRs) and genes were performed to
identify the mechanism which regulates the NOTCH signaling. Intracranial
glioma-bearing xenografts were used to evaluate the anti-tumor efficacy of
combination of GSI and oHSV. RESULTS: oHSV infection induced gene
expression of NOTCH ligands resulting in activation of NOTCH signaling
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in adjacent cells in primary GBM derived cells. This was mediated by HSV
encoded miRH16. HSVmiRH16 targets and suppresses Factor Inhibitor
Hif1-1 (FIH-1) expression which is known to inhibit NOTCH activation.
Consistent with this both overexpression of HSVmiRH16 and knockdown
of FIH-1 significantly induced NOTCH signaling. Treatment of mice bear-
ing intracranial glioma with GSI and oHSV therapy significantly enhanced
survival compared to that with monotherapy. CONCLUSION: We identified
oHSV-induced NOTCH signaling activation, via HSV encoded miRH16. We
further find that GSI treatment in combination with oHSV therapy demon-
strated improved efficacy. To our knowledge this is the first report investigat-
ing NOTCH signaling in conjunction with oHSV therapy.

CSIG-34. PI3 KINASE PATHWAY ACTIVATION PROMOTES
MALIGNANT PROGRESSION IN OLIGODENDROGLIAL TUMORS
Kensuke Tateishi', Taishi Nakamura?, Alexandria Fink?3, Nina Lelic*,

Yuko Matsushita’, Mara Koerner?, Hidetoshi Murata', Koichi Ichimura?,
Tracy Batcheloré, Tetsuya Yamamoto!, Andrew Chi’, John Iafrate®,

Hiroaki Wakimoto® and Daniel Cahill’; 'Yokohama City University,
Yokohama, Japan, Department of Neurosurgery, Yokohama City
University, Yokohama, Japan, *Massachusetts General Hospital, Boston,
MA, USA, *Massachusetts General Hospital, Pittsburgh, PA, USA, SDivision
of Brain Tumor Translational Research, National Cancer Center Research
Institute, Tokyo, Japan, ®Massachusetts General Hospital, Harvard Medical
School, Boston, MA, USA, 7NYU Langone Health, New York, NY, USA,
8Department of Pathology, Massachusetts General Hospital, Boston, MA,
USA, °Department of Neurosurgery, Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA

Oligodendroglioma (OD) is a subtype of adult diffuse glioma defined by
IDH1/2 gene mutation and co-deletion of chromosomal arms 1p and 19q.
Although prognosis in OD tumors is initially relatively favorable, the ma-
jority of OD develop outgrowth of a subclone that has undergone malignant
transformation. Modeling the molecular mechanisms of this tumor progres-
sion is crucial to identify therapeutic targets for malignant disease. However,
there are few available patient-derived OD xenograft models, which limit
preclinical investigations. Here, we present novel patient derived anaplastic
oligodendroglioma (AOD) xenograft models. In a panel of OD at different
stages of disease, we harvested two distinct cell samples: those with and
without PIK3CA mutation. From the tumor that subsequently rapidly pro-
gressed and had a PIK3CA mutation, we established a xenograft model that
was lethal to the mouse and retained the PIK3CA mutation. In contrast,
xenograft did not form from the other tumor that was clinically stable after
resection and had wild-type PIK3CA. We confirmed AOD phenotype and
the presence of IDH1 mutation and 1p/19q co-deletion in xenograft tissue,
indicating successful capture of these signature OD genetic alterations. We
also tested to see if PI3K/AKT/mTOR gene mutation could induce patient-
derived OD xenograft formation. In our attempts to establish xenograft
models, the presence of activating mutations in PI3K/AKT/mTOR pathway
was consistently associated with successful xenograft establishment. OD/
AOD tumors that did not form xenograft did not have mutation in the PI3K/
AKT/mTOR pathway Importantly, we found progressive tumor cells that
harbor mutant PIK3CA were vulnerable to alkylating agents and PIK/AKT/
mTOR pathway inhibitors. These findings suggest there is a critical role of
PI3K/AKT/mTOR pathway activation in driving progression and xenograft
formation in oligodendroglial tumors. Our xenograft models will facilitate
dissection of the mechanism of malignant transformation, contributing to
the identification of optimal therapeutic strategies for patients with oligo-
dendroglial tumors

CSIG-35. MST4 PHOSPHORYLATION OF ATG4B REGULATES
AUTOPHAGIC ACTIVITY, TUMORIGENICITY, AND
RADIORESISTANCE IN GLIOBLASTOMA

Tianzhi Huang', Chung Kwon Kim', Angel Alvarez', Rajendra Pangeni',
Xuechao Wan!, Song Xiao', Taiping Shi!, Yongyong Yang!,

Namratha Sastry!, Craig Horbinski?, Songjian Lu®, Roger Stupp?,

John Kessler?, Ryo Nishikawa?, Ichiro Nakano®, Erik Sulman?,

Xinghua Lu®, C. David James?, Xiao-Ming Yin’, Bo Hu? and Shi-

Yuan Cheng?; 'Northwestern University, Chicago, IL, USA, 2Department
of Neurological Surgery, Northwestern University Feinberg School of
Medicine, Chicago, IL, USA, *University of Pittsburgh, Pittsburgh, PA, USA,
“Northwestern University, Feinberg School of Medicine, Chicago, IL, USA,
SDepartment of Neuro-Oncology/Neurosurgery, Saitama International
Medical Center, Saitama Medical University, Hidaka-city, Saitama, Japan,
®Department of Neurosurgery, The University of Alabama at Birmingham,
Birmingham, AL, USA, 7University of Texas M. D. Anderson Cancer
Center, Houston, TX, USA, ®Dept. of Biomedical Informatics, University of
Pittsburgh, Pittsburgh, PA, USA, °Indiana University, Indianapolis, IN, USA

Autophagy is a conserved catabolic process that maintains homeostasis by
regulating the energy balance of the cell. Cancer cells use autophagy to re-
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move damaged organelles and aggregated proteins, and to recycle nutrients
in high demand to support tumor growth. Radiation therapy (RT) and temo-
zolomide (TMZ), are front-line treatments for glioblastoma (GBM), the com-
mon and most malignant brain tumors in humans. However, RT and TMZ
are known activating the autophagic response in tumor cells, which protects
GBM cells from therapy-induced cell death. Thus, improved understanding
of mechanisms regulating autophagy could reveal targets for selective and
specific inhibition, which would enhance the anti-tumor activity of RT and
TMZ while reducing toxic effects of treatment. In this study, we determined
the roles of MST4, a less known protein serine/threonine kinase in its cel-
lular functions in regulation of GBM tumorigenicity and therapy responses
through activating autophagic activities. By using proteomic, biochemical
and genetic approaches, we identified ATG4B as a novel substrate of MST4.
ATGA4B is a key regulator that facilitates autophagic process through re-
versible modification of ATG8/LC3. MST4 phosphorylates ATG4B at serine
residue 383, which stimulates ATG4B enzymatic activity towards LC3,
increasing autophagic flux. Inhibition of MST4 or ATG4B activities sup-
presses autophagic activities and tumorigenicity of patient-derived glioma
stem cells (GSCs) in vitro and in the brain of mice. Furthermore, RT induces
MST4 expression, ATG4B phosphorylation and autophagic activity. Inhibit-
ing ATG4B by using a novel inhibitor NSC185058 in combination with RT
in treating mice with intracranial GBM tumor xenografts markedly slows
tumor growth and provides significant survival benefit to animal subjects.
This study not only describes a novel regulatory mechanism by which the
MST4-ATG4B axis accelerates autophagic process, regulates GBM tumori-
genicity, and responses to RT, but also explores imminent clinical utility of
combination of ATG4B inhibition with RT to suppress orthotopic GBM
tumor xenografts.

CSIG-36. INVOLVEMENT OF microRNAs 221/222-3p IN THE
REGULATION OF PROGRAMMED CELL DEATH 10 (PDCD10) GENE
IN GLIOBLASTOMA

Nargis Malik, Parthaprasad Chattopadhyay, Chitra Sarkar, Ashish Suri,
Subrata Sinha and Kunzang Chosdol; All India Institute of Medical
Sciences, Delhi, India

INTRODUCTION: FAT1 gene is localized at chromosome 4q35.2 encod-
ing a 506KDa. Here in our study we are characterizing the role of FAT1
in primary brain tumors. MiR-221-3p/222-3p reported to have oncogenic
role and targets tumor suppressors (e.g. PDCD10, PTEN, PUMA etc.) in
many cancers including GBM. Here, we have analyzed the role of FAT1
gene in the regulation of miRNAs in GBM. METHODOLOGY: In-silico
analysis of miR targets was done by target prediction software miRDB,
TargetScan, miRTarBase. FAT1 knockdown was done using FAT1 specific
siRNA and mRNA expression analysis done by gene specific primers and for
miR-221/222-3p using LNA-primers in GBM cell lines (U87MG, U373MG,
A172 and LN229). Expression and Spearman correlation analysis of FAT1
and miR-221-3p was done in GBM tumor samples (n=30). RESULTS: We
have observed increased expression of FAT1 and miRNAs (miR221-3p/
miR222-3p) in GBM cell lines (U87MG, U373MG, A172 & LN229). On
FAT1 knockdown, by siFAT1 we observed significantly reduced expres-
sion of miR-221/222-3p. In-silico analysis identified, TIMP3, PDCD10,
PUMA and PTEN as potential targets of miR-221/222-3p. Furthermore,
FAT1 knocked-down cells showed significantly augmented expression
of PDCD10 in all studied glioma cell lines. In order to validate our in-
vitro observation and its clinical relevance, we have done expression
and correlation study in GBM tumor samples. We observed significant
positive spearman correlation between FAT1 and miR-221-3p (r=0.5669,
p<0.0011) and negative correlation of FAT1 with PDCD10 (r= -0.3492,
p<0.0585),) and miR-221-3p with PDCD10 (r=0.526, p<0.0028). These
results suggest that FAT1 expression positively regulates the expression of
miR-221-3p leading to downregulation of miR 221-3p target (PDCD10)
in GBM cell lines and GBM tumors. CONCLUSION: Taken together our
in-vitro and GBM tumor data for the first time suggesting FAT1 to be a
novel molecule regulating the expression of miRNA in GBM and FAT1
may emerge as a target for therapeutic intervention.

CSIG-37. FOXR2 STABILIZES MYC AND ACTIVATES FAK/

SRC SIGNALING IN A DUAL MECHANISM TO PROMOTE
TRANSFORMATION IN NEURAL PROGENITOR CELLS

Pauline Beckmann', Jon Larson?, Alex Larsson', Jason Ostergaard' and
David Largaespada'; 'University of Minnesota, Minneapolis, MN, USA,
25t. Jude Children’s Research Hospital

Medulloblastoma and central nervous system primitive neuroectodermal
tumors (CNS-PNETs) are aggressive, poorly differentiated brain tumors
that primarily affect children. Current treatment strategies with severe
long-term treatment-related side effects and poor survival rates warrant
further study into therapies with increased efficacy and lower cost to the
patient. More targeted therapy represents a route to better treatments, but
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a barrier to identifying novel targets is a lack of animal models. We cre-
ated a mouse model that developed medulloblastoma or CNS-PNET using
Sleeping Beauty (SB) mutagenesis of neural progenitor cells (Nestin+). SB-
induced tumors resembled human medulloblastoma and CNS-PNET hist-
ology. Additionally, we used RNA-Sequencing to determine that they most
closely resemble human SHH, group 3, and group 4 medulloblastoma and a
subgroup of CNS-PNET with FOXR2 activation (CNS NB-FOXR2).Using
both DNA and RNA analysis, we identified over 100 genes as candidate
drivers in medulloblastoma and/or CNS-PNET. FOXR2 was identified as
a proto-oncogene, with increased expression in SB-induced mouse tumors.
FOXR2 drives colony formation in soft agar and tumor formation in vivo
when overexpressed in a mouse neural progenitor cell line. We found that
FOXR2 binds N-MYC and increases C-MYC stability in 2 neural cell lines.
We also found a novel role for FOXR2 in activating the FAK/SRC signaling
pathway. Increased FOXR2 drove FAK/SRC activation, in a MYC interac-
tion-independent manner, and FOXR2 KO decreased FAK/SRC activation.
Interestingly, increased FOXR2 expression conveyed resistance to a SRC
family kinase inhibitor (Dasatinib) in a MYC-dependent manner, indicating
overlap between these two apparently distinct effects. Further studies into
the mechanism of FOXR2-driven tumorigenesis may provide a novel route
for therapy in treating patients with medulloblastoma and CNS-PNET with
high FOXR2 levels.

CSIG-38. ROBO2 SIGNALING IN INVASION OF GLIOBLASTOMA
Amber Kerstetter-Fogle', Harris Peggy', Jill Barnholtz-Sloan?,

Marta Couce® and Andrew Sloan*; 'Case Western Reserve University,
Cleveland, OH, USA, 2Case Comprehensive Cancer Center, Case Western
Reserve University School of Medicine, Cleveland, OH, USA, SUH
Cleveland Medical Center, Cleveland, OH, USA, *University Hospitals-
Cleveland Medical Center, Cleveland, OH, USA

Glioblastoma accounts for 54.3% of newly diagnosed glioma in the
United States each year. Rapid growth and invasion confers a devastat-
ing phenotype with very limited treatment options at recurrence. Numer-
ous studies of the molecular alterations in GBM have been conducted but
few have completely characterized the invasiveness characteristic of GBM.
The roundabout (Robo) family of transmembrane receptors and their
Slit protein ligands, have been demonstrated to be involved in neuronal
migration and outgrowth during CNS development and implicated in vari-
ous cancers. We hypothesize that Slit-Robo pathway may be involved in
GBM cell invasion. We reviewed numerous databases and analyzed protein
and RNA from GBM samples. Analysis of the NCI Rembrandt database
indicated poorer survival among glioma patients with a greater than two-
fold overexpression of the Robo2 gene (17.1 months versus 37.4 months;
p=1.42E-4). GBM tumor was identified prospectively on pre-operative
MRI and sampled using stereotactic image-guided resection from various
regions within the tumor. In tissue samples from 6 GBM and 3 control
patients, indicted a 2.5 fold difference in the expression of Robo2 pro-
tein. Quantitative PCR and Western blot confirmed a 101- fold increase
in mRNA expression. Knockdown of the mRNA using siRNA directed
against Robo2 in U87 cells resulted in survival advantage (65.5 days ver-
sus 52.5 days; p=0.011). These data suggest a complex and heterogenous
tumor microenvironment and implicates Robo axis signaling in GBM as a
potential therapeutic target.

CSIG-39. HIV-1 ENVELOPE PROTEIN GP120 PROMOTES
ACTIVATION OF PROTEIN SYNTHESIS IN GLIOMAS THROUGH
THE ERK AND AKT SIGNALING

Gabriel Valentin-Guillama, Yuriy Kucheryavykh and Lilia Kucheryavykh;
Universidad Central del Caribe, Bayamon, Puerto Rico

Patients infected with human immunodeficiency virus (HIV-1) are more
prone to developing cancers, including glioblastomas (GBMs). The me-
dian survival for GBM patients with HIV is significantly shorter than for
HIV-negative GBM patients, despite the fact that they receive the same
treatments. This difference indicates that HIV infection is associated with
more aggressive tumor behavior and with treatment resistance. Earlier we
demonstrated that gp120, a main glycoprotein in the HIV shell, stimulates
glycolysis and protein synthesis in glioma cells. The purpose of this study
was to evaluate the underlying gp120 dependent signaling mechanism in
glioma cell. Using MAPK kinase antibody array and western blot assays
we have identified the activation of MAP kinase and Akt/mTOR pathways
in U87, A172, and primary glioma cells treated with gp120 (100 ng/ml)
for 5 consequent days. Specifically, up regulation of pMEK1/2(Ser217/221),
PpERK(Thr202/Tyr224), pP90RSK(Thr359), pmTOR(S2448), pAkt(pS473),
and pGSK3b(pS9) have been identified. These data coincide with previously
obtained results showing that glioma cells treated with gp120 exhibit higher
protein synthesis and proliferation rates compared to un-treated glioma
cells. The use of pharmacological inhibitors of PI3K/Akt and ERK signal-
ing reversed the stimulatory effect of gp120 on global protein synthesis, as
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revealed by flow cytometry analysis. Overall, we demonstrated that gp120
triggers activation of ERK and Akt signaling in glioma cells, resulting in
increased protein synthesis and cell growth. This research was made pos-
sible by NIH grant number 1SC1GM 122691 and Puerto Rico Science, Tech-
nology, and Research Trust grant 2016-00157.

CSIG-40. HETEROZYGOUS IDH1R132H/WT CREATED BY “SINGLE
BASE EDITING” INHIBITS HUMAN ASTROGLIAL CELL GROWTH
AND PROMOTES CELL MIGRATION

Shuang Wei', Jie Wang?, Olutobi Oyinlade', Ding Ma', Shuyan Wang',
Jiang Qian? and Shuli Xia'; 'Kennedy Krieger Institute, Baltimore, MD,
USA, ?Johns Hopkins University, Baltimore, MD, USA

Mutations in the isocitrate dehydrogenase 1 (IDH1) gene have been
identified in a number of cancer types, including brain cancer. The Cancer
Genome Atlas project has revealed that IDH1 mutations occur in 70-80%
of grade II and grade III gliomas. Until recently, most of the functional
studies of IDH1 mutations in cellular models have been conducted in over-
expression systems with the IDH1 wild type background. In this study, we
employed a modified CRISPR/Cas9 genome editing technique called “single
base editing”, and efficiently introduced heterozygous IDH1 R132H muta-
tion (IDH1R132H/WT) in human astroglial cells. Global DNA methy-
lation profiling revealed hypermethylation as well as hypomethylation
induced by IDHIR132H/WT. Global gene expression analysis identified
molecular targets and pathways altered by IDHI1R132H/WT, including
cell proliferation, extracellular matrix, and cell migration. Our phenotype
analysis indicated that compared with IDH1 wild type cells, IDHIR132H/
WT promoted cell migration by up-regulating integrin b4 (ITGB4), and
significantly inhibited cell proliferation. All these genotype and phenotype
changes were reversed by mutant IDH1 inhibitor AGI-5198. Using our
mutated IDH1 models generated by genome editing, we identified novel
molecular targets of IDH1R132H/WT, namely Yes-associated protein
(YAP) and its downstream signaling pathway Notch, to mediate the cell
growth-inhibiting effect of IDH1R132H/WT. In summary, the “single base
editing” strategy has successfully created heterozygous IDH1 R132H muta-
tion that recapitulates the naturally occurring IDH1 mutation. Our isogenic
cellular systems that differ in a single nucleotide in one allele of the IDH1
gene provide a valuable model for novel discoveries of IDHIR132H/WT-
driven biological events.

CSIG-41. ONCOGENE ADDICTION SWITCH FROM NOTCH TO
PI3K REQUIRE SIMULTANEOUS TARGETING OF DUAL PATHWAY
INHIBITION IN GLIOBLASTOMA

Norihiko Saito, Kazuya Aoki, Nozomi Hirai, Ryo Suzuki, Satoshi Fujita,
Haruo Nakayama, Morito Hayashi, Takatoshi Sakurai and

Satoshi Iwabuchi; Toho University Ohashi Medical Center, Tokyo, Japan

Notch signaling pathway regulates normal stem cells in the brain and
glioma stem cells (GSCs). However, blocking the proteolytic activation
of NOTCH with y-secretase inhibitors (GSIs) fails to alter the growth of
some GSCs as GSIs seem to be active in only a fraction of GSCs lines with
constitutive NOTCH activity. Here we report loss of PTEN as a critical
event leading to resistance to NOTCH inhibition, which causes the trans-
fer of “oncogene addiction” from the NOTCH to the phosphoinositol-3
kinase (PI3K) pathway. We investigated the effects of Notch inhibition
in GSC using GSI. Drug cytotoxicity test on 16 GSCs show differential
growth response to GSI stratifying GSCs into two groups: responders vs
non-responders. Active Notch signaling seems to be important features
for the GSC as Notch inhibition only affected GSCs defined as having
increased Notch activity. However in the responder group GSCs with
the PTEN mutation seems to be less sensitive to GSI treatment. Here we
show that NOTCH regulates the expression of PTEN and the activity of
the PI3K signaling pathway in GSCs since treatment with GSI attenu-
ated Notch signaling and increases PTEN expression. NOTCH regulates
PTEN expression via Hes-1 as knockdown of either Notch or Hes1 led to
increase expression of PTEN.This novel observation suggests the need to
simultaneous inhibition of both pathways as a means to improve thera-
peutic efficacy in human glioblastoma.

CSIG-42. HIGH THROUGHPUT KINOME AND TRANSCRIPTOME
ANALYSES REVEAL NOVEL THERAPEUTIC TARGETS IN NF2-
DEFICIENT MENINGIOMA

Roberta Beauchamp!, Serkan Erdin', Steven Angus?, Timothy Stuhlmiller?,
Janet Oblinger?, Justin Jordan®, Stephen J. Haggarty!, Scott R.

Plotkin*, Long-Sheng Chang?, Gary L. Johnson?, James F. Gusella! and
Vijaya Ramesh'; !Massachusetts General Hospital, Center for Genomic
Medicine, Boston, MA, USA, 2University of North Carolina School of
Medicine, Department of Pharmacology, Chapel Hill, NC, USA, 3The Ohio
State University College of Medicine, Center for Childhood Cancer and
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Blood Diseases, Columbus, OH, USA, “Massachusetts General Hospital,
Department of Neurology, Boston, MA, USA

Meningiomas (MN), the most common adult primary intracranial tumor,
arise from the arachnoid/meninges and are non-responsive to chemothera-
pies with a high recurrence rate despite surgery, necessitating effective
non-invasive therapies. Our previous work showed that NF2 loss activates
mechanistic target of rapamycin complex 1 (mTORC1) and mTORC2
signaling, which led to past NF2 clinical trials using rapalogs (RAD001/
everolimus), and current meningioma clinical trials with dual mTORC1/
mTORC2 inhibitor (mMTORi) AZD2014. To understand additional dysregu-
lated, potentially druggable pathways, we undertook an ‘omics approach
of large-scale kinomics and RNA-sequencing employing CRISPR-modified
human arachnoidal cells (ACs), NF2-expressing vs NF2-null. In NF2-null
ACs, several kinases were elevated including erythropoietin-producing
hepatocellular (EPH)-receptor tyrosine kinase (RTK) family members, Src
family kinase (SFK) members, and ¢-KIT, all targets of dasatinib. In vitro
treatment of MN cells using mTORi (AZD2014 or INK128) and dasatinib
enhanced growth inhibition upon combination mTORi+dasatinib. In vivo
treatment of an orthotopic mouse MN model showed moderate response
to dasatinib with stronger response using INK128 or INK128+dasatinib
(e-published in Neuro-Oncology). Our transcriptomic data also revealed
increased expression of several ligands/growth factors, particularly NRG1/
neuregulin. Expanding these results, we have confirmed increased expres-
sion of NRG1 in human NF2-null ACs. We also find NF2-null ACs secrete
NRG1, and in conditioned-media experiments we observe stimulation of
ErbB3, EPHA2 and mTOR pathways, suggesting an autocrine signaling
mechanism. NF2-null AC or MN cells, when stimulated with exogenous
NRG1, show enhanced activation of mTOR and EPH pathways besides
ErbB3 signaling. Further, lapatinib (multi-ErbB inhibitor) but not erlotinib
(EGFR inhibitor) attenuates the NRG1-stimulated activation of ErbB3,
EPHA2 and mTOR, suggesting that NRG1-induced activation is EGFR-
independent. Taken together, our results support a mechanistic link where
NF2 loss increases NRG1/ErbB signaling to EPH/SFK and mTOR path-
ways, which may be a critical driver of tumorigenesis, thus providing a
therapeutic opportunity to co-target these pathways in NF2-deficient men-
ingiomas.

CSIG-43. THE TYROSINE PHOSPHATASE PTPN12/PTP-PEST
REGULATES PHOSPHORYLATION-DEPENDENT UBIQUITINATION
AND STABILITY OF FOCAL ADHESION SUBSTRATES IN INVASIVE
GLIOBLASTOMA CELLS

oseph McCarty, John Morales, Paola Guerrero and Zhihua Chen; MD
Anderson Cancer Center, Houston, TX, USA

Glioblastoma (GBM) is an invasive brain cancer with tumor cells that
disperse from the primary mass escaping surgical resection, displaying resist-
ance to chemotherapy and radiation, and invariably giving rise to lethal
recurrent lesions. Targeted therapies such as the anti-vascular endothelial
growth factor (VEGF) blocking antibody bevacizumab have yielded disap-
pointing results in GBM clinical trials, with no improvements in overall
patient survival. Many patients treated with bevacizumab develop acquired
resistance leading to lethal recurrent lesions associated with robust tumor
cell invasion. While a great deal is known about genes and pathways that
promote GBM proliferation and neovascularization, relatively little is
understood about mechanisms that drive GBM cell invasion during pro-
gression or following anti-angiogenic therapy. Here, we report that PTP-
PEST, a cytoplasmic protein tyrosine phosphatase encoded by the PTPN12
gene, controls GBM cell invasion by physically bridging the focal adhesion
protein Crk-associated substrate (Cas) to valosin containing protein (Vcp),
an ATP-dependent protein segregase that selectively extracts ubiquitinated
proteins from multiprotein complexes and targets them for degradation
via the ubiquitin proteasome system. Both Cas and Vcp are substrates for
PTP-PEST, with the phosphorylation status of tyrosine 805 (Y805) in Vcp
impacting affinity for Cas in focal adhesions and controlling ubiquitination
levels and protein stability. Perturbing PTP-PEST-mediated phosphorylation
of Cas and Vep led to alterations in GBM cell invasive growth in vitro and
in pre-clinical mouse models generated with GBM stem cells. Furthermore,
acquired resistance to bevacizumab correlates with reduced expression of
PTP-PEST in invasive GBM cells. Collectively, these data reveal a novel
regulatory mechanism involving PTP-PEST, Vcp, and Cas that dynamically
balances phosphorylation-dependent ubiquitination of key focal proteins
involved in GBM cell invasion.

CSIG-44. TREATMENT WITH THE CASEIN KINASE 2 INHIBITOR,
CX-4945, SENSITIZES MEDULLOBLASTOMA TO TEMOZOLOMIDE
Ryan Nitta' and Gordon Li%; 'Stanford University, Stanford, CA, USA,
2Stanford University, Palo Alto, CA, USA

Medulloblastoma (MB) is the most common malignant pediatric brain
tumor, accounting for ~20% of all cases. While current treatments result in
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a cure rate of 70-75%, the surviving patients are afflicted with neurocog-
nitive impairment, endocrine dysfunction, and a severe decrease in quality
of life. Consequently, better and more effective treatments are needed to
treat these young patients. Casein kinase 2 (CK2) is an intriguing thera-
peutic target because MB patients with elevated levels of CK2 expression
have a significantly worse prognosis. To elucidate the role of CK2 in MB,
we modulated CK2 expression in multiple MB cell lines (Daoy and Med1-
MB). We discovered that exogenous expression of either CK2 isoform,
CK2a or CK2b, increased MB cell growth and significantly decreased
survival in mice that were injected intracranially with the modulated cell
lines. Consistently, we demonstrated that knocking down CK2 expression
using CRISPR-Cas9 or inhibiting CK2 activity using the CK2 inhibitor,
CX-4945, decreased MB growth. We conducted a high throughput to
identify new compounds that could work synergistically with CX-4945.
We screened over 4,000 FDA approved compounds and determined that
temozolomide (TMZ) enhanced the efficacy of CX-4945. We corrobo-
rated these findings when we verified that knocking out CK2a or CK2b
sensitized Daoy cells to TMZ treatment. Interestingly we also determined
that combinatorial treatment of CX-4945 and TMZ enhanced MB apop-
tosis and decreased cell growth. To elucidate the mechanism by which
CK2 inhibition sensitized MB cells to TMZ we analyzed the expression
of b-catenin, a known regulator of O-6-methylguanine-DNA methyltrans-
ferase (MGMT) activity. We determined that inhibition or loss of CK2
activity reduced b-catenin expression, which in turn lead to a decrease
in MGMT expression. Together, our findings suggest that CK2 is a novel
therapeutic target for MB and that combining CX-4945 and TMZ can lead
to a promising new MB therapy.

CSIG-45. RanBPM AS A PARTNER OF STAT5 REGULATES IFN-A
SIGNALING PATHWAY

unwen Zhang, Wenhua Fan, Bo Zhang, Sheng Fang, Guishan Jin,
Ruifang Mi, Mengmeng Zhang and Fusheng Liu; Brain Tumor Research
Center, Beijing Neurosurgical Institute, Department of Neurosurgery,
Beijing Tiantan Hospital Affiliated to Capital Medical University, Beijing,
China

BACKGROUND: RanBPM (Ran-binding protein in the microtubule-
organizing center, also known as Ranbp9) is a ubiquitous, nucleocyto-
plasmic protein whose function is poorly understood. RanBPM acts
as a multi-modular scaffolding protein, bridging interactions between
the cytoplasmic domains of a variety of membrane receptors and their
intracellular signaling targets. In glioma rapid increases in the tyrosine
phosphorylation of signal transducers and activators of transcription §
(STATS) proteins have been extensively documented in cells stimulated
with cytokines and growth factors. However, the mechanisms by which
STATS translocates to the nucleus and regulates proliferation in human
glioblastoma multiforme cells have not been studied in detail. In this study,
we are just discussing the interaction of RanBPM and STATS. METH-
ODS: To confirm RanBPM as a binding partner of STATS, GST pull-
down and co-immunoprecipitation (Co-IP) assay were applied. And to
map the binding site of the two proteins, various truncated plasmids were
constructed and these plasmids were transfected with full length gene of
RanBPM or STATS, respectively. To reveal the biological function of Ran-
BPM after interacting with STATSA, we employed a luciferase reporter
linked with a STATS binding element to examine the transcriptional activ-
ity of STATS. RESULTS: In the GST pull-down and Co-IP assay, we con-
firm RanBPM can interact with STATS. In the binding site experiment,
the result revealed that the two domains of RanBPM, RanBPM-N and
RanBPM-C were responsible for the linkage with STATS. And the con-
served binding sites of STATS take part in this association. In the dual-
luciferase assay, the luciferase activity indicated that the overexpression
of RanBPM enhanced the transcriptional activity of STATS in glioma cells
(U87 MG and U251 MG). From these data, we conclude that RanBPM
interact with STATS and plays a novel role in regulating transcriptional
activity of STATS.

CSIG-46. DEVELOPMENT OF A NOVEL GLIOBLASTOMA MODEL
TO STUDY THE ROLE OF NOX4 IN DISEASE PATHOGENESIS

Levi Adams and Yoon-Seong Kim; University of Central Florida College of
Medicine, Burnett School of Biomedical Sciences, Orlando, FL, USA

Glioblastoma multiforme (GBM), a cancer of the glial cells in the brain,
is the most common and aggressive primary brain tumor and even with
aggressive and invasive treatment only has a median survival of about a
year. The reactive oxygen species producing NADPH Oxidase 4 (NOX4)
has been shown to be significantly increased in GBM and patients with high
NOX4 expression have shown reduced progression-free survival. However,
the molecular mechanism underlying the functional role of NOX4 in this
disease is largely unknown. To study this, we have developed a novel in
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vivo model of GBM in WT and GFAP-specific NOX4 KO background by
injecting a single Cre-inducible lentiviral vector targeting multiple path-
ways reported in human GBM (classical subtype). This approach allows us
to faithfully model the complex contextual signaling events that drive the
human pathology, providing a clear picture of relevant pathways and to
generate in vivo and in vitro models that phenocopy the human disease. Our
preliminary data indicates that NOX4 blockade prevents glioma stem cell
(GSC) differentiation, reduces proliferation, induces cell death and slows
disease progression, in part through the PI(3)K/Akt signaling pathway. Elu-
cidation of the NOX4 pathway in GBM will improve our understanding of
the cellular signaling mechanisms driving this disease and may offer new
therapeutic avenues.

CSIG-47. TRIM24 IS AN ONCOGENIC TRANSCRIPTIONAL
CO-ACTIVATOR OF STAT3 IN GLIOBLASTOMA
Haizhong Feng; Shanghai Jiao Tong University, Shanghai, China

Aberrant amplification and mutations of epidermal growth factor
receptor (EGFR) are the most common oncogenic events in glioblastoma
(GBM), but the mechanisms by which they promote aggressive patho-
genesis are not well understood. Here, we determine that non-canonical
histone signature acetylated H3 lysine 23 (H3K23ac)-binding protein
tripartite motif-containing 24 (TRIM24) is upregulated in clinical GBM
specimens and required for EGFR-driven tumorigenesis. In multiple
glioma cell lines and patient-derived glioma stem cells (GSCs), EGFR
signaling promotes H3K23 acetylation and association with TRIM24.
Consequently, TRIM24 functions as a transcriptional co-activator and
recruits STAT3, leading to stabilized STAT3-chromatin interactions and
subsequent activation of STAT3 downstream signaling, thereby enhanc-
ing EGFR-driven tumorigenesis. Additionally, H3K23 acetylation also
recruits TRIM24 to activate PIK3CA transcription, thereby enhancing
PI3K/AKT signaling and tumorigenesis. Moreover, lysine acetyltransferase
KAT6A, a chromatin regulator which contributes to histone modification
and cancer, is upregulated by EGFR activation and acetylates H3K23 in
gliomas. KAT6A expression is associated with GBM patient survival and
upregulated by EGFR signaling. KAT6A silencing suppressed cell prolif-
eration, cell migration, colony formation and tumor development in an
orthotopic mouse xenograft model system. Taken together, our findings
uncover TRIM24 functions as an epigentic oncogene in glioblastoma and
suggest TRIM24 as a potential therapeutic target for GBM that are asso-
ciated with EGFR activation.

CSIG-48. PHOSPHORYLATION OF EZH2 PROMOTES
GLIOBLASTOMA STEM-LIKE CELLS SELF-RENEWAL THROUGH
NF-xB METHYLATION

Hailong Liu!, Youliang Sun?, Hongyu Yuan?, Angela Yue*,

Chunjiang Yu® and Chunyu Gu’; 'China PLA General Hospital, Beijing,
China, 2School of Basic Medical Science, Capital Medical University,
Beijing, China, 3State Key Laboratory of Molecular Oncology, National
Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China, *Tate Cancer

Center, Baltimore Washington Medical Center, University of Maryland,
Baltimore, MD, USA, SSanbo Brain Hospital Capital Medical University,
Beijing, China

PURPOSE: The oncogenic role of MELK/EZH2/NF-kB signaling in the
self-proliferation of glioma stem-like cells (GSCs) was discovered to valid-
ate the pathway as a therapeutic target and prognostic candidate for glio-
blastoma. EXPERIMENTAL DESIGN: Expressing exploration and survival
analysis were performed to evaluate the association of MELK/EZH2/NF-xB
enrichment with the prognostic value in glioma samples. The dynamic
expression of MELK/EZH2/NF-kB at the stem-cell assembled regions dur-
ing mouse brain development was detected to estimate the proliferative
potential of the axis. Mechanistic interacting course was examined using
the RNA knockdown and immunoblot techniques to confirm the signal-
ing impacting the GSCs self-proliferation. The progression of xenografts
derived from human GSCs was examined after genetic or drug blockage of
MELK/EZH2/NF-xB signaling in GSCs. RESULTS: We reported that EZH2
phosphorylated by MELK bound to NF-kB methylating it in GSCs, which
promoted its ability to mediate the development of glioblastoma. Striking
parallels regarding the enrichment of MELK/EZH2/NF-kB axis between
GSCs and normal stem cells indicated the association of the pathway with
stemness. Clinically, the proportion of MEKL/EZH2/NF-kB signaling
elevated progressively during the increasing glioma grades and could be
considered as the potential indicator of survival. In addition, functional loss
of this axis effectively impaired the proliferation of GSCs. CONCLUSION:
Our findings show that the MELK/EZH2/NF-kB interaction is required for
the GSCs derived neoplastic proliferation, thereby uncovering in the signal-
ing a therapeutic candidate to treat this malignancy.
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CNS METASTASIS

CMET-01. CLINICAL AND DOSIMETRIC FACTORS RELATED TO
RADIATION NECROSIS AFTER FIVE FRACTION RADIOSURGERY
FOR RESECTED BRAIN METASTASES

Zachary Buchwald!, Jaymin Jhaveri!, Eduard Schreibmann?,

Jeffrey Switchenko?, Roshan Prabhu*, Mudit Chowdhary?,

Mustafa Abugideiri®, Bree Eaton’, Jeffrey Olson®, Hui-Kuo Shu!,

Ian Crocker!, Walter Curran' and Kirtesh Patel'; 'Departments of
Radiation Oncology and Winship Cancer Institute, Emory University,
Atlanta, GA, USA, ?Department of Radiation Oncology, Emory Winship
Cancer Institute, Emory University, Atlanta, GA, USA, 3Biostatistics

& Bioinformatics Shared Resource, Winship Cancer Institute, Emory
University, Atlanta, GA, USA, “Southeast Radiation Oncology Group,
Levine Cancer Institute, Carolinas Healthcare System,, Charlotte, NC,
USA, SDepartment of Radiation Oncology, Rush University, Chicago,

IL, USA, ®1Departments of Radiation Oncology and Winship Cancer
Institute, Emory University, Atlanta, GA, USA, "Department of Radiation
Oncology, Winship Cancer Institute, Emory University, Atlanta, GA,
USA, 8Department of Neurosurgery and Winship Cancer Institute, Emory
University, Atlanta, GA, USA

PURPOSE: Stereotactic Radiosurgery (SRS) is increasingly utilized in the
management of resected brain metastases (rBM). A significant complication
is radiation necrosis (RN) due to larger target size. Despite dose de-escalation
and hypofractionation, rates of RN after SRS to rBM remain high. The aim
of this analysis is to evaluate dosimetric parameters associated with RN for
rBM. Methods: From 2008-2016,55 rBM in 52 patients at a single institution
that were treated with 5 fraction LINAC based SRS (25-35Gy) with a mini-
mum 3 months follow-up were evaluated. For each lesion, variables including
clinical target volume (CTV), dose and location/magnitude of hot spots were
recorded. Hot spot location was stratified as either within tumor bed (CTV)
or within the PTV expansion margin (PTV minus CTV). Overall survival (OS)
estimated using Kaplan-Meier method. Cumulative incidence with competing
risks was used to estimate rates of RN and local recurrence (LR). Optimal
cut-points predicting for RN for hotspot magnitude based on location were
identified via maximization of the log-rank test statistic. Results: Median age
and OS for all patients was 58.5 years and 16.2 months, respectively. For all
targets, the median CTV was 17.53 cc, and mean max hotspot was 113%. At
1 year, cumulative incidence of RN and LR for all patients was 21.8% and
13.1%. Univariate analysis showed max hot spot (hazard ratio (HR): 3.28,
p=0.045) and hot spots within PTV expansion margin of 105%, 110% and
111% predicted for RN with HRs of 3.64, 8.47, and 6.90 respectively (all
p<0.05), but hot spots within the CTV did not. Conclusion: To our know-
ledge, this is the first study that investigated dosimetric factors that predict
for RN after hypofractionated SRS to rBM. Hot spot location and magnitude
appear important for predicting RN risk, suggesting these parameters should
be considered during treatment planning.

CMET-03. PHASE 1 TRIAL OF OSIMERTINIB WITH STEREOTACTIC
RADIOSURGERY IN EGFR MUTANT LUNG CANCER BRAIN
METASTASIS

Bicky Thapa, Samuel Chao, Nathan Pennell, David Peereboom and
Manmeet Ahluwalia; Cleveland Clinic, Cleveland, OH, USA

BACKGROUND: Brain metastases (BM) occurs in 25-40% of patients
with non-small cell lung cancer (NSCLC). Traditionally patients with brain
metastases were treated with whole brain radiation therapy (WBRT), stereo-
tactic radiosurgery (SRS) and surgical resection. Historically, BM is associ-
ated with dismal prognosis. Recent advances in the targeted therapy have
improved BM outcomes. In patients with epidermal growth factor receptor
(EGFR) positive NSCLC with 1-10 BM, we hypothesize to control the macro
BM with SRS and osimertinib. Osimertinib use will help control the micro
metastases. This approach would avoid WBRT that can potentially lead to
significant congnitive decline. METHODS: This is single arm, phase I mul-
ticenter study of Osimertinib with SRS. Primary endpoint is to determine
the safety of Osimertinib in combination with SRS EGFR positive NSCLC
with BM. Secondary end points include 6-month intracranial and extracra-
nial progression free survival (PFS-6), overall survival (OS) in EGFR positive
NSCLC BM. To compare results of this clinical trial to historical controls of
EGFR positive NSCLC BM treated with SRS alone. To assess the intracranial
and extracranial overall response rate as measured by RECIST 1.1. Eligibility
criteria includes age >18 years, historically confirmed EGFR mutation posi-
tive NSCLC with newly diagnosed BM, 1-10 BM, ECOG status of 0-2. Key
exclusion criteria include leptomeningeal disease, BM within 5 mm of optic
chiasma or optic nerve, metastases in brain stem, history significant cardiovas-
cular and other comorbidities, known HIV or chronic hepatitis infection and
those receiving other investigational cancer therapy. Statistical analysis: The
study will employ a 3 + 3 design with an expansion cohort at the maximum
tolerated dose (MTD) and up-to 40 patients will be enrolled to determine
safety and preliminary efficacy with the combination. RESULTS: The study
(CASE 3517) is ongoing and enrolling patient with EGFR mutant NSCLC.
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CMET-04. METASTATIC GASTROINTESTINAL CANCER TO THE
SKULL BASE MIMICKING NF2

Phioanh Nghiemphu!, Richard Everson?, Marco Giovannini?,

Melissa Reider-Demer*, Zev Wainberg’ and Akira Ishiyama?®; 'University of
California, Los Angeles, Los Angeles, CA, USA, 2UCLA Neurosurgery, Los
Angeles, CA, USA, SUCLA Head & Neck, Los Angeles, CA, USA, “UCLA
Neurology, Los Angeles, CA, USA, SUCLA Hematology & Oncology, Los
Angeles, CA, USA

Cancers of gastrointestinal (GI) origin rarely metastasize to the brain and
is present in less than 1% of patients at diagnosis. We present a case of GI
cancer presenting with bilateral cerebellopontine angle masses resembling
bilateral vestibular schwannomas (VS) seen in Neurofibromatosis type 2
(NF2). A 40 year-old woman presented to our NF2 multidisciplinary clinic
after 4 months of vertigo, unilateral hearing loss and facial paralysis. Brain
MRI was consistent with bilateral vestibular schwannomas with no other
findings. Her symptoms then progressed over 2 months with bilateral hear-
ing loss and facial paralysis despite two treatments with bevacizumab, and
repeated imaging revealed tumor enlargement bilaterally. The patient under-
went a resection of the larger, right-sided skull base mass, and pathology
revealed an adenocarcinoma of gastrointestinal origin. FDG-PET and CT
of the chest, abdomen, and pelvis revealed diffused lymphadenopathy in the
abdomen. The patient also had an elevated CA 19-9 level. Next generation
sequencing of the resected skull base mass was most consistent with a tumor
of GI origin. This is the first known case of metastatic GI cancer to the skull
base resembling the bilateral VS seen in NF2.

CMET-05. ASSOCIATION BETWEEN TUMOR LOCATION AND
TOXICITY OUTCOMES AFTER STEREOTACTIC RADIOSURGERY
FOR BRAIN METASTASES

Boya Wang!, Orit Kaidar-Person?, Deanna Sasaki-Adams!,

Sivakumar Jaikumar', Matthew Ewend', Ronald Chen', Timothy Zagar!,
Joel Tepper!, Lawrence Marks! and Colette Shen'; 'University of North
Carolina, Chapel Hill, NC, USA, 2Rambam Medical Center, Haifa, Israel

OBJECTIVE: The toxicities associated with stereotactic radiosurgery
(SRS) are important factors when considering treatment options and sup-
portive management for patients with brain metastases. We assessed the
association between brain metastasis location and rates of toxicity after
SRS. METHODS: We conducted a retrospective single-institution review of
170 patients treated with SRS for brain metastases from 2008-2016 with
median follow-up of 8.6 months. Typical SRS doses were 18-20Gy in 1 frac-
tion (lesions <2cm), 18-21Gy in 3 fractions (lesions 2-3cm), and 25-30Gy
in S fractions (lesions > 3cm). Toxicity measures evaluated included radi-
ation necrosis, seizure, and dexamethasone requirement. RESULTS: A total
of 221 lesions were treated among frontal (29%), cerebellar (23%), parietal
(16%), temporal (15%), occipital (14%), and other (brainstem, thalamus,
basal ganglia) (4%) regions. The rate of SRS-related radionecrosis was 4%
for all patients and significantly correlated with metastasis volume (increas-
ing from 1% to 7% for lesions <lcm? to > 3cm?) and prior whole brain
radiotherapy (WBRT) but not with metastasis location or prior resection
on multi-variable analysis (P<0.05). Post-SRS seizure occurred in 9% of all
patients but was significantly higher after SRS to primary motor cortex and
sensory cortex lesions, associated with 50% and 33 % seizure rates, respect-
ively (P<0.05). Of patients who initially presented with seizure and were on
anti-epileptic medication during SRS, 62% had no further seizures, while
38% did have post-SRS seizures, nearly all with motor cortex lesions. Only
5% of patients had new-onset seizure after SRS, related to lesion hemor-
rhage or motor cortex location. Dexamethasone use > 3 months post-SRS
was higher for motor strip lesions. CONCLUSION: Brain metastasis loca-
tion in the primary motor cortex was associated with higher rates of post-
SRS seizure, including new-onset seizures and breakthrough seizures on
anti-epileptic medication during SRS. Rates of radionecrosis were associated
with lesion volume and prior WBRT but not with metastasis location.

CMET-06. DISTANT BRAIN FAILURE AND SALVAGE FREE
SURVIVAL FOR RADIOSURGERY-TREATED MELANOMA

BRAIN METASTASES IN THE ERA OF CHECKPOINT INHIBITOR
IMMUNOTHERAPY

Steven Nguyen!, Andrew Keller?, Luke Pearson?, Sean All%, Hanisha Patel?
and Naren Ramakrishna?; 'University of Central Florida, Orlando, FL,
USA, 2University of Central Florida College of Medicine, Orlando, FL,
USA, 3Orlando Health UF Cancer Center, Orlando, FL, USA

PURPOSE: We evaluated median time-to-distant brain failure (DBF),
and salvage-free survival from distant brain failure (DBF-SFS) in melanoma
brain metastases (MBM) patients who received stereotactic radiosurgery
(SRS) and checkpoint inhibitor treatment. METHODS: An IRB-approved
retrospective evaluation of 68 MBM patients with 229 metastases treated
with SRS between 11/2008 and 2/2017 with at least one post-SRS brain
MRI. Time-to-DBF was the interval between initial SRS to MRI revealing
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any new brain metastases. DBF-SFS was defined as the interval from ini-
tial SRS to MRI revealing brain metastases requiring salvage treatment.
Survival analysis was performed using Kaplan-Meier estimates and Cox
regression. RESULTS: Overall median time-to-DBF was 4.34 months.
Median time-to-DBF for patients who received PD-1 inhibitors (5.43mo),
ipilimumab without PD-1 inhibitors (3.95mo), and no immunotherapy
(3.30mo) were not significantly different (p=0.28). Median overall survival
of non-immunotherapy patients was 3.29 months and all DBF occurred
within 4 months in this subgroup. Patients with active extracranial primary
disease had significantly worse median time-to-DBF (3.58mo) than those
without active primary disease (9.90mo) (HR 3.25, p< 0.01). Overall me-
dian DBF-SFS was 4.50 months. Median DBF-SFS for patients who received
PD-1 inhibitors (9.21mo), ipilimumab without PD-1 inhibitors (5.44mo),
and no immunotherapy (4.50mo) were not significantly different. Multi-
variate analysis confirmed a significantly worse DBF-SFS for patients with
> 2 SRS-treated metastases (2.30mo) versus 1-2 metastases (9.21mo), (HR
10.22, p< 0.01). Patients treated in 2014 or later demonstrated signifi-
cantly longer DBF-SFS (median not reached) vs those treated prior to 2014
(4.34mo) (HR 0.01,p=0.01). CONCLUSIONS: Our study demonstrated
improving DBF-SFS rates for patients treated since 2014 compared to those
treated earlier. Our study does find that patients with active extracranial
disease and > 2 initial metastases have higher rates of DBF and DBF-SFS.

CMET-07. FRAILTY PREDICTS MORTALITY AFTER RESECTION OF
BRAIN METASTASES

Saksham Gupta', Wenya Linda Bi?, Alexandra Giantini Larsen’,

Hassan Dawood?, Luis Fandino!, Timothy R. Smith1,%, Ayal Aizer> and
Ian F. Dunn?; 'Harvard Medical School, Boston, MA, USA, *Brigham and
Women’s Hospital, Boston, MA, USA

INTRODUCTION: Brain metastases are the most common type of
brain tumor, though determining candidates for resection may be challeng-
ing. Patients’ unfavorable prognoses make pre-operative risk stratification
critical in the selection of patients that are likely to benefit from resec-
tion. METHODS: Multivariable logistic regression was applied to 3,532
cases of secondary neoplasms of the brain in the American College of Sur-
geons National Surgical Quality Improvement Program database. The vali-
dated S-criteria modified frailty index (mFI-5) score was utilized to quantify
frailty, characterized as an mFI-5 score of 2 or higher. RESULTS: The me-
dian age in the cohort was 61 years, and the majority of patients were female
(55%). Frailty was present in 17% of patients. The most frequent 30-day
post-operative medical complications were venous thromboembolism
(3.1%), pneumonia (2.7%), and urinary tract infections (2.2%). Unplanned
readmissions and reoperations occurred in 12.2% of patients and 4.9%
of patients, respectively. The incidence of death was 4.2% across the co-
hort, including 1.2% during index hospitalization. Frailty was associated
with pneumonia (OR 2.7, p DISCUSSION: Frailty was associated with
post-operative medical complications and death, in particular during the
post-discharge phase. Frailty should be used in risk-stratifying patients.

CMET-08. BRAIN METASTASES AS PRIMARY PRESENTATION OF
SOLID TUMORS: A DESCRIPTIVE ANALYSIS OF THE NATIONAL
CANCER DATABASE (NCDB)

Catherine Garcia', Stacey Slone', William St Clair!, Eric Durbin’,
Thomas Pittman!, Donita Lightner! and John Villano?; 'University of
Kentucky, Lexington, KY, USA, 2University of Kentucky UK HealthCare,
Lexington, KY, USA

INTRODUCTION: Survival of cancer patients with brain metastases
(BM) has increased with novel therapies. Previous analyses have focus on
radiation treatment or predate novel systemic therapies that have improved
survival outcomes. METHODS: We analyzed the National Cancer Data-
base from 2010-2014, for all patients with metastatic disease to the brain
to analyze patterns of care across the United States. RESULTS: 88,459 cases
were included. The majority of patients were male (51.7%), white (84.2%),
and non-Hispanic (92.6%), with a median age of 65 years. The most com-
mon primary cancer sites included lung and upper airway cancer (82.5%),
breast cancer (4.2%), skin cancer (3.5%), and gastrointestinal tumors
(2.3%). Hepatobiliary cancer patients had a higher frequency of comor-
bidities (9.6% with a Charlson-Deyo score >3). Patients were more likely
to be treated in community centers (64.0%) and lived in metropolitan areas
(79.0%). Overall 72.6% received any form of radiation, 53.5% received ra-
diation to the brain, 52.1% received chemotherapy, 2.3% received immuno-
therapy, and 13.3% underwent surgical procedure to distant metastatic site.
The most common radiation modality was whole-brain radiation (58.4%),
followed by stereotactic radiosurgery (11.6%), other (0.65), and brachy-
therapy (0.1%). The type of radiation was unknown in 2.0% of the patients.
Radiation to the brain was more common in skin cancer (63.4%). The use of
chemotherapy was significantly lower in patients with hepatobiliary cancer
(34.2%). Immunotherapy was used in 2.3% of patients, mainly in mel-
anoma (13.6%), and breast cancer (8.15%). Median survival for all cases
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was 5 months, and was significantly higher in male reproductive system
cancer (16.3 months), and lower in hepatobiliary cancer (2.7 months).
CONCLUSIONS: The increased survival of BM in the current era exceeds
historical RTOG recursive partitioning analysis. Large scale data, such as
NCDB, is essential for single tumor analysis with treatment and survival
data, and provides a reference for future investigations.

CMET-09. IMPACT OF STEROIDS ON THE EFFICACY OF IMMUNE
CHECKPOINT INHIBITORS IN PATIENTS WITH NON-SMALL CELL
LUNG CANCER BRAIN METASTASES

Bicky Thapa', Adam Lauko', Hamid Borghei-Razavi!, John Suh',

Samuel Chao', Erin Murphy!, Nathan Pennell!, Vamsidhar Velcheti!,
Lilyana Angelov!, Alireza Mohammadi', Michael Vogelbaum?,

Gene Barnett! and Manmeet Ahluwalia'; 'Cleveland Clinic, Cleveland,
OH, USA, 2Department of Neurosurgery, Cleveland Clinic, Cleveland, OH,
USA

BACKGROUND: Non-small cell lung cancer brain metastases
(NSCLCBM) have dismal outcome. Immune checkpoint inhibitor (ICI) has
promising activity in lung cancer; however, limited data exists on impact
of steroids on efficacy of ICI in NSCLCBM. METHOD: We reviewed 120
NSCLCBM patients treated with ICI (2012-2017) at our center. Fifty-nine
patients who received at-least 2 cycles of ICI after diagnosis of NSCLCBM
with at least one follow-up MRI were included for analysis, others were
excluded as they have received ICI before BM or did not have follow-up
MRI. All patients had prior chemotherapy and received ICI (nivolumab/
pembrolizumab) in second or third line. Overall survival (OS) was calculated
from date of ICI therapy to date of death or last follow-up. Progression free
survival (PFS) was calculated from date of ICI to date of progression. OS
was estimated by Kaplan-Meier method and analyzed by Cox proportional
hazards model. RESULTS: Median age was 61 years (39-77 years), median
KPS of 90, 59% were females, 49 were adenocarcinoma (4 EGFR muta-
tions, 2 ALK rearrangement). Forty-one patients had supratentorial lesions,
7 had infratentorial and 11 had both. Fifty-four patients underwent stere-
otactic-radiosurgery, 4 had whole brain radiation-therapy and 30 patients
received steroids (28 at baseline before start of ICI and 2 patients within
2 cycles of ICI). Twenty-two patients received dexamethasone (2-8 mg/
day), 8 received prednisone (5-20 mg/day). Median OS was 18.9 months
and PFS was 9.9 months. Steroid use was associated with decreased PFS,
5.0 months vs 13.8 months (p value = 0.02). No significant difference was
seen in OS with steroid treatment. On multivariable analysis, age at diag-
nosis significantly predicted OS (p = .034). Greater number of baseline intra-
cranial lesions (p < .01) and concurrent steroids (p < .0005) correlated with
decreased PFS. CONCLUSION: Steroid use in NSCLCBM is associated
with decreased PFS with ICL.

CMET-10. RISK OF RADIATION NECROSIS FOLLOWING REPEAT
STEREOTACTIC RADIOSURGERY FOR RECURRENT BRAIN
METASTASES

Daria Krivosheya', Hamid Borghei-Razavi', Michael Vogelbaum?,

Lilyana Angelov', Gene Barnett!, Jennifer Yu'!, Samuel Chao!,

Erin Murphy!, Manmeet Ahluwalia’, John Suh! and Alireza Mohammadi';
!Cleveland Clinic, Cleveland, OH, USA, 2Department of Neurosurgery,
Cleveland Clinic, Cleveland, OH, USA

INTRODUCTION: Stereotactic radiosurgery (SRS) has become the stand-
ard of care for the treatment of many patients with oligo-metastases of the
brain with a local control rate of 80-90% and radiation necrosis rate of 7%
per lesion. Per patient, the rate of radiation necrosis is 10-15% with half being
symptomatic. We sought to determine outcomes of stereotactic radiosurgery
for treatment of recurrent brain metastases after failure of initial SRS. METH-
ODS: Retrospective review of all patients that underwent Gamma Knife radio-
surgery at our institution between 2000 and 2018 was conducted. We screened
2,671 patients and identified 51 lesions in 39 patients that recurred after the
first treatment and received a second single-fraction stereotactic radiosurgery
dose to the same lesion. RESULTS: The median patient follow-up after the sec-
ond radiosurgery treatment was 10.2 months (1.1-60.5 months). The median
time between the two treatments was 16.8 months (range: 2.5-75.3 months).
The diagnosis of progression was based on imaging changes on PET and CBV
or biopsy. The average radiation dose at first and second treatments was 21 Gy
and 19 Gy, respectively. Out of 51 lesions that received two SRS treatments, 25
(49%) increased in size within a median of 4.8 months post second treatment
(range: 1.0-29.4 months). Of these, 18 lesions (35%) in 17 patients (43%)
were diagnosed as radiation necrosis based on either a pathological examin-
ation (7 lesions), or a combination of radiographic findings (11 lesions). The
rates of symptomatic radiation necrosis were 16% per lesion and 21% per
patient. CONCLUSION: Repeat SRS treatment of recurrent brain metasta-
ses is associated with a higher rate of radiation necrosis. Increase in size post
repeat SRS is more likely radiation necrosis than recurrence. Strategies such as
dose reduction, fractionated treatments, or combination with laser ablation
may improve outcomes and reduce the rate of subsequent radiation necrosis.
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CMET-11. LEPTOMENINGEAL MELANOMA METASTASIS
PRESENTING AS INTRAVENTRICULAR AND SUBARACHNOID
HEMORRHAGE

Maya Graham!, Radhika Jagannathan?, Elayna Rubens!, Jedd Wolchok!
and Synphen Wu'; '"Memorial Sloan Kettering Cancer Center, New York,
NY, USA, *Weill Cornell Medicine Department of Neurology, New York,
NY, USA

Leptomeningeal spread of cancer can have protean presentations, increasing
the difficulty of making this diagnosis. We present the case of a 77-year-old man
with prior metastatic melanoma who presented with spontaneous headache
that worsened over several days, and was found to have both intraventricular
and cortical subarachnoid hemorrhage on CT head. His neurological exam
was unremarkable. MRI of the brain with contrast confirmed the CT findings
and did not reveal any evidence of parenchymal or leptomeningeal metasta-
ses. MR angiogram followed by a conventional angiogram did not demon-
strate any vascular abnormalities. Cerebrospinal fluid examination revealed
110 white blood cells, 34000 red blood cells, and protein of 160. Cytology
returned positive for malignant melanoma cells. No additional sites of disease
were found on further evaluation with MRI spine and CT of the chest, abdo-
men and pelvis. In retrospect, the patient had endorsed some fluctuating nausea
and fatigue three months prior to presentation, as well as positional vertigo
two weeks prior to presentation. His oncologic history was notable for prior
immunotherapy with ipilimumab, as well as diagnosis of dural-based brain
metastases two years earlier, for which he underwent surgical resection and
radiation therapy. He had no evidence of disease for one year prior to this
new diagnosis of leptomeningeal involvement. This case highlights an unusual
presentation of leptomeningeal metastasis and underscores the importance of
maintaining heightened suspicion for this diagnosis when evaluating subarach-
noid hemorrhage in a cancer patient, especially in the case of melanoma. It
raises the question of whether this particular cancer type or the patient’s prior
immunotherapy contributed to his presentation, and emphasizes the need for
further elucidation of the biology of leptomeningeal metastasis.

CMET-12. DISTANT BRAIN FAILURE FOLLOWING STEREOTACTIC
RADIOSURGERY FOR BRAIN METASTASES FROM BREAST
CANCER

Andrew Keller!, Sean All', Hanisha Patel', Steven Nguyen', Luke Pearson'
and Naren Ramakrishna?; 'University of Central Florida College of
Medicine, Orlando, FL, USA, 2Orlando Health UF Cancer Center, Orlando,
FL, USA

PURPOSE: We examined distant brain failure (DBF) outcomes among
patients treated with SRS for breast cancer brain metastases. METHODS: We
completed a retrospective IRB-approved review of 75 breast cancer patients
treated with SRS for 271 brain metastases. Median time to DBF was defined
as time from initial SRS to MRI revealing a new lesion. Kaplan-Meier and
Cox proportional hazards model were used for statistical evaluation. Of the
75 patients, 74 patients were classified with ER status (46 positive vs 28 nega-
tive), PR status (31 positive vs. 43 negative), and HER2-Neu status (35 posi-
tive vs. 39 negative). 43 patients (57%) had uncontrolled extracranial disease
at time of initial SRS. 18 patients (24 %) received prior WBRT and 5 patients
(7%) received concurrent WBRT. RESULTS: The median time to develop-
ment of 1 brain metastasis was 7 months, with 7 patients (9%) developing
only 1 additional brain metastasis and 40 patients (53%) developing greater
than 1 additional brain metastasis. Median time to development of 2—4 brain
metastases was 15 months, with 10 patients (13%) developing only 2—4 add-
itional brain metastases and 30 patients (40%) developing greater than 4 add-
itional brain metastases. Median time to development of greater than 4 brain
metastases was 22 months. Median time to leptomeningeal disease was not
reached, with 19 patients (25%) developing LMD. PR positivity predicted for
greater time to development of 1 new brain metastasis (p=0.025). Extracra-
nial disease control was a positive prognostic factor for time to development
of 1 new brain metastasis (p=0.046), 24 new brain metastases (p=0.004),
and greater than 4 new brain metastases (p=0.004). CONCLUSION: Our
results suggest nearly 2/3 of breast cancer patients treated with SRS for brain
metastases will develop at least one additional metastasis. Prognostic factors
for DBF for these patients include PR status and extracranial disease control.

CMET-14. DISTANT BRAIN FAILURE FOLLOWING STEREOTACTIC
RADIOSURGERY FOR BRAIN METASTASES FROM NON-SMALL
CELL LUNG CANCER

Andrew Keller!, Sean All', Hanisha Patel', Steven Nguyen', Luke Pearson'
and Naren Ramakrishna?; 'University of Central Florida College of
Medicine, Orlando, FL, USA, 2Orlando Health UF Cancer Center, Orlando,
FL, USA

PURPOSE: We examined distant brain failure rates and underlying prog-
nostic factors among patients treated with SRS for brain metastases from
NSCLC. METHODS: We performed an IRB-approved retrospective study
of 178 NSCLC patients treated with Linear Accelerator-based stereotactic
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radiosurgery (SRS) for 526 brain metastases. Median time to distant brain
failure (DBF) was defined as time from initial SRS to MRI revealing a new
lesion. Kaplan Meier and Cox proportional hazards model were used for
statistical evaluation. All but 10 patients were classified by histology, with
the majority (76%) classified as adenocarcinoma. 116 patients (65%) had
uncontrolled extracranial disease. 22 patients (12%) received previous
WBRT and 15 patients (8%) received concurrent WBRT. 6 patients were
ALK positive and 63 were ALK-negative. 26 patients were EGFR positive
and 64 were EGFR negative. RESULTS: The median time to development of
1 brain metastasis was 8 months, with 22 patients (12%) only developing 1
additional brain metastasis and 89 patients (50%) developing greater than 1
additional brain metastasis. Median time to development of 2—4 brain metas-
tases was 12 months, with 39 patients (22%) developing only 2—4 additional
brain metastases and 50 patients (28%) developing greater than 4 additional
brain metastases. Median time to development of greater than 4 additional
brain metastases was 26 months. Median time to leptomeningeal disease
(LMD) was 62 months, with 21 patients (12%) developing LMD. On univar-
iate analysis, adenocarcinoma histology (p=0.031), EGFR mutation negative
or unknown (p=0.042), and controlled extracranial disease (p=0.011) were
positive prognostic factors for time to development of 1 additional brain
metastasis. CONCLUSION: We report the incidence of distant brain failure
among lung cancer patients treated with SRS. Our study revealed that the
probability of distant brain failure is increased for those with EGFR muta-
tion, active extracranial disease, or non-adenocarcinoma histology.

CMET-15. WHOLE EXOME SEQUENCING OF BRAIN METASTASES
FROM COLORECTAL PRIMARY CANCERS REVEALS CLINICALLY
ACTIONABLE MUTATIONS

Matthew Strickland!, Mia Bertalan?, Benjamin Kuter?, Tareq Juratli?,
Victoria Melchert!, Nancy Higgins', Michelle Toups', Alexander Kaplan?,
Ivanna Bihun?, Naema Nayyar?, Maria Martinez-Lage', Darrell Borger!,
Helen Shih* Theodore Hong' and Priscilla Brastianos®; 'Massachusetts
General Hospital/Harvard Medical School, Boston, MA, USA,
2Massachusetts General Hospital, Boston, MA, USA, 3Divisions of
Neuro-Oncology and Hematology/Oncology, Departments of Medicine
and Neurology, Massachusetts General Hospital Cancer Center, Harvard
Medical School, Boston, MA, USA, *Department of Radiation Oncology,
Massachusetts General Hospital, Harvard Medical School, Boston, MA,
USA

BACKGROUND: Current understanding of the underlying genetic evo-
lution in metastatic colorectal cancer to the central nervous system is lack-
ing. Further, there are no specific treatments for brain metastasis derived
from primary gastrointestinal malignancies. Here, we report preliminary
data using a next generation sequencing approach to characterize action-
able genomic targets in matched colorectal primaries and their associated
extra- and intracranial metastases. METHODS: A growing cohort of meta-
static colorectal cancer is being assembled that consists of a primary tumor,
at least a single extracranial metastasis, an intracranial metastasis, and a
normal tissue control for each patient. Nucleic acid was extracted for use in
whole exome sequencing from twelve samples. Somatic variants in the pri-
mary tissue were identified relative to the matched control sample and fur-
ther compared relative to the metastatic samples. Initial analysis has focused
on cancer genes that have been established to have clinical implications
to identify variants with potential therapeutic value. RESULTS: Complex
variant signatures were found across the primary colorectal tumors. At least
one clinically actionable variant was identified in each case. Alterations in
AKT1, POLE, BRAF and GNAS were detected in the brain metastasis sam-
ples and not in the extracranial sites. Alterations in GNAS, ARID1A, RET,
and FGFR2 occurred at a higher frequency in metastatic samples (extra-
cranial and brain metastases) compared to primary. KRAS and PIK3CA
status was concordant across all tumors while PTEN and BRAF status was
variable. CONCLUSIONS: Clinically actionable mutations can be found in
brain and extracranial metastases that are not detected in their respective
clinically sampled colorectal primary tumor. This provides support for the
development of combined targeted therapeutic strategies that may be more
successful in the metastatic setting. Further investigation is required in larger
cohorts to fully characterize the genetic landscape and potential drivers of
brain metastasis from colorectal cancer.

CMET-16. THE ROLE OF SURGICAL RESECTION OF MELANOMA
BRAIN METASTASES IN THE IMMUNOTHERAPY ERA

Christopher Alvarez-Breckenridge!, Anita Giobbie-Hurder?, Corey Gill?,
Mia Bertalan?, Jackson Stocking?, Alexander Kaplan?, Naema Nayyar®,
Donald Lawrence?, Keith Flaherty?, Helen Shih’, Kevin Oh?,

Tracy Batcheloré, Daniel Cahill', Ryan Sullivan® and Priscilla Brastianos’;
'Department of Neurosurgery, Massachusetts General Hospital, Harvard
Medical School, Boston, MA, USA, 2Dana-Farber Cancer Institute, Boston,
MA, USA, *Massachusetts General Hospital, Boston, MA, USA, *Divisions
of Neuro-Oncology and Hematology/Oncology, Departments of Medicine
and Neurology, Massachusetts General Hospital Cancer Center, Boston,
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MA, USA, *Department of Radiation Oncology, Massachusetts General
Hospital, Harvard Medical School, Boston, MA, USA, ®Massachusetts
General Hospital, Harvard Medical School, Boston, MA, USA, "Divisions
of Neuro-Oncology and Hematology/Oncology, Departments of Medicine
and Neurology, Massachusetts General Hospital Cancer Center, Harvard
Medical School, Boston, MA, USA

Immune checkpoint blockade has systemic efficacy in patients with meta-
static melanoma, including those with brain metastases. However, immuno-
therapy-induced intracranial tumoral inflammation can lead to neurologic
compromise, requiring steroids, which abrogate the systemic efficacy of this
approach. We hypothesize that early surgical intervention creates an oppor-
tunity for improved survival amongst patients undergoing immune check-
point blockade for metastatic melanoma. An IRB approved, single institution
retrospective study identified 142 patients with melanoma brain metastases
treated with immune checkpoint blockade. Overall survival was calculated
from date of diagnosis of brain metastasis until death from any cause. Model
building included a prognostic model of overall survival and the effect of
sequencing of immunotherapy and surgery on overall survival. The 2-year
overall survival for patients treated with CTLA-4, PD-1 or combinatorial
blockade were 19%, 54%, and 57%, respectively. Patients undergoing sur-
gery for melanoma brain metastases prior to immunotherapy had a median
survival of 22.7 months (95% CI: 12.6 to 39.2) compared to 9.3 months
(95% CI: 5.7 to 31.1) for patients undergoing surgery after immunotherapy
(P=0.06). Amongst surgical patients, the sequence of immunotherapy, diag-
nosis of brain metastases, and surgery was significantly associated with the
hazard of death (P=0.002). Surgery for treatment-naive intracranial disease
followed by immunotherapy is associated with increased overall survival
compared to patients who underwent surgery for brain metastases that
developed on immunotherapy (HR: 2.96, 95% CI: 1.4 to 6.1). These results
suggest that in treatment-naive patients, early surgical resection for local
control should be considered prior to commencing immunotherapy.

CMET-17. VENTRICULOMEGALY AFTER STEREOTACTIC
RADIOSURGERY FOR BRAIN METASTASES

Ali Alattar!, Brian Hirshman?, Rushikesh Joshi' and Clark Chen?;
University of California San Diego School of Medicine, San Diego, CA,
USA, ?University of California San Diego Department of Neurosurgery, San
Diego, CA, USA, 3University of Minnesota Department of Neurosurgery,
Minneapolis, MN, USA

Radiation therapy is a known risk factor for leukoencephalopathy and
ventriculomegaly in patients with brain metastasis (BM). However, whether
repeat stereotactic radiosurgery (SRS) contributes to these complications
remains poorly studied. The question is pertinent since the cerebrum is
exposed to a variable amount of radiation during each round of SRS. We
performed a retrospective analysis of patients who underwent SRS for BM
between 2007 and 2017 at our institution and had > 3 months of MRI
follow-up. MRIs were assessed for ventriculomegaly based on published
morphometric criteria. Statistical analysis was accomplished using Student’s
t-test, Pearson’s chi-squared test, and univariate and multivariate logistic
regression. We identified 214 patients who underwent 1,106 SRS for BM.
Sixty-three patients (29%) presented with ventriculomegaly prior to SRS.
Risk factors for presenting with ventriculomegaly prior to first SRS were fe-
male sex (odds ratio (OR) 0.373,95% CI0.176 - 0.767, p=0.008) and older
age (OR 1.096, 95% CI 1.06 - 1.137, p< 0.001). Of the other 151 patients
with normal ventricular size at the time of SRS, 29 patients (19%) developed
ventriculomegaly after SRS. Of the 29 patients who developed ventriculo-
megaly, ten patients (34%) required operative CSF diversion for symptom-
atic relief. We identified two risk factors that were associated with increased
odds of ventriculomegaly: receiving > 4 rounds of SRS (OR 4.1,95% CI 0.8
-20.6,p=0.038) and prior history of whole-brain radiation therapy (WBRT,
OR 5.6,95% CI2.3 -13.9, p< 0.001). The association between > 4 rounds
of SRS and ventriculomegaly remained robust in patients without prior his-
tory of WBRT, which suggests that both forms of radiation contribute to
the risk of developing new ventriculomegaly. Our results suggest that prior
history of WBRT and > 4 rounds of SRS independently contribute to the risk
of ventriculomegaly in SRS-treated BM patients.

CMET-18. RISK FACTORS FOR CEREBRAL EDEMA AFTER
STEREOTACTIC RADIOSURGERY FOR BRAIN METASTASES

Ali Alattar!, Brian Hirshman?, Rushikesh Joshi! and Clark Chen?;
University of California San Diego School of Medicine, San Diego, CA,
USA, ?University of California San Diego Department of Neurosurgery, San
Diego, CA, USA, 3University of Minnesota Department of Neurosurgery,
Minneapolis, MN, USA

Adverse radiation effect (ARE) after stereotactic radiosurgery (SRS) for
brain metastasis (BM) patients is a dreaded complication that often leads
to significant compromise in the patient’s quality of life. Here, we sought to
determine risk factors associated with ARE following SRS. We identified 214
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BM patients (1,106 BM) treated between 2007 and 2017 at our institution
with > 3 months of MRI follow up. We collected pertinent demographic,
clinical, and SRS parameters. ARE was defined as the presence of FLAIR
hyperintensity in > 25% of the area of any of four axial MRI images defined
by 1) the centrum semiovale, 2) third ventricle, 3) temporal horns, and
4) the fourth ventricle. Statistical analysis was carried out using Student’s
t-test, Pearson’s chi-squared test, and univariate and multivariate logistic
regression. Of the 214 patients, 62 patients (28.97%) suffered ARE follow-
ing SRS. On univariate logistic regression, the odds of ARE were increased
with higher cumulative intracranial tumor volume (CITV) (odds ratio (OR)
1.026 per 1 cm? increase, 95% CI 1.009 - 1.043, p= 0.003), > 4 rounds of
SRS sessions (OR 9.545, 95% CI 1.924 - 47.352, p=0.006), and prior his-
tory of whole-brain radiation therapy (WBRT) (OR 4.459, 95% CI 2.233
- 8.907, p< 0.001). On multivariate logistic regression adjusted for length
of follow-up, these associations remain robust: CITV (p=0.036), > 4 rounds
of SRS (p=0.033), and prior history of WBRT (p< 0.001). Variance analysis
indicated that the relative importance of these risk factors in contributing to
ARE, in descending order, is: prior history of WBRT, CITV, and > 4 rounds
of SRS. In this analysis of our decade-long experience, we discovered three
risk factors for ARE, including prior history of WBRT, increasing CITV, and
> 4 rounds of SRS. Consideration of these factors should facilitate patient
counseling and clinical decision making.

CMET-19. CLINICAL RISK ASSESSMENT SCORE TO ESTIMATE
THE LIKELIHOOD OF PSEUDOPROGRESSION VERSUS TUMOR
GROWTH FOLLOWING STEREOTACTIC RADIOSURGERY FOR
BRAIN METASTASES

Bente Skeie!, Per Qyvind Enger?, Paal-Henning Pedersen' and

Geir Olve Skeie®; 'Department of Neurosurgery, Haukeland University
Hospital, Bergen, Norway, *Institute of Biomedicine, University of Bergen,
Bergen, Norway, *Department of Neurology, Haukeland University
hospital, Bergen, Bergen, Norway

A major challenge in the follow-up of patients managed with stereotactic
radiosurgery (SRS) brain for metastases (BM) is to differentiate pseudopro-
gression (PP) from tumor recurrence (TR). A clinical score based on tumor
and treatment related factors would be valuable when selecting appropriate
treatment. Follow-up images of 97 consecutive patients treated with SRS for
406 BM were analyzed. We included 100 (24.6 %) BM in 42 (43.3 %) patients
which responded either with TR (delayed growth; 53 (13.1 %) BM in 27
patients) or PP (temporary volume increase; 47 (11.6 %) BM in 15 patients).
Differences between the 2 groups were analyzed and used to develop a PP
risk assessment score (PP-RAS). Significant factors associated with a higher
incidence of PP versus TR were: primary lung cancer vs. other primaries, BM
volume < 2cc (or BM < 1.5 cm in diameter), Target cover ratio > 98 % and
prior radiation with SRS or WBRT. Based on the presence (0) or not (1) of these
S parameters, a risk assessment score for PP versus TR was established. A PP-
RAS score of 0 corresponds with high risk of PP vs. TR, whereas a score of §
corresponds low risk of PP vs. TR. A score of < 1 point was associated with 100
% PP, 2 points with 57 % PP and 43 % TR, 3 points with 57 % TR and 43 %
PP whereas > 4 points were associated with 84 % TR and 16 % PP, =24.57, df
=4, p < 0.001). Based on these 5 parameters at the time of SRS our risk assess-
ment score could robustly differentiate between PP versus growth following
SRS. The score is user-friendly and may be a useful tool to guide the decision
making whether to retreat or observe at appropriate follow-up intervals.

CMET-20. EVIDENCE OF CNS RESPONSE OF PEMBROLIZUMAB
FOR LEPTOMENINGEAL CARCINOMATOSIS AT A SINGLE CELL
RESOLUTION

Christopher Alvarez-Breckenridge', Sanjay Prakadan?, Eudocia Lee?,

Sara Tolaney?, Lakshmi Nayak?, Nancy Lin?, Ivanna Bihun*,

Ugonma Chukwueke?, Kevin Oh*, Michael White*, Elizabeth Gerstner*,
Donald Lawrence?, Justine Cohen*, Anita Giobbie-Hurder?, Daniel Cahill',
Scott Carter?, Alex Shalek?, Ryan Sullivan* and Priscilla Brastianos®;
'Department of Neurosurgery, Massachusetts General Hospital, Harvard
Medical School, Boston, MA, USA, 2Massachusetts Institute of Technology,
Boston, MA, USA, 3Dana-Farber Cancer Institute, Boston, MA, USA,
“Massachusetts General Hospital, Boston, MA, USA, SDivisions of
Neuro-Oncology and Hematology/Oncology, Departments of Medicine
and Neurology, Massachusetts General Hospital Cancer Center, Harvard
Medical School, Boston, MA, USA

Approximately 8% of patients with cancer develop leptomeningeal car-
cinomatosis (LMD). LMD is associated with approximately 4 week median
survival and a paucity of treatment options beyond palliative shunting. We
performed a phase II study of the PD-1 inhibitor pembrolizumab in LMD
from any solid tumor malignancy (NCT02886585). The primary endpoint
is the rate of overall survival at 3 months (OS3). A Simon two-stage design
was used to compare a null hypothesis OS3 of 18% against an alterna-
tive of 43%. Serial CSF, blood samples and tumor samples were collected
to elucidate the genomic and transcriptional determinants of response to
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immunotherapy in central nervous system lesions. A total of 18 patients
were accrued and the median follow-up of patients still alive was 6.8 months
(range: 2.2 to 7.6 months). At the time of data retrieval, 11 patients (61%)
were alive at three months after enrollment (OS3). Therefore, the study
met its primary endpoint. Whole exome sequencing of tissue samples and
cell-free DNA from CSF and blood, as well as single-cell RNA sequencing
of CSE, were carried out to decipher tumor evolution, track immune cell
recruitment, and identify biomarkers of response. Analysis of 7877 tumor
and immune cells across 6 patients demonstrated patient-specific tumor clus-
tering and evidence of T cell and antigen presenting cells recruited to the
CSF following pembrolizumab treatment. Longitudinal CSF samples dem-
onstrated genetic and transcriptomic differences in tumor and immune cells
suggesting response to treatment in patients that reached OS3 compared
with those that did not. These findings suggest that pembrolizumab has ac-
tivity in LMD and that CSF provides an opportunity to monitor the clonal
evolution of the tumor and immune microenvironment in LMD.

CMET-21. THE ROLE OF BRAIN METASTASIS FREE INTERVAL IN
PATIENTS WITH BRAIN METASTASES OF BREAST CARCINOMA
Alexander Hulsbergen', Nayan Lamba', An Claes?, Vasileios Kavouridis?,
Timothy Smith*, Joost Verhoeff> and Marike Broekman’; 'Brigham

& Women’s Hospital, Boston, MA, USA, 2University Medical Center
Utrecht, Utrecht, Netherlands, *Brigham & Women’s Hospital, Dept of
Neurosurgery, Boston, MA, USA, “Department of Neurosurgery, Brigham
and Women’s Hospital, Harvard Medical School, Boston, MA, USA,
SLeiden University Medical Center, Leiden, Netherlands

BACKGROUND: In patients with brain metastases of breast cancer
(BMBC), time interval between primary tumor diagnosis and appearance
of first brain metastasis varies widely. This brain metastasis free interval
(BMF]I) is a readily available parameter and has been suggested by some
to be of prognostic value. The aim of this study is to compare character-
istics between patients with different BMFIs and determine if BMFI is a
prognostic factor for overall survival in BMBC. METHODS: We retro-
spectively reviewed a multi-institutional neurosurgical/radiation oncological
database of female patients who were treated for BMBC between 1996 and
2017. Cox proportional hazards model and Kaplan-Meier survival curves
were used to determine prognostic value for survival. RESULTS: A total
of 503 patients were included. Median age at first brain metastasis was 52
(interquartile range (IQR) 45-58). Median BMFI was 38 months (IQR: 18
- 66) and median overall survival was 17 months (IQR 8 - 31). In univariate
cox proportional hazards model, age at brain metastasis, tumor subtype, and
the presence of liver or lung metastases were significantly associated with
overall survival. BMFI > 3 years was not associated with a longer overall
survival (hazard ratio (HR) = 1.13, p = .21). In multivariate analysis, only
subtype (luminal-her2 versus triple negative, HR = .77, p = .02) and the
presence of liver metastases (HR = 1.36, p = .01) were prognostic for overall
survival. Again, no significant association with BMFI was found (HR = .99,
p =.91). CONCLUSIONS: In this large, retrospective cohort, patients with
a long BMFI had a similar overall survival when compared to those with a
shorter interval.

CMET-22. INTRATHECAL (IT) TRAZTUZUMAB (T) FOR THE
TREATMENT OF LEPTOMENINGEAL METASTASES (LM) IN
PATIENTS (PTS) WITH HUMAN EPIDERMAL GROWTH FACTOR
RECEPTOR 2-POSITIVE (HER2+) CANCER: A MULTICENTER
PHASE 1/2 STUDY

Priya Kumthekar!, William Gradishar!, Nancy Lin?, Elena Pentsova?,
Morris Groves?, Suriya Jeyapalan®, Michelle Melisko®, Sean Grimm’,
Andrew B. Lassman® and Jeffrey Raizer’; 'Northwestern Medicine,
Chicago, IL, USA, 2Dana-Farber Cancer Institute, Boston, MA, USA,
3Memorial Sloan Kettering Cancer Center, New York, NY, USA, *Texas
Oncology Austin Brain Tumor Center, Austin, TX, USA, STufts Medical
Center, Boston, MA, USA, ®University of California San Francisco,

San Francisco, CA, USA, "Northwestern University, Chicago, IL, USA,
8Department of Neurology and Herbert Irving Comprehensive Cancer
Center, Columbia University Irving Medical Center, New York, NY, USA

Pts with HER2+ breast cancer have frequent LM. No current FDA approv-
als exist. A multicenter phase I/II trial assessing safety and efficacy of IT T
in LM pts was conducted. The primary endpoint in phase 2 was response
rate (RR). Complete response (CR) required cytologic CR (CCR) + radio-
graphic CR (RCR) + stable clinical function. Partial response (PR) required
either CCR with stable/improved imaging and clinical function or RCR +
stable cytology + stable/improving clinical functioning. Pts received IT T
via an intraventricular Ommaya reservoir. Phase I dosing started at 10 mg,
then increasing by 20 mg up to 80mg. Each cycle (C) was 4 weeks with 2x/
week treatment in C1, weekly in C2, and every two weeks after C2. Pts were
allowed to continue on hormonal agents if systemic disease was controlled
at LM development. Concurrent radiation therapy was not allowed, with
the exception of localized treatment for pain control. 34 pts were enrolled
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with 26 in phase 2. The median age was 51 (25-69). IT T was well toler-
ated with no DLTs seen throughout; determined MTD was 80 mg for phase
2. All pts treated in phase 2 had Her2+ breast cancer, 2 pts in the phase 1
had non-breast histologies. Median cycles completed was 2 (1-22). Median
follow up was 9.1 months (0.4-28.9). In phase 2, 5 pts (19.2%) had PR, 13
(50%) had stable disease (SD) and 8 (30.8%) had progressive disease. For
phase 2 pts, median PFS pts was 2.4 months (CI 1.0-5.5) and median OS
was 12.1 months (CI 4.3-19.6). IT T was tolerated up to a dose of 80mg.
Primary endpoint (25% RR) was not met, however 69% of pts showed clin-
ical benefit (SD or better); median OS exceeded historical controls. Future
studies are warranted to evaluate IT T in HER2+ LM.

CMET-23. NATURAL HISTORY AND RISK FACTORS FOR CYSTIC
FORMATION AFTER STEREOTACTIC RADIOSURGERY FOR BRAIN
METASTASIS

Ali Alattar!, Brian Hirshman?, Rushikesh Joshi' and Clark Chen?;
University of California San Diego School of Medicine, San Diego, CA,
USA, 2University of California San Diego Department of Neurosurgery, San
Diego, CA, USA, 3University of Minnesota Department of Neurosurgery,
Minneapolis, MN, USA

A comprehensive review of the literature on brain metastasis (BM) stereo-
tactic radiosurgery (SRS) revealed no publications on the natural history or
risk factors for cystic formation immediately following SRS. We aimed to
address this gap in knowledge by reviewing our institutional experience.
We reviewed our institutional record from 2007-2017 and identified 214
consecutive patients who underwent 1,106 SRS for BM and had >6 months
of MRI follow-up. Demographic, clinical, dosimetric, and MRI data were
reviewed. Statistical analysis was accomplished with Students t-test, uni-
variate and multivariate logistic regression. The median age was 61 (range
19-91), with a median follow-up of 424 days (range 12-2,934 days). Eleven
instances of cyst formation (0.9% of 1,106 treated lesions) were identified
at SRS-treated BM sites among nine patients. Most cysts formed within a
year of initial SRS. The median interval between first SRS and first evidence
of cyst formation was 218 days. Seven of the nine patients (78 %) with SRS-
associated cysts suffered progressive cyst expansion and neurologic decline
requiring steroid treatment. Four (57%) suffered continued neurologic de-
cline despite steroid treatment and required surgical fenestration. On uni-
variate analysis, receipt of >4 rounds of SRS to independent locations was
the only variable associated with increased risk of cyst formation (odds
ratio 16.58, p= 0.001). This association remained robust after adjusting for
length of follow-up (odds ratio 13.59, p=0.003). This is the first study to
assess cystic formation immediately following SRS for BM. The incidence of
SRS-associated cyst formation during this time frame is significantly lower
than previously reported for patients who survived >3 years (0.9% versus
8-10%). Cyst formation was a rare phenomenon except in patients who
underwent >4 rounds of SRS, where one in three patients suffered this com-
plication. A high proportion (78%) of SRS-associated cysts progressively
expanded and required medical or surgical treatment.

CMET-24. NEXT-GENERATION EPIDERMAL GROWTH

FACTOR RECEPTOR TYROSINE KINASE INHIBITORS FOR
LEPTOMENINGEAL CARCINOMATOSIS

Kate Grimsrud' and Maciej Mrugala?; '"Mayo Clinic Arizona, Scottsdale,
AZ, USA, Mayo Clinic, Department of Neurology and Neurosurgery,
Mathematical Neuro-Oncology Lab, Precision Neurotherapeutics
Innovation Program, Phoenix, AZ, USA

EGFR mutation status is strongly correlated with leptomeningeal carci-
nomatosis in non-small-cell lung cancer. Historically, patients were treated
with first-generation EGFR tyrosine kinase inhibitors, however most would
eventually develop resistance and disease progression. Therefore, recent
interest has sparked in investigating next-generation EGFR- TKI mono-
therapy. We report two patients treated with next-generation EGFR-TKI
monotherapy, independent of whole brain radiotherapy, with favorable
response and outcome. CASE 1: A 70-year-old woman with non-small cell
lung adenocarcinoma in status post resection and erlotinib was in remis-
sion until 10 years later when she presented with findings of intracranial
hypertension. Imaging demonstrated an enhancing right frontal lesion
and leptomeningeal disease. After six months on afatinib 30 mg daily,
she had near-complete resolution of symptoms and significant decrease in
leptomeningeal enhancement. CASE 2: A 54-year-old woman with non-
small-cell lung adenocarcinoma underwent resection and presented two
years later with multifocal right frontotemporal hemorrhagic metastases
and leptomeningeal enhancement. Pathology from brain tumor resection
showed pulmonary adenocarcinoma with EGFR exon 19 mutation. She
received a single pulsed dose of erlotinib 1500 mg followed by osimerti-
nib 80 mg daily with significant improvement in symptoms and complete
resolution on repeat neuroimaging two months later. DISCUSSION: Sys-
temic chemotherapy alone has traditionally been ineffective in patients
with CNS metastasis, likely due to poor penetration of the blood brain
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barrier by early-generation EGFR-TKIs and evolving drug resistance. The
next-generation EGFR-TKIs may have improved success in treatment of
leptomeningeal metastases in non-small-cell lung adenocarcinoma when
compared to the first- and second-generation EGFR-TKIs. This could be
particularly true in patients with documented exon 19 deletions, as in our
second case. CONCLUSION: Next-generation EGFR-TKI monotherapy
could be considered in select patients with leptomeningeal metastases from
lung adenocarcinoma. More research is needed to review this potential
therapeutic option, especially for use as first-line therapy.

CMET-25. NEOPLASTIC MENINGITIS REGISTRY: USE OF MULTI-
NATIONAL COLLABORATIVE EFFORTS TO UNCOVER TRENDS
AND IMPROVE OUTCOMES IN LEPTOMENINGEAL DISEASE
Shwetha Srikanth, Leonard Kishel and Michael Glantz; Penn State College
of Medicine, Hershey, PA, USA

BACKGROUND: Neoplastic meningitis (NM) is a devastating compli-
cation of both hematologic and solid tumors, with a dismal prognosis. NM
can present with a variety of symptoms, prognostic features are still debated,
and treatment options vary based on disease status and differences in in-
stitutional protocols. AIM: NeMeRe: a Multi-Institutional Retrospective
and Prospective Registry of Neoplastic Meningitis in Adults is an electronic
clinical data registry that captures information regarding cancer history,
diagnoses, treatments, and survival rates from patients with NM to provide
an inclusive picture of disease status and management. METHODS: The
registry was designed in REDCap by the Office of Patient Oriented-Research
in the Penn State College of Medicine Department of Neurosurgery. Imple-
mented in 2017, NeMeRe currently has nine international sites entering
retrospective and prospective data, 480 patients currently enrolled, and new
sites are continually applying for access. RESULTS: Data analysis reports
are generated to explore the relationships between disease characteristics,
comorbidities, and therapies, and enables researchers to investigate a large
number of real-world diagnostic, prognostic, and therapeutic questions with
greater agility and without the costs and inefficiencies of randomized con-
trolled trials, which have proven challenging in this disease. By adding the
features of data entry verification and propensity score matching, registry
studies also provide results which are nearly as reliable as RCTs The dy-
namic nature of clinical registries also allows researchers to suggest edits
to the database that reflect real time changes in practice. The authors will
present several examples of such studies. CONCLUSION: NeMeRe is a
database with the potential to answer critical questions about an increas-
ingly common disease that has been very challenging to study using more
traditional clinical trial paradigms.

CMET-26. PERIOPERATIVE IMAGING OF BRAIN METASTASES:

A EUROPEAN ASSOCIATION OF NEURO-ONCOLOGY (EANO)
YOUNGSTERS SURVEY

Barbara Kiesel', Carina M Thomé?, Tobias Weiss?, Asgeir Jakola®,

Amelie Darlix®, Alessia Pellerino®, Julia Furtner’, Johannes Kerschbaumer®,
Michael Weller®, Geoffrey Pilkington'?, Elizabeth Cohen-Jonathan Moyal'!,
Roger Henriksson'?, Colin Watts'3, Roberta Ruda®, Guido Reifenberger!'4,
Ingela Oberg'3, Jerome Honnorat!"?, Wolfgang Wick'¢, Matthias Preusser”,
Georg Widhalm' and Anna Berghoff’; "Medical University Vienna,

Vienna, Austria, 2Clinical Cooperation Unit Neurooncology, German
Cancer Research Center, Heidelberg, Germany, *Department of

Neurology, University Hospital Zurich, Zurich, Switzerland, “Department
of Neurosurgery, St. Olav’s University Hospital, Trondheim, Norway;
Department of Neurosurgery, Sahlgrenska University Hospital, Gothenburg,
Sweden, SDepartment of Medical Oncology, Institut régional du Cancer
Montpellier, University of Montpellier, Montpellier, France, *Dept
Neuro-Oncology, University and City of Health and Science Hospital,
Turin, Italy, ’"Medical University of Vienna, Vienna, Austria, *Department

of Neurosurgery, Medical University of Innsbruck, Innsbruck, Austria,
“Department of Neurology, University Hospital and University of Zurich,
Zurich, Switzerland, '°University of Portsmouth, Portsmouth, England,
United Kingdom, "University Paul Sabatier Toulouse III, Toulouse, France,
12Sweden and Umea University, Umea, Sweden, '*Cambridge University
Hospitals, Cambridge, England, United Kingdom, '*Department of
Neuropathology, Heinrich Heine University Hospital, Diisseldorf, Germany,
ISHospices Civils de Lyon, Groupe Hospitalier Est, Service de Neuro-
Oncologie, Lyon, France, '*Neurology Clinic and National Center for
Tumor Diseases, University Hospital Heidelberg, Heidelberg, Germany

BACKGROUND: Neurosurgical resection is an important treatment
option in the multimodal therapy of brain metastases (BM). Perioperative
imaging is established in primary brain tumors to assess the extent of resec-
tion. However, structured guidelines on the use of perioperative imaging for
BM patients are so far missing. METHODS: The European Association of
Neuro-Oncology (EANO) Youngsters committee designed a comprehensive
questionnaire on the use of perioperative imaging. The survey was distributed
to physicians with neuro-oncologic focus via the EANO and the European
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Association of Neurosurgical Societies (EANS) network. RESULTS: 120
physicians from non-European countries and European countries responded
to the survey. 76/120 neurosurgeons, 18/120 radiation oncologists and
17/120 neurologists participated. 89/120 participants worked at academic
hospitals and 39/40 participants worked in high patient volume centers as
defined by >50 BM cases per year. Local standard operating procedures for
perioperative imaging were applied by 94/120 physicians. The preferred pre-
operative imaging method represented MRI for 112/120 (93.3%) partici-
pants. Postsurgical imaging was routinely performed by 106/120 physicians.
77/120 participants indicated MRI as the preferred postoperative imaging
method, however, only 71/120 performed postoperative MRI imaging
within 72 hours after resection. No correlation of postsurgical MRI and
localization at an academic hospital (58/79 [73.4%] vs. 19/27 [70.4%],
p>0.05) or patient volume (49/71 [69%] vs 25/40 [62.5%], p>0.05) was
evident. The most frequently indicated reason for postsurgical imaging was
the assessment of extent of resection as participants indicated to adjust the
radiotherapy plan or even considered re-surgery to achieve complete resec-
tion. CONCLUSIONS: This EANO survey indicates that preoperative MRI
is the preferred imaging technique for the majority of physicians, whereas
a high variability of postoperative neuroimaging routines including CT and
MRI was observed. International guidelines for perioperative imaging with
special focus on postoperative MRI are warranted in order to optimize peri-
operative treatment modalities for BM patients.

CMET-27. OUTCOMES OF LUNG CANCER PATIENTS WITH
LEPTOMENINGEAL METASTASES IN THE TARGETED THERAPY
ERA

Kathryn Nevel, Aimee Cowan, Anne Reiner, Shahiba Ogilvie,

Anna Skakodub, Natalie Distefano, Elena Pentsova and Adrienne Boire;
Memorial Sloan-Kettering Cancer Center, New York, NY, USA

BACKGROUND: Improvements in detection and molecular character-
ization of leptomeningeal metastasis from lung cancer (LC-LM) coupled
with cerebrospinal fluid (CSF)-penetrating targeted therapies have altered
disease management. In this new era, outcomes of patients with LC-LM
are not well-defined. This study identifies molecular and radiographic char-
acteristics of LC-LM correlating with clinical outcome. METHODS: We
retrospectively reviewed charts of 171 patients with LC-LM between 6/2009
and 6/2017 at Memorial Sloan-Kettering Cancer Center. Presence of tar-
getable mutations (TM) was determined by targeted exome sequencing
(MSKCC IMPACT). Radiographic involvement was scored by number of
gadolinium-enhancing sites in eight locations. CSF studies included cytopa-
thology, quantification of circulating tumor cells (CTCs), and cell free DNA
(cfDNA) analysis. Kaplan-Meier survival curves were compared by log-rank
analyses. RESULTS: Median overall survival after LC-LM diagnosis was
4.2 months; 84 patients (49%) harbored TM. Patients who received tar-
geted therapy (Ttx) after LC-LM diagnosis demonstrated reduced hazard
of death (HR:0.63; 95% CI:0.45-0.89; p=0.008). This trend was reversed
for those receiving Ttx prior to LC-LM (HR:2.46; 95% CI:1.42-4.26;
p-value: 0.001). A subset of 93 patients underwent MRI brain, spine and
CSF cytology within 30 days of LC-LM diagnosis. Extent of radiographic in-
volvement (3 or more sites vs. 2 or less sites) correlated with OS: (HR:1.56;
95% CI:0.96-2.54; p=0.075). Enumeration of CSF CTCs at diagnosis from
16 patients revealed that greater than 50 CTCs/3mL increased hazard of
death (HR:3.66; 95% CI:1.195-11.22; p=0.02). Similarly, elevated ctDNA
concentration in CSF was inversely correlated with survival in 21 patients
(HR:2.74; 95% CI:1.01-7; p=0.02). CONCLUSIONS: In this largest
study of LC-LM, presence of TM and Ttx for LC-LM was associated with
improved survival. Extent of radiographic involvement and quantification of
CSF CTC and cfDNA show promise as prognostic indicators. These findings
support molecular characterization and CNS staging for clinical manage-
ment, prognostication and clinical trial stratification of LC-LM.

CMET-28. IMPACT OF DISEASE SITE, SIZE AND SURGICAL
RESECTION ON SURVIVAL FROM METASTATIC CNS
NEUROBLASTOMA

Kim Kramer!, Sofia Haque!, Suzzane Wolden!, Jeffrey Greenfield?,

Brian Kushner!, Shakeel Modak!, Nai-Kong Cheung!, Maria Donzelli,
Mahmoud Eljalby' and Mark Souweidane’; "Memorial Sloan-Kettering
Cancer Center, New York, NY, USA, 2New York Presbyterian/Weill Cornell
Medical College, New York, NY, USA, 3Department of Neurosurgery, Weill
Cornell Medicine, New York, NY, USA

PURPOSE: To evaluate the impact of site of disease, size of the metas-
tases, and impact of surgical resection of CNS metastases in patients with
neuroblastoma. METHODS AND MATERIALS: Patients with neuro-
blastoma metastatic to the CNS were considered for surgical resection of
the lesion(s) prior to undergoing conventional external beam radiation
therapy (EBRT) and intraventricular radioimmunotherapy (cRIT). Lesions
were classified as unifocal, multifocal, or leptomeningeal. Post-surgical
EBRT consisted of 18 or 21 Gy craniospinal irradiation with a boost of
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30-36 Gy to the metastatic site(s). A Mantel-Cox analysis was performed to
assess the prognostic significance of disease site, size, and extent of resection
on overall survival (OS). RESULTS: 93 patients with CNS neuroblastoma
were assessed (2003-2017) with a follow-up of 24-177 (median 48) months
since the detection of CNS disease. Lesions were unifocal parenchymal
(N=54), leptomeningeal (N=6) or multifocal +/-leptomeningeal (N=33). As
regards unifocal lesions, 40 (74%) were > 2 cm in largest diameter, and 44
(81%) underwent gross total resection (GTR). Following GTR, EBRT and
cRIT, local control with no progression at the site was achieved in 39/44
(89%) patients. Systemic neuroblastoma in the absence of CNS progression
occurred in 19/93 (20%). Improved OS was noted for those with unifocal
vs multifocal disease (p=.01). Although a trend towards improved OS was
associated with GTR, it was not statistically significant (p=0.12). Neither the
size nor the site of the unifocal lesion impacted OS. CONCLUSION: Local
control of the metastatic lesion is successfully achieved with the combined
approach of surgical resection, EBRT and cRIT in 89% of patients with
unifocal CNS neuroblastoma, with a trend towards improved OS in those
undergoing GTR of metastases. There is no impact on the size or location of
the metastatic lesion(s).

CMET-29. PRE-OPERATIVE DURAL CONTACT IS ASSOCIATED
‘WITH SURGICAL CAVITY RECURRENCE AFTER POST-OPERATIVE
STEREOTACTIC RADIOSURGERY

Matthew Susko', Yao Yu', Lijun Ma', Philip Theodosopoulos?,

Michael McDermott!, Penny Sneed! and Steve Braunstein'; 'University

of California, San Francisco, San Francisco, CA, USA, 2Department

of Neurological Surgery, University of California, San Francisco, San
Francisco, CA, USA

BACKGROUND: Brain metastases can be expected in 20-40% of
patients diagnosed with cancer. Resection of a solitary or symptomatic
brain metastasis provides immediate decompression and has been shown
to improve overall survival, generally with some form of adjuvant postop-
erative radiation to reduce risk of recurrence. We sought to evaluate risk
factors for local recurrence after postoperative single-fraction stereotactic
radiosurgery (SRS). METHODS: Patients who underwent surgical resec-
tion of a brain metastasis between 2006 and 2016 were retrospectively
reviewed. Characteristics of the pre-surgical tumor, surgical resection, and
post-surgical treatment were collected. Patients who received single frac-
tion post-operative stereotactic radiosurgery (SRS) to the resection cav-
ity were included for analysis. Surgical cavity recurrences were evaluated
based on the location of their centroid within the dose distribution and
categorized as infield, marginal, and out-of-field. RESULTS: A total of 58
patients with 60 resection cavities receiving post-operative SRS met the
criteria for inclusion in study. During a median follow up of 20 months,
12 patients were noted to have surgical cavity recurrences with actuarial 1
and 2-year local failure rates of 15% and 18% respectively. Of the recur-
rences. 5 were infield, 5 were marginal, and 4 were out of field. Evaluation
of the pre-operative tumor characteristics revealed that tumors with dural/
meningeal contact had a significantly higher risk of local failure using
Fishers exact test (p=0.025). Quadratic-mean-diameter, target volume,
dose, and conformity index were not significantly associated with local
recurrence. 1-year actuarial rate of adverse radiation effect (ARE) was
8% in this cohort. CONCLUSION: Dural/meningeal contact was associ-
ated with an increased risk of surgical cavity failure in patients undergo-
ing post-operative SRS. In light of these results, and the recent consensus
guidelines regarding contouring of post-operative surgical cavity for SRS,
further consideration should be the addition of a dural margin in post-
operative surgical cavity target delineation.

CMET-30. BRAIN METASTASES FROM EGFR-MUTATED NSCLC
‘WHICH HAD ACQUIRED RESISTANCE TO EGFR-TKI. ~LESS-
FREQUENT T790M AND PRESERVED RESPONSE TO OTHER TKIs~
Toshihiko Tuchi, Tsukasa Sakaida, Yuzo Hasegawa, Yasushi Yoshida,
Hironori Ashinuma, Satoko Mizuno, Taiki Setoguchi and Masato Shingoji;
Chiba Cancer Center, Chiba, Japan

BACKGROUND: Despite the favorable response, most brain metasta-
ses (MBs) acquire resistance to TKIs. T790M is the most common mech-
anism and accounts for approximately half of acquired resistance to TKIs.
The aim of this study is to clarify the role of T790M in the acquired
resistance of BMs, and optimal treatment for BMs progressed after TKI.
METHOD: Upfront TKI was performed for BMs from EGFR-mutated
NSCLC, and TKI was changed at progression. Gefitinib, erlotinib, afatinib
and osimertinib were used and the selection of these TKIs were owing to
the physicians’ decision. During the disease course, re-biopsies of pro-
gressed diseases were performed to verify mutations of EGFR, and the
incidences of T790M were compared among the organs biopsied. The time
to CNS-progression (TCP) were evaluated for each TKI. RESULTS: 141
cases were enrolled. Gefitinib was used only as the first line TKI (n=91).
Erlotinib was selected for both the gefitinib-naive patients (n=27) and
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after gefitinib (n=51). Afatinib (n=21) and osimertinib (n=17) were
selected for only recurrent cases. TCPs after gefitnib, erlotinib, afatinib,
and osimertinib were 13.4, 20.1, 19.9, and 13.8months, respectively. The
history of treatment with gefitinib did not affect the TCP after erlotinib
(HR:1.37,95%CI:0.61-3.25,P=0.451). Re-evaluations of EGFR was per-
formed using 107 samples (lung:51, serum:25, CNS:22, others:9) from 88
cases. The incidence of T790M from CNS samples was 9.1% (Tumor:1/6,
CSF:1/16), and was significantly lower than that from the other organs
(lung:50.1%, surum:28.0%, others:44.4%) (Odds ratio:0.130, P=0.001).
The extremely low incidence of T790M and satisfied effects of TKIs even
after TKI-failure suggested the different mechanism of acquired resistance
of BMs to TKIs in compared with the extracranial lesions. CONCLU-
SIONS: T790M played only a limited role in acquired resistance of BMs
to TKIs, and alterations of the types of TKIs were still reccommended for
the progressed BMs after TKI.

CMET-31. INTRACEREBRAL HEMORRHAGE FROM NEOPLASTIC
ANEURYSM AS FIRST MANIFESTATION OF LUNG CANCER
Maria Diaz and Camilo Fadul; University of Virginia Medical Center,
Charlottesville, VA, USA

BACKGROUND: Metastatic cerebral aneurysms are an extremely rare
complication of cancer. We present a case of an intracerebral hemorrhage
(ICH) secondary to a neoplastic aneurysm as the initial manifestation of
lung cancer. CASE REPORT: A 63-year-old man presented with acute apha-
sia and was found to have a left parieto-temporal ICH on brain imaging.
Angiography demonstrated a fusiform dilation of the distal left middle cere-
bral artery suspicious for a mycotic aneurysm. Patient underwent hema-
toma evacuation and aneurysmal clipping; pathology showed intravascular
atypical cells determined by immunohistochemistry to be an embolus from
a primary lung cancer. Chest imaging revealed a previously undiagnosed
lung nodule with hilar adenopathies. Needle biopsy of one of the lymph
nodes demonstrated neoplastic cells identical to those visualized in the
aneurysm, with final pathology consistent with poorly differentiated lung
adenocarcinoma (EGFR, ALK and KRAS negative). Patient subsequently
received Gamma Knife radiosurgery to the surgical bed, followed by car-
boplatin, pemetrexed and pembrolizumab for treatment of his systemic dis-
ease. DISCUSSION: Tumoral intracerebral aneurysms are rare, with about
100 cases published in the literature, the majority of them arising from
cardiac myxoma or choriocarcinoma. Only six cases of neoplastic cerebral
aneurysms from metastatic lung cancer have been reported, all presenting
as ICH. Four of them died as a result of the hemorrhage, and the remaining
two had complications that precluded the administration of further ther-
apy, making ours the first case to receive cancer-directed treatment aimed
at the aneurysmal metastatic lesion. CONCLUSION: Neoplastic cerebral
aneurysms are rare, but should be considered in patients with malignancy
presenting with a pattern of ICH suspicious for aneurysmal origin. There
are no guidelines regarding the treatment of these uncommon aneurysms,
but based on our case, we suggest approaching them as any other cerebral
metastasis, with complete resection whenever possible, followed by stereo-
tactic radiosurgery.

CMET-32. BILATERAL OCCIPITAL METASTASES: MANAGEMENT
CONSIDERATIONS AND CORTICAL BLINDNESS

Mark Zaki', Saksham Gupta', Robert Mallery?, Sashank Prasad?,

Ayal Aizer’, Wenya (Linda) Bi* and Ian Dunn*; 'Harvard Medical School,
Boston, MA, USA, ?Division of Neuro-Ophthalmology, Brigham and
Women’s Hospital, Boston, MA, USA, 3Brigham and Women’s Hospital,
Dept of Radiation Oncology, Boston, MA, USA, *Department of
Neurosurgery, Brigham and Women’s Hospital, Boston, MA, USA

INTRODUCTION: Treatment decisions for brain metastases balance
potential benefits of tumor control, symptom alleviation, and survival,
with the risk of functional impairment or reduced quality of life. Bilat-
eral occipital metastases pose a risk of significant visual deficits and even
cortical blindness, with an unclear rate of resolution and development of
these debilitating symptoms following resection or radiotherapy. METH-
ODS: We retrospectively reviewed all cases of bilateral occipital metastases
treated with surgery and/or radiotherapy between 2008-2017 at the Brig-
ham and Women’s Hospital. RESULTS: 18 patients with bilateral occipital
metastases (median age 64 years; 13 women, 5 men) were identified. The
most frequent primary cancer sites were lung (56 %), melanoma (17%) and
breast (11%). Visual symptoms were present in 67% of all cases, of which
67% had a visual filed deficit, 17% had diplopia, and 17% had an acu-
ity deficit. These metastases were initially managed with resection (44%),
radiotherapy (28%), or both (28%). In patients who initially presented
with visual symptoms, 75% improved with treatment while 25% remained
stable. In those who presented with no visual symptoms, 67% remained
at baseline, 17% worsened acutely, and 17% worsened permanently with
treatment. The majority of patients were also managed with post-treat-
ment steroids. A representative case illustration is discussed of a patient
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who initially received whole brain radiation therapy (WBRT) for 10 days,
with dexamethasone for the first 8 days of radiation. Upon completion of
WBRT, the patient developed rapidly worsening visual acuity, which subse-
quently improved with bilateral occipital craniotomy for tumor resection.
CONCLUSIONS: Patients with bilateral occipital metastases may present
with visual symptoms, including visual field loss, reduced visual acuity,
and diplopia. The management of bilateral occipital metastases involves
consideration of symptomatology, disease burden, and goals of care. Visual
deficits frequently improve following treatment but may also develop in a
minority of patients.

CMET-35. DIFFUSION AND PERFUSION FEATURES OF
METASTATIC BRAIN LESIONS

Ararat Chakhoyan', Catalina Raymond', Jason Chen?, Jodi Goldman?,
Tania Karpealian*, Nader Pouratian* and Benjamin Ellingson’; 'UCLA
Department of Radiological Science, Los Angeles, CA, USA, 2Department
of Neurosurgery, David Geffen School of Medicine, University of
California, Los Angeles, Los Angeles, CA, USA, *Department of
Microbiology, Inmunology and Molecular Genetics, University of
California, Los Angeles, Los Angeles, CA, USA, “Department of Radiation
Oncology, David Geffen School of Medicine, University of California, Los
Angeles, Los Angeles, CA, USA, SUniversity of California Los Angeles, Los
Angeles, CA, USA

PURPOSE: To determine clinically relevant MRI features of various
metastatic brain lesions using classical and advanced post-processing
techniques of both diffusion and perfusion-weighted MR images. METH-
ODS: One hundred twenty-three brain metastases including breast (27),
non-small cell lung cancer (NSCLC, 43) and other (44) were retrospect-
ively assessed prior to radiation treatment with standard anatomical, dif-
fusion and perfusion-weighted MRI. A total of 346 individual lesions were
manually segmented. Complementary to tumor volume, apparent diffusion
coefficients (ADC) and relative cerebral volume (rCBV) measurements, an
independent component analysis (ICA) was performed with dynamic sus-
ceptibility contrast (DSC) in order to assess arterio-venous components
and their overlap region relative to tumor volume and time to peak of
T2* signal from each component. RESULTS: Results suggests that no dif-
ferences are observable for either ADC or rCBV features (median value)
across metastatic subtypes. Interestingly, ICA-derived arterial component
was higher in breast and NSCLC compared to other patients, while the
venous component was higher in breast compared to all other groups. No
difference in the overlap component was observed between groups. Within
the other group, we found that overlap has higher volume than venous and
arterial components. For other group, the difference between arterial and
venous components was as well significant. Median time to peak of arterial
and venous components were 8.4s and 12.6s with no differences between
lesion types. Additionally, the overlap component was positively related to
rCBV in all groups. However, no correlation was found for arterial and ven-
ous components with respect to rCBV values. CONCLUSIONS: Advanced
ICA-derived component analysis demonstrates perfusion differences in
metastatic brain lesions not observable with classical ADC and optimized
rCBV post-processing approaches.

CMET-36. BEVACIZUMAB WITH OR WITHOUT LOMUSTINE
FOR METASTATIC ORBITAL, DURAL AND LEPTOMENINGEAL
ESTHESIONEUROBLASTOMA

Richard Green and Colleen Thornton; Kaiser Permanente-Los Angeles
Medical Center, Los Angeles, CA, USA

Esthesioneuroblastoma is a malignant neuroectodermal tumor originat-
ing from the olfactory neuroepithelium. Bevacizumab is a specific inhibitor
of the vascular endothelial growth factor ligand, preventing its interaction
with receptors on endothelial cells. Lomustine is a widely used alkylat-
ing agent with good CNS penetration. We report 3 cases of metastatic
dural esthesioneuroblastoma that responded to bevacizumab with or with-
out lomustine. All patients had been treated up-front for Kadish Stage D
disease with craniofacial resection, radiation therapy, and platinum-based
chemotherapy with or without etoposide. One patient had been treated for
recurrence with temozolomide plus sunitinib. Recurrent disease consisted
of leptomeningeal, dural, orbital, and skull metastases. Patients 1 and 2
were treated with bevacizumab, 5 mg/kg every 2 weeks; patient 3 also
received lomustine 110 mg/sq m every 42 days for 6 cycles. Two patients
had partial responses and 1 had stable disease. Responses consisted of
reduction in dural contrast enhancement, tumor cyst volumes, and per-
ilesional edema, along with symptomatic improvement. Mean progression
free survival was 388 days, and overall survival 432 days. These patients
with metastatic orbital, dural and leptomeningeal esthesioneuroblastoma
achieved durable responses with bevacizumab with or without CCNU.
Antiangiogenic and alkylating agent strategies may play a role in salvage
therapy for this tumor.
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CMET-37. SUSTAINED CLINICAL AND RADIOGRAPHIC

RESPONSE IN AN ADULT PATIENT WITH LEPTOMENINGEAL
METASTASES FROM ACUTE MYELOID LEUKEMIA TREATED WITH
INTRAVENTRICULAR METHOTREXATE

Roy Allan Dominique Torcuator, Paul Vincent Opinaldo and

Manuel Mariano; St. Luke’s Medical Center- Bonifacio Global City, Taguig,
Philippines

Leptomeningeal involvement (LMI) in adult acute myeloid leukemia
(AML) patients is rare. Treatment is not standardized and includes intra-
thecal chemotherapy, radiation therapy and systemic chemotherapy. We
present the case of a 23 year-old female diagnosed with AML in June 2017
initially treated with idarubicin and cytarabine followed by hematopoietic
stem cell transplant. The patient presented 6 months later with headache,
nausea, diplopia and ataxia. MRI of the brain and entire spine showed
leptomeningeal carcinomatosis. Patient was initially treated with systemic
cytarabine and idarubicin. This was immediately followed by IT methothe-
raxate 12 mg via an Ommaya reservoir twice a week for 4 weeks. Clinical
improvement was noted after only 2 IT treatments. Interval MRI showed
complete response of the leptomeningeal disease after 4 weeks. Treatment
was continued once a week for another 4 weeks followed by a repeat MRI
confirming complete radiographic response. CSF cytology done before
every intrathecal treatment did not show any leukemic cells. IT methotrex-
ate was discontinued and patient is currently being followed in the clinic.
This report documents excellent sustained clinical and radiologic response
to IT treatment of a rare neuro-oncologic condition without any significant
adverse effects.

CMET-38. IMPACT ON THE CLINICAL COURSE OF EGFR
MUTATION ON BRAIN METASTASES FROM NON-SMALL-CELL
LUNG CANCER FROM VIEWPOINT OF NEURO-ONCOLOGISTS
Yuya Fujita', Manabu Kinoshita', Tomohiko Ozaki?, Koji Takano?,

Kei Kunimasa*, Madoka Kimura*, Takako Inoue*, Motohiro Tamiya“,
Kazumi Nishino*, Toru Kumagai* and Fumio Imamura*; 'Department
of Neurosurgery, Osaka International Cancer Institute, Osaka, Japan,
2Department of Neurosurgery, Kawachi General Hospital, Osaka, Japan,
3Department of Neurosurgery, Toyonaka Municipal Hospital, Toyonaka,
Japan, “Department of Thoracic Oncology, Osaka International Cancer
Institute, Osaka, Japan

OBJECTIVE: Molecular and genetic alternations of non-small-cell lung
cancer (NSCLC) now plays an important role in patient care of this neo-
plasm. The authors focused on the impact of EGFR mutation status on
brain metastases (BM) from NSCLC to better understand the most desirable
management of BM from NSCLC. METHODS: This was a retrospective
observational study analyzing 266 patients with BM from NSCLC diag-
nosed between January 2008 and December 2015 in our institute. EGFR
mutation, overall survival (OS), durations from diagnosis to brain metas-
tases, and related factors with OS were measured. RESULTS: Among 266
patients, 127 patients (47.7%) had EGFR mutations. EGFR-mutant (EGFR-
mt), compared with EGFR wild-type (EGFR-wt), showed longer median OS
from diagnosis (40 vs 21 months, P < 0.001) and after BM diagnosis (22 vs
11 months, P < 0.001) and higher frequency of BM, around 80% of which
occurred within 2 years. Good prognostic factors for OS were positive
EGFR mutation (Hazard Ratio (HR) 0.64), no BM at diagnosis (HR 0.56),
and single brain metastasis (HR 0.65). Patients harboring EGFR-mt single
brain metastasis showed longer OS and durations from 1st brain metastasis
to 2nd brain metastases than patients with either multiple BM or EGFR-wt
BM. For those without BM at diagnosis, EGFR mutation status did not have
any impact on OS (40 for EGFR-mt vs 37 months for EGFR-wt). CONCLU-
SIONS: Our study is in agreement with other studies that EGFR mutation
is associated with prognosis of patients with BM from NSCLC. Results of
our study also suggest that careful observation or screening for BM is rec-
ommended especially with the first 2 years for NSCLC patients with EGFR
mutation. Aggressive treatments for EGFR-mt NSCLC patients with single
BM should be considered taking into account that these patients could show
prolonged survival after BM.

CMET-39. INTRA-CSF LIPOSOMAL CYTARABINE PLUS SYSTEMIC
THERAPY AS INITIAL TREATMENT OF BREAST CANCER
LEPTOMENINGEAL METASTASIS: A RANDOMISED, OPEN-LABEL
TRIAL

Emilie Le Rhun', Audrey Mailliez!, Jennifer Wallet!, Isabelle Rodrigues',
Thomas Boulanger!, Isabelle Desmoulins?, Jérome Barriere?,

Michel Fabbro*, Sophie Taillibert’, Charles Andre', Marie Cecile Le Deley',
Michael Weller® and Jacques Bonneterre'; 'Oscar Lambret Center of Lille,
Lille, France, >Georges Frangois Leclerc Center of Dijon, Dijon, France,
3Antoine Lacassagne Center of Nice, Nice, France, “Val dAurelle Center
of Montpellier, Montpellier, France, *Pitié-Salpétriere Hospital Paris, Paris,
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France, *Department of Neurology, University Hospital and University of
Zurich, Zurich, Switzerland

BACKGROUND: Intra-cerebrospinal fluid (CSF) therapy for the treat-
ment of leptomeningeal metastasis (LM). remains controversial. METH-
ODS: DEPOSEIN (NCT01645839) was a multicenter randomized
open-label study exploring the efficacy of liposomal cytarabine added to
standard-of-care systemic therapy for the treatment of LM from breast
cancer. Inclusion was based on the identification of tumor cells in the CSF
or typical clinical and magnetic resonance imaging (MRI) signs of LM.
Patients were randomly assigned to receive systemic therapy alone (arm
A) or in combination with intra-CSF liposomal cytarabine (arm B). Neuro-
logical and patient-reported outcomes (PRO) were performed monthly,
cerebrospinal MRI every 2 months. The primary endpoint was progres-
sion-free survival in the leptomeningeal compartment (LM-PFS); 66 events
were required to ensure 80% power for a hazard ratio of 0.5 (two-sided
alpha=5%). RESULTS: Thirty-seven patients were assigned to arm A, 36
patients to arm B. Baseline characteristics were similar between arms. The
median number of liposomal cytarabine injections in arm B was 5 (range
1-20). Focal radiotherapy was performed in 6 (16%) and 5 (14%) patients
in arms A and B, respectively. Serious adverse events were reported in 20
and 27 patients in arms A and B. In the intent-to-treat population, median
LM-PFS locally assessed was 2.0 months (95% confidence interval (CI) 1.3
2.7) in arm A versus 4.3 months (95% CI 2.3 5.7) in arm B (HR=0.57,
95% CI0.35 0.92, p=0.02). Sixty-eight patients have died. Median OS was
4.0 months (95% CI 2.2-6.5) in arm A versus 7.3 months (95%CI 3.9—
12.6) in arm B (HR=0.80, 95% CI 0.50-1.29, p=0.35). Centrally reviewed
LM-PES and PRO will also be reported. CONCLUSIONS: The addition of
liposomal cytarabine to systemic therapy may improve LM-related PFS but
may not significantly improve survival. PRO will be essential to determine a
possible clinical benefit from intrathecal chemotherapy.

CMET-40. LONG-LASTING RESPONSE IN SPINAL METASTASES
FROM ALK REARRANGED NON-SMALL-CELL LUNG CANCER
TREATED WITH DIFFERENT ALK INHIBITORS

Alessia Pellerino, Roberta Ruda, Federica Franchino, Giulia Marchese,
Francesco Bruno, Francesca Mo and Riccardo Soffietti; Dept Neuro-
Oncology, University and City of Health and Science Hospital, Turin, Italy

INTRODUCTION: About 40% of ALK-rearranged NSCLC patients
develop brain metastases (BM), while leptomeningeal metastases (LM)
occur in 5% of patients, and spinal intramedullary metastases in < 1%. Few
data are available regarding the efficacy of ALK inhibitors in neoplastic spi-
nal disease from NSCLC. CASE-REPORT: In March 2014 a 55 year-old
woman developed multiple BM after 2 years from the diagnosis of an ALK-
rearranged NSCLC who was receiving crizotinib. Crizotinib was continued
associated with WBRT with a near-CR (RANO criteria) lasting 12 months.
One year later a spinal MRI displayed multiple intramedullary enhancing
lesions and diffuse leptomeningeal spread along the cauda equina, with CSF
positivity for neoplastic cells. Ceritinib was started and a CR both on MRI
and CSF was obtained lasting 18 months. In December 2017 the patient
developed bladder dysfunction and paralytic ileus due to multiple intramed-
ullary spinal and leptomeningeal recurrences. Considering the higher BBB
penetration of lorlatinib, the patient started the drug and achieved a signifi-
cant improvement of the urinary incontinence and intestinal transit after
3 months. Conversely, no change of the extent of spinal disease was observed
on MRI. At this time, the patient is continuing treatment with lorlatinib and
she is free of recurrence since 5 months. DISCUSSION: The development of
CNS disease in ALK-rearranged NSCLC has been suggested to be a natural
evolution of the disease and/or is correlated to low CNS penetration of the
molecular drugs that control the systemic disease. The PROFILE trials have
shown longer OS in patients with BM who received crizotinib beyond pro-
gression, but data are lacking on the activity of second- and third-generation
ALK inhibitors. CONCLUSION: This is the first report of a prolonged clin-
ical and radiological response using sequentially different ALK inhibitors in
a patient with concurrent LM and spinal intramedullary metastases from an
ALK-rearranged NSCLC.

CMET-41. LIFETIME LUNG, BREAST, AND SKIN CANCER BRAIN
METASTASES INCIDENCE: A REPRODUCIBLE SEER-MEDICARE
STUDY

Mustafa Ascha', Quinn Ostrom?, Jeremy Bordeaux?, Andrew Sloan?,
Frederick Schumacher*, Carol Kruchko® and Jill Barnholtz-Sloan; 'Center
for Clinical Investigation, Case Western Reserve University School of
Medicine, Cleveland, OH, USA, ?Baylor College of Medicine, Houston,
TX, USA, 3University Hospitals Cleveland Medical Center, Cleveland, OH,
USA, “Department of Population and Quantitative Health Sciences, Case
Western Reserve University School of Medicine, Cleveland, OH, USA,
SCentral Brain Tumor Registry of the United States, Hinsdale, IL, USA,
®Case Comprehensive Cancer Center, Case Western Reserve University
School of Medicine, Cleveland, OH, USA
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INTRODUCTION: With improvements in cancer detection and primary
cancer control, brain metastases (BM) become a greater concern. The Sur-
veillance, Epidemiology, and End-Results (SEER) program recently released
data on BM diagnosed at the same time as primary cancer, referred to as
synchronous BM (SBM). Tentative evidence of lifetime BM (LBM) is pre-
sent in Medicare claims, expanding the utility of these new SBM data. PUR-
POSE: This is a reproducible SEER-Medicare study estimating synchronous
versus lifetime frequencies of BM for primary lung, breast, and skin can-
cers. MATERTALS AND METHODS: SEER data were linked to Medicare
claims from 2007-2014 to identify incidence proportions (IP) and average
annual age-adjusted incidence rates of SBM and LBM. SEER SBM data
were linked to Medicare claims and used as a gold standard to evaluate
Medicare BM algorithms, the classification performance of which informed
similar estimates of LBM incidence. RESULTS: The IP of SEER SBM in
lung, breast, and skin cancers was 9.6%, 0.3%, and 1.1%, respectively.
The greatest SBM IP among lung cancer patients was 13.4% for non-small
cell lung cancer, and among breast cancer patients was 0.7% for triple-
negative breast cancer. The greatest LBM IP among lung cancers was 21.7%
in small-cell lung cancer, 4.0% in triple negative cases for breast cancer, and
1.7% in nevi and melanomas. Concordance between Medicare claims and
SEER regarding SBM was 0.61 (95% CI: 0.60 - 0.62) for lung cancer, 0.45
(95% CI: 0.39 - 0.51) for breast cancers, and 0.65 (95% CI: 0.59 - 0.70)
for melanoma. Fewer SBM cases were found in Medicare claims than in
SEER. CONCLUSIONS: These analyses provide a population-level glimpse
into the natural history of BM, estimating both synchronous and lifetime
incidence in lung, breast, and skin cancers using a large dataset that is rep-
resentative of the US.

CMET-42. BONE METASTASIS PREDICTS POOR PROGNOSIS OF
PATIENTS WITH BRAIN METASTASES FROM COLORECTAL
CARCINOMA POST AGGRESSIVE TREATMENT

Hao Duan, Xiaobing Jiang, Zhenqgiang He, Juehui Li and Yonggao Mou;
Sun Yat-sen University Cancer Center, Guangzhou, Guangdong, China

The presence of brain metastasis (BM) in patients with colorectal cancer
(CRC) is usually associated with terminal stage illness; however, a subgroup
of patients receiving aggressive treatment can have a satisfactory prognosis.
This study was designed to investigate the profile of prognostic factors in
CRC patients with BM treated aggressively. CRC patients with BM were
retrospectively reviewed. Survival analysis was performed to identify poten-
tial prognostic factors in the entire cohort of patients and a subgroup of
patients treated aggressively. Aggressive treatments included surgical resec-
tion, radiotherapy, and/or chemotherapy. Overall survival (OS) was defined
as the time between the diagnosis of BM and death or until the date of the
last follow-up visit. A total of 78 CRC patients were confirmed as having
BM. Sixty-eight of them had extracranial metastases at the time of their
BM diagnosis. The most common sites of extracranial metastases were lung
(n=51, 65.4%), followed by liver (n=25, 32.1%), and bone (n=12, 15.4%).
Fifty-one patients who were treated aggressively had significantly longer
OS than those who accepted palliative care (14.1 months vs. 2.0 months,
p<0.0001). Multivariate analysis was applied and results showed that
aggressive treatment (n=51), recursive partitioning analysis (RPA) class I/
II (HR=0.27, 95% CI: 0.12-0.6, p=0.001), and fewer BM (HR=0.4, 95%
CI: 0.21-0.78, p=0.07) predicted longer survival. In contrast, the pres-
ence of bone metastasis, rather than lung or liver metastasis, at the time
of diagnosis of BM (HR=2.38, 95% CI: 1.08-5.28, p=0.032) predicted a
poor prognosis. Although the prognosis of CRC patients that have BM is
frequently very poor, those with good performance status and few brain
lesions responded to aggressive treatment, while those with bone metastasis
at the time of diagnosis of BM had relatively dismal survival rates, even
when treated aggressively.

CMET-44. PREDICTORS OF SURVIVAL IN NEURO-METASTATIC
MERKEL CELL CARCINOMA

Maya Harary!, Vasileios Kavouridis', Manisha Thakuria? and

Timothy Smith'; 'Brigham & Women’s Hospital, Dept of Neurosurgery,
Boston, MA, USA, 2Center for Cutaneous Oncology, Department of
Dermatology, Dana-Farber/Brigham and Women’s Cancer Center, Boston,
MA, USA

BACKGROUND: Merkel cell carcinoma (MCC) is a rare cutane-
ous malignancy of neuroendocrine origin, with about 30 cases of brain
metastasis (BM) reported in the literature. Historically, the treatment of
neuro-metastatic MCC has largely included chemotherapy (CT) and radio-
therapy (RT). The aim was to investigate predictors of overall survival
(OS) in neuro-metastatic MCC. METHODS: In this retrospective study,
we surveyed institutional databases and additionally conducted a system-
atic review of the literature to identify cases reporting on management of
distant MCC BM. A pooled analysis was performed on the institutional
and literature cases to assess predictors of OS. Survival analysis was done
on R (ver 3.4.0) using a Log Rank statistic and cox proportional hazard
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ratio. RESULTS: Forty cases were included for analysis, describing opera-
tive (14) and non-operative (26) management. Median time from initial
MCC diagnosis to CNS involvement was 17.0-mos (IQR 10.5- 26.5), and
most patients had a single BM (62.5%). Management of intracranial dis-
ease included RT (84.2%), systemic therapy (59.5%) and surgical resection
(35%). Operative management was associated with a lower intracranial
burden of disease (BoD, single BM: op 92.9% vs. non-op 46.2%, p=0.004),
but similar systemic BoD. Median OS was longer in patients treated with
neurosurgery (73-mos, 95%CI:31-115 vs. 25-mos, 95%CIl:17-44, p «
0.001). Both neurosurgery (HR 0.18, 95%CI:0.06-0.54, p=0.002) and
having a single BM (multiple BM or leptomeningeal disease: HR 2.51,
95%CI:1.12-5.6, p=0.03) conferred an OS benefit on risk-unadjusted
analysis. On multivariable analysis, only neurosurgical resection was an
independent predictor of OS (HR 0.16, 95%CI:0.04-0.59, p=0.006), con-
trolling for age, BoD and RT. Systemic therapy and RT were not associated
with OS. CONCLUSIONS: Resection of MCC BM may confer a survival
benefit relative to non-operative management given appropriate patient
selection. Prospective investigation of multimodal management of neuro-
metastatic MCC is warranted, especially given the promise of new immuno-
therapy agents in treating MCC.

CMET-45. CHECKPOINT BLOCKADE IMMUNOTHERAPIES
FOR MELANOMA BRAIN METASTASES: IMPROVED SURVIVAL
OUTCOMES IN A NATIONAL COHORT

. Iorgulescu', Maya Harary?, Cheryl Zogg?, Keith Ligon*, Stephen Hodi’,
Ayal Aizer®, David Reardon” and Timothy Smith?; 'Brigham and Women’s
Hospital, Boston, MA, USA, ?Brigham & Women’s Hospital, Dept of
Neurosurgery, Boston, MA, USA, 3Brigham & Women’s Hospital, Center
for Surgery and Public Health, Boston, MA, USA, 4Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA, USA, SDana-Farber
Cancer Center, Dept of Medical Oncology, Boston, MA, USA, ®Brigham &
Women’s Hospital, Dept of Radiation Oncology, Boston, MA, USA, "Dana-
Farber Cancer Institute, Boston, MA, USA

BACKGROUND: The recent successes of checkpoint blockade immuno-
therapy (CBI) and BRAFV600-targeted therapy trials have generated substan-
tial promise for revolutionizing the management of patients with advanced
melanoma. However, because early clinical trials of CBIs and BRAFV600-
targeted therapy either excluded or included disproportionately fewer cases
of melanoma brain metastases (MBM), the survival benefit of these novel
therapies for MBM remains unknown. METHODS: The characteristics,
management, and overall survival (OS) of patients who presented with cuta-
neous MBMs during 2010-2015 were evaluated using the National Cancer
Database, which comprises 70% of all newly diagnosed U.S. cancers. OS was
analyzed with risk-adjusted proportional hazards and compared by Kaplan-
Meier techniques. RESULTS: 2,753 (36%) of patients presenting with stage
4 melanoma had MBMs. Following the 2011 FDA approvals for CBI and
BRAFV600-targeted therapy, MBM patients demonstrated a 91% relative
increase in 4-yr OS to 14.1% (95CI:12.2-16.1) from 7.4% pre-approval
(95CI:5.3-10.0, p<0.001). Post-approval, the proportion of MBM patients
that received CBI rose from 10.5% in 2011 to 34.0% in 2015 (p<0.001).
MBM patients were more likely to receive CBI if they were younger, more
recently diagnosed, had fewer comorbidities, insured privately or through
Medicare, diagnosed in New England, had brain-directed RT, or had involve-
ment of other metastatic sites. Initial CBI in MBM patients displayed a 2.4x
improved median and 4-yr OS of 12.4 mos (95CI:10.4-15.8; vs. 5.2 mos,
95CL:4.7-5.9, p<0.001) and 28.1% (95CL:22.1-34.4; vs. 11.1%, 95CL:9.3—
13.1), which persisted in multivariable analyses (HR 0.12, 95CI:0.03-0.49,
p=0.003). These benefits were pronounced in MBM patients without extra-
cranial metastases, in which CBI demonstrated improved median and 4-yr OS
of 56.4 mos (95CI:25.0-NR; vs. 7.7 mos, 95CI:6.7-8.7, p<0.001) and 51.5%
(95CI:38.9-62.8; vs. 16.9%, 95CI:13.5-20.6). CONCLUSION: Using a
large national cohort composed of a “real-life” MBM treatment population,
we demonstrate the dramatic OS improvements associated with novel check-
point blockade immunotherapies.

CMET-46. INITIAL CLINICAL AND ADVANCED IMAGING
OUTCOMES FROM A MULTI-INSTITUTIONAL PHASE I DOSE-
ESCALATION TRIAL OF RRX-001 PLUS WHOLE BRAIN RADIATION
FOR PATIENTS WITH BRAIN METASTASES

Michelle Kim', Hemant Parmar', Madhava Aryal!, Matthew Schipper!,
Theresa Devasia!, Santosh Kesari?, Aki Morikawa!, Daniel Spratt’,

Larry Junck!, James Hayman!, Theodore Lawrence!, Christina Tsien3,
Robert Aiken?, Sharad Goyal®, Susan Knox®, Scott Caroen’,

Corey Carter’, Bryan Oronsky’, Yue Cao' and Christopher Lao'; 'The
University of Michigan, Ann Arbor, MI, USA, 2John Wayne Cancer
Institute and Pacific Neuroscience Institute, Santa Monica, CA, USA,
3Washington University, St. Louis, MI, USA, “Rutgers Cancer Institute,
New Brunswick, NJ, USA, SGeorge Washington University, Washington
DC, DC, USA, SStanford University, Palo Alto, CA, USA, "EpicentRx, Inc.,
La Jolla, CA, USA

Abstracts

BACKGROUND: RRx-001, a novel redox modulator was evaluated
as a potential radiosensitizer with WBRT in a multicenter phase I trial
for adults with brain metastases. The primary endpoint was to determine
MTD. Secondary endpoints included intracranial response rate (IRR),
survival and correlation of DCE-MRI parameters with outcome. METH-
ODS: Dose-escalation was managed by a TITE-CRM design to establish
MTD at a 20% estimated DLT rate with four planned dose levels (5, 8.4,
16.5, 27.5 mg/m2). RRx-001 was given pre-WBRT (30 Gy/10 fractions)
then twice weekly during WBRT. Target accrual was 30 patients. Correla-
tive DCE-MRI was performed in a subset of patients at baseline, 24 hours
post-RRx pre-WBRT, 1 and 4 months. Linear mixed models were used to
correlate baseline and change in 24-hour Vp (plasma volume) with change
in tumor volume. RESULTS: Between 2/2015-2/2017, 31 patients were
enrolled across 5 centers. Two patients dropped out at baseline, and seven
were treated with RRx/concurrent temozolomide to be reported separately,
for a total of 22 evaluable patients. Median age was 60 years (range 35-85),
13 were male, 55% had melanoma and 23% had NSCLC. No DLTs were
observed within 28 days of treatment and 5 patients were treated at the
highest dose level. IRR was 50%, five patients survived > 12 months, 3 were
alive at last follow-up. Among 10 evaluable patients undergoing DCE-MRI
with 64 total lesions at baseline, lower baseline Vp (p=0.002) and reduction
in Vp at 24 hours (p=0.001) were associated with reduced tumor volume at
1 and 4 months. CONCLUSION: RRx-001+WBRT appears well-tolerated
in adults with brain metastases, with several long-term survivors and IRR of
50%. Following a single dose of RRx, a reduction in Vp is associated with
tumor response at 1 and 4 months, suggesting activity within tumor vascu-
lature and utility as a biomarker of longer-term response.

CMET-47. CLINICAL EVALUATION OF FITNESS TO DRIVE IN
PATIENTS WITH BRAIN METASTASES

Cristina Valencia-Sanchez!, Steven Schild’, Sujay Vora?, Jonathan Ashman?,
Thomas Daniels?, Michele Halyard?, William Rule?, Nan Zhang?,

Richard Butterfield>, Akanksha Sharma’, Maciej Mrugala* and

Alyx Porter?; "Mayo Clinic Arizona, Scottsdale, AZ, USA, 2Mayo

Clinic Arizona, Phoenix, AZ, USA, *Department of Neurology, Mayo
Clinic, AZ, Phoenix, AZ, USA, *Mayo Clinic, Department of Neurology
and Neurosurgery, Mathematical Neuro-Oncology Lab, Precision
Neurotherapeutics Innovation Program, Phoenix, AZ, USA

INTRODUCTION: Brain tumors can result in focal neurological and
cognitive deficits which may impair the ability to drive. There are no evi-
dence-based recommendations on driving restrictions for patients with
brain metastases. Recommendations vary per practice, with extrapolation
based on local driving and epilepsy laws. Occupational Therapy driving
assessment (OTDA) may provide insight into limitations for this popula-
tion. OBJECTIVE: To determine whether clinical neurologic examination
is sufficient to predict suitability to drive in patients with brain metasta-
ses. METHODS: We assessed the concordance between Neurology assess-
ment of suitability to drive (pass/fail) and OTDA in individuals with brain
metastases. 40 subjects were prospectively enrolled. Neurooncology evalu-
ation was performed as standard of care, including an interview and neuro-
logical examination. Subjects subsequently underwent OTDA during which
a battery of objective measures of visual, cognitive and motor skills related
to driving was administered. RESULTS: Preliminary results from the first
29 patients included are reported. Mean age was 68 years. Lung was the
primary location of the tumor in 62% cases. More patients in the group that
failed OTDA had bilateral brain metastasis (77.3% vs 42.9%,p=0.0478).
The sensitivity of the Neurology assessment to predict driving fitness com-
pared to OTDA was 22.7% and the specificity 71.4%. The 22 patients who
failed OTDA were more likely to fail on Vision Coach (81.8%), MOCA
(68.2%) and Trail Making (50%) tests. DISCUSSION: There was poor cor-
relation between the assessment of suitability to drive by Neurology and
the outcome of the OTDA in patients with brain metastases. Subtle deficits
that may impair the ability to drive safely may not be evident on neurologic
examination. The Vision Coach, MOCA and Trail Making tests were the
most sensitive tests to predict driver safety. The results raise questions about
the choice of assessments in making recommendations about fitness to drive
in people with brain metastases.

COMPUTATIONAL OMICS

COMP-01. TRACKING THROUGH EDEMA: ENHANCED
NEUROSURGICAL PLANNING USING ADVANCED DIFFUSION
MODELING OF THE PERITUMORAL TISSUE MICROSTRUCTURE
Drew Parker, Lisa Desiderios, Steven Brem and Ragini Verma; University of
Pennsylvania, Philadelphia, PA, USA

PURPOSE: Neurosurgical planning relies on diffusion tractography to
model eloquent fibers. Peritumoral edema and neoplastic infiltration sup-
press the sensitivity to detect fiber tracts, particularly using deterministic
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Abstracts

tracking. Confounding effects of tumor infiltration and edema results in sig-
nificant discordance between subcortical, intraoperative electrical stimula-
tion (IES) and preoperative fiber track visualization. We hypothesized that
tracking in peritumoral zone, which includes vasogenic edema and neo-
plastic infiltration, could be enhanced by using a bi-compartment diffusion
modeling. Due to the known tendency of primary malignant tumors, glio-
blastoma, to infiltrate surrounding white matter (WM), the bi-compartment
model will be validated to distinguish peritumoral tissue in gliomas versus
secondary brain tumors (metastases). METHODS: Patients with tumors
(88 gliomas and 50 metastates) underwent 30 direction DTI and were fit-
ted with standard tensor and Fernet, a free-water-invariant bi-compartment
tensor model. Deterministic tractography was performed on each subject.
Five WM tracts (corticospinal tract, inferior fronto-occipital, inferior longi-
tudinal, arcuate and uncinate fasciculi) were extracted bilaterally in each pa-
tient using a shape-based clustering algorithm. For each subject, percentage
change of edema volume was compared between standard and Fernet tensor
models. RESULTS: Fernet-based tractography showed average increase in
edema coverage of 87 +/- 25% (t=6.9, p CONCLUSIONS: Results show
fiber tractography in peritumoral region is significantly improved with better
diffusion modeling of peritumoral tissue microstructure. Additionally, dif-
ference in tracking between metastases and glioblastomas is representative
of tracking being affected differentially due to infiltration in peritumoral
regions. CLINICAL IMPLICATIONS: Our peritumoral tissue modeling
incorporates edema and infiltration, leading to superior tracking, and hence
robust surgical planning. In future, the peritumoral tissue maps could be
used to elucidate differences in radiological diagnosis, surgical risk strati-
fication, response to therapy, tumor invasion and tumor genetics, and neu-
roplasticity.

COMP-03. TUMOR CONNECTOME: INSIGHT INTO THE IMPACT
OF CNS NEOPLASIA AND THERAPY ON THE BRAIN NETWORK
Drew Parker, Jacob Alappatt, Mark Elliott, Steven Brem and Ragini Verma;
University of Pennsylvania, Philadelphia, PA, USA

PURPOSE: Although surgical planning tools are aimed at avoiding dam-
age to eloquent tracts, resection as well as treatment like radiation, may
alter the structural connectivity of the whole brain. This may lead to subtle
cognitive deficits in the future. The aim of this work is to present a paradigm
to create a Tumor Evaluation Connectome, which is a map of the brain that
shows how the regions are connected to each other. Although, connectomes
are routinely used in various studies these days, it is extremely challenging
to create one in the presence of tumor or a resection cavity. Thus a tumor
connectome will enable the quantitative evaluation of structural connectiv-
ity between brain regions. METHODS: The Tumor Evaluation Connectome
was created as follows: the T1 images were parcellated into 153 anatomical
regions, using multi-atlas tools. 119 gray matter regions were retained to
build the connectome after the parcellations were manually assessed for mis-
labeling of unhealthy tissue. The DTI data was denoised, eddy and motion
corrected. The anatomical labels in the T1 image were transferred to the DTI
data, through a deformable registration method. 1 million streamlines were
generated using deterministic tracking from mrtrix, seeded from voxels with
fractional anisotropy exceeding 0.3. The Tumor Evaluation Connectome
was defined with the 119 GM regions as nodes and the streamline count
between them as the strength of the connection. These tumor connectomes
will be used to generate network measures of deficit / change, as z-score from
controls in the following pre-defined subnetworks: motor, visual, language,
attention, memory, social cognition, cognitive control. CLINICAL IMPLI-
CATIONS: Connectomes are an unmet need to refine tools for surgical plan-
ning, enhance recovery after brain tumor surgery, and assess the effects of
therapeutic interventions is a specific, sensitive, and reproducible measure of
the brain connectome.

COMP-04. R TOOLS FOR EXPLORATORY ANALYSIS OF PUBLICLY
AVAILABLE DATA: HPAANALYZE AND BEYOND

Anh Tran' and Anita Hjelmeland?; 'Department of Cell, Developmental
and Integrative Biology, University of Alabama at Birmingham,
Birmingham, AL, USA, 2University of Alabama at Birmingham,
Birmingham, AL, USA

BACKGROUND: The Human Protein Atlas (HPA) is a comprehensive
resource for exploration of human proteome which contains a vast amount
of proteomics and transcriptomics data generated from antibody-based tis-
sue micro-array profiling and RNA deep-sequencing. Data from the HPA are
freely available via proteinatlas.org, allowing scientists to access and incorp-
orate the data into their research. Previously, the R package hpar has been
created for fast and easy programmatic access of HPA data. Here, we intro-
duce HPAanalyze, an R package aims to simplify exploratory data analysis
from those data, as well as provide other complementary functionality to
hpar. RESULTS: HPAanalyze is an R package for retrieving and performing
exploratory data analysis from HPA. It provides functionality for import-
ing data tables and xml files from HPA, exporting and visualizing data, as
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well as download all staining images of interest. The package is free, open
source, and available via Github. CONCLUSIONS: HPAanalyze intergrates
into the R workflow via the tidyverse philosophy and data structures, and
can be used in combination with Bioconductor packages for easy analysis
of HPA data.

COMP-05. EVALUATION OF A DEEP LEARNING ARCHITECTURE
FOR MRI PREDICTION OF IDH, 1p19q AND TERT IN GLIOMA
PATIENTS

Panagiotis Korfiatis', Daniel Lachance', Ian Parney!, Jan Buckner!,
Jeanette Eckel-Passow?, Paul Decker!, Robert Jenkins!, Margaret Wrensch?,
John Wiencke?, Helen Hansen?, Terri Rice?, Lucie McCoy?, Sarah Nelson,
Jennifer Clarke*, Jennie Taylor*, Tracy Luks* and Bradley Erickson1;
Mayo Clinic, Rochester, MN, USA, ZDivision of Biomedical Statistics

and Informatics, Mayo Clinic College of Medicine, Rochester, MN,

USA, 3Department of Neurological Surgery, University of California,

San Francisco, San Francisco, CA, USA, “University of California, San
Francisco, San Francisco, CA, USA

Recent studies have highlighted the importance of using molecular bio-
markers (IDH, 1p19q, TERT) to group gliomas that have similar clinical
behavior, response to therapy, and outcome. An emerging hypothesis is that
glioma specific genetic and/or molecular alterations manifest as specific ob-
servable changes in MR anatomical imaging. Morphologic and texture fea-
tures, originating from anatomical MRI, have been investigated as imaging
biomarkers to predict MGMT and glioma group status. These texture or
morphologic based approaches pose several challenges including require-
ments for several preprocessing steps such as intensity standardization, skull
stripping, and tumor segmentation. Deep learning is an important evolving
technology in many different fields, including anatomic imaging, and can
be used to empirically identify important features in a variety of modali-
ties, including MRI. Importantly deep learning precludes the need for exten-
sive pre-processing. We describe a convolutional neural network, evaluating
resnet50, vgg16, inception and xception neural network architectures, that
can predict IDH, 1p19q and TERT status utilizing conventional T2 weighted
MRI imaging with intensity normalization and nonuniform intensity nor-
malization (N4) bias corrections. The dataset consisted of 432 images (340
for training and 92 for validation) from patients published by Eckel-Pas-
sow et al New England Journal of Medicine (2015). The system achieved
a weighted f1 score of 0.901, 0.937 and 0.924 for IDH, 1p19q and TERT
prediction on the test dataset, respectively. IDH status was misclassified in 9
out of 92 patients, while 1p19q and TERT status was misclassified in 6 and
7 patients respectively. Our results demonstrate the potential of deep learn-
ing architectures applied to conventional MRI to predict molecular glioma
groups.

COMP-06. GLIOBLASTOMA DEVELOPMENT MIRRORS THE
DEVELOPING BRAIN

Charles Couturier!, Shamini Ayyadhuri!, Phuong Le!, Jean Monlong!,
Redouane Allache!, Salma Baig?, Gabriele Riva!, Mathieu Bourgey?,
Bratislav Misic!, Marie-Christine Guiot?, Jack Antel', Guillaume Bourque',
Jiannis Ragoussis' and Kevin Petrecca'; '"McGill University, Montreal, QC,
Canada, 2McGill University, Outremont, QC, Canada, *McGill University
and Canadian Centre for Computational Genomics, Montreal, QC,
Canada, “Montreal Neurological Institute and Hospital, McGill University
Health Center, Montreal, QC, Canada

Intratumoral and interpatient heterogeneity are characteristics of glio-
blastoma and constitute important challenges in overcoming treatment
resistance and developing new, more effective therapies. Using single-cell
RNA sequencing, we characterized 60 933 cells from 4 developing fetal
brains and 8 glioblastomas. By using fetal brain development as a road
map, we show a tri-lineage (astrocytic, oligodendrocytic, and neuronal)
hierarchical organization in all glioblastomas. In each patient, a population
of progenitor cancer cells was found at the apex of this hierarchy. These
cells were enriched in our patient-derived glioma stem cell samples, and,
like progenitors in the developing brain, were the main dividing cell popula-
tion within the cancer. Using expression signatures obtained from single-cell
RNA-sequencing, we isolated progenitor cancer cells and compared them to
other glioblastoma cell types. We showed the progenitors are the most resist-
ant to chemotherapy and the most tumorigenic in mouse xenograft models.
This newly found conserved developmental organization points to the cell of
origin and suggests new therapeutic approaches.

COMP-07. COMPARATIVE MOLECULAR LIFE HISTORY OF
SPONTANEOUS CANINE AND HUMAN GLIOMA

Samirkumar Amin', Beth Boudreau?, Juan Emmanuel Martinez-Ledesma?,
Kevin Anderson', Hoon Kim', Kevin Johnson!, Peter Dickinson®,

Rebecca Packer®, Amanda Taylor®, John Rossmeisl”, Amy Heimberger?3,
Jonathan Levine? and Roel Verhaak!; 'The Jackson Laboratory for
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Genomic Medicine, Farmington, CT, USA, 2Texas A&M University,
College station, TX, USA, 3The UT MD Anderson Cancer Center, Houston,
TX, USA, *University of California, Davis, Davis, CA, USA, *Colorado
State University, Fort Collins, CO, USA, ¢Auburn University College of
Veterinary Medicine, Auburn, AL, USA, 7Virginia Tech, Blacksburg, VA,
USA

Sporadic glioma occurs in companion dogs at frequencies comparable
to humans. Genomic characterization of canine glioma has a distinct
merit, in that age distribution at the time of diagnosis implies a pediat-
ric disease while the animals are in the adult stage of life. This creates an
opportunity to compare relative timing of driver events to that of human
glioma, and to evaluate the importance of host context in the presence
of driver alterations. Second, breed-specific elevated cancer risk enables
increased sensitivity to the characterization of evolutionary conserved
mammalian mutational processes in gliomagenesis. We performed whole
genome, exome, transcriptome and methylation sequencing on 188 canine
tumor and germline samples. As in human adult gliomas, we found fre-
quently occurring alterations in TpS53 pathway, cell cycle pathway (Cdk4,
Cdkn2a), and receptor tyrosine kinases (Egfr, Pdgfra) in canine glioma.
Common R132 mutations in the Idh1 gene reflected a remarkable and
species-agnostic but cancer-specific driving effect. Frequent whole chromo-
some gains were observed in syntenic regions of chromosome 13, harbor-
ing Pdgfra. and Myc, but we found notable absence of 1p/19q co-deletion
and Tert promoter mutations. We calculate mutational processes and high-
light ones related to DNA damage repair and transcriptional strand bias
in both species. We also estimate mutational rate and relative timing of
mutations, and compare those to human glioma in mapping life history of
glioma, i.e., are canine glioma more similar to adult or pediatric human
glioma? We found coding mutation rate on the lower end of human adult
glioma cases but with a broader spectrum (0.3-3 per MB), while subset
of cases having mutations found in human pediatric cancer drivers, e.g.,
Kmt2c, Setd2, Beor. In bringing together a large canine glioma genomic
sequencing dataset and comparing to human glioma, our study provides
unique insights into glioma etiology and the chronology of glioma-causing
somatic alterations.

COMP-08. SURVIVING BY EXPLORING: COULD GLIOBLASTOMA
CELLS FOLLOW THE THEORY OF EXPLORATORY ADAPTATION?
Orieta Celiku', Mark Gilbert? and Orit Lavi’; 'Neuro-Oncology Branch,
Center for Cancer Research, NCI, Bethesda, MD, USA, *Neuro-Oncology
Branch, CCR, NCI, NIH, Bethesda, MD, USA, ’Integrative Cancer
Dynamics Unit, LCB, CCR, NCI, NIH, Bethesda, MD, USA

BACKGROUND: Glioblastoma (GBM) prognosis remains abysmal
despite decades of research. Standard approaches to treatment target the
tumor growth mechanisms, and novel ones attempt to better recruit the
immune system. However, cancer has a remarkable ability to adapt, sur-
viving the introduced stress signals and thriving in new microenvironment
settings. Understanding these fundamental processes of adaptation, and
mechanisms specific to GBM, would enable a robust treatment approach
that considers how cells utilize compensatory mechanisms. METH-
ODS: We adapted a recent theory of exploratory adaptation -- prescrib-
ing how small random perturbations to the regulatory network could be
propagated to changes in the cellular phenotype -- to examine the question
of how GBM cells adapt across their microenvironment. We studied the
transcriptomic profiles of spatially-separated tumor anatomical structures
using patient-derived data from the IVY Glioblastoma Atlas Project. First,
we asked how exploratory adaptation might explain the ability of cells to
change their phenotype given their initial anatomical location; second, we
tested if tumor cells from one location can adapt over time to resemble
cells in neighboring locations. RESULTS: We defined the cellular pheno-
type at the functional pathway activity level and introduced notions of
phenotype similarity and convergence. We simulated the dynamics of the
pathway activities while cells attempt to obtain the phenotypes of cells
from a different spatial environment. We estimated the distribution of each
pathway activity over time, and observed some transitions (for example,
the sulfur metabolism pathway shifting from a unimodal to a bimodal
distribution) suggestive of exploratory adaptation. Several DNA repair
pathways, including mismatch repair and non-homologous end-joining
increased their distribution spread over time. Some pathways reached
the tested destination distributions, but the global phenotypes did not
meet our convergence criteria. CONCLUSION: Our results suggest that
exploratory adaptation could partially explain adaptation in GBM, but
could not fully account for it.

COMP-09. HFE EXPRESSION ALTERS OUTCOMES IN BRAIN
TUMORS

Darya Nesterova', Sang Lee!, Lindsay Stetson?, Justin Lathia®,

Joshua Rubin*, Kristin Waite?, Michael Berens® and James Connor'; 'Penn
State College of Medicine, Hershey, PA, USA, *Case Comprehensive Cancer
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Center, Case Western Reserve University School of Medicine, Cleveland,
LA, USA, 3Department of Cellular and Molecular Medicine, Lerner
Research Institute, Cleveland Clinic, Cleveland, OH, USA, *Washington
University School of Medicine, St. Louis, MO, USA, *TGen, Translational
Genomics Research Institute, Phoenix, AZ, USA

Iron homeostasis is essential for cellular energy production particularly in
rapidly dividing cells. The HFE protein is critical for regulating cellular iron
uptake. To explore the impact of HFE expression in glioblastoma (GBM)
and other brain tumors, we utilized TCGA GBM and GBMLGG databases
from GlioVis. Within the GBMLGG database which includes lower grade
tumors, high expression of HFE was associated with significantly poorer
survival. In GBM patients with high HFE expression survival was also sig-
nificantly worse compared to low HFE expression. There was a strong posi-
tive correlation between high HFE expression and tumor grade, with the
highest expression in GBM. HFE expression was also correlated to GBM
subtype. The lowest expression was in the proneural subtype and the highest
in the mesenchymal subtype consistent again with high expression associ-
ated with worse prognosis. Normally MGMT methylation is associated with
better outcome. However, when combined with high HFE expression there
is a significant reduction in survival time (12.9 vs. 20.8 months). To identify
the possible molecular basis for these survival differences, we interrogated
the reverse phase protein array data (RPPA) for TCGA datasets and discov-
ered a correlation between high HFE expression and expression of a number
of proteins. Annexin-1 has the highest correlation of expression with HFE.
This protein plays a critical role in innate immune response through the
generation of proinflammatory mediators and modulates migration and
the phagocytotic ability of neutrophils and macrophages. We have previ-
ously shown that mutations in the HFE protein alter macrophage pheno-
type. Mutations in the HFE gene, the most common autosomal recessive
polymorphism found in Caucasians, reportedly impacts the progression of a
number of diseases including GBMs. This study identifies HFE as a negative
modulator of outcome in brain tumors.

COMP-10. ANTI-CORRELATED TGFg AND ALTERNATIVE END-
JOINING DNA REPAIR SIGNATURES ASSOCIATE WITH OUTCOME
IN PRIMARY GBM

Mary Barcellos-Hoff!, Ines Guix?, Jade Moore!, Miquel Angel Pujana?,
Luis Palomero?® and Qi Liu'; 'University of California, San Francisco, San
Francisco, CA, USA, ?Catalan Institute of Oncology, Barcelona, Spain,
3LHospitalet del Llobregat, Barcelona, Spain

Transforming growth factor  (TGFf), which is distinctively overex-
pressed in glioblastoma (GBM) while undetectable in normal brain tissue,
could underlie GBM intrinsic radioresistance by endorsing effective DNA
damage responses. We showed that most (5/7) primary GBM explants re-
spond to TGFp and are radiosensitized by TGFf inhibition, but a few were
unresponsive in both assays (Neoplasia 18:795-805). To further examine
the link between TGFf3 and the DNA damage response we used microarray
transcriptomes from 369 IDH wild-type GBM patients from The Cancer
Genome Atlas Consortium (TCGA). Surprisingly, our study unveiled a
very strong inverse correlation (Pearson’s correlation coefficient, PCC=-
0.80; p<0.00001) between the single specimen gene set enrichment analysis
(ssGSEA) using a signature for chronic TGFp activity and one of alternative
end-joining (alt-EJ), a backup pathway for DNA double-strand break repair
that is error-prone and less effective. Notably, patients with the low TGFp/
high Alt-EJ profile exhibited significantly better progression-free survival
(p<0.003) and overall survival (p<0.02). The same negative correlation of
the TGFB/Alt-E] signature was evident in the GBM RNASeq TCGA data
(PCC = -0.88, p<0.00001), which also showed that there was no correl-
ation between TGFp/alt-E] and MGMT methylation status ssGSEA (p=0.8).
These analyses are consistent with our hypothesis that high TGFf in GBM
opposes response to therapy and indicate that treatment with TGFf inhibi-
tors could potentially boost GBM therapeutic control. Moreover, since
Alt-E]J depends on poly(ADP-ribose)polymerase 1 (PARP1), these data also
suggest a novel mechanism by which to select patients that will be responsive
to PARP inhibitors.

COMP-11. CHROMATIN RUN-ON AND SEQUENCING (ChRO-

seq) PROVIDES RETROSPECTIVE MOLECULAR PROFILING AND
TRANSCRIPTIONAL ACTIVITY OF BRAIN TUMOR SPECIMENS
UNSUITABLE FOR CONVENTIONAL RNA SEQUENCING

Tinyi Chu!, Edward Rice', Hans Salamanca?, Zhong Wang?,

Sharon Longo*, Jared Sweeney*, Brendon Verhave*, Alexa Bodman®,
Robert Corona’, Mariano Viapiano*, Lawrence Chin® and Charles Danko';
Baker Institute for Animal Health and Dept. Biomedical Sciences, Cornell
University, Ithaca, NY, USA, 2Department of Anesthesiology SUNY Upstate
Medical University, Syracuse, NY, USA, 3Baker Institute for Animal Health,
College of Veterinary Medicine, Ithaca, NY, USA, “Dept. Neurosurgery
SUNY Upstate Medical University, Syracuse, NY, USA, SDepartment of
Pathology SUNY Upstate Medical University, Syracuse, NY, USA
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The human genome encodes a variety of poorly understood RNA spe-
cies that play important roles in the etiology complex disease yet remain
challenging to identify in clinical isolates. We recently developed chroma-
tin run-on and sequencing (ChRO-seq), a novel technology that maps the
location of RNA polymerase genome-wide using virtually any frozen tissue
sample, including samples with degraded RNA that are intractable to con-
ventional RNA-seq. Here we report an integrative analysis of ChRO-seq
maps from 61 primary human glioblastoma (GBM) tumors with match-
ing clinical data, obtained from a retrospective cohort of patients banked
at SUNY Upstate Medical Center (Syracuse, NY) between 1987 and 2007
(characteristics: Male:Female ratio= 2:1; median age at diagnosis= 59 years;
median KPS=80; median overall survival= 343 days). Using ChRO-seq we
discovered the boundaries and expression levels of annotated and unknown
genes, lincRNAs, and active distal enhancers. Surprisingly, active enhancers
in primary GBMs closely resembled the patterns found in the normal human
brain, suggesting that malignant GBM tissue remains similar to the cell of
origin. Despite extensive overall similarity, approximately 12% of enhancers
were unique to GBMs. These enhancers drive regulatory programs similar
to those in the developing nervous system and are enriched for transcription
factor binding sites that specify a stem-like cell fate. More importantly, we
discovered a core group of immune-related transcription factors and their
associated binding sites whose activity is highly predictive of clinical out-
comes in primary GBMs (HR= 2.66; p = 3.8e-4). Finally, we used the charac-
teristic signatures of cell-type-specific enhancer activation to deconvolve the
proportion of immune cell types infiltrating each tumor. Our study uncovers
new insights into the molecular etiology of GBM and introduces ChRO-seq
as a useful approach to map regulatory programs contributing to complex
and heterogeneous diseases.

COMP-12. TOWARDS BIG DATA IN DIGITAL NEUROPATHOLOGY
‘WITH THE DIGITAL BRAIN TUMOR ATLAS

Thomas Roetzer!, Anna-Christina Moser!, Petra Mercea?,

Romana Prihoda?, Baran Atli', Johannes Hainfellner', Bernhard Baumann?,
Georg Langs* and Adelheid Woehrer!; 'Institute of Neurology, Medical
University of Vienna, Vienna, Austria, 2Department of Neurosurgery,
Medical University of Vienna, Vienna, Austria, 3Center for Medical Physics
and Biomedical Engineering, Medical University of Vienna, Vienna, Austria,
4Computational Imaging Research Lab, Department of Biomedical Imaging
and Image-guided Therapy, Medical University of Vienna, Vienna, Austria

Digital methods are increasingly applied to enhance disease classifica-
tion, tissue segmentation, and prognostic profiling in virtually all medical
specialties. They are recognized also for informing precision diagnostics
in neuropathology. However, most computational algorithms depend
on large training data sets, which are not yet readily available for tissue
slides. Regarding brain tumors, only single histological repositories are
freely available, which cover only few tumor types and are limited by poor
tissue morphology. Thus, in order to fill this gap, we are in the process
of establishing the ‘Digital Brain Tumor Atlas’, which will span the full
diagnostic spectrum of brain tumors according to the latest WHO clas-
sification. The repository will be based on digitized slides from MedUni
Vienna’s neurobiobank, which is one of the largest in Europe containing
well over 500,000 surgical samples from 1882 to 2018. We are currently
scanning a total of 10,000 diagnostic H&E-stained brain tumor slides at
high resolution using a Hamamatsu NanoZoomer XR scanner. To date,
roughly 2,700 whole slide images that cover 102 different brain tumor
types have already been digitized. All slides will be annotated with tumor
type (including molecular subtype where applicable) and location as well
as patient age and sex. We will put special focus on the group of diffuse
gliomas, for which we have already scanned 500 slides, each providing
expert segmentations for compact tumor, necrosis, hemorrhage, and pre-
existing brain tissue. In the future, this unique brain tumor slide repository
will be made freely available online to enhance further research in digital
neuropathology by 1, providing all data necessary for training meaningful
machine learning algorithms and 2, comprising an independent dataset for
external validation purposes.

COMP-13. SILENCE OF HIPPO PATHWAY INDUCES PRO-TUMORAL
IMMUNITY: NEW THERAPEUTIC TARGET OF GLIOBLASTOMAS
Eui Hyun Kim', Seok-Gu Kang' and Ju-Seog Lee?; 'Department of
Neurosurgery, Brain Tumor Center, Severance Hospital, Yonsei University
College of Medicine, Seoul, Republic of Korea, 2MD Anderson Cancer
Center, Houston, TX, USA

The Hippo pathway plays a critical role in various cancers, but its role in
glioblastoma (GBM) has not been properly addressed. To assess the clinical
relevance of the Hippo pathway in GBM, we generated a core gene expres-
sion signature reflecting silence of the Hippo pathway (SOH), and validate
it in GBM patient samples from The Cancer Genome Atlas (TCGA) and in
a separate cohort revealing that SOH signature was associated with poor
prognosis in GBM in both cohorts. Expression levels of CTGF and CYR61,
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the most reliable and well-known downstream targets of YAP1 (a target of
the Hippo pathway), were markedly increased in GBM with the SOH sig-
nature. GBM showing the SOH signature was associated with an increased
Immune signature score (ISS), suggesting that these patients might be good
potential candidates for immunotherapy. Genes differentially expressed be-
tween samples with the SOH signature and samples with an active Hippo
signature showed that many inhibitory immune checkpoint genes, such as
CTLA4, PD-1, and PD-L2, were upregulated in the SOH subgroup, suggest-
ing that YAP1/TAZ may induce resistance of cancer cells to host immune
response in GBM. Also, many M2-polarized microglial markers and innate
immune pathways were activated in the SOH subgroup. The SOH signature
was strongly correlated with the TGF-f signature, which was also associated
with a high ISS and mesenchymal features. In summary, SOH induces pro-
tumoral immunity in various ways, which may be new immunotherapeutic
targets of GBM.

COMP-14. TUMOR EVOLUTION DIRECTED GRAPHS IMPLY
THERAPIES AGAINST MOVING TARGETS IN PAN-GLIOMAS

iguang Wang; Hong Kong University of Science and Technology, Hong
Kong, Hong Kong

Precision cancer medicine aims at defining targeted treatments based
on personalized mutations. While this approach has been successfully
applied to a few cancers, there are several obstacles in the adoption of these
approaches in complex tumors such as the gliomas. Among the main chal-
lenges that preclude the efficacy of targeted therapies are clonal hetero-
geneity (different cancer cells within a tumor can present diverse genetic
make-up), and the dynamic nature of tumors (tumors evolve to explore
niches and escape therapies). To address this challenge and to predict the
evolution of gliomas, we have applied the tumor evolution direct graph
framework [1] to a longitudinal cohort of genomic data from 260 glioma
patients. Since cancer is a dynamic process, the optimal treatment should
not only consider present characteristics of cancer cells but also the evo-
lutionary trends, which might eventually determine the clinical outcome.
To this end, our framework assembles existing computational pipelines
and machine-learning approaches to learn the patterns of tumor evolu-
tion and to assign the sequential order of key driving somatic alterations
in glioma progression. In addition to our previous observations [2-3], this
study found that TERT promotor mutations, chromosome 1p and 19q co-
deletion, PDGFA amplification, and FGFR3-TACC3 fusion are all signifi-
cantly early events. Meanwhile, not limited to hypermutation and mismatch
repair protein alterations, a remarkable number of cases harbor tyrosine
kinase mutations (such as EGFR and MET) at the late stage, highlighting
the importance of targeting moving targets in treating recurrent gliomas.
More importantly, the order of somatic mutations inferred from this lon-
gitudinal cohort was also used to preclude tumor behaviors based on early
alterations, which provides the possibility of early-stage intervention based
on moving targets. [1] Wang, et al. eLife, 3:e02869 (2014). [2] Wang, et al.
Nature Genetics, 48:768-776 (2016). [3] Lee, Wang, et al. Nature Genetics,
49:594-599 (2017).

COMP-15. META-ANALYSIS OF CANCER CELL LINES BASED ON
THEIR RESPONSE TO TUMOR TREATING FIELDS (TTFIELDS)
Moshe Giladi!, Gitit Lavy-Shahaf', Rosa S Schneiderman’, Karnit Gotlieb',
Einav Zeevi', Yaara Porat!, Mijal Munster!, Uri Weinberg? and

Eilon Kirson'; "Novocure Ltd., Haifa, Israel, 2Novocure GmBH, Root,
Luzern, Switzerland

Tumor Treating Fields (TTFields) therapy (low intensity, intermediate
frequency (100-300 kHz alternating electric fields) is an approved modal-
ity for the treatment of glioblastoma. TTFields were shown to exert an
inhibitory effect on numerous cancer cell lines with some variability in the
response of different cell lines. The goal of the present study is to compare
characteristics of cell lines based on their response pattern to TTFields.
Forty different human cancerous cell lines were treated for 72 hours with
TTFields at optimal cell-specific frequency at the same nominal inten-
sity (1.7 V/ecm). Cell survival and clonogenicity were determined. Func-
tional analysis of differentially expressed genes and mutations associated
with response to TTFields was performed based on the Cancer Cell Line
Encyclopedia (CCLE) database. Sensitivity to TTFields was compared with
pharmacological profiling (CCLE). TTFields application demonstrated
varying degree of cytotoxic effect in all cell lines tested. The inhibitory
response to TTFields was found to be distributed around an average of
50% with a cytotoxic effects ranging between 14% and 86% reductions
in cell counts, and a clonogenic effect ranging between no effect and 88%
reduction in the number of colonies. Pharmacological profiling based on
IC50 values, revealed increased sensitivity to: Lapatinib, PHA-665752
and PLX-4720 within the group of cell lines which were less sensitive to
TTFields. Functional analysis of cell line gene expression and mutation
data revealed enriched pathways related to DNA damage repair response,
cell migration, hypoxia signaling and oxidative stress. This meta-analysis
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of cancerous cell line response to TTFields demonstrates the broad effect-
iveness of TTFields in various cell lines and define the optimal frequency
to be applied for each. The data presented in this work suggest that beside
their anti-mitotic properties, TTFields may have effects on other cellular
pathways. Pharmacological profiling may offer a rational for combining
specific agents with TTFields.

COMP-16. CORRELATING MGMT PROTEIN LEVEL WITH
TEMOZOLOMIDE RESPONSE IN GLIOBLASTOMA PATIENTS
USING MASS SPECTROMETRY

Dongyao Yan!, Lauren Schaff?, Fabiola Cecchi', Steve Benz?,

Marc Rosenblum?, Todd Hembrough! and Andrew Lin?; 'NantOmics,
Rockville, MD, USA, 2Memorial Sloan Kettering Cancer Center, New York,
NY, USA, 3NantOmics, Santa Cruz, CA, USA

Glioblastoma (GBM) is an aggressive primary brain tumor with median
progression-free survival (PFS) of 7 months and median overall survival
(OS) of 15 months. Standard treatment at diagnosis consists of surgery,
radiation and temozolomide (TMZ). O-6-methylguanine DNA methyl-
transferase (MGMT) modulates TMZ effect and MGMT promoter methy-
lation status is used to predict outcomes and guide treatment decisions.
However, standard testing is limited by poor inter-assay reproducibility
and a weak correlation between methylation status and MGMT expres-
sion. We quantitated MGMT protein by mass spectrometry in 32 GBM
patients to assess its relationship to PFS and OS after upfront TMZ treat-
ment. We obtained archived tumor samples from newly diagnosed GBM
patients prior to treatment with surgery, radiation and TMZ. Tumor cells
were microdissected and solubilized, and MGMT protein was quanti-
tated using mass spectrometry. PFS (determined by RANO) and OS were
assessed using the Kaplan-Meier method and log-rank test. Of the 32
patients (66 % male; median age: 63 years),15 expressed MGMT protein.
While methylation status agreed with absence of MGMT protein in 8/9
cases, 9/23 samples with unmethylated MGMT had undetectable MGMT
protein, indicating poor agreement between methylation status and pro-
tein expression. Patients with MGMT levels below 150 amol/ug of total
protein had longer PFS than those with higher MGMT levels (HR: 0.51;
p=0.0399; median PFS: 303 vs. 260 days). Similarly, MGMT level below
150 amol/ug was associated with longer OS (HR: 0.49; p=0.0311; median
OS: 659 vs. 534 days). Discordance between MGMT methylation status
and protein expression was found in 31% of GBM samples. MGMT pro-
tein expression below 150 amol/ug correlated with longer PFS and OS
in TMZ-treated patients. Mass spectrometry-based MGMT quantitation
provides a direct readout of protein expression and may be more reliable
than methylation testing.

COMP-17. BINDING FREE ENERGY ANALYSIS OF PROGRAMMED
CELL DEATH PROTEIN PD1 TO ITS LIGAND PD-L1

Peter Pan!, Alireza Tafazzol?, Xianwei Zhang? and Yong Duan*;
'Department of Neurology and Herbert Irving Comprehensive Cancer
Center, New York-Presbyterian Hospital/Columbia University Medical
Center; Department of Neurology, New York-Presbyterian Hospital/
Cornell University Medical Center, New York City, NY, USA, ?Department
of Biomedical Engineering and Genome Center, University of California,
Davis, Davis, CA, USA, *Biophysics Program, University of California,
Davis, Davis, CA, USA, *Department of Biomedical Engineering and
Genome Center and Biophysics Program, University of California, Davis,
Davis, CA, USA

Therapies targeting immune checkpoints such as the programmed cell
death protein receptor PD1 pathway represent a step forward for treatment
of multiple solid cancers such as non-small cell lung cancer, metastatic mel-
anoma, and renal cell carcinoma. Despite promising pre-clinical data, anti-
PD1 monoclonal antibody nivolumab failed to reach its primary efficacy
endpoint in a recent phase Il randomized clinical trial, CheckMate-143.
One possible barrier in glioblastoma is poor diffusion of large monoclonal
antibodies across the blood-brain barrier. Identification of the amino acid
residue hot spots in PD1 to PDL1 binding could help guide future efforts
towards a small molecular inhibitor. We investigate the binding free ener-
gies involved in PD1-PDL1 complex formation with a molecular dynamics
approach, and identify the specific amino acid sites important for PD1-PDL1
complex formation. Binding free energies were calculated by Molecular
mechanics / generalized Born hydrophobic solvent accessible surface area
(MM-GBSA) calculations. The residues on PD-L1 with the largest binding
free energy delta between bound and unbound states include Arg 125, Tyr
123, and Arg 113 with -7.3 kcal/mol, -6.5 kcal/mol, and -4.3 kcal/mol re-
spectively (with smaller contributions from Tyr 56, Met 115, Asp 122, Ala
121, Phe 19, and Ile 54), while those for PD1 are Glu 136, Gln 75, and Ile
134 with -5.9 kcal/mol, -5.3 kcal/mol, and -5.0 kcal/mol respectively (with
smaller contributions from Ile 126, Tyr 68, Thr 76, Leu 128, Ala 132, and
Asn 74). These residues define the core of the binding interface between PD1
and PD-L1.
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COMP-18. MACHINE LEARNING DIFFERENTIATION BETWEEN
PLEXIFORM NEUROFIBROMAS AND MALIGNANT NERVE
SHEATH TUMORS IN PATIENTS WITH NEUROFIBROMATOSIS
TYPE 1 (NF1) BASED ON MRI

Dafna Ben Bashat', Moran Artzi', Liat Ben-Sira® and Felix Bokstein?;
Sagol Brain Institute, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel,
2Pediatric Radiology Unit, Tel Aviv Sourasky Medical, Tel Aviv, Israel,
3Neuro-Oncology Service, Tel Aviv Sourasky Medical Center, Tel Aviv,
Israel

INTRODUCTION: Peripheral neurofibromas (NF) represent one of the
most common clinical presentations of the NF1. About 10% of patients
with NF1 develop malignant peripheral nerve-sheath tumours (MPNST),
which is a major cause of morbidity in NF1 patients. Improved prognosis
can be achieved if MPNST are diagnosed at an early stage permitting ab-
lative surgery with wide resection margins. Better understanding regard-
ing the natural history and biology of MPNST has been obtained in the
last decade, however existing imaging modalities are still imperfect for
diagnosis of MPNST. The aim of this study was to use a machine learn-
ing method in order to differentiate between benign plexiform neurofi-
bromas from MPNST in patients with NF1 based on conventional MRI
methods. METHODS: Among 23 NF1 patients with pathologically-defined
MPNST treated in the last decade in TASMC, seven patients with avail-
able preoperative MRI studies were included in the study. For comparison,
7 patients with benign plexiform neurofibromas were chosen from the data-
base of the Gilbert Israeli Neurofibromatosis Center. Regions of interest at
tumor areas were extracted from the post contrast 2D T -weighted spin-
echo images acquired on 1.5/3T MRI systems. For each patient, speeded-
up-robust (SURF) features were extracted from lesion areas using Matlab
bagOfFeatures algorithm. The algorithm was trained with number of visual
words =500, grid point selection method, strongest features=0.8 and grid
step size (in pixels)=[5 5]. The algorithm was tested with 100 iterations,
with the data being randomly split into training (80%) and testing (20%)
datasets. RESULTS: A code-book of lesion representations was generated
for each group and was given as input to the support-vector-machine (SVM)
classifier. Classification results achieved mean accuracy=80%, mean sensi-
tivity=72% and mean specificity=87%. CONCLUSION: Our preliminary
results suggest that a quantitative image representation method based on
Bag-of-Features may assist in the classification between benign plexiform
neurofibromas and MPNST in NF1.

COMP-19. WATER-CONTENT BASED ELECTRIC PROPERTY
TOMOGRAPHY (wEPT) FOR MODELLING DELIVERY OF TUMOR
TREATING FIELDS TO THE BRAIN

Zeev Bomzon', Catherine Tempel-Brami!, Hadas Hershkovich!,

Cornelia Wenger? and Moshe Giladi'; "Novocure Ltd., Haifa, Israel,
2Novocure GmBH, Root Luzern, Switzerland

BACKGROUND: Understanding how Tumor Treating Fields (TTFields)
distribute in the brain is important for optimizing delivery. The distribution
depends on the electric properties (EPs) of the brain, which are heteroge-
neous. Therefore, there is a need for methods that map electric properties
within tissue with high spatial resolution. Water content based EP tomog-
raphy (WEPT) utilizes the ratio of two T1w to map tissue water content, and
EPs. wEPT has been applied to map EPs at 128 MHz. This study examines
the suitability of wEPT to map EPs in the brain at 100-1000 kHz (TTFields
frequency range). MATERIALS AND METHODS: A model connecting
T1 images, Water content (WC) and EPs in the 100-1000 kHz range was
created using tissue samples derived from bovine brains and aporcine CSF
sample. For each sample, T1w images were acquired and WC and EPs meas-
ured. Curve fitting yielded models connecting I, WC and EPs. Next, wEPT
was applied to map water content and EPs in tumor-bearing rat brains. EPs
and WC were measured on 6 samples excised from each brain. The meas-
ured values were compared to the WC and EPs in the regions of the wEPT
map corresponding to the sample. RESULTS: Water content estimated
using wEPT agreed well with measurements on excised sample. A connec-
tion between EPs estimated with wEPT and the measured values was found.
However, in some samples, especially samples excised from the tumors,
large differences between wEPT-derived EP values and measurements
existed. CONCLUSION: wEPT maps WC in healthy and tumor brain tis-
sues However, the relationship between WC and EPs within this frequency
range is not clear. Further work is required to refine this relationship ena-
bling a robust non-invasive method for mapping electrical properties within
the brain, and better strategies for optimizing TTFields treatment.

COMP-20. THE NON-INVASIVE DETECTION OF GLIOBLASTOMA-
DERIVED CELL-FREE DNA IN PLASMA USING NEXT-GENERATION
SEQUENCING AND AN UNTARGETED VARIANT SEARCH

Hunter Underhill!, Sabine Hellwig?, David Nix?, Preetida Bhetariya®,
Carrie Fuertes', Gabor Marth!, Howard Colman*, Mary Bronner! and
Randy Jensen'; 'University of Utah, Salt Lake City, UT, USA, 2ARUP
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Laboratories, Salt Lake City, UT, USA, 3Huntsman Cancer Institute, Salt
Lake City, UT, USA, “Department of Neurosurgery, Huntsman Cancer
Institute and Clinical Neuroscience Center, University of Utah, Salt Lake
City, Utah, Salt Lake City, UT, USA

Detection of tumor-derived circulating cell-free DNA (ccfDNA) in plasma
from glioblastoma patients remains elusive. The vast intra-tumor genetic
heterogeneity of glioblastoma has limited targeted searches using a priori
molecular profiling from a focal tissue sample. Recent data supports the
isolation of shorter ccfDNA fragments relative to ccfDNA’s principal mono-
nucleosomal peak (< 150 bp vs. 167 bp, respectively) to both enrich for
tumor-derived ccfDNA and reduce false positives associated with next-gen-
eration sequencing (NGS). Here, we sought to determine if size selection
affords detection of glioblastoma-derived ccfDNA. The ccfDNA from 11
healthy controls and 10 glioblastoma patients was molecularly barcoded,
PCR amplified, and short ccfDNA fragments (< 150 bp) isolated using an
automated gel-based technology. Both the original and size-selected ccfDNA
samples were capture enriched using a custom-designed, glioblastoma-tar-
geted NGS panel (128 genes, 128 kb) followed by paired-end sequencing.
A consensus sequence was determined for each group of PCR duplicates
with an identical barcode. The number of PCR duplicates used to derive a
consensus sequence has been termed family size (FS). Non-reference alleles
(NRAs) from consensus sequences in exons were tabulated. In healthy
controls, there was a 15-fold reduction (P < 0.001) in NRAs (i.e., false posi-
tives) in the short ccfDNA fraction at FS > 20 compared to FS > 1. At FS
> 20 in the short ccfDNA fraction, there were significantly more NRAs in
glioblastoma patients (i.e., potential tumor-derived variants) compared to
healthy controls (1,065 = 406 vs. 174 = 75 NRAs, respectively; P < 0.001).
In glioblastoma patients, there were significantly more NRAs in the short
ccfDNA fraction compared to the original unselected ccfDNA sample at
FS 220 (1,065 = 406 vs. 165 = 135 NRAs, respectively; P < 0.001). Selec-
tion for short ccfDNA fragments coupled with molecular barcoding detects
glioblastoma-derived ccfDNA through concomitant improvements in both
sensitivity and specificity during untargeted searches employing panel-based

NGS.

COMP-21. WHY DETAILS MATTER - THE ROLE OF ALTERNATIVE
SPLICING IN GLIOBLASTOMAS

Kristoffer Vitting-Seerup', Yi Chieh Lim? and Petra Hamerlik?; 'University
of Copenhagen, Copenhagen, Denmark, ?Danish Cancer Society,
Copenhagen, Denmark, 3Brain Tumor Biology, Danish Cancer Society
Research Center, Copenhagen, Denmark

An often-overlooked aspect of cancer biology is the alternative usage of
different isoforms, often called isoform switches. Isoform switches give rise
to proteins with different functionalities due to differences in, amongst oth-
ers, protein domains. These switches are both frequent and important in
development, homeostasis, and many cancer types. It is however currently
unknown whether isoform switches play a role in glioblastoma (GBM),
which is among the deadliest of solid cancer types. To investigate the role
of isoform switches in GBM, we integrated the RNA-Sequencing data
from The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression
(GTEx) project creating the first large-scale isoform-resolution dataset con-
taining normal brain tissue. Using this dataset, we identified hundreds of
isoform switches with predicted functional consequences when comparing
GBM and normal brain tissue. For a large fraction of GBM patients, isoform
switches were more prevalent than deleterious mutations in cancer driver
genes indicating their important role in gliomagenesis. This is further sup-
ported by the large number of isoform switches we find associated with poor
survival outcomes of both GBM and other cancer types.

COMP-22. LARGE SCALE TRANSCRIPTOMIC ANALYSIS OF
MELANOMA BRAIN METASTASES

Jeanne Kowalski', Daniel Pomeranz Krummel!, Manali Rupji’,

Bhakti Dwivedi', Havva Keskin!, Laura Kallay', Maxwell Xu?,
Alexandra Ross', Robert Press!, Havi Rosen!, Erin Connelly!,

Rikesh Patel', Benjamin Izar?, Cory Adamson*, Jeffrey Olson', Jing Su’,
Ragini Kudchadkar!, Matthew Schniederjan!, Lindsey Lowder!,

Stewart Neill!, Walter Curran', David Lawson!, Michael Chan?,
Mohammad Khan' and Soma Sengupta'; '"Emory University, Atlanta, GA,
USA, ?Johns Hopkins University, Atlanta, GA, USA, *Harvard, Atlanta,
GA, USA, *VA Medical Center, Atlanta, GA, USA, SWake Forest University,
Atlanta, GA, USA

Brain metastases are the most common cause of adult brain tumors and
highly challenging to treat. Additionally, melanoma brain metastases carry a
particularly poor prognosis, with a median overall survival of 4-5 months.
Standard-of-care treatment of brain metastases includes surgery, radiation,
and chemotherapy. However, melanoma is a radio-resistant cancer, thus
significantly limiting options for treatment of its metastasis to the brain.
There is clearly a significant demand for new treatment approaches. We are
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conducting a large scale, whole transcriptomic analysis of melanoma brain
metastases to provide insight into molecular changes that may contribute to
metastasis as well as to identify potential therapeutic targets of the metasta-
sized cancer. Total RNA was extracted from >50 melanoma brain metastases
formalin-fixed paraffin-embedded (FFPE) samples and libraries constructed
and enriched for coding region transcript fragments. Libraries were sub-
jected to Transcriptome Capture (TCap) targeting 21,415 genes, which rep-
resents greater than 98% of the RefSeq exome, and sequenced using the
Illumina HiSeq platform. Preliminary transcriptomic analysis of melanoma
brain metastasis samples reveals that ion channel expression manifests as
a prominent feature in metastatic melanoma and that in some cases corre-
lates with poor clinical outcome. Greater than 20% of FDA approved drugs
target ion channels. We report that repurposing of one such class of drugs
targeting the ligand-gated neurotransmitter GABA, receptors can impair
melanoma cell viability. We will report on differential expression analysis
between recent melanoma transcriptomic studies'? and melanoma brain
metastases samples and correlation of expression with primary melanoma
DNA variants as well as potential therapeutic targets based on anomalous
expression of protein coding genes, including of ion channels. References:
TAkbani, et al. (The Cancer Genome Atlas Network, TCGA). Genome clas-
sification of cutaneous melanoma. Cell 2015; 161(7): 1681-1696. Tirosh,
et al. Dissecting the multicellular ecosystem of metastatic melanoma by
single-cell RNA-seq. Science 20165 352 (6282): 189-196.

COMP-23. ASSESSMENT OF PITUITARY ADENOMA CONSISTENCY
AND VASCULARITY USING TEXTURE ANALYSIS OF
CONVENTIONAL MRI

Moran Artzi', Ben Shofty?, Alon Kashanian?, Zvi Ram?, Nir Shimony?,
Nataly Popovits?, Tali Jonas-Kimchi#, Rachel Grossman? and Dafna Ben
Bashat!; 'Sagol Brain Institute, Tel Aviv Sourasky Medical Center, Tel Aviv,
Israel, 2Division of Neurosurgery, Tel Aviv Medical Center, Tel Aviv, Israel,
3Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel, “Division
of Radiology, Tel Aviv, Israel

INTRODUCTION: Pituitary adenomas are the third most common pri-
mary brain tumor in adults, with an incidence of 73-94/100000 cases. Most
adenomas can be effectively resected using endoscopic endonasal approach,
yet in about 10% of cases the tumor may be fibrous requiring a more com-
plex procedure. Preoperative assessment of pituitary adenoma consistency
and vascularity is thus important for surgical planning and risk assessment.
The aim of this study was to assess pituitary macroadenoma consistency and
vascularity using texture analysis of conventional MRI. METHODS: Retro-
spective analysis of pre-operative MRI data of 109 patients with pituitary
adenoma was performed. Tumor consistency (hard vs soft) and vascular-
ity (vascular vs avascular) were determined intraoperatively by the sur-
geon. Radiomics analysis was performed on T,-weighted (T,W) and post
contrast T,-weighted (T, W+C) images, and apparent diffusion coefficient
(ADC) maps (available in 57 patients). Fifteen features were extracted from
the lesion area for each modality, including: mean, minimum, maximum,
median, percentile 10,25,75,90, standard deviation, kurtosis, skewness,
entropy, root mean square (RMS), and energy. Between group differences
were tested using independent samples T-Test. RESULTS: Consistency: Sig-
nificant group differences (p<0.05) were detected for T,W min and ADC
mean, min, percentile 25,75 median and RMS values, with higher values
detected for the soft tumors for all parameters, indicates lower tissue organ-
ization. Vascularity: Significant group differences (p<0.05) were detected for
T,W min, T,W+C skewness and ADC mean, min, percentile 10,25,75,90
median RMS and energy values, with higher ADC and lower T,W and
T,W+C values detected for the vascular tumors, indicating lower tissue
organization and higher heterogeneity. CONCLUSION: Texture analysis of
conventional MRI and particularly of ADC maps may assist in pre-operative
assessment of hard and vascular pituitary adenoma, and may have import-
ant applications in the field of personalized medicine.

COMP-24. UTILIZING MACHINE LEARNING METHODS FOR
SEGMENTATION AND CLASSIFICATION OF BRAIN TUMORS
BASED ON CONVENTIONAL MRI

Moran Artzi, Idan Bressler and Dafna Ben Bashat; Sagol Brain Institute, Tel
Aviv Sourasky Medical Center, Tel Aviv, Israel

INTRODUCTION: High grade brain tumors and brain metastasis are
the two most common malignant brain tumors in adults. There is high clin-
ical importance for differentiating between the two, as well as for sub-clas-
sification of metastases based on their origin, since medical staging, surgical
planning, and therapeutic decisions are vastly different for each tumor type.
MRI is the modality of choice for the assessment of patients with brain
tumors. However, in many cases, differentiation between the tumor types
may be challenging due to their similar appearance on MRI. The aim of this
study was to develop an automatic method for segmentation and classifi-
cation of brain tumors based on conventional MRI. METHODS: A retro-
spective analysis of 439 MRI data sets: 212 from patients with high grade
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glioma and 227 from patients with brain metastasis of breast, lung and
other origins, was performed. Data include post contrast 3D T1 weighted
images acquired at 1.5/3.0 Tesla MRI and clinical information including age,
weight and gender. Following preprocessing and automatic segmentation of
the enhancing tumor, several features were extracted: bag of features, first
and second order statistical, morphological and wavelet features. The clas-
sifiers were trained in a 5-fold manner on 80% of the dataset and tested on
the remaining 20% of the dataset. Sensitivity, specificity and accuracy were
calculated. RESULTS: Best classification results obtained when classifying
between high grade brain tumors and brain metastasis, using quadratic SVM
classifier with mean accuracy=0.85, sensitivity=0.82 and specificity=0.87.
Classifying brain metastases by their origin achieved best results with cosin
KNN classifier with mean specificity=0.85 but low sensitivity=0.46. CON-
CLUSION: The proposed study demonstrates the use of machine learning
methods for automatic segmentation and classification of brain tumors
based on conventional MRI. Such methods may have great clinical import-
ance in assisting in the diagnosis of new patients.

DRUG DISCOVERY

DDIS-01. THE ANTIBODY-DRUG CONJUGATE ABT-414
DEMONSTRATES SINGLE-AGENT ANTI-CANCER ACTIVITY
ACROSS A PANEL OF GBM PATIENT-DERIVED XENOGRAFTS
Bianca Marin', Ann Mladek?, Danielle Burgenske?, Lihong He!, Zeng Hu?,
Katrina Bakken?, Brett Carlson?, Mark Schroeder? and Jann Sarkaria®;
'Department of Radiation Oncology, Mayo Clinic, Rochester, MN, USA,
2Mayo Clinic, Rochester, MN, USA, *Translational Neuro-Oncology
Laboratory, Mayo Clinic, Rochester, MN, USA

ABT-414 is a novel antibody-drug conjugate (ADC) of monomethyl
auristatin F (MMAF), a microtubule destabilizing agent, and an anti-EGFR
antibody (ABT-806). ABT-414 has demonstrated promising efficacy in clin-
ical trials against newly diagnosed and recurrent glioblastoma (GBM), but
little is known about mechanisms of sensitivity and resistance to the drug.
The efficacy of ABT-414 was evaluated in vitro across a panel of nine EGFR-
amplified GBM patient-derived xenografts (PDXs). Six lines responded
to therapy, with the EGFR vIII mutant lines (GBM6, GBM39, GBM76,
GBM108) being more sensitive (IC;, ~0.01 ug/mL) than point mutant
(GBM12) or wild-type (GBM84) amplified lines (IC, ~0.5 ug/mL). In con-
trast, GBM26 (point mutant), GBM46 (vII mutant) and GBM59 (vIII mu-
tant) were non-responsive (IC;; > 10 ug/mL). Further testing revealed that
these latter three lines were also resistant to MMAE, a cell-permeable analog
of MMAF, which suggests intrinsic resistance to the toxin. In the responsive
lines, ABT-414 was further tested in tumors implanted in heterotopic and
orthotopic locations using tumor volume measurements and/or biolumines-
cent imaging (BLI). In flank, GBM6, GBM39, GBM76 and GBM108 were
all highly sensitive to therapy, with complete tumor regression observed in
all mice extending beyond 200, 250, 130 and 50 days, respectively. Intra-
cranial GBM39 tumors were also highly responsive, with continuous sup-
pression of BLI signal to background, and a survival benefit greater than
155 days. In contrast, GBM6 was resistant to therapy, without detectable
impact on tumor growth and a difference in median survival of 5 = 10 days.
GBM76 was intermediately sensitive, with an extension in median survival
of 20 = 10 days. In summary, the majority of EGFR amplified lines tested are
sensitive to ABT-414 in vitro and as flank tumors, but efficacy in treatment
of orthotopic tumors is more limited. We hypothesize this effect may be
related to heterogeneity of drug delivery.

DDIS-02. NOVEL BISPECIFIC ACTIVATOR OF MACROPHAGES FOR
THE TREATMENT OF GLIOBLASTOMA

Miguel Salgado, Teilo Schaller, Patrick Gedeon, David Snyder, Gary Archer,
Luis Sanchez-Perez and John Sampson; Duke University Medical Center,
Durham, NC, USA

Patients undergoing current treatment for glioblastoma (GBM) still face
a poor prognosis with a median survival of ~16 months. Current therapy is
incapacitating and limited by non-specific toxicity to the surrounding brain.
We have developed an immunotherapeutic approach that selectively targets
GBM by redirecting the patients’ own macrophages present within the nat-
ural glioma milieu (representing up to 30% of the tumor volume) towards
the tumor in an antigen-specific manner. This novel molecule, called bispe-
cific activator of macrophages (BAM), bridges the macrophages with the
tumor cells through the binding of CD64 and EGFRUVIII, a tumor-specific
antigen, respectively. We generated a stable fully human EGFRvIII-specific
BAM Chinese hamster ovary cell line, and confirmed expression of BAM
by western blot. Binding to CD64 and EGFRVIII was confirmed by flow
cytometry on human CD64* (hCD64) transgenic murine macrophages and
EGFRVIII* gliomas. Simultaneous BAM engagement of hCD64 on mac-
rophages, and EGFRVIII led to the induction of macrophage tumoricidal
activity measured by reactive oxygen species release. Furthermore, in vivo
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BAMadministration into glioma bearing mice significantly reduced tumor
growth. In conclusion, we have developed a novel immunotherapeutic
approach capable of harnessing the body’s own tumoricidal capacity by
redirecting macrophages towards tumors via the administration of a bispe-
cific activator of macrophages (BAM). While further studies are needed, this
therapy offers promising results for the treatment of GBM.

DDIS-03. EGFR AMPLIFICATION INDUCED INCREASED DNA
DAMAGE RESPONSE AND PREDICTED SELECTIVE SENSITIVITY
TO TALAZOPARIB (PARP INHIBITOR) IN GLIOBLASTOMA STEM-
LIKE CELLS

Shaofang Wu', Feng Gao', Siyuan Zheng?, Chen Zhang',

Juan Emmanuel Martinez-Ledesma?, Ravesanker Ezhilarasan®,

Jie Ding', Xiaolong Li', Ningping Feng?, Erik Sulman?, Roel Verhaak?,
John de Groot®, Tim Heffernan?, W.K. Alfred Yung' and Dimpy Koul';
'Department of Neuro-Oncology, University of Texas MD Anderson
Cancer Center, Houston, TX, USA, 2UT MD Anderson Cancer Center,
San Antonio, TX, USA, 3The UT MD Anderson Cancer Center, Houston,
TX, USA, *Division of Radiation Oncology, The University of Texas MD
Anderson Cancer Center, Houston, TX, USA, *The Jackson Laboratory
for Genomic Medicine, Farmington, CT, USA, ®Department of Neuro-
Oncology, The University of Texas MD Anderson Cancer Center, Houston,
TX, USA

Poly-ADP-ribose polymerase (PARP) is an enzyme critical for regulating
a variety of DNA damage repair mechanisms. In this study, we report that
PARP inhibitor, talazoparib, showed strong single-agent cytotoxicity and
remarkable selective activity in glioma stem-like cells (GSCs). This single
agent activity was strongly correlated with EGFR amplification as shown
by genomic analysis. GSCs withEGFR amplification (which occurs in about
45% of GBMs) exhibited higher oxidative base damage, DNA breaks, and
genomic instability than non-amplified GSCs. To sustain the elevated basal
oxidative stress, EGFR amplified GSCs harbored increased basal expres-
sion of DNA repair proteins. As a result, DNA damage and PARP-DNA
complexes increased in the amplified GSCs following talazoparib treatment,
which may explain the sensitivity of these GSCs to talazoparib. Further, we
show that EGFR kinase activity is important for talazoparib sensitivity, as
kinase-inactive EGFR mutant and EGFR knockout cell lines were resistant
to talazoparib. Intriguingly, another PAPR inhibitor Olaparib, with similar
PARP enzymatic inhibition potential but less PARP-trapping ability com-
pared with talazoparib, did not show selective sensitivity in EGFR amplified
GSCs. Our data provide insight into the anti-cancer activity of talazoparib
through PARP inhibition and by trapping PARP-DNA complexes. In con-
clusion we propose the potential of EGFR amplification as a biomarker for
selection of the development of personalized therapy.

DDIS-04. COMPOUNDS IDENTIFIED BY STRUCTURE BASED
VIRTUAL SCREENING DECREASE GBM BTIC GROWTH AND
GLUCOSE UPTAKE

Catherine Libby!, Sixue Zhang?, Sajina Gc!, Gloria Benavides?,

Sarah Scott!, Vibha Pathak?, Omar Moukha-Chafig?, Yanjie Li*,
Matthew Redmann?, Anh Tran!, Arphaxad Otamias®, Victor Darley-
Usmar?, Marek Napierala®, Jianhua Zhang?, Corinne Augelli-Szafran?,
Wei Zhang? and Anita Hjelmeland®; 'Department of Cell, Developmental,
and Integrative Biology, University of Alabama at Birmingham,
Birmingham, AL, USA, 2Chemistry Department, Drug Discovery

Division, Southern Research, Birmingham, AL, USA, *Department of
Pathology, University of Alabama at Birmingham, Birmingham, AL, USA,
“Department of Biochemistry and Molecular Genetics, University of
Alabama at Birmingham, Birmingham, AL, USA, SUniversity of Alabama at
Birmingham, Birmingham, AL, USA

Patient prognosis for individuals diagnosed with GBM remains incredibly
poor with a median survival of only 15 months despite aggressive treatment
with surgical tumor resection, chemotherapy, and radiation therapy. Thera-
peutic development to prolong survival has been hampered by a high degree
of inter- and intra-tumoral heterogeneity. Contributing to tumor heterogene-
ity is a subset of highly tumorigenic cells, termed brain tumor initiating cells
(BTICs), that can self-renew and have been shown to be highly invasive and
resistant to therapy. BTICs can survive under nutrient poor conditions due
to their increased expression of glucose transporter 3 (GLUT3). In a recently
accepted study, we utilized structure based virtual screening (SBVS) using
a GLUT3 homology model to identify two novel GLUT inhibitors. We are
now generating a structure-activity relationship profile based on a highly
efficacious compound (IC;)= ~300 nM) with the same backbone structure
identified in the initial screen and seek to improve the potency, selectivity and
drug-like properties of the GLUT inhibitors. We have tested several novel
analogs and identified four that have maintained efficacy against BTICs in
vitro (IC;y= 300-600 nM). Importantly, these analogs have displayed less
toxicity to astrocytes than lead compounds in addition to improved stability
in mouse liver microsomes. As proof of concept, we have begun to test the
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GLUT inhibitors alone and in combination with chemotherapy iz vivo. Thus
far, our work has demonstrated that targeting glucose transport is a promis-
ing therapeutic avenue to explore.

DDIS-05. PATIENT DERIVED NEUROSPHERE CULTURES IDENTIFY
NOVEL CHEMOVULNERABILITIES IN GLIOBLASTOMA

Darren Finlay!, Tao Long!, Harshil Dhruv?, Michael Berens? and

Kristiina Vuori®; 'Sanford Burnham Prebys Medical Discovery Institute, La
Jolla, CA, USA, *Translational Genomics Research Institute, Phoenix, AZ,
USA, 3Sanford Burnham Prebys Medical Discovery Institute, San Diego,
CA, USA

3-dimensional (3D) cell culture systems are increasingly used in biomed-
ical research due to their recapitulation of tumor architecture, including
pertinent nutrient and oxygen gradients, and a requisite drug penetration
through multiple cell layers. Deployment of patient derived models of can-
cer (PDMC) propagated in defined media (serum-free) heightens clinical
relevance of drug activity over that of long-term established cell lines,
with an expectation of greater preclinical prediction of efficacy in patients.
Indeed 3D tumor models retain the genomic heterogeneity and “stem-like”
properties of the original tumors. Here we report results from screening
3D neurosphere cultures of 24 different glioblastoma (GBM) PDMC with
focused, clinically-relevant, drug collections. In addition to uncovering
patient-specific agents (Precision Medicine), the approach uncovers sub-
stratification of GBM into novel chemosensitive groups. Specifically, cases
dichotomize into instances of sensitivity to targeted agents such as prote-
asome inhibitors or those of growth factor signaling (e.g. TGFf pathway
modulators), although many novel targets are also identified. We further
employ genomic and gene expression analyses to characterize said groups
with a view to illustrating these chemovulnerabilities to detect the rele-
vant signaling pathways’ therapeutic intervention points. In sum, using
clinically-relevant PDMCs and 3D culture systems, we can identify drugs
and novel targets relevant to individual patients. Once further validated,
genomic characterization of new patient cultures could be used to predict
sensitivity to certain perturbagens, making a case for evidence-based pre-
cision medicine. As current GBM treatment options are particularly lim-
ited, this approach may help provide insights for optimal use of available
therapeutics.

DDIS-06. AAV TOOLKIT ENABLING PRECISION COMBINATORIAL
VIROTHERAPY FOR GLIOBLASTOMA

Hunter Futch!, Adam Grippin?, Zino Kuhn', Lan Hoang-Minh',

Van Truong?, Joshua Nelson*, Nicole Hao', Pedro Cruz', Yong Ran!,
Brent Reynolds®, Duane Mitchell? and Todd Golde®; 'University of
Florida, Gainesville, FL, USA, *Preston A. Wells, Jr. Center for Brain
Tumor Therapy, UF Brain Tumor Immunotherapy Program, Department
of Neurosurgery, McKnight Brain Institute, University of Florida,
Gainesville, FL, USA, Gainesville, FL, USA, 3Virginia Tech, Blacksburg, VA,
USA, “University of North Carolina Chapel Hill, Chapel Hill, NC, USA,
SDepartment of Neurosurgery, University of Florida, Gainesville, FL, USA,
¢Department of Neuroscience, University of Florida, Gainesville, FL, USA

BACKGROUND: Glioblastoma represents the most common and deadly
type of brain tumor in adults. Although it is widely recognized that combi-
natorial therapeutic approaches may be necessary to achieve lasting remis-
sion or cure, identification of novel combinatorial therapies is challenging.
Despite the availability of a number of potent and intuitively combined
biologic monotherapies, the cost of performing studies using multiple bio-
logic agents is prohibitive, and delivery of therapeutics within the brain is
often difficult. Recombinant Adeno Associated Viral (rAAV) vectors have
become the preferred vector for human gene therapy applications because
of their flexibility, ease of production, and translatability from mouse to
human studies. METHODS: We developed a method for rapid screening
of cell lines for rAAV transduction efficiency using 29 different capsid sero-
types. In addition, we created a large array of rAAV-encoded transgenes that
are designed to enhance immune recognition or to have anti-proliferative,
anti-invasive, or direct cytotoxic effects on brain tumor cells. The transgenes
were engineered with a novel multimerization domain that increases expres-
sion several fold compared to unmodified transgenes. Our methods allow
for high expression of transgene products that are secreted into the brain
tumor microenvironment and act in a non cell-autonomous manner, while
potentially avoiding the systemic toxicities associated with such therapeutic
cocktails. RESULTS: We screened 14 primary human glioblastoma cell lines
and several murine glioma cell lines, identifying AAV capsid serotypes that
are capable of high efficiency transduction i vitro. This in vitro screen was
reflective for the transduction of tumor and brain microenvironment seen by
the serotypes in vivo. Efficacy studies of cocktails of anti-tumor transgenes
delivered via rAAV in vivo are under way. CONCLUSION: We present the
use of rAAV vectors encoding biologic agents as a technology accelerator
for the preclinical identification of novel combinatorial therapy regimens
for glioblastoma.
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DDIS-07. MSC-DERIVED EXOSOMES AND microRNA IN GLIOMA
THERAPY

Irtiza Hasan, Eric Momin, Joy Gumin, Satoshi Adachi, Brittany Kerrigan,
Anwar Hossain and Frederick Lang; The University of Texas MD Anderson
Cancer Center, Houston, TX, USA

Glioblastoma (GBM), the most common and deadly adult brain tumor,
is notoriously resistant to therapy, not only because of the presence of
Glioma Stem-like Cells (GSCs) but also because of the formidable deliv-
ery challenges imposed by the blood-brain barrier. Consequently, there
is an urgent need to identify effective therapeutics and to elucidate suc-
cessful strategies for delivering these new agents to GBMs. A promising
new therapeutic approach is treatment with microRNAs (miRs), which
are small, noncoding RNA that are powerful regulators of gene expres-
sion. We have shown that restoration of tumor suppressor miRs that are
down-regulated in GBMs is capable of inhibiting the growth of GSCs. Des-
pite the therapeutic potential of miRs, however, it is currently unknown
which miRs will be most effective against GBMs and how these miRs will
be delivered. To define miRs that are most effective against GBMs, we
undertook a “candidate approach” based on a literature review and tested
miR-124 & miR-128 as potential anti-glioma miRs. These initial analyses
made it clear that a comprehensive evaluation of miRs that inhibit GBMs
was lacking. Therefore, we have undertaken an unbiased high throughput
screen of 578 miRs against a panel of patient-derived GSCs representing
all TCGA-GBM classes. We identified 50 miRs that are highly effective at
inhibiting GSCs regardless of TCGA subtype. Further, we demonstrated
that exosomes derived from ex-vivo cultured mesenchymal stem cells
(MSCs) can systemically deliver anti-glioma miRs to GBMs. Exosomes are
naturally occurring nanovesicles that function as intercellular transport
vehicles. MicroRNA-loaded exosomes (Exo-miRs) can be isolated and
then used to deliver the miR to GBMs. Most importantly, we have shown
that when systemically administered into mice, Exo-miRs “home” to brain
tumors resulting in down-regulation of the miR target genes. These results
suggest that MSC-derived exosomes can be used as systemic delivery vehi-
cles of anti-glioma miRs.

DDIS-08. DEVELOPMENT OF BRAIN-PENETRANT EGFR
INHIBITORS FOR GLIOBLASTOMA

onathan Tsang!, Lorenz Urner?, Gyudong Kim?, Kingsley Chow?,
Peter Clark!, Timothy Cloughesy?, Michael Jung? and David Nathanson';
UCLA Molecular & Medical Pharmacology, Los Angeles, CA, USA,
2UCLA Chemistry & Biochemistry, Los Angeles, CA, USA, *UCLA Neuro-
Oncology, Los Angeles, CA, USA

The epidermal growth factor receptor (EGFR) is altered in nearly 60%
of glioblastoma (GBM) tumors, however, EGFR tyrosine kinase inhibi-
tors (TKIs) have failed to improve outcomes for GBM patients. This can
be attributed to the inability of conventional EGFR TKIs (e.g., erlotinib,
gefitinib, lapatinib, afatinib) to effectively cross the blood-brain-barrier
(BBB) and reach adequate pharmacological levels for a tumor response.
For example, less than 10% of plasma drug concentrations are achieved
in the brain for all FDA approved EGFR TKIs. Herein, we performed a
structure-activity relationship (SAR) from the 4-anilinoquinazoline scaffold
to improve brain penetrance by modifications of physiochemical proper-
ties amenable to BBB penetration. Our synthesis scheme aimed to develop
EGFR TKIs with low molecular weight and polar surface area, few rotat-
able bonds and hydrogen bond donors and acceptors, while having high
lipophilicity. This yielded novel EGFR TKIs with nanomolar potency against
EGFR mutant, GBM patient-derived cells in culture, high BBB penetration
(200% brain to plasma), and efficacy against patient-derived orthotopic
GBM xenografts. Current efforts are aimed at improving metabolic stability
and bioavailability to obtain a clinical EGFR TKI drug candidate for the
treatment of GBM.

DDIS-09. IDENTIFICATION OF GSK3p INHIBITOR KENPAULLONE
AS A TEMOZOLOMIDE ENHANCER AGAINST GLIOBLASTOMA
Tomohiro Kitabayashi!, Yu Dong!, Takuya Furuta?, Hemragul Sabit?,
Shabierjiang Jiapaer!, Jiakang Zhang', Guangtao Zhang' and

Mitsutoshi Nakada?; 'Department of Neurosurgery, Graduate school

of Kanazawa University, Kanazawa, Japan, 2Dept. of Pathology,

Kurume University School of Medicine, Kurume, Japan, *Department of
Neurosurgery, Graduate School of Medical Science, Kanazawa University,
Kanazawa, Japan, “Department of Neurosurgery, Kanazawa University,
Kanazawa, Japan

Cancer stem cells are associated with chemoresistance and rapid recur-
rence of malignant tumors including glioblastoma (GBM). Although temo-
zolomide (TMZ) is the most effective drug against GBM to date, GBM cells
acquire resistance and become refractory to TMZ during treatment. There-
fore, glioma stem cell (GSC)-targeted therapy and TMZ enhancing therapy
may be effective approaches to improve prognosis of GBM. Many drugs
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that suppress the signaling pathway related to maintain GSC or enhance the
effect of TMZ have been reported. However, there are no established thera-
pies. Here, we screened drug libraries that are composed of 1,301 existing
drugs using cell viability assay using GSCs, then extracted Kenpaullone, a
kinase inhibitor, as a TMZ enhancer targeting GSCs. Kenpaullone efficiently
suppressed activity of glycogen synthase kinase (GSK)3B. Combination
therapy of Kenpaullone and TMZ demonstrated suppression of stem cell
properties and proliferation of both GSCs and glioma cell lines. Combin-
ation therapy for the mouse models significantly prolonged survival time
compared with TMZ monotherapy. Taken together, Kenpaullone is a prom-
ising drug for the treatment of GBM by targeting GSCs and overcoming
chemoresistance against TMZ.

DDIS-10. ENGINEERED EXOSOMES FOR GLIOMA THERAPY
Anwar Hossain, Irtiza Hasan, Satoshi Adachi, Joy Gumin,

Brittany Kerrigan and Frederick Lang; The University of Texas MD
Anderson Cancer Center, Houston, TX, USA

Glioblastoma (GBM) is the most common among all malignant brain
tumors, with 17,000 diagnoses every year in the United States. Despite
receiving surgery, radiotherapy, and chemotherapy, the median survival of
GBM patients is only 14.6 months, and less than 10% of GBM patients
survive more than 5 years. There is an urgent need for the development of
more effective therapies. To this end, we have developed a novel method
to deliver therapeutic antiglioma genes by exploiting exosomes derived
from engineered HEK293 cells that can package plasmid DNA (pDNA),
messenger RNA (mRNA) or microRNA (miRNA). These exosomes are
modified using ligand display technologies to allow delivery of cargo to
cell types of choice. For proof of concept we used the glioma cell line
U87 containing a “floxed” dsR cassette upstream of a green fluorescent
protein (eGFP) transgene; in the absence of the cre these cells express red
fluorescent protein. Transfer of either cre expressing pPDNA or mRNA
using engineered exosomes induced cre recombinse-mediated excision
of the floxed tdTomato cassette, and subsequent expression of eGFP in
vitro as well as in in vivo glioma models. In addition to using engineered
exosomes to deliver cre, we also successfully delivered both luciferase
and cytosine deaminase-uracil phosphoribosyl transferase. This model
provides a unique functional readout demonstrating that engineered
exosomes can be used to deliver any functional genetic cargoes to the cell
of choice. This technology allows the delivery of pPDNA/mRNA/miRNA
to treat GBMs, and has powerful implications for a broad range of bio-
therapeutics: cancer therapy, cancer vaccines or immunotherapeutics, and
DNA editing (CRISPR/Cas9).

DDIS-11. A CK1a ACTIVATOR PENETRATES THE BRAIN, AND
SHOWS EFFICACY AGAINST DRUG-RESISTANT METASTATIC
MEDULLOBLASTOMA

ezabel Rodriguez Blanco!, Bin Li', Jun Long!, Darren Orthon?,
Nagi Ayad!, Heather MaCrea', Martine Roussel?, William Weiss*,
Anthony Capobianco! and David Robbins'; 'University of Miami, Miami,
FL, USA, 25STI, Miami, FL, USA, 35t Jude, Memphis, TN, USA, *UCSE, San
Francisco, CA, USA

Although most children with medulloblastoma (MB) are cured of their
disease, SONIC HEDGEHOG (SHH) subgroup MB driven by TRPS3
mutations is essentially lethal. Casein Kinase 1a (CKla phosphorylates
and destabilizes GLI transcription factors, thereby inhibiting the key effec-
tors of SHH signaling. We therefore tested a second-generation CKla
activator against, TRPS3mutant, MYCNamplified MB. Our novel CK1la
activator inhibited SHH activity in vitro, acting downstream of the vis-
modegib target SMOOTHENED (SMO), and reduced the viability of
sphere cultures derived from SHH MB. SSTC3 accumulated at high levels
in the brain, inhibited growth of SHH MB tumors, and blocked metasta-
ses in a genetically-engineered vismodegib-resistant mouse model of SHH
MB. Importantly, SSTC3 attenuated growth and metastasis of orthotopic
patient-derived TRP53 mutant, MYCN amplified, SHH subgroup MB xeno-
grafts, increasing overall survival. Thus, a CK1a agonist penetrates into the
brain, and shows efficacy against metastatic TRPS3mutant MB, which are
resistant to existing therapies including the SMO inhibitors currently being
evaluated clinically.

DDIS-12. ONC201: THE FIRST SELECTIVE, NON-COMPETITIVE
DRD2/3 ANTAGONIST FOR CLINICAL NEURO-ONCOLOGY

Varun Vijay Prabhu', Neel Madhukar?, Lakshmi Anantharaman?,
Chidananda Sulli*, Edgar Davidson?, Sean Deacon?, Rohinton Tarapore!,
Joseph Rucker*, Neil Charter?, Benjamin Doranz*, Wolfgang Oster!,
Martin Stogniew!, Olivier Elemento?, R. Benjamin Free’, David Sibley’
and Joshua Allen'; 'Oncoceutics Inc, Philadelphia, PA, USA, ?Weill Cornell
Medicine, New York, NY, USA, 3Eurofins DiscoverX, Fremont, CA, USA,
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“Integral Molecular, Inc., Philadelphia, PA, USA, SNINDS/NIH, Bethesda,
MD, USA

ONC201 has exhibited preliminary clinical evidence of anti-tumor activ-
ity and safety in high grade glioma patients. In this study, we identified and
characterized a previously unknown binding target of ONC201. BANDIT
- a machine learning-based target identification platform — predicted that
ONC201 would bind with high selectivity to the G-protein coupled recep-
tors (GPCRs) dopamine receptor D2(DRD2) and D3 (DRD3). DRD2 is
overexpressed in glioma, controls pro-survival mechanisms, and its antag-
onism causes glioma apoptosis. B-arrestin and cAMP assays determined
that ONC201 selectively antagonizes DRD2/3. Consistent with BANDIT
and in contrast to antipsychotics that antagonize DRD2, ONC201 did not
antagonize other dopamine receptors or other GPCRs. Schild analyses and
radioligand competition assays revealed DRD2 antagonism at concentra-
tions consistent with ONC201 anticancer activity. In accordance with
superior selectivity, ONC201 exhibited a wider therapeutic window com-
pared to antipsychotics. Combined DRD2/DRD1 inhibition was found to
be inferior to DRD2 inhibition alone, suggesting that selectively targeting
D2-like receptors yields superior anti-cancer efficacy. ONC201 exhibited
a very slow association rate for DRD2 relative to antipsychotics, whereas
the dissociation rate was similar to atypical antipsychotics that do not
cause extrapyramidal symptoms. Alanine scanning mutagenesis of DRD2
identified 6 residues that are critical for ONC201-mediated antagonism
of DRD2 and located in orthosteric and allosteric sites. Molecular dock-
ing revealed orthosteric interactions at TM-II and an allosteric interaction
at the interface of TM-IV and -V that mediates the DRD2 homodimer
interface. These orthosteric and allosteric interactions exhibited predicted
affinities associated with the observed competitive and non-competitive
effects, respectively, and point mutations at either site increased the Ki
of ONC201 in competition assays with radiolabeled methyl-spiperone. In
summary, we identify both non-competitive and competitive antagonism
of DRD2 by ONC201 that may explain its unique selectivity, safety, and
anti-cancer activity in clinical trials as the first compound to target this
receptor for oncology.

DDIS-13. UNDERSTANDING GLIOBLASTOMA SUSCEPTIBILITY TO
TOP2-TARGETING DRUGS FOR PERSONALIZED THERAPY
Chidiebere Awah', Edgar Gonzalez-Buendia?, Junfei Zhao?,

Eric Feldstein®, Li Chen?, Aayushi Mahajan’®, Louisa Warnke?, Lu Wang®,
Cheol Park’, Jan Winter®, Silvana Konermann®, Ali Shilatifard'®,

C. David James'!, Raul Rabadan'?, Patrick Hsu’, Mukesh Bansal'3,
Atique Ahmed? and Adam Sonabend!*; 'Department of Neurological
Surgery, Feinberg School of Medicine, Northwestern University, Chicago,
IL, USA, 2Department of Neurosurgery, Northwestern University
Feinberg School of Medicine, Chicago, IL, USA, 3Department of Systems
Biology, Columbia University, New York, NY, USA, “New York Medical
Collegue, Valhalla, NY, USA, Columbia University Medical Center,
Jersey Clty, NJ, USA, ¢Department of Biochemistry and Molecular
Genomics, Northwestern University Feinberg School of Medicine,
Chicago, IL, USA, "Department of Neurosurgery, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA, $German
Cancer Research Center, Heildelberg, Baden-Wurttemberg, Germany,
“Salk Institute, San Diego, CA, USA, '"Department of Biochemistry

and Molecular Genetics, Northwestern University Feinberg School

of Medicine, Chicago, IL, USA, ''Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA, '2Department of Biomedical
Informatics and Department of Systems Biology, Columbia University,
New York, NY, USA, *Mount Sinai School of Medicine, New York, NY,
USA, "“Northwestern University Feinberg School of Medicine, Chicago,
IL, USA

Poor outcomes in glioblastoma are partially explained by unpredictable
individual responses to therapy. Topoisomerase II (TOP2) poisons Etoposide
and Doxorubicin, which induce double-strand DNA breaks, are effective for
some glioblastoma lines. On the other hand, the TOP2-enzymatic inhibitor
MST16 is used for lymphomas, but has not been tested for glioblastoma.
We investigated biomarkers for glioblastoma susceptibility to these drugs
to repurpose them with a precision medicine approach. We performed a
genome-scale CRISPR knockout (KO) screen on an Etoposide-susceptible
cell line using this drug to select resistant clones. The screen identified 106
genes from DNA damage response, a pathway that was over-represented
among genes involved in etoposide susceptibility. We overlapped genes
whose loss confers Etoposide resistance from our screen with genes whose
expression correlates with susceptibility to this drug across 35 glioma cell
lines. This approach elucidated 6 genes, including some that regulate pro-
tein synthesis, as TOP2 poison biomarker candidates. Validation through
CRISPR KO of several of these confirmed that their loss confers resistance
to Etoposide and Doxorubicin, and their protein levels were predictive for
TOP2 poison susceptibility across glioma cell lines. In contrast, these bio-
markers were not predictive of glioma response to TOP2-inhibitor drug
MST-16. Through ChIP-seq, we discovered that TOP2B binding coincides
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with open chromatin in promoters of PDGFRA. Moreover, TOP2 inhib-
ition with MST-16 downregulated this gene. Baseline expression of PDG-
FRA across glioma cell lines was highly predictive of MST-16 susceptibility,
which was confirmed in an independent dataset of patient-derived glioma
xenograft lines. Using complementary unbiased approaches, we identified
several novel biomarkers for personalizing TOP2-targeting therapy for this
disease. Inter-individual differences in glioblastoma susceptibility to TOP2
poisons relates to protein synthesis and DNA damage, whereas susceptibil-
ity to TOP2 inhibitors relates to TOP2B-mediated transcriptional regula-
tion of an oncogene.

DDIS-14. MODIFIED CARBAZOLES DESTABILIZE MICROTUBULES
AND KILL GLIOBLASTOMA MULTIFORM CELLS

Nephi Stella, Philippe Diaz?, Eric Horne!, Cong Xu', Ernest Hamel?,

Mike Wagenbach!, Ravil Petrov?, Brian Hass', Hothi Parvinder®,

Linda Wordeman' and Rick Gussio®; 'University of Washington,

Seattle, WA, USA, *The University of Montana, Missoula, MT, USA,
3Developmental Therapeutics Program NCI, Frederick, MD, USA, *Swedish
Neuroscience Institute, Seattle, WA, USA

Small molecules that target microtubules (MTs) represent promising
therapeutics to treat certain types of cancer, including glioblastoma multi-
form (GBM). We synthesized modified carbazoles and evaluated their
antitumor activity in GBM cells in culture. Modified carbazoles with an
ethyl moiety linked to the nitrogen of the carbazole and a carbonyl moiety
linked to distinct biaromatic rings exhibited remarkably different killing
activities in human GBM cell lines and patient-derived GBM cells, with
IC50 values from 67 to > 10,000 nM. Measures of the activity of modified
carbazoles with tubulin and microtubules coupled to molecular docking
studies show that these compounds bind to the colchicine site of tubu-
lin in a unique low interaction space that inhibits tubulin assembly. The
modified carbazoles reported here represent novel chemical tools to better
understand how small molecules disrupt MT functions and kill devastating
cancers such as GBM.

DDIS-15. A NOVEL DOPAMINE RECEPTOR 3 ANTAGONIST
INHIBITS THE GROWTH OF PRIMARY AND TEMOZOLOMIDE
RESISTANT GLIOBLASTOMA CELLS

Sarah Scott!, Catherine Libby' and Anita Hjelmeland?; 'Department of
Cell, Developmental, and Integrative Biology, University of Alabama at
Birmingham, Birmingham, AL, USA, 2UAB, Birmingham, AL, USA

Glioblastoma (GBM) is the most common, lethal primary adult brain
tumor with patient survival of only 14 months. The location and inva-
sion of GBM leads to rapid recurrence after therapy. The standard of care
chemotherapy is DNA damaging agent temozolomide (TMZ), to which
resistance is common and is due, partly, to expression of the DNA repair
enzyme O-6-methylguanine-DNA methyltransferase(MGMT), regulated
by promoter methylation. To improve treatment of GBMs, including those
resistant to TMZ, we explored targeting dopamine receptor signaling. Prior
reports indicated roles for dopamine receptor 2 and 4 in GBM, with these
inhibitors being effective in combination with EGFR inhibitors or temo-
zolomide, respectively. We demonstrate that dopamine receptor 3 (DRD3)
is an alternative target for therapy, with an expected low risk of severe
side effects due to restricted expression in non-tumor brain. Six novel
antagonists of DRD3 decreased the growth of GBM xenograft-derived
neurosphere cultures, with minimal toxicity against human astrocytes
and neurons. For those compounds, with a potential therapeutic window,
two (SRI-21979 and SRI-30052) readily crossed the BBB and yielded no
signs of liver or kidney dysfunction. In orthotopic models, 10 mg/kg of
SRI-21979 per day for ten days, alone or combined with TMZ, trends
toward increased survival. In striking contrast, we observed no benefit for
haloperidol treatment in combination with TMZ beyond that for TMZ
alone. Further analysis of TCGA data demonstrated that, unlike DRD2
and DRD4, DRD3 levels were not reduced in MGMT unmethylated GBMs
and higher levels of DRD3 were associated with worse prognosis, sug-
gesting that DRD3 antagonists may remain efficacious in TMZ resistant
GBMs. SRI-21979, but not haloperidol or TMZ, significantly reduced
the growth of TMZ resistant U251 cells and neurospheres derived from
a TMZ-resistant xenograft. Our data demonstrate that DRD3 antagonist
based combinatorial therapies may provide a potential, novel therapeutic
treatment for GBM.

DDIS-16. ONC201 IN COMBINATION WITH RADIATION EXHIBITS
SYNERGISTIC EFFICACY IN HIGH GRADE GLIOMAS AND OTHER
ADVANCED CANCERS

Rohinton Tarapore!, Sachin Jhawar?, Mark Stein?, Bruce Haffty?,

Andrew Zloza?, Sabine Mueller?, Jie Zhang’, Francesca Amoroso®,

Ian Mills®, Wolfgang Oster! and Joshua Allen'; 'Oncoceutics, Philadelphia,
PA, USA, ?Rutgers Cancer Institute of New Jersey, New Brunswick,
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NJ, USA, 3Columbia University, New York, NY, USA, “Department of
Neurology, University of California, San Francisco, San Francisco, CA,
USA, San Francisco, CA, USA, *University of California San Francisco, San
Francisco, CA, USA, ¢Queens University, Belfast, Northern Ireland, United
Kingdom

INTRODUCTION: ONC201 is the first small molecule DRD2 antag-
onist for oncology that is being investigated as a single agent in advanced
cancer clinical trials. Downstream of DRD2 antagonism, ONC201 acti-
vates the integrated stress response pathway and apoptosis. ONC201 has
exhibited preclinical and clinical anti-tumor activity in high grade glio-
mas. Given that ONC201 exhibits broad synergy with anti-cancer drugs,
excellent safety, and single agent activity in tumor types where radiation is
used routinely, we evaluated the combination of ONC201 with radiation
in solid tumors. METHODS: Cell viability was evaluated in human and/
or mouse breast, prostate and high-grade glioma cell lines in response to
ONC201 (1 -10uM), radiation (2- 10Gy), or the combination. Incubation
times ranged from 24 to 96 hours and the sequence of the two agents in
combination was varied. RESULTS: Cell viability assays for ONC201 in
combination with radiation in breast or prostate cancer cell lines revealed
a cytotoxic response to the combination than was superior to either single
agent. Western blot analysis of PC3 cells showed a synergistic induction of
CHOP and ATF6 that are components of the integrated stress response. In
MDA-MB-468 cells, Western blot analysis demonstrated a striking induc-
tion of PARP cleavage, a marker of caspase-mediated apoptosis, with 2 pM
ONC201 in combination with 2 Gy radiation, whereas either single agent
produced minimal PARP cleavage. In 4T1 murine triple-negative breast can-
cer subcutaneous tumors, the combination of oral ONC201 and radiation
produced antitumor effects at subtherapeutic doses. In diffuse intrinsic
pontine glioma cell lines, combination indices computed from cell viability
experiments indicated modest synergy (~0.7 CI) for the combination rang-
ing between 1-5 ptM ONC201 and 2-10 Gy. CONCLUSION: ONC201
combines synergistically with radiation in high grade gliomas and other
solid tumors.

DDIS-17. MULTI-LEVEL DRUG DEVELOPMENT PIPELINE FOR THE
DISCOVERY OF TUMOR MICROTUBE TARGETING DRUGS

Erik Jung', Matthias Osswald’, Philipp Koch?, Wolfgang Wick? and

Frank Winkler?; 'University Hospital Heidelberg, Heidelberg, Germany,
2Central Institute of Mental Health (ZI) Mannheim, Mannheim, Germany,
3Neurology Clinic and National Center for Tumor Diseases, University
Hospital Heidelberg, Heidelberg, Germany

Tumor microtubes (TMs), which are ultra-thin and long cellular pro-
trusions extended by glioma cells, have emerged as a novel mechanism of
glioma cell growth, invasion and interconnection with consecutive therapy
resistance. So far, few molecular drivers of TM formation and function
(Gap43, Cx43, Ttyh1 and actin dynamics) have been identified and their
downregulation strongly reduced therapy resistance and glioma cell dis-
semination in vivo. We implemented a multi-level screening pipeline which
allows to test drugs for their anti-TM actions. Initially drugs are tested for
their general actions on glioma cell growth in vitro before being evaluated
by laser scanning microscopy for their impact on TM formation (number of
TMs), morphometry (TM length and diameter) and functionality (calcium
communication) in 2D models. These parameters as well as anti-invasive
properties are further validated in a 3D matrix model, which has shown
to correlate well with the phenotype observed in vivo. As a final step of
the in vitro pipeline, we developed a brain organoid model with patient-
derived glioma cells, which is used to confirm the observed effects of the
most promising compounds in a more complex microenvironment. Effective
drugs identified in the in vitro screen are then tested in our mouse model in
vivo: tumor growth, TM formation (number, morphology, interconnection)
and function (calcium communication, invasion, therapy resistance) are lon-
gitudinally followed on a single cell level using a chronic cranial window and
intravital two photon microscopy. Finally, classical drug effectivity param-
eters such as survival and tumor size on 7-T MRI scans are measured. First
results of compounds, which have demonstrated tumor microtube-inhibiting
vs. -promoting effects in this pipeline will be presented. In summary, this
novel pipeline enables the rapid development of anti-TM drugs to trans-
late the growing evidence of the importance of TMs to glioma biology into
clinical trials.

DDIS-18. THE PROTEASOME: TARGETING THE NF-xB PATHWAY
IN THE TREATMENT OF GLIOBLASTOMA MULTIFORME
amal Mohamud; East Lansing, MI, USA

Glioblastoma Multiforme is a rare neoplastic disease of the brain that
is known for its rapid aggressive growth and its poor clinical outcomes
secondary to limitations in treatment efficacy. As such, the discovery of
new agents to hinder and slow the proliferation of GBM is paramount
for the eventual eradication of the disease. One such pathway of targeting
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is the proteasome, as it provides a unique and novel means of targeting
the growth and metastasis of aggressive forms of GBM. Expression of the
proteasome is integral for the canonical NF-kB pathway, an inflammation
pathway heavily associated with the progression of numerous cancers. One
means of activation of the stress induced pathway is via increase pressure.
As neoplasias of the brain grow within the confined space of the skull,
they press against their stroma and experience higher interstitial pressure,
further activating an NFkB mediated positive feedback cascade. By inhibit-
ing the proteasome with novel imodazoline complexes, maintenance of the
NFkB pathway is blocked and pressure stimulated growth should be halted.
Stimulation of cultured U87 glioblastoma cells with 15mgHg for various
periods of time induced a pressure activated increase in cell population, as
well as activation of the NFkB pathway as well as in HEK293 embryonic
kidney cells. Using our TCH-013 proteasomal inhibitor, pressure induced
proliferation of these U87 cells appeared to be inhibited. Furthermore, using
our TCH-01 compound pressure induced activation of the NFkB pathway
was greatly in the HEK cells, indicating our imadazoline complexes target
the pressure induced pathway at a downstream site enough to occlude the
effect. Further screening of these compounds effects on pressure stimulated
activation of NFkB and proteasomal activity is necessary in further brain
cancer cell types.

DDIS-19. CT-179: AN INHIBITOR OF THE OLIG2 TRANSCRIPTION
FACTOR WITH POTENT ANTI-TUMOUR ACTIVITY IN BRAIN
CANCER

Terrance Johns', Sameer Greenall?, Shengnan Chen?, Rodney Stewart?,
Gordon Alton* and Santosh Kesari®; 'Telethon Kids Institute, Perth, WA,
Australia, 2Monash University, Clayton, VIC, Australia, *University of
Utah, Salt Lake City, UT, USA, *Curtana Pharmaceuticals, Austin, TX, USA,
SCurtana Pharmaceuticals, Santa Monica, CA, USA

High Grade Glioma (HGG) is incurable and has a median survival of
less than 5% at five years, highlighting a desperate need for new thera-
peutic strategies. OLIG2 is a basic helix-loop-helix (bHLH) transcription
factor that is expressed in neural progenitor cells during embryonic devel-
opment where it sustains their replication-competent state and regulates
their oligodendrocyte and motor neuron multi-lineage potential. In HGG,
OLIG2 is re-expressed at high levels and drives an oncogenic program
that leads to dysregulation of the cell cycle and subsequent gliomagenesis.
This central role for OLIG2 in HGG initiation and growth, along with its
low expression in normal tissues, identifies OLIG2 as a target for HGG
therapy. We report the characterisation of an orally bioavailable small-
molecule OLIG2 inhibitor, CT-179, the first bHLH transcription factor
targeting drug developed for the treatment of cancer. The drug is well
tolerated and easily penetrates the blood brain barrier, where it reduces
brain tumour burden in orthotopic mouse and zebrafish avatar models.
Mechanistically, CT-179 displayed nanomolar anti-proliferative activity
and induced significant apoptosis mediated through disruption of the cell
cycle that resulted in mitotic catastrophe at prometaphase. CT-179 showed
enhanced anti-tumour activity in mouse models of HGG when used in
combination with standard of care radiotherapy and temozolomide. These
studies demonstrate that the pharmacological inhibition of OLIG2 is an
effective treatment strategy for HGG that warrants rapid translation into
the clinic.

DDIS-20. NEW A6K BORON DRUG DELIVERY SYSTEM FOR
CLINICAL APPLICATION OF BORON NEUTRON CAPTURE
THERAPY (BNCT)

Hiroyuki Michiue, Asami Fukunaga, Atsushi Fujimura, Kazuyo Igawa,
Hideki Matsui and Shuichi Furuya; Okayama University, Okayama City,
Japan

In BNCT in GBM, one of the keys to success can depend on the boron
compounds. The combination of BSH and BPA in clinical GBM BNCT
showed good results and that meant the multi boron use in BNCT was
one answer to next step of BNCT. In this time, we showed that the new
self-assembling peptide DDS with BSH toward clinical application of
BNCT. The self-assembling A6K peptide was found and reported by Dr.
Shuguang Zhang, MIT in 1982. The A6K peptide showed self-assembling
feature in water, and worked as drug delivery system of siRNA with only
mixture. The A6K drug delivery system was clinically approved to breast
cancer trial in Japan since 2015. We observed the complex of A6K and
BSH with scanning electron microscope in different mixture ratio. Next,
we checked the cell toxicity, measured intracellular boron concentration
and observed BSH localization in mouse model. At first, we established
the simple A6K/BSH complex making method, as just mixture the BSH
and A6K water solution by itself. The BSH/A6K complex with different
mixture ratio showed different shape and different diameter of complex
in SEM image. The ideal range of particle size of DDS is 20nm to 200 nm,
and ours’ complex diameter was about 40nm. Next, we administrated
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BSH/A6K complex to GBM cells and measured intracellular boron
uptake. The concentration with BSH/A6K complex in U87 delta EGFR
was 10 times or higher than that with BSH. Finally, we administrated
BSH or A6K/BSH complex through mouse tail vein and got brain tumor
sample after 12hr. The A6K/BSH mouse brain sample showed specifically
accumulated BSH in tumor area. A6K peptide is clinical use in DDS and
will spread various drug delivery tool for various clinical fields in future.
Our A6K/BSH complex is very promising boron drug for next generation
BNCT.

DDIS-21. KIF11 INHIBITORS FILANESIB AND ISPINESIB AS NOVEL
AGENTS FOR MENINGIOMA THERAPY

Gerhard Jungwirth, Christine Jungk, Rolf Warta, Andreas Unterberg

and Christel Herold-Mende; Division of Experimental Neurosurgery,
Department of Neurosurgery, University Hospital Heidelberg, Heidelberg,
Germany

KIF11 is a highly conserved motor protein, which plays an important role
in cell division by separating the spindle poles. KIF11 have been reported to
be involved in multiple cancer types including melanoma, retinoblastoma,
and glioma. In our previous studies, we found grade-specific expression lev-
els of KIF11 in meningioma. Higher expression of KIF11 was associated
with shorter progression-free survival and siRNA mediated knockdown
inhibited the proliferation of two different meningioma cell lines in vitro.
KIF11 inhibitors like Filanesib and Ispinesib are available and currently
tested in phase II clinical trials for treatment of multiple myeloma. We inves-
tigated their potential benefit for treating meningiomas. To evaluate the
potential of Filanesib and Ispinesib on meningioma cell lines, crystal violett
assay was performed. Dose-curve analysis revealed IC50 values of less than
1 nM in the benign meningioma cell line Ben-Men-1 and the anaplastic cell
line NCH93. Proliferation assay showed that single shot inhibitor dosage of
10 nM and higher led to an average inhibition of Ben-Men-1 cells by 58%
and 66% on day 1 and 2 for Filanesib and by 63% and 60% for Ispinesib.
NCH93 cells decreased their proliferation by 63% and 84% for Filanesib
and by 67% and 89% for Ispinesib (p<.001). To explore the mechanism of
diminished proliferation, we performed a FACS analysis. It revealed a G2/M
block after treatment with Filanesib or Ispinesib compared to control in
both cell lines (p<.001). Since KIF11 inhibition in other tumors have shown
reduced cell migration, we performed a scratch assay. Treatment with KIF11
inhibitors resulted in reduced migration only in NCH93 cells compared to
control after 8 and 12 hours by 20% and 85% (p<.05). Currently, we are
testing KIF11 inhibitors in a xenograft mouse model. Taken together, KIF11
inhibitors Filanesib and Ispinesib could play a potential role in future men-
ingioma therapy.

DDIS-22. WSD0922: A BBB PENETRABLE EGFR/EGFRVIII SMALL
MOLECULE FOR THE TREATMENT OF GBM AND METASTATIC
CNS TUMOR

Wei Zhong, Jingiang Zhang, Zhihua Mu and Claire Sun; Wayshine
Biopharm, Corona, CA, USA

Aberrant EGFR signaling caused by mechanisms of overexpression, muta-
tion, or autocrine activation contributes for oncogenesis by inducing cell
proliferation and resisting apoptosis. In patients with GBM, an overall fre-
quency of 25-64% mutation is EGFRVIII (exon2-7 deletion). In patients
with NSCLC harboring active EGFRm+(Del19 and L858R), up to 65%
brain/leptomeningeal metastasis develop ultimately after EGFR TKIs treat-
ment. Current approved EGFR TKIs have demonstrated limited therapeu-
tic efficacy against CNS tumors due to insufficient BBB penetration and/or
poor activity against EGFRm+ such as EGFRVIIL The occurrence of GBM
and rate of CNS metastases of NSCLC are increasing, thus there is a high
unmet medical need for the development of a BBB penetrable EGFR inhibi-
tor (common tumor drivers in the brain: EGFRVIII/Del19/L858R) to clinic.
Herein, we report a discovery of brain penetrable EGFR inhibitor WSD0922
for GBM and NSCLC CNS metastasis with IC,; against EGFRm+ ex-vivo
GI,, in GBM tissues with EGFRVIII is In-vitro MDCKII transfected cells
and Caco-2 assays have shown that WSD0922 is highly permeable (61x10¢
cm/s) and not a substrate of P-gp or BCRP, two main efflux transporters
expressed on human BBB. Preclinical CNS PK studies confirmed good brain
penetration of WSD0922 with Kj, uubrain close to unity. Significant TGI or
regression for mice bearing GBM PDX model with EGFRVIII was achieved
by treatment with WSD0922. Moreover, treatment of mice bearing PC-9
(Del19 in NSCLC) in both subcutaneous and intracranial models with
WSD0922 resulted in dose dependent TGI or regression with statistically
significant survival benefit. Predicted human PK properties are very promis-
ing to offer sufficient target engagement in clinic. Taken together, our data
provide a good rationale for WSD0922 to be developed toward clinic for the
treatment of patients with GBM and CNS metastasis of NSCLC harboring
EGFRm+.
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DDIS-23. BETULINIC ACID SUPPRESS GLIOBLASTOMA CELLS

THROUGH INHIBITION OF UNFOLDED PROTEIN RESPONSE
Wei-Lun Lo', Jian-Ying Chuang? and Ming-Hsiao Wu'; 'Shuang-Ho

Hospital, New Taipei City, Taiwan 2Taipei Medical University, Taipei,
Taiwan

OBJECTIVE: The current anti-neoplastic drug for glioblastoma multi-
forme (GBM) is limited because of insufficient blood-brain-barrier (BBB)
penetration and development of resistance. Betulinic acid (BA) is a natural
product of plant origin, has been reported to induce Sp1 degradation against
temozolomide (TMZ)-resistant GBM and capacity of BBB passage. In this
study, we investigated the alternative anti-neoplastic mechanism of BA.
MATERIALS AND METHODS: To explore the mechanism of tumor in-
hibition by BA in TMZ-resistant cells and uncover novel therapeutic targets
for recurrent GBMs, we used high density oligonucleotide microarrays to
analyze gene expression during BA treatment. Furthermore, we applied In-
genuity Pathway Analysis (IPA) software performing Canonical Pathways
Analysis. We subsequently examined the protein expression of genes identi-
fied from the microarray data. RESULTS: We identified the unfolded protein
response (UPR), known as a signaling network activated by endoplasmic re-
ticulum (ER) stress functioning to alleviate this stress, appeared most signifi-
cantly affected by BA. Protein expressions of ER stress-related factors were
observed with different concentration of BA. CONCLUSION: BA is able to
inhibit the survival of TMZ-resistant GBM cells via inhibition of unfolded
protein response. BA is a good therapeutic strategy to overcome the tumor
recurrence after the initial therapy. Key words: Betulinic acid, temozolomide
resistance, glioblastoma, unfolded protein response.

DDIS-24. PROTEASOME INHIBITION IS A TARGETED THERAPY
FOR PTEN-DEFICIENT GLIOBLASTOMAS

orge Benitez!, Darren Finlay?, Jianhui Ma', Tomoyuki Koga',
Kristiina Vuori? and Frank Furnari®; 'Ludwig Institute for Cancer Research
UCSD, La Jolla, CA, USA, ?Sanford Burnham Prebys Medical Discovery
Institute, La Jolla, CA, USA, 3Ludwig Cancer Research, San Diego, CA,
USA

One of the most common genetic alterations in glioblastoma (30-40%)
occurs in the PTEN (phosphatase and tensin homolog) tumor suppressor
gene, where loss of function has been mechanistically linked to increased
tumor cell invasion, and to a lack of radio- and chemo-therapy response. To
identify new drug compounds that target PTEN-deficient brain tumors we
performed a high throughput drug screen using patient-derived GBM spheres
and found that PTEN-deficient samples were highly sensitive to proteasome
inhibition. We confirmed this sensitivity in GBM spheres and iNPCs (indu-
cible Neuronal Progenitor Cells) by genetically over-expressing or deleting
PTEN, where PTEN over-expression decreased and PTEN-deletion increased
sensitivity to the drug, respectively. Additionally, proteasome inhibition spe-
cifically suppressed tumor growth in mice of orthotopically engrafted human
glioblastoma samples. Mechanistically, we determined that PTEN-deficient
cells are more sensitive to proteasome inhibition due to an increase in protein
synthesis rate and loss of autophagy activity associated with activation of
the PI3K/mTOR pathway. This study reveals that proteasome inhibition is a
targeted-therapeutic strategy for PTEN-deficient brain cancer.

DDIS-25. TARGETING GLIOBLASTOMA HETEROGENEITY WITH
miR-34a

Muhammad Khan', Rosamaria Ruggieri', Nhan Tran?, Jann Sarkaria®,
Jennifer MacDiarmid*, Himanshu Brahmbhatt?, John Boockvar! and
Marc Symons'; 'The Feinstein Institute for Medical Research, Manhasset,
NY, USA, *Departments of Cancer Biology and Neurosurgery, Mayo Clinic
Arizona, Scottsdale, AZ, USA, 3Translational Neuro-Oncology Laboratory,
Mayo Clinic, Rochester, MN, USA, “Engeneic Limited, Lane Cove West,
NSW, Australia

microRNA-34a could serve as a novel therapeutic agent as it is under-
expressed in Glioblastoma and modulates the expression of multiple genes
in the deregulated p53, Rb and receptor tyrosine kinase networks which con-
fer selective growth advantage and represent significant intra-tumoral het-
erogeneity, a major cause of therapeutic resistance. We studied the effects of
microRNA-34a transfection in three primary patient-derived lines (GBM 6,
GBM118 and GBM 126, respectively belonging to classical, mesenchymal and
proneural subtypes), four established cell lines (T98G, U251, A172, LN229;
where T98G and U251 show primary resistance to treatment while A172 and
LN229 are sensitive) and two cell lines with acquired resistance to temozolo-
mide (A172-TR, LN229-TR). Transfection with microRNA-34a mimics sig-
nificantly reduced proliferation and sensitized to temozolomide (Combination
Index< 0.2-0.6) and radiation (dose enhancement factor 1.7-2.2) treatment,
regardless of baseline treatment resistance in all studied cell lines. We identi-
fied broadly conserved binding sites in the 3’UTR of multiple mRNAs in the
Glioblastoma deregulated networks and genes known to confer therapeutic
resistance and validated the direct downregulation of Bcl-2 protein as a major
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contributor to temozolomide sensitization. For in vivo delivery, nanocells
(400 nm diameter), termed EDV, were derived from genetically modified bac-
teria, provided with a bispecific antibody targeting EGFR and loaded with
microRNA-34a. EDVs were injected intravenously while temozolomide was
administered by oral gavage in GBM6 orthotopic mouse model. We observed
a significant reduction in tumor growth in mice treated with microRNA-34a
EDV relative to control EDV-treated mice (p=0.021). Further, microRNA-34a
EDV significantly improved survival and synergized with temozolomide ther-
apy [p<0.001, median survival of control EDV, microRNA-34a EDV, control
EDV with temozolomide and microRNA-34a EDV with temozolomide was
44,48, 86 and 147+ days respectively]. In conclusion, microRNA-34a EDV is
a promising novel therapeutic that inhibits Glioblastoma tumor growth and
counteracts therapeutic resistance and intra-tumor heterogeneity.

DDIS-26. BTP-7, A NOVEL PEPTIDE FOR THERAPEUTIC
TARGETING OF MALIGNANT BRAIN TUMORS

Choi-Fong Cho!, Yarah Ghotmi?, Colin Fadzan?, Justin Wolfe?,

Sonja Bergmann*, Yuan Qu®, Emily Murrell®, Fernanda Bononi®,
Leonard Luyt®, E. Antonio Chiocca’, Mariano Viapiano®,

Bradley Pentelute® and Sean Lawler®; 'Brigham And Women’s Hospital,
Harvard Medical School, Boston, MA, USA, 2University of Arizona, AZ,
USA, 3MIT, Cambridge, MA, USA, *Heidelberg University, Heidelberg,
Germany, SBWH, Boston, MA, USA, *Western University, London, ON,
Canada, "Department of Neurosurgery, Brigham and Womens Hospital,
Boston, MA, USA, $Department of Neurosurgery SUNY Upstate Medical
University, Syracuse, NY, USA

High-grade gliomas are deadly cancers, and current standard-of-care has
demonstrated limited success. The ability to specifically target glioma cells
can allow for the development of safer and more efficacious brain cancer
therapy strategies. Brevican, a CNS-specific extracellular matrix protein is
upregulated in glioma cells and its expression correlates with tumor progres-
sion. Particularly, a brevican isoform lacking glycosylation, B/bAg is a unique
glioma marker and not expressed in non-cancerous tissues. Therefore, B/bAg
represents a valuable target for anti-cancer strategies. Here, we describe the
utilization of state-of-the-art platforms to screen a one-bead-one-compound
combinatorial peptide library to discover a novel “B/bAg-Targeting Peptides”,
called BTP-7 that can bind B/bAg with high affinity and specificity. BTP-7 dis-
played 260 nanomolar affinity for recombinant B/bAg protein, and had little
association with the fully glycosylated isoform of brevican (control). Scram-
bling of the BTP-7 sequence led to complete abrogation of B/bAg binding.
Furthermore, BTP-7 is preferentially taken up by B/bAg-expressing glioma
cells compared with non-expressing cells. We also discovered that BTP-7 can
cross the blood-brain barrier using both the i vitro BBB organoid model and
in mice. BTP-7 displayed 10x greater binding to intracranial GBM-6 tumors
than control peptides, and 4x higher tumor uptake than in normal brain
tissues. Conjugation of BTP-7 to camptothecin (an anti-tumor drug) via a
cleavable linker led to increased DNA damage in intracranial GBM-6 tumors
and prolonged survival in tumor-bearing mice. Our results show the poten-
tial of BTP-7 for the development of next-generation targeted therapeutics
that could greatly benefit the outcome of patients with advanced brain cancer.

DDIS-27. COMBINED INHIBITION OF NICOTINAMIDE
PHOSPHORIBOSYLTRANSFERASE (NAMPT) AND POLY (ADP-
RIBOSE) POLYMERASE (PARP) IMPAIRS GLIOBLASTOMA CELL
GROWTH

Lee Hwang', Yu-Ting Su?, Michael Vogelbaum?, Mark Gilbert* and
Jing Wu*; 'Cleveland Clinic, Bethesda, MD, USA, 2NOB/CCR/NCI,
Bethesda, MD, USA, 3Department of Neurosurgery, Cleveland Clinic,
Cleveland, OH, USA, “Neuro-Oncology Branch, CCR, NCI, NIH,
Bethesda, MD, USA

BACKGROUND: Glioblastoma is aggressive with poor prognosis. Nic-
otinamide phosphoribosyltransferase (NAMPT) is essential to maintain
nicotinamide adenine dinucleotide metabolism during rapid proliferation
and regulates poly (ADP-ribose) polymerase (PARP), which is crucial for
DNA repair. Targeting both NAMPT and PARP may represent a treatment
strategy in glioblastoma. We hypothesize that the combined inhibition of
NAMPT and PARP can induce synergistic cell death in tumor, while spar-
ing significant cytotoxicity in normal astrocytes. METHODS: NAMPT
expression was determined in a group of six human glioblastoma cell lines
and normal human astrocytes (NHA) by Western blotting. To analyze the
cytotoxic effects of the treatments in tumor and normal cells, U251 and
NHA cells were selected to receive FK866 (NAMPT inhibitor), Olaparib
(PARP inhibitor), or both drugs for 72 hours prior to the cell viability
test. RESULTS: Various levels of NAMPT expression were demonstrated
in a group of glioblastoma cell lines and NHA, where U251 showed the
strongest expression. We demonstrated a significant decrease of cell viability
in U251 cells that were treated with FK866 in a dose-dependent manner.
A 32% reduction of cell viability was demonstrated at a dose as low as
10 nM. However, a 28% reduction of cell viability was found in NHA at
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the EC; concentration for U251 cells. When tumor cells were treated with
a combination of FK866 and Olaparib at their EC, concentrations (28nM
and 406nM), 72% and 50% reductions of cell viability occurred in tumor
cells and NHA, respectively. CONCLUSION: The combined treatment with
FK866 and Olaparib enhances cytotoxicity in glioblastoma cells compared
to the single-agent therapy, representing a promising therapeutic strategy.
However, the toxic effects on NHA are concerning and warrant further
investigations to determine a precise therapeutic window in preclinical mod-
els before the treatment is considered for clinical trials.

DDIS-28. GENE THERAPY WITH oHSV-1 CD/5-FC EXHIBIT
ENHANCED ANTITUMOR EFFICACY IN GLIOMA CELL LINE AND
INTRACRANIAL MURINE GLIOMA MODEL

Fusheng Liu, Sheng Fang, Bo Zhang, Guishan Jin, Ruifang Mi,
Mengmeng Zhang and Junwen Zhang; Brain Tumor Research Center,
Beijing Neurosurgical Institute, Department of Neurosurgery, Beijing
Tiantan Hospital Affiliated to Capital Medical University, Beijing, China

BACKGROUND: Glioblastoma is one of the most common and lethal
types of primary brain tumor. The current standard therapy for GBM consists
of surgical followed by combination of radiotherapy and chemotherapy with
TMZ. However, median survival following surgery, radiotherapy and TMZ
remains dismal. Thus, there is an urgent demand to develop novel, effective
therapies for this malignancy. Oncolytic herpes simplex virus 1 (0HSV-1) was
one of the first genetically-engineered oncolytic virus. After modifications,
oHSV-1 selectively replicated in and killed tumor cells while sparing normal
cells. In our study, oHSV was armed with the suicide gene cytosine deaminase
(CD) and then we test the efficacy of oHSV-CD/5-FC in glioma cell lines and
intracranial murine glioma model. METHODS: First, we performed MTT
assay to inspect the oncolytic activity of oHSV-CD/5-FC in glioma cell lines.
U87-Luc cells were implanted stereotactically into the striatum to generate
intracranial tumors. 18 days after tumor implantation, mice were randomly
divided into groups and intratumorally (IT) injected (same stereotactic coor-
dinates) with oHSV-CD or PBS. 5-FC was administered 3 times intraperi-
toneally (i.p.). Tumour growth was monitored via bioluminescent imaging
using IVIS Spectrum system and magnetic resonance imaging (MRI) once
a week after virus injection. RESULTS: We treated four cell lines and two
primary cultured GBM cells in a 48-hour MTT assay. All cell lines tested
showed sensitivity to oHSV-CD. IC;, ranged from 0.01 (U87 MG) to 0.12
(U251 MG) MOL And together with 5-FC in all cell lines, IC, was lower.
The results manifested that 5-FC can promote the oncolytic efficacy of oHSV-
CD. In U87-Luc tumor model, bioluminescent imaging and MRI results dem-
onstrated majority of injected tumors showed complete regression by treating
with oHSV-CD or oHSV-CD together with 5-FC. Median survival was sig-
nificantly increased compared with vehicle. Taken together, o0HSV-CD/S5-FC
may be a promising therapeutic approach for glioblastoma treatment.

DRUG RESISTANCE

DRES-01. ZEB1-MEDIATED INVASIVE MESENCHYMAL
TRANSITION AT THE SINGLE CELL LEVEL PROMOTES ANTI-
ANGIOGENIC THERAPY RESISTANCE IN GLIOBLASTOMA

Ankush Chandra', Arman Jahangiri?, William Chen?, Garima Yagnik?,
Joseph Garcia?, Alan Nguyen?, Jacob Weiss?, Kayla Wolf?, Jung-

Ming Lin?, Soeren Mueller?, Jonathan Rick?, Aaron Diaz?, Luke Gilbert?,
Sanjay Kumar? and Manish Aghi?; 'Department of Neurological Surgery,
University of California San Francisco, San Francisco, CA, USA, 2University
of California, San Francisco, San Francisco, CA, USA, 3University of
California Berkeley, Berkeley, CA, USA

INTRODUCTION: Bevacizumab responsiveness in glioblastoma is tran-
sient. The time course and upstream regulators of resistance still remain
undefined. There is also conflicting evidence as to whether the resistance
is driven by upregulated VEGF-independent angiogenic pathways or
adaptation to treatment-induced hypoxia involving perivascular inva-
sion. METHODS: We analyzed paired patient specimens before and after
bevacizumab-resistance and two xenograft models of bevacizumab-resist-
ance: (1) a multigenerational model that replicates the lengthy treatment
duration in patients and (2) PDXs replicating patient tumor resistance.
Transcriptional changes were studied using microarray and qPCR. Morpho-
logical changes were assessed by immunostaining; invasion was assessed by
bioengineered 3D models of perivascular vs. parenchymal invasion. Stem cell
enrichment was confirmed by stem cell reformation assays. RESULTS: Des-
pite upregulated VEGF-independent pro-angiogenic genes, immunostaining
revealed increased hypoxia and decreased vessel density in resistant xeno-
grafts and patient specimens, suggesting tumor growth despite effective
bevacizumab-induced devascularization. Microarrays revealed overexpres-
sion of the mesenchymal subtype gene signature across resistant xenograft
generations and in resistant PDXs, replicating patient specimens whose ele-
vated mesenchymal gene signature correlated with bevacizumab treatment
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duration. Single-cell sequencing of bevacizumab-resistant patient specimens
revealed these mesenchymal changes to arise in early cell clones with fewer
mutations. Xenograft and patient specimen microarray analysis implicated
ZEB1, a key mediator of mesenchymal transition and glioma-stemness, as
a potential regulator of this change, with ZEB1 increasing across xenograft
generations (P< 0.001). Late-generation resistant-xenografts revealed lower
form factor (p< 0.001), increased perivascular and parenchymal invasion
in 3D bioengineered models (p< 0.001 and p< 0.05), and larger neuro-
spheres (p= 0.002) with higher stem cell counts (p< 0.001) versus to early-
generations. CRISPR targeting of ZEB1 reversed the morphology, stem cell
neurosphere formation, and mesenchymal gene expression changes defining
resistance to that of bevacizumab-sensitive tumors. CONCLUSION: We
identified ZEB1 as a targetable regulator of the mesenchymal change and
associated perivascular invasion and stem cell enrichment defining bevaci-
zumab resistance.

DRES-02. CILIARY PROTEIN ARL13B PROMOTES
CHEMORESISTANCE BY MODULATE GLIOBLASTOMA PURINE
BIOSYNTHESIS

Jack Shireman', Fatemeh Atashi', Cheol Park?, Louisa Warnke?,

Jason Miska? and Atique Ahmed?; 'Northwestern University, Chicago, IL,
USA, 2Department of Neurosurgery, Northwestern University Feinberg
School of Medicine, Chicago, IL, USA

Glioblastoma (GBM) carries with it an almost 100% recurrence rate
due to development of resistance to all conventional therapies. Our lab has
demonstrated ARL13B, an ADP-ribosylation factor-like protein critical for
cilia formation, plays an important role in promoting resistance to temo-
zolomide (TMZ)-based chemotherapy. Knockdown of ARL13B in patient
derived xenograft cells significantly increased survival of mice in an ortho-
tropic GBM model when compared to controls (p<0.0001).The Cancer
Genome Atlas (TCGA) dataset demonstrates time to recurrence in patients
with downregulated ARL13B is substantially increased as compared to
ARL13B upregulated patients (log-rank p-value=0.0012).To better under-
stand the role of ARL13B in therapeutic adaptation we performed mass
spectrometry analysis of an ARL13B pulldown during TMZ therapy and
identified inosine monophosphate dehydrogenase 2 (IMPDH2), the rate-
limiting enzyme in de-novo guanine nucleotide biosynthesis, as a signifi-
cant binding partner of ARL13B during TMZ chemotherapy (p<0.0001).
Immunoprecipitation analysis across multiple GBM cell lines validated this
interaction and its increase during TMZ therapy. Probing this interaction
further we examined the de novo and salvage purine biosynthesis pathways
using radiolabeled carbon tracing experiments. In ARL13B knockdown
cells, purine salvage pathway usage is upregulated 7-fold (p<0.0001) while
de-novo pathway usage was decreased about 50% (p=0.004) in a TMZ
specific manner. Moreover, ARL13B knockdown GBM cells treated with
TMZ show a robust increase in DNA double-strand breaks compared to
control cells exposed to TMZ, demonstrated by YH2X staining. Based on
these observations, we hypothesize that ARL13B is a novel regulator of
IMPDH?2 allowing GBM cells to block salvage pathway biosynthesis to
avoid TMZ induced DNA damage. However, when ARL13B is lost, GBM
cells are forced into salvage pathway synthesis thus becoming sensitized to
TMZ therapy due to increased incorporation of alkylated purines, a known
function of TMZ.

DRES-03. EGFR-TARGETED THERAPY-INDUCED RESISTANCE
MECHANISM IN MALIGNANT GLIOMAS

Inah Hwang!, Lingxiang Wu?, Dongging Cao?, Baoli Hu*, Jun Yao®,

Yao Yu?, Qianghu Wang®, Hongwu Zheng’ and Jihye Paik'; 'Weill Cornell
Medical College, New York, NY, USA, 2Nanjing Medical University,
Nanjing, China, *Fudan University, Shanghai, China, “University of
Pittsburgh School of Medicine, Pittsburgh, PA, USA, "MD Anderson
Cancer Center, Houston, TX, USA, ®Nanjing Medical University, Houston,
TX, USA, "Cold Spring Harbor Lab, New York, NY, USA

Epidermal growth factor receptor (EGFR) is frequently amplified, mutated
and overexpressed in malignant gliomas. Our investigation of the proximal
and distal responses to EGFR inhibition identified the molecular mecha-
nisms for the therapeutic resistance of EGFR inhibition in gliomas. Onco-
genic EGFRuviii-dependent gliomas initially showed cytotoxic responses
upon removal of oncogenic cue. However, during the initial regression, a
subset of tumor cells with activated mesenchymal subtype gene expression
program emerged by lineage reprogramming which promoted tumor relapse
in the absence of EGFRuviii signaling. This lineage switch is dependent on
YAP1 activation as a response to therapy, and is a key to EGFRviii inde-
pendent tumor growth. YAP signature stratifies overall survival of recur-
rent glioma patients. Inhibition of YAP1 activation suppressed mesenchymal
gene expression and significantly delayed recurrence of gliomas. Our find-
ings provide mechanisms underlying inefficacies of EGFR targeted therapy
in glioblastoma and suggest a new combinatorial targeting of EGFR and
YAP for deeper and more durable responses.
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DRES-04. CHARACTERIZATION OF A MODEL OF
TEMOZOLOMIDE RESISTANCE IN GLIOBLASTOMA

Elizabeth Bering, Alice Yuan, J Cairncross and Michael Blough; University
of Calgary, Calgary, AB, Canada

Despite the discovery and widespread use of the chemotherapeutic drug
temozolomide (TMZ), glioblastoma (GBM) remains a fatal cancer. TMZ,
a DNA alkylating agent, provides a moderate survival benefit to patients
whose tumours do not express the O6-methylguanine-methyltransferase
(MGMT) gene. However, even these TMZ-sensitive GBMs recur and upon
doing so, many are resistant to TMZ. The development of TMZ resistance
is commonly associated with mutations in mismatch repair (MMR) and the
re-expression of MGMT. Upregulation of homologous recombination (HR)
and base excision repair (BER) have also been implicated as mechanisms
of acquired TMZ resistance. To better characterize these mechanisms and
to develop strategies to prevent or overcome resistance, our laboratory has
implemented an in vitro model of inducible resistance in which frequent
exposure to TMZ (100pM) yields multiple resistant colonies in the MGMT-
methylated GBM cell line U251N (Yip et. al). These colonies displayed vary-
ing methods of resistance to TMZ, including those that have been clinically
observed in recurrent, TMZ-treated GBMs. Several colonies harboured
mutations in MMR genes MSH6, MSH2, and MLH1 with low or absent
expression of their respective proteins. In addition, some MMR wild-type
colonies had increased expression of poly-ADP ribose (a polymer required
for the recognition of DNA breaks by the BER machinery), suggesting that
upregulation of BER may be driving resistance. Furthermore, Western Blot
analysis revealed that occasional colonies re-expressed MGMT. Interest-
ingly, a few colonies did not possess these alterations, suggesting that their
resistance may result from further downstream modifications of MMR or
BER, or by mutations in HR. With a more comprehensive characterization
of these U251 colonies, we hope to learn more about TMZ resistance in
GBM, and refine treatments or preventative therapies for molecularly dis-
tinct, TMZ-resistant, recurrent tumours.

DRES-05. MOLECULAR EVOLUTION OF DIFFUSE GLIOMAS AND
THE GLIOMA LONGITUDINAL ANALYSIS CONSORTIUM

Roel Verhaak', GLASS Consortium?, Kenneth Aldape?,

Samirkumar Amin', David Ashley, Jill Barnholtz-Sloan®, Amanda Bates®,
Rameen Beroukhim’, Christoph Bock®, Daniel Brat’, Elizabeth Claus!?,
Joseph Costello'!, John de Groot!?, Gaetano Finocchiaro!3,

Pim French'#, Hui Gan'S, Brent Griffith'®, Christel Herold-

Mende'?, Craig Horbinski'®, Antonio Iavarone'?, Steven Kalkanis?’,
Konstantina Karabatsou?!, Hoon Kim!, Mathilde Kouwenhoven??,

Kerrie McDonald??, Hrvoje Miletic?*, Do-Hyun Nam?’, Ho Keung Ng?,
Simone Niclou?’, Houtan Noushmehr'é, David Ormond?8, Laila Poisson'®,
Guido Reifenberger?’, Federico Roncaroli*?, Jason K. Sa3!, Peter Sillevis Smitt32,
Marion Smits?3, Camila F. Souza'é, Ghazaleh Tabatabai’*, Erwin Van
Meir*, Colin Watts*®, Pieter Wesseling®’, Adelheid Woehrer$, W.K. Alfred
Yung?’, Christine Jungk!”, Eric van Dyck*, Bart A. Westerman*!,

Olajide Abiola*?, Nikolaj Zeps*} and Sean Grimmond**; 'The Jackson
Laboratory for Genomic Medicine, Farmington, CT, USA, 2GLASS
Consortium, NA, WY, USA, *MacFeeters Hamilton Centre for Neuro-
Oncology Research, Toronto, ON, Canada, “Duke University, Durham,
NC, USA, SCase Comprehensive Cancer Center, Case Western Reserve
University School of Medicine, Cleveland, OH, USA, ®National Brain
Tumor Society, Newton, MA, USA, "Dana Farber Cancer Institute,
Harvard Medical School, Boston, MA, USA, ®Research Center for
Molecular Medicine of the Austrian Academy of Sciences, Vienna, Austria,
“Northwestern University, Chicago, IL, USA, '°Brigham and Women’s
Hospital, Boston, MA, USA, "University of California, San Francisco, San
Francisco, CA, USA, "?Department of Neuro-Oncology, The University

of Texas MD Anderson Cancer Center, Houston, TX, USA, *Fondazione
IRCCS Istituto Neurologico C Besta, Milano, Italy, *Dept. of Neurology,
Brain Tumor Center, Erasmus Medical Center, Rotterdam, Netherlands,

15 Austin Hospital, Melbourne, VIC, Australia, '*Henry Ford Health
System, Detroit, MI, USA, "Division of Experimental Neurosurgery,
Department of Neurosurgery, University Hospital Heidelberg, Heidelberg,
Germany, '®Department of Neurological Surgery, Northwestern University
Feinberg School of Medicine, Chicago, IL, USA, '?Columbia University,
New York, NY, USA, 2’Department of Neurosurgery, Henry Ford Health
System, Detroit, MI, USA, 2!Salford Royal Hospital, Greater Manchester,
England, United Kingdom, 2VU University Medical Center/Brain Tumor
Center, Amsterdam, Netherlands, 23University of New South Wales,
Kensington, NSW, Australia, 2*Haukeland University Hospital, Bergen,
Norway, ?*Department of Neurosurgery, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea,
26Prince of Wales Hospital, Shatin, Hong Kong, 2’NorLux Neuro-Oncology
Laboratory, Department of Oncology, Luxembourg Institute of Health,
Luxembourg, Luxembourg, 28University of Colorado School of Medicine,
Aurora, CO, USA, >’Heinrich Heine University Duesseldorf Medical
Faculty, Duesseldorf, Germany, *°University of Manchester, Manchester,
England, United Kingdom, 3'Institute for Refractory Cancer Research,
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Research Institute for Future Medicine, Samsung Medical Center, Seoul
Republic of Korea, 3*Department of Neurology, Erasmus MC, Rotterdam,
Netherlands, 3*Erasmus MC Cancer Institute, Rotterdam, Netherlands,
34Department of Neurology, University Hospital Zurich, Zurich,
Switzerland, 3*Laboratory of Molecular Neuro-Oncology, Departments of
Neurosurgery and Hematology &Medical Oncology, School of Medicine
and Winship Cancer Institute, Emory University, Atlanta, GA, USA,
36Cambridge University Hospitals, Cambridge, England, United Kingdom,
37Dept. of Pathology/Amsterdam Brain Tumor Center, VU University
Medical Center, Amsterdam, Netherlands, *$Institute of Neurology,
Medical University of Vienna, Vienna, Austria, 3’Department of Neuro-
Oncology, University of Texas MD Anderson Cancer Center, Houston,
TX, USA, *Luxembourg Institute of Health, Strassen, Luxembourg,

#“1VU Medical Center, Amsterdam, Netherlands, **Jackson Laboratory

for Genomic Medicine, Farmington, CT, USA, ¥*Monash University and
Epworth Health, Melbourne, VIC, Australia, **University of Melbourne
and Victorian Comprehensive Cancer Centre, Melbourne, VIC, Australia

A comprehensive characterization of the somatic alterations and mo-
lecular subtypes of glioma at diagnosis has been established. However, glio-
mas undergo significant molecular changes over time, some of these causing
malignant progression or associated with therapy. Understanding this mo-
lecular evolution may uncover therapeutic vulnerabilities and facilitate de-
velopment of more effective systemic therapies. The Glioma Longitudinal
Analysis (GLASS) Consortium is an international effort to systemically cata-
logue the longitudinal changes in gliomas through multi-platform character-
ization. GLASS has developed computational and clinical infrastructure to
enable its mission of establishing a well annotated longitudinal molecular
dataset of 1500 gliomas including 500 gliomas per each of the IDHwt/IDH-
mut-non-codel/IDH-mut-codel subtypes. An initial dataset comprising 150
cases with exome sequencing at multiple timepoints has been constructed,
including cases diagnosed as IDHwt (55%), IDH-mut-non-codel (38%) and
IDH-mut-codel (6%). Treatment regimens followed the expected combina-
tions of chemo- and radiation therapy while survival was more favorable
than reported in literature, suggested a bias in our dataset towards better
performing cases. This is possibly explained by the need for two consecu-
tive surgical procedures to be included in the analysis. While more than half
of mutations in IDHwt primary tumors were recovered in their matching
recurrences, this fraction was less than 30% in the other two subtypes. The
disparity in mutations between primary and recurrences may reflect intra-
tumoral heterogeneity in both primary and recurrence, and clonal selection
patterns. We observed temozolomide treatment-associated hypermutation in
up to 13 of our cohort. A more detailed analysis of mutational and DNA
copy number data is underway. A cohort of 75 additional patients with
multi-timepoint exome data is being processed and, through several funded
projects, multi-platform characterization of 250 gliomas is in progress. In
summary, GLASS will provide a rich resource to the glioma community with
the potential for paradigm shifting discoveries.

DRES-06. PREVENTING THE EMERGENCE OF TEMOZOLOMIDE
RESISTANCE IN GLIOBLASTOMA BY PARP-1 INHIBITION

Alice Yuan, Elizabeth Bering, ] Gregory Cairncross and Michael Blough;
University of Calgary, Calgary, AB, Canada

The DNA alkylating agent temozolomide (TMZ) is active against the sub-
set of glioblastomas (GBMs) in which the O6-methylguanine DNA methyl-
transferase (MGMT) gene is silenced by promoter methylation. However,
despite their initial sensitivity, virtually all MGMT-methylated tumors
acquire drug resistance and regrow in patients. Previously, we tested the
hypothesis that inhibiting poly(ADP-ribose) polymerase-1 (PARP-1) might
increase the potency of TMZ in resistant GBMs. Our results showed that
primary cell lines derived from TMZ-resistant GBMs were re-sensitized by
pre-treatment with the PARP-1 inhibitor ABT-888. While PARP-1 inhibitors
may be useful for treating resistant cases, we predict that greater clinical
benefit can be derived from its use in sensitive cases where inhibition may
prevent the emergence of resistant clones. To test this hypothesis, we estab-
lished an in vitro model of inducible resistance in the MGMT-methylated,
TMZ-sensitive U251N GBM cell line. In this model, prolonged treatment of
the U251N line with TMZ resulted in the emergence of resistant colonies
of cells with de novo alterations in DNA repair pathways. Of note, sanger
sequencing and western blot analyses revealed that some resistant colonies
harbored mutations in mismatch repair (MMR) genes MSH2, MSH6 and
MLH1 and have reduced expression of MSH2 and MSH6. These observa-
tions are strikingly similar to the recurrent, TMZ-refractory human disease
where mutations in and downregulated expression of MMR genes are fre-
quently reported. In another set of experiments, co-treatment of the paren-
tal U251N line with TMZ and ABT-888 prevents resistant colonies from
emerging. Moreover, co-treatment causes established resistant colonies to
regress, suggesting that PARP-1 inhibition can target and prune the evolu-
tion of TMZ-resistant populations. In summary, this work has the potential
to show that PARP-1 inhibition may prevent or delay disease progression
and prolong the life of patients who inherently benefit from TMZ therapy.
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DRES-07. DEFINING THE MECHANISMS OF ACQUIRED
RESISTANCE TO TYROSINE KINASE INHIBITORS IN EGFR-
DRIVEN GLIOBLASTOMAS USING INTEGRATED KINOME AND
TRANSCRIPTOME PROFILING

Abigail Shelton', Erin Smithberger!, Madison Butler?, Alex Flores',

Ryan Bash!, Steven Angus?®, Noah Sciaky!, Harshil Dhruv*, Gary Johnson?,
Michael Berens*, Frank Furnari® and Ryan Miller!; 'UNC Chapel Hill,
Chapel Hill, NC, USA, 2NIH, Chapel Hill, NC, USA, 3University of North
Carolina School of Medicine, Department of Pharmacology, Chapel Hill,
NG, USA, *Translational Genomics Research Institute, Phoenix, AZ, USA,
SLudwig Cancer Research, San Diego, CA, USA

Glioblastoma (GBM), the most common and malignant adult primary
brain tumor, has been extensively molecularly characterized. Two muta-
tions occur at particularly high frequency: CDKN2A deletion (50-60%)
and EGFR (40-50%), especially EGFRVIII (~35%) in which exons 2-7 are
deleted and result in constitutive kinase activation. EGFR is the most attract-
ive therapeutic target due to frequent activating mutations and ready avail-
ability of multiple targeted inhibitors. Several EGFR-targeted tyrosine kinase
inhibitors (TKI) have failed clinically, due in part to intrinsic and acquired
resistance. To examine these mechanisms, we are using genetically-engineered
mouse astrocytes harboring homozygous deletions of Cdkn2a, as well as the
activating EGFRVIII mutation (CEv3). To model acquired resistance, CEv3
astrocytes were made intrinsically resistant to the EGFR TKI gefitinib or erlo-
tinib via long-term exposure, both i vitro and in vivo. We found that long-
term gefitinib or erlotinib exposure confers variable levels of cross resistance
to a panel of second- and third-generation EGFR-TKI (AIC; 1.12-36.1-fold),
relative to non-resistant parent lines. We have previously shown that dynamic
kinome reprogramming may be responsible for TKI resistance. Therefore, we
are using a chemical proteomics method, multiplexed inhibitor beads and
mass spectrometry (MIB-MS), to examine changes in the expressed and func-
tional kinome, in both the presence or absence of one of several EGFR-TKI
known to penetrate the blood-brain barrier. Additionally, we are performing
RNA sequencing (RNA-seq) to inspect transcriptomic alterations in response
to these drugs. Preliminary RNA-seq results showed that resistant CEv3
mouse astrocytes clustered separately from their non-resistant in vitro and in
vivo counterparts. Together, data from these experiments will create a frame-
work of transcriptomic and proteomic changes that occur in murine models
of GBM with defined mutational profiles. This framework can then be used
to help define novel therapeutic targets that could significantly alter the cur-
rent treatment paradigm of GBM.

DRES-08. DYNAMIC KINOME PROFILING OF GENETICALLY-
DEFINED, EGFRVIII-DRIVEN MURINE ASTROCYTE MODELS

OF GLIOBLASTOMA REVEALS TARGETS FOR DUAL KINASE
INHIBITOR THERAPY

Erin Smithberger!, Abigail Shelton!, Madison Butler?, Alex Flores',

Ryan Bash!, Steven Angus®, Noah Sciaky!, Harshil Dhruv*, Gary Johnson?,
Michael Berens*, Frank Furnari® and Ryan Miller!; 'University Of North
Carolina, Chapel Hill, NC, USA, 2NIH, Chapel Hill, NC, USA, 3University
of North Carolina School of Medicine, Department of Pharmacology,
Chapel Hill, NC, USA, *Translational Genomics Research Institute,
Phoenix, AZ, USA, *Ludwig Cancer Research, San Diego, CA, USA

Glioblastoma (GBM) has poor survival and lacks effective treatments. Due
to frequent amplification and mutation of epidermal growth factor receptor
(EGFR), several EGFR tyrosine kinase inhibitors have been trialed, but none
have proven successful. One potential reason for failure is acquired resistance,
particularly acute, adaptive responses in the kinome. To study this adaptive
resistance mechanism, we used RNA-seq and multiplex inhibitor bead/mass
spectrometry (MIB-MS) to analyze transcriptomes and kinomes of genetically-
engineered murine astrocytes with genotypes commonly seen in human GBM.
We previously showed that 38% (86 of 228) of the expressed kinome var-
ied among a panel of genetically diverse murine astrocytes harboring Cdkn2a
deletion (C) plus Pten deletion (CP), wild-type human EGFR (CE) or EGFRVIII
(CEv3) overexpression, or both overexpressed EGFRVIII and Pten deletion
(CEv3P). Pairwise genotype comparisons revealed multiple differentially acti-
vated kinases, including Pdgfrb, Fgfr2, Lyn, Ddr1, and several members of the
Ephrin family. We further investigated these potential targets for dual therapy
with EGFR TKI by examining the transcriptional response of our cultured
astrocyte panel at 4, 24, and 48 hours after 3 pM afatinib. Afatinib induced
no kinome changes in C and only 3 kinases (Fn3k, Prkg2, and Syk) were
altered in CP astrocytes. Despite similar baseline gene expression profiles, CE
astrocytes overexpressing wild-type EGFR responded significantly differently
than C astrocytes without. Five kinases (Dclk1, Epha3, Epha7, Fgfr3, and
Prkgl) were induced, while 14 were repressed. Six were similarly repressed in
CEv3 (Bubl, Nek2, Pask, PIk4, Prkcb, and Vrk1). Whereas the kinase tran-
scriptome response was blunted in C, CP, and CE astrocytes, afatinib induced
altered expression of significantly more kinases in CEv3 (82) and CEv3P cells
(49). One particularly attractive target in CEv3 astrocytes was Epha4, which
afatinib induced >40-fold. Dual inhibition of EGFRVIII and Epha4 kinases
may thus provide an opportunity for more effective targeted therapy.
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DRES-09. IN VIVO FUNCTIONAL GENOMICS IDENTIFIES DRIVERS
OF CHEMORESISTANCE IN MEDULLOBLASTOMA

Ana Guerreiro Stiicklin', Livia Garzia?, Patryk Skowron?, Pasqualino De
Antonellis®, Carolina Nor?, Xiaochong Wu* and Michael Taylor’;
'Department of Developmental & Stem Cell Biology and Division of
Haematology/Oncology, The Hospital for Sick Children, Toronto, ON,
Canada, 2RI-MUHC, Cancer Research Program and Dept of Surgery,
Faculty of Medicine, McGill University, Montreal, QC, Canada,
3Department of Developmental & Stem Cell Biology, The Hospital for
Sick Children, Toronto, ON, Canada, *Department of Developmental

& Stem Cell Biology, The Hospital for Sick Children, Toronto, ON,
Canada, Department of Developmental & Stem Cell Biology and
Division of Neurosurgery, Hospital for Sick Children, Toronto, ON,
Canada

Brain tumours are the main cause of cancer-related death during child-
hood and medulloblastoma an aggressive embryonal tumour that arises
in the posterior fossa — is the most common malignant tumour in this age
group. Chemotherapy is a cornerstone of the postsurgical treatment, par-
ticularly in younger children in whom craniospinal irradiation is omitted
due to the devastating side effects in the developing brain. Medulloblas-
toma often progresses or recurs after chemotherapy with a dismal prognosis.
We used the Sleeping Beauty (SB) transposon-driven Ptch+/-/Math1-SB11/
T2Onc sonic hedgehog (SHH) medulloblastoma murine model as a func-
tional genomic tool to perform a genome-wide screen and identify genes and
pathways that promote resistance to chemotherapy. After sub-total resec-
tion of the primary tumours, the mice were treated with repeated cycles of
chemotherapy (cisplatin 5 mg/kg IP once on day 1 followed by cyclophos-
phamide 150 mg/kg IP daily from day 2 — 5) every 2 weeks for up to 3 cycles
and monitored for tumour recurrence. The primary tumours (pre-treatment)
and the tumours and metastasis that regrew after chemotherapy were deep
sequenced to determine the transposon insertion sites. We identified recur-
rence-specific clonally selected insertions that promoted tumour growth
despite therapy, including p53 (recurrently mutated in human tumours at
relapse) and several other genes involved in DNA repair. Using cerebellar
orthotopic models of p53-mutated SHH medulloblastoma, we observed
a significant improvement in survival when the ATM inhibitor AZ32 was
added to the chemotherapy backbone. This provides a rationale for develop-
ing therapeutic approaches targeting DNA repair in combination with con-
ventional chemotherapy to prevent chemoresistance and medulloblastoma
recurrence.

DRES-10. DRD5 IS A MODULATOR OF GLIOMA SUSCEPTIBILITY
TO DRD2 ANTAGONISM BY ONC201

Varun Vijay Prabhu', Neel Madhukar?, Coryandar Gilvary?, C. Leah

B. Kline?, Rohinton Tarapore!, Wafik El-Deiry?, Faye Doherty*,

Alexander VanEngelenburg?, Jessica Durrant*, Cyril Benes®,

Wolfgang Oster!, Olivier Elemento? and Joshua Allen'; 'Oncoceutics Inc,
Philadelphia, PA, USA, 2Weill Cornell Medicine, New York, N, USA, 3Fox
Chase Cancer Center, Philadelphia, PA, USA, “HistoTox Labs, Inc, Boulder,
CO, USA, *Massachusetts General Hospital, Harvard Medical School,
Boston, MA, USA

ONC201 is the first selective antagonist of dopamine receptor D2 (DRD2)
and D3 (DRD3) for clinical oncology that has exhibited preliminary clin-
ical activity in high grade gliomas. We investigated DRD2 dysregulation in
glioma and its role in ONC201 efficacy. Investigating CRISPR screens across
a spectrum of cancer revealed that glioma cell lines had the highest DRD2
gene essentiality scores, indicating that glioma is a tumor type with the
most vulnerability to DRD2 antagonism. Investigation of TCGA revealed
that DRD?2 is highly expressed in glioblastoma relative to other dopamine
receptor family members and is associated with a relatively poor clinical
prognosis. Tissue microarray analysis confirmed DRD2 overexpression in
glioblastoma relative to normal brain. A linear correlation between DRD2
mRNA and ONC201 GI50 was observed among NCI60 glioblastoma cell
lines. Similarly, we found a significant concordance between a cell line’s
sensitivity to ONC201 within the Genomics of Drug Sensitivity in Cancer
(GDSC) panel and its DRD2 gene essentiality score. Next, we ranked the
relative contribution of each dopamine receptor to ONC201 efficacy using
a bioinformatics approach based on a generalized linear model. We found
that the strongest negative contributor was DRD2 — where a negative contri-
bution denotes a decreased IC50 value as expression increases. Interestingly,
DRDS, a D1-like dopamine receptor that counteracts DRD2 signaling, was
measured as having the highest positive score — indicating that low expres-
sion of DRDS was correlated with ONC201 efficacy. DRDS expression was
significantly inversely correlated with ONC201 potency in the NCI60 and
GDSC datasets. Furthermore, a missense DRDS mutation was identified in
tumor cells with acquired resistance to ONC201. Resistance could be reca-
pitulated with overexpression of the mutant or wild-type DRDS gene. In
conclusion, DRD2 dysregulation and DRDS expression predict preclinical
ONC201 glioma sensitivity that may be used to identify additional settings
for clinical evaluation.

NEURO-ONCOLOGY e« NOVEMBER 2018 vi77

20z |4dy g uo 3senb Aq 299151 G/dN/9 |ddns/oz/aj01e/ABojoouo-oinau/wod dnoolwapede//:sdily woly papeojumoq



Abstracts

DRES-11. A SYSTEMS APPROACH FOR DETERMINING THE
MECHANISM OF RESISTANCE TO TUMOR TREATING FIELDS IN
GLIOBLASTOMA

Dongjiang Chen, Nagheme Thomas, Son Le, Changwang Deng, Dan Jin,
Mathew Sebastian, Duy Nguyen, Jie Ren and David Tran; University of
Florida, Gainesville, FL, USA

Glioblastoma (GBM) is the most common and deadliest malignant brain
cancer in adults despite aggressive chemoradiotherapy. Recently, Tumor
Treating Fields (TTFields) were approved in combination with adjuvant
temozolomide chemotherapy for newly diagnosed GBM. The addition of
TTFields resulted in a significant improvement in overall survival. TTFields
are low-intensity alternating electric fields that are thought to disturb mi-
totic macromolecules’ assembly, leading to disrupted chromosomal segrega-
tion and cell death. However, many TTFields responders eventually develop
progression. The mechanism of TTFields resistance remains largely unex-
plored. Understanding how cancer cells gain the ability to circumvent the
biophysical forces of TTFields and their downstream effects will provide
new opportunities to improve therapeutic efficacy of this novel anti-can-
cer treatment. To accomplish these objectives, we have developed several
human GBM cell lines that demonstrated relative resistance to the cytotoxic
effects of TTFields compared to the parental cells. Importantly TTFields-
induced chromosomal instability such as the formation of micronuclei was
unchanged in resistant cells compared to their sensitive counterparts. In con-
trast, TTFields-induced inflammatory response was severely suppressed in
resistant cells, suggesting that resistance to TTFields may be conferred by a
selective loss of the deleterious effects downstream of the biophysical insults.
Importantly, this acquired TTFields resistance phenotype of GBM cells was
associated with a transition to a stem-like state. Using a systems approach
aided by a suite of innovative computational platforms, we methodically
dissected this renewed stemness program in resistant cells to identify master
regulators of the resistance mechanism. Our long-term goal is to develop
targeted therapies that prevent tumor’s resistance to TTFields.

DRES-12. FUNCTIONAL GENETIC APPROACHES TO OVERCOME
TEMOZOLOMIDE RESISTANCE IN GLIOBLASTOMA

Paula Nogales-Gomez, Javier Perales-Patén, Alberto Jimenez-Schuhmacher,
Alvaro Curiel-Garcia, Fatima Al-Shahrour and Massimo Squatrito; Spanish
National Cancer Research Center (CNIO), Madrid, Spain

Glioblastoma (GBM), the highest grade of malignant astrocytomas, is the
most common and lethal primary central nervous system tumour in the adults.
Despite the recent advances in treatment modalities, GBM patients generally
respond poorly to all therapeutic approaches and prognosis remain dismal.
Radiation and chemo-resistance are characteristic of various cancer types,
however it is not clear if this therapy resistance is a consequence of tumour
progression or it is intrinsically associated with the genetic events that lead
to the tumour formation in the first place. Gaining insights into the path-
ways that determine this poor treatment response will be instrumental for
the development of new therapeutic modalities. Alterations of the DNA dam-
age response (DDR) have been associated with therapy resistance, offering
both challenges and opportunities from a treatment prospective. Currently,
a number of laboratories are exploring the possibility of manipulating the
DDR to cause selective tumour cell death through mitotic catastrophe. In
order to identify genes that modulate temozolomide (TMZ) response we have
performed a series of in vitro shRNA screenings, using a customized sSRNA
library against DDR genes and several GBM cell lines with various genetic
makeup (e.g.: MGMT+, MGMT-, MMR-proficient and MMR-deficient). Our
studies allowed to pinpoint both positive and negative regulators of TMZ
sensitivity. Novel approaches to overcome TMZ resistance will be presented.

DRES-13. VEGF BLOCKADE ENHANCES T REGULATORY CELL
FUNCTION BY DYSREGULATING GLUTAMATE TRANSPORT IN
GBM

Yu Long!, Aida Karachi!, Adam Grippin', Haipeng Tao!, Wang Zhang?,
Elias Sayour!, Loic Deleyrolle!, Duane Mitchell', Zhiguo Lin and
Jianping Huang'; 'Preston A. Wells, Jr. Center for Brain Tumor Therapy,
UF Brain Tumor Immunotherapy Program, Department of Neurosurgery,
McKnight Brain Institute, University of Florida, Gainesville, FL, USA,
2The Fourth Section of Department of Neurosurgery, The First Affiliated
Hospital, Harbin Medical University, Harbin, China

In treating patients with cancer, inhibition of the VEGF pathway has been
shown to prolong recurrence-free survival (RFS). However, anti-VEGF ther-
apy has failed to improve overall survival in patients in randomized clinical
trials. To help patients who are undergoing anti-angiogenic treatment, we
attempted to tackle the obstacles of the treatment, using glioma animal
models. In contrast to most literature reports focusing on the immediate
post-treatment effect, we mainly investigated the animals that had failed the
treatment. We found that tumor immunosuppression plays a critical role
in treatment failure. Higher-doses of anti-VEGF treatment resulted in an
over-representation of Tregs in tumor-infiltrating lymphocytes (TILs) and
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elevated expression of checkpoint molecules on TILs. The therapy medi-
ates overexpression of xCT (a glutamate/cystine antiporter), which leads
to excessive glutamate (a neurotoxin) production by glioma cells. The glu-
tamate is responsible for the enhanced Treg suppressive function, which is
signaling through upregulation of glutamate receptor 1(mGluR1) on the
Tregs. Depleting CD25+ T cells prior to anti-VEGF therapy restores T cell
production of IFN-g, enhancing the antitumor response. Collectively, VEGF
blockade exacerbates Treg suppressive function by dysregulating glutamate
antiport, and co-administration of Treg depletion with VEGF blockade can
provide a synergetic antitumor effect for treating GBM.

DRES-14. PROTEIN AGGREGATE FORMATION PREDICTS
CLINICAL RESPONSES TO EGFR TKIs

Pim French'!, Ya Gao', Maurice de Wit2, Darlene Mercieca®, Iris de Heer?,
Martin van Royen’, Joachim Aerts? and Peter Sillevis Smitt®; 'Dept. of
Neurology, Brain Tumor Center, Erasmus Medical Center, Rotterdam,
Netherlands, 2Erasmus MC, Neurology, Rotterdam, Netherlands, >Erasmus
MC, Pulmonary Diseases, Rotterdam, Netherlands, *Erasmus MC Cancer
Institute, Rotterdam, Netherlands, *Erasmus MC, Pathology, Rotterdam,
Netherlands, *Department of Neurology, Erasmus MC, Rotterdam,
Netherlands

BACKGROUND: EGFR tyrosine kinase inhibitors (TKIs) have thus-far
not shown clinical benefit for glioma patients, which is in stark contrast to the
benefit observed for patients with EGFR-mutated pulmonary adenocarcinomas
(PA). We performed functional analysis on various EGFR-mutation constructs
to better understand the differential sensitivity to EGFR TKIs. METH-
ODS: Response to EGFR TKIs was monitored using high-throughput auto-
mated imaging analysis, western blot, immunofluorescence, RT-QPCR, and
immunoprecipitation-mass spectrometry (IP-MS). RESULTS: Addition of TKIs
to cells ectopically expressing EGFR mutation constructs resulted in a rapid and
strong formation of EGFR-protein aggregates. However, aggregates were found
only cells expressing mutations common to PAs (n=3 mutations tested) but not
in mutations common to gliomas (n=4) or those harboring secondary resistance
mutations (n=1). Moreover, aggregates were only observed in TKIs with proven
clinical benefit (erlotinib, gefitinib, dacomitinib or osimertinib) and not with
a drug with no such benefit (lapatinib). We find a high concordance between
the IC50 for viability of 13 cell lines harboring endogenous EGFR mutations
(n=12 different mutations) and the IC50 of mutations to form protein aggre-
gates. Patients harboring mutations that are sensitive to aggregate formation
(IC50 < 500 nM) had significantly longer time to progression (median survival
7.5 vs 13 months, HR 0.25, P=0.012). These data demonstrate that formation
of aggregates predicts response to EGFR TKIs in patients. The aggregates are
formed, predominantly in the nucleus, first by a dephosphorylation of EGFR
after which specific mutations and drugs both affect the (inactive) conformation
state of EGFR. Such a state renders the protein more prone to aggregate for-
mation and subsequent complete inactivation. CONCLUSION: Protein aggre-
gation predicts response to EGFR TKIs. Since these aggregates inactivate all
functions of the protein, the absence of aggregate formation with glioma specific
mutations in EGFR explain why these tumors are insensitive to EGFR TKIs.

DRES-15. GSK3 BETA AND hnRNPA1 (RNA BINDING PROTEIN)
COOPERATES WITH cMyc TRANSCRIPTIONAL REGULATOR,
ANTAGONIZES GSK3 ALPHA UNDER THERAPEUTIC STRESS
Ajay Yadav! and Vidhi Vashistha?; 'Delhi University, Delhi, India,
*University of Delhi, Delhi, India

Oncogenic cooperation activity tends these glioma cells to acquire drug
resistance. Where GSK3 beta isoform cooperates cMyc antagonizes GSK3
alpha isoform. Down regulated expression of GSK3 alpha cooperates elevated
hnRNPA1 expression, evolving glioma development. Occurrence of hnRNPA1
dependent alternative oncogenic variant is one of the resistance mechanism.
Inhibiting GSK3 beta isoform using specific siRNAs is one the approach
rather than to inhibit GSK3 kinase activity, also downregulate hnRNPA1
which is cMyc dependent. Using Chromatin Immuniprecipitation approach
we observed potential differences in between transcriprional regulators of
GSK3 beta and GSK3 alpha isoform. Positive feedback mechanism of alpha
and beta isorform of GSK3 to stabilize cMyc, therefore inhibiting expression
of heterogenous ribonucleor protein family members. Interfering the positive
feed back GSK3 beta- cMyc-GSK3 beta, is major hallmark to catch on cMyc
transcriptional regulator. In another experiment inhibition of PI3 kinase/ AKT
pathway using specific inhibitors elevates GSK3 beta and hnRNPA1 but not
GSK3 alpha, associates with cMyc, indicating potential role of GSK3 beta iso-
form in glioma resistance development. Immunohistochemistry based analysis
shows inverse correlation between GSK3 alpha and hnRNPA1.

DRES-16. HYPOXIC MICROENVIRONMENT DETECTED BY FRP-
170 PET MAY INDUCE THE EXPRESSION OF DRUG RESISTANCE
GENES IN THE PATIENT WITH GLIOBLASTOMA

Tatsuya Abe!, Ikuko Morisaki?, Yasutomo Momii?, Takahiro Fudaba?,
Minoru Fujiki?, Motofumi Kouguchi', Hiroshi Ito!, Tomihiro Wakamiya'
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and Yukiko Nakahara'; 'Saga University, Saga, Japan, 2Oita University,
Oita, Japan

The brain tumor cells can survive regardless of hypoxia and undernutri-
tion. Hypoxia is known to be causes of resistance to radio-chemotherapy,
increased recurrent and poor prognosis. Recent reports demonstrated that
cancer stem cells (CSCs) exist in hypoxic lesion of the tumor. In this study,
we examined the mechanism of drug resistance under hypoxic condition
in vitro and in vivo. Most of brain tumor patients are treated by temozo-
lomide (TMZ) as chemotherapy. The efficiency and resistance of TMZ are
associated with the O°-methylguanine-DNA methyltransferase (MGMT)
gene. In addition, MGMT expression is induced by hypoxia, and regu-
lated by N-myc downstream regulated gene 1 (NDRG1). We investigated
the expression of these genes in glioma cell lines (GCs), glioma stem cells
(GSCs), and clinical specimens detected by molecular hypoxia imaging,
18F-FRP170 PET. Some hypoxic clinical specimens showed the increased
expression of MGMT and NDGR1 genes. However, GBM cell lines and
GSCs showed increased expression of NDRG1 and decreased expression of
MGMT. These data suggest that a hypoxic microenvironment in vivo might
play an important role in molecular and phenotypic profile of tumor cells
including cancer stem cells.

DRES-17. ACTIVATION OF FGF SIGNALING PATHWAY CONFERS
RESISTANCE TO EGFR INHIBITION IN GBM

Gao Guo', Ke Gong!, Jann Sarkaria? and Amyn Habib!; 'University of
Texas Southwestern Medical Center, Dallas, TX, USA, 2Translational
Neuro-Oncology Laboratory, Mayo Clinic, Rochester, MN, USA

Amplification and mutation of the EGFR gene is a signature lesion in
GBM and occurs in 40-50% of GBM patients. However, EGFR inhibi-
tion has been ineffective in the treatment of GBM. Resistance to EGFR
inhibition may be primary or secondary after an initial period of suscep-
tibility suggesting that adaptive mechanisms may mediate resistance to
EGFR inhibition The adaptive response to EGFR inhibition is multifac-
eted. We have recently reported that TNF-JNK-AxI-ERK signaling axis
mediates primary resistance to EGFR inhibition in GBM cells'. We now
report that the FGF (fibroblast growth factor) signaling pathway is acti-
vated by EGFR inhibition in GBM. A number of studies have identified
the FGF signaling pathways as important pro-oncogenic signals in cancer
and in mediating resistance to treatment. Our data indicate that the FGFR
pathway is an additional candidate for mediating the adaptive response to
EGFR inhibition. We find that in glioma cells expressing either EGFRwt or
the mutant EGFRVIII, EGFR inhibition with erlotinib induces FGF1 and
FGF3 expression at both mRNA and protein levels. Additionally, erlotinib
exposure leads to phosphorylation of FGFR1 in multiple GBM cell lines.
Knockdown of FGFR1 sensitized GBM cells to EGFR inhibition. Moreo-
ver, combined treatment of erlotinib and FGFR selective inhibitors such as
Debio-1347 or AZD4547 significantly increased cell death versus in either
drug alone in multiple GBM cell lines. Our findings suggest that combined
EGFR and FGF inhibition could be an effective alternative approach to
treating GBM. 1. Guo G, et al. A TNF-JNK-AxI-ERK signaling axis medi-
ates primary resistance to EGFR inhibition in glioblastoma. Nat Neurosci.
2017;20(8):1074—1084.

DRES-18. SUMO1 AND VALOSIN-CONTAINING PROTEIN
REGULATE RETINOID RECEPTOR PROTEIN TURNOVER-

A PROCESS DISRUPTED IN GLIOBLASTOMA

Virginia Rodriguez, Rolanda Bailey, Mioara Larion and Mark Gilbert;
Neuro-Oncology Branch, CCR, NCI, NIH, Bethesda, MD, USA

BACKGROUND: Resistance to therapeutic use of retinoids in glioblas-
toma (GBM) has been observed for over 20 years; however, the exact
mechanism of resistance remains unknown. To better understand reti-
noic acid resistance in GBM, we studied the turnover mechanism of reti-
noid receptor proteins in normal neural stem cells and glioma stem-like
cells (GSCs). Currently, it is believed that cellular stress induces global
sumoylation of proteins in glioma, yet the precise role of sumoylation
is not fully understood. METHODS: Protein expression and posttrans-
lational modification (PTM) of the endogenous retinoid receptors were
analyzed using Western blots, immunoprecipitations, and siRNA. The
discovery of the novel binding partner of retinoid receptors was achieved
using immunoprecipitation and mass spectrometry. Promoter luciferase
assays were used to measure transcriptional activities. RESULTS AND
CONCLUSIONS: Our studies reveal that sumoylation of retinoid recep-
tors occurs in both normal neural stem cells and GSCs; however, protein
turnover of the receptor is disrupted in glioma. We show that sumoyla-
tion is a PTM required for proteasomal degradation of retinoid recep-
tors. Degradation via the proteasomal pathway is necessary for receptor
protein turnover and transcriptional activity. We also identify that the
valosin-containing protein (VCP/p97/Cdc48) participates in the PTM of
retinoid receptors and impacts the transcriptional activity. The defect in
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glioma occurs after the sumo modification step and results in the accu-
mulation of high molecular weight forms of the receptors that fail to get
degraded. Our findings expand our understanding of the turnover mecha-
nism of nuclear receptors in normal cells. In addition, our findings provide
a mechanism for the retinoic acid resistance in glioma cells that involves
the disruption of protein turnover and decrease in transcriptional activ-
ity. Our studies suggest that the use of combinatory therapies that target
retinoid receptors and induce proteasomal degradation of the receptors to
ensure protein turnover may be a more effective approach.

DRES-19. THE MECHANISMS OF RESISTANCE TO
TEMOZOLOMIDE IN GLIOMA CELLS
Shigeo Ohba and Yuichi Hirose; Fujita Health University, Toyoake, Japan

Glioblastoma is one of the most aggressive tumors in the central nervous
system tumors, with S-year survival rates of less than 10%. The standard
therapy for glioblastomas is maximal safe resection, followed by radiation
therapy and chemotherapy with temozolomide (TMZ). One of the reasons
of the worse prognosis is the acquisition of resistance to TMZ. TMZ is a
DNA-methylating agent, delivering a methyl group to DNA (O6-guanine,
N7-guanine and N3-adenine). The primary cytotoxic lesion, O6-methyl-
guanine, mispairs with thymine, leading to futile DNA mismatch repair
(MMR), formation of double strand breaks and eventual cell death, in the
absence of O6-methylguanine DNA methyltransferase (MGMT). To clarify
the mechanisms of resistance to TMZ and to find the way to overcome the
resistance to TMZ, several clones of TMZ-resistant U251 were obtained and
analyzed. #3 clone showed G2 arrest after TMZ exposure and this arrest
was abrogated sooner compared to parental U251. TMZ did not induce
G2 arrest in #8 clone. The expression of MGMT was not found in U251
parental cells, #3 cells nor #8 cells. The ability of homologous recombina-
tion (HR) was increased in #3 clone, and by suppression of HR, #3 resistant
clone was resensitized to TMZ, however #8 was not. The protein levels of
MSHS6, which was associated with MMR, was reduced in #8 clone. PARP
inhibitor resensitized #8 clone to TMZ, inducing apoptosis. Inhibition of
HR or base excision repair was suggested to be a useful strategy to resensi-
tize TMZ-resistant gliomas with higher HR or with MMR dysfunction to
TMZ, respectively.

DRES-20. THE TNF RECEPTOR FAMILY MEMBER Fn14 IS HIGHLY
EXPRESSED IN RECURRENT GLIOBLASTOMA (GBM) AND

IN GBM PATIENT-DERIVED XENOGRAFTS WITH ACQUIRED
TEMOZOLOMIDE RESISTANCE

David Hersh', Jonathan Heath?, Graeme Woodworth!, Nhan Tran? and
Jeffrey Winkles*; 'Department of Neurosurgery, University of Maryland
School of Medicine, Baltimore, MD, USA, 2Department of Pathology,
University of Maryland School of Medicine, Baltimore, MD, USA,
3Departments of Cancer Biology and Neurosurgery, Mayo Clinic Arizona,
Scottsdale, AZ, USA, *Department of Surgery, University of Maryland
School of Medicine, Baltimore, MD, USA

INTRODUCTION: The current standard-of-care for patients with glio-
blastoma (GBM) consists of maximal safe surgical resection followed by
high-dose radiation and concomitant oral chemotherapy using the DNA-
alkylating agent temozolomide (TMZ). Despite this combination treat-
ment, tumor recurrence is nearly universal. Recurrent GBM tumors tend
to be more aggressive and treatment-resistant than their primary (i.e. newly
diagnosed) counterparts. A better understanding of recurrent GBM biology
would offer new opportunities for tailoring treatments following standard-
of-care chemo-radiation therapy. Our prior work has demonstrated an
important role for the TWEAK receptor Fn14 in GBM patho-biology. In the
current study, we investigated Fn14 expression in recurrent GBM and in the
setting of TMZ resistance. METHODS: Fn14 mRNA expression levels in
non-neoplastic brain, primary GBM, and recurrent GBM (post-chemother-
apy and radiation) specimens were obtained from the TCGA data portal.
Immunohistochemistry was performed using non-neoplastic brain as well
as patient-matched primary and recurrent GBM specimens to examine Fn14
protein levels. Western blot analysis was used to compare Fn14 expression
in parental TMZ-sensitive or matched TMZ-resistant patient-derived xeno-
grafts (PDXs) established from primary or recurrent tumor samples. The
migratory capacity of control and Fn14-depleted TMZ-resistant GBM cells
was assessed using the transwell migration assay. RESULTS: We found that
Fn14 is more highly expressed in recurrent GBM tumors than their matched
primary GBM counterparts. GBM PDX cells with acquired TMZ resistance
have higher Fn14 levels and greater migration capacity than their corre-
sponding parental TMZ-sensitive cells, and the migratory difference is due,
at least in part, to Fnl14 expression in the TMZ-resistant cells. CONCLU-
SIONS: This study demonstrates that the Fn14 gene is highly expressed in
recurrent GBM and TMZ-resistant GBM PDX tumors. These findings sug-
gest that Fn14 may be a valuable therapeutic target or drug delivery portal
for treatment of recurrent GBM patients.
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EPID-01. ASSOCIATIONS OF TIMING OF ADJUVANT THERAPIES,
RADIATION FRACTIONS AND RADIATION DOSES WITH
GLIOBLASTOMA SURVIVAL: A RETROSPECTIVE COHORT
ANALYSIS USING THE NATIONAL CANCER DATABASE AND SEER-
MEDICARE DATABASE

Ping Zhu', Xianglin Du?, Yoshua Esquenazi® and Jay-Jiguang Zhu*; 'The
Vivian L. Smith Department of Neurosurgery, The University of Texas
Health Science Center at Houston McGovern Medical School; Houston,
TX, USA, Epidemiology, Human Genetics and Environmental Sciences,
UTHealth School of Public Health, Houston, TX, USA, *The University of
Texas Health Science Center, Houston, TX, USA, #University of TX Health
Science Center at Houston, McGovern Medical School, Houston, TX, USA

Few studies investigated the association between the timing of initiating
adjuvant therapies and survival in glioblastoma (GBM) patients. A total of
20511 and 4435 eligible GBM patients were derived from the National Can-
cer Database (NCDB) and the Surveillance, Epidemiology and End Results
(SEER) - Medicare dataset, respectively (NCDB: 2005-2014; SEER-Medicare:
2004-2013). Times to starting adjuvant treatment were calculated as the days
from the date of diagnosis to the initiation of adjuvant treatment [radiation
therapy (RT), chemotherapy, or concurrent chemoradiation (CRT)] and cat-
egorized into quartiles (Q1: 0-21; Q2: 22-30; Q3: 31-39; Q4: 240, days).
Kaplan-Meier method and Cox proportional hazards regression were applied
for survival analysis. Multivariate logistic regression was performed to com-
pare differences in treatment patterns, delayed treatment, and secondary out-
comes. The patients underwent biopsy obtained significant survival benefit by
having adjuvant treatment during Q2 and Q3 [NCDB: HR: Q1 (Ref.), Q2:
0.88, Q3: 0.86, Q4: 0.91; SEER-Medicare: Q1 (Ref.), Q2: 0.87, Q3: 0.86, Q4:
0.89]. For the patients with craniotomy, initiation of adjuvant treatment during
Q2 and Q3 had significantly reduced risk of death [NCDB: HR: Q1 (Ref.), Q2:
0.95, Q3: 0.94, Q4: 1.03; SEER-Medicare: Q1 (Ref.), Q2: 0.98, Q3: 0.96, Q4:
1.00]. Furthermore, patients received more RT fractions [comparing to 10-29
fractions, 30-33 fractions: HR: 0.62 (biopsy), 0.62 (resection); >34 fractions:
HR: 0.53 (biopsy), 0.62 (resection)] and higher-dose RT [comparing to 34-46
Gy, 50-60 Gy: HR: 0.91 (biopsy), 0.95 (resection); > 60 Gy: HR: 0.77 (biopsy),
0.88 (resection)] experienced significantly survival benefit in both biopsy and
resection groups. A similar analysis was performed in SEER-Medicare dataset
as validation set and the findings remained consistent. The impact of time to
adjuvant treatment on GBM survival varied by surgery procedures. Having
adjuvant treatment immediately may not guarantee a significant survival ben-
efit. More RT fractions and higher-dose RT are associated with better survival.

EPID-02. EFFECTS OF TREATMENT AND SOCIAL DEMOGRAPHICS
ON ADULT MEDULLOBLASTOMA SURVIVAL

Nikita Pradhan' and David Piccioni?; "UCSD Moores Cancer Center, Rio
Rico, AZ, USA, 2University of California, San Diego, San Diego, CA, USA

BACKGROUND: Medulloblastoma in adults is exceedingly rare, and treat-
ment strategies are largely derived from data in the pediatric medulloblastoma
population. The aim of this study was to evaluate treatment patterns and sur-
vival in adults with medulloblastoma. We performed a retrospective study of the
California Cancer Registry (CCR), to evaluate the effect of treatment variables
and social demographics on survival in adults. METHODS: Treatment and
demographic data were extracted from the CCR for adult patients (18 years and
older) with medulloblastoma. Patients were diagnosed from January 1, 1988
through December 31, 2010. We restricted the data to patients who had com-
plete records for extent of resection, radiation, chemotherapy and demographic
variables. Surgery was dichotomized to Gross Total Resection (GTR) and Sub-
total Resection/Biopsy (STR/B). A total of 292 patients were included. Kaplan
Meier (KM) survival curves were performed for OS. Bivariate and multivariate
analyses were done by cox proportional hazard regression model for all vari-
ables. RESULTS: There were 245 cases of classic adult medulloblastoma, 40
desmoplastic, 6 large cell and 1 medullomyoblastoma. 37% underwent GTR
and 63% had STR/B. 82% received radiation and 42% of the patients under-
went some form of chemotherapy (single agent or multiagent). Median OS
for patients undergoing GTR was not reached, vs 115 months for STR/biopsy
(HR 0.585). Median OS for patients with radiation was significantly associ-
ated with improved OS (211 months vs 56 months, (HR 0.450). There was no
survival advantage for patients who received chemotherapy (155 months with
chemotherapy vs 180 months without, (HR 1.081). Multivariate analysis again
showed GTR and radiation to be significant predictors of OS, but not chemo-
therapy. Marital status and age were significant predictors of OS, but not race
or gender. CONCLUSION: Radiation and GTR were significantly associated
with longer OS. Chemotherapy was not associated with an improvement in OS.

EPID-03. THE MINORITY ADVANTAGE -DISPARITIES IN PRIMARY
BRAIN TUMOR SURVIVAL IN TEXAS STATE 1995-2013

Solomon Ambe!, Olalekan Olanipekun? and Ekokobe Fonkem?; 'Tulane
University Medical School, New Orleans, LA, USA, 2Advocate Illinois
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Masonic Medical Center, Chicago, IL, USA, *Baylor Scott & White - Texas
A&M College of Medicine, Temple, TX, USA

BACKGROUND: This paper examines demographic and geographic dis-
parities in primary brain tumor survival in Texas state, predictors of survival
and hazard ratios and will reflect differences at the local level that would
have otherwise been masked in a national report. IMPACT: Our study reveals
evidence of genetic and environmental basis in primary brain tumor sur-
vival. Insights into specific disparities can guide research especially on poorly
understood entities, health policy implementation and local practice. METH-
ODS: Data was obtained from the Texas cancer registry 1995-2013.event
was death from malignant primary brain tumor and cause specific survival
was used. SAS version 9.3 and SEER*Stat 8.3.2 were used for the analysis.
Kaplan Meier survival estimates with the Log-Rank test was used to compare
the survival rates. The Cox regression proportional hazard model estimated
the hazard ratios. RESULTS: There is significant demographic difference in
survival curves. White males were at greatest hazard of dying from malig-
nant brain tumors. Median survival is least among Non-Hispanic whites:
20 months (95% CI: 19, 21) and greatest among Asian: 92 months (95% CI:
72,142). 5 year survival was White(38.9%), Blacks (44.3%) American Indian/
Alaskan native (55.9%) Asian (56.7%). There is observed inverse relation-
ship between socio-economic status and survival. Other significant predictors
of survival were age, sex and geographic location. CONCLUSION: Ethnic
minorities and lower socio-economic class demonstrated survival advantage.
Non- Hispanic white males have worse survival of primary brain tumors. Sur-
vival curves differed significantly by sex, geographic location and race. Race,
age, sex, geographic location and poverty level significantly predict the hazard
of death reflecting strong genetic and environmental influence.

EPID-04. LEVERAGING GENOMIC DATA TO IDENTIFY RISK
FACTORS FOR CHILDHOOD EPENDYMOMA

Chenan Zhang!, Helen Hansen?, Julio Gonzalez-Maya', Ivan Smirnov',
Joseph Wiemels' and Kyle Walsh?; 'University of California, San Francisco,
San Francisco, CA, USA, *Department of Neurological Surgery, University
of California, San Francisco, San Francisco, CA, USA, *Duke University,
Durham, NC, USA

SNPs identified by previous GWAS can serve as instrumental variables
for exposures of interest using a process known as Mendelian randomiza-
tion. We sought to identify risk factors for childhood ependymoma using a
Mendelian randomization approach. We identified 390 Californian children
born after 1982 and diagnosed with intracranial ependymoma before age
19, and retrieved their archived newborn bloodspots from the state. DNA
from 360 cases and 2176 controls was successfully extracted and genotyped
on the Affymetrix Axiom array which, coupled with whole-genome impu-
tation, yielded 4.5M SNP genotypes per subject. We constructed polygenic
scores of anthropometric traits, telomere length, and immune cell profiles
using SNPs discovered in prior GWAS. Case-control comparisons were
adjusted for ancestry-informative principal components. A polygenic score
for adult height (416 unlinked SNPs) indicated that a 2.5cm increase in pre-
dicted height was associated with a 1.23-fold increased risk of ependymoma
(P=0.041). No associations were observed for birth length, pre-pubertal
height, or head circumference. A polygenic score for inter-individual variation
in telomere length (8 unlinked SNPs) indicated that longer predicted telomere
length increases risk of ependymoma (P=0.037), particularly adolescent-
onset ependymoma (P=7.1x10-). A polygenic score for lymphocyte count
(156 unlinked SNPs) was not associated with ependymoma risk (P=0.14).
However, a one standard deviation increase in the score for myeloid cell
count (191 unlinked SNPs) was associated with a 0.79-fold decreased risk
of ependymoma (P=9.0x10-3). Within the granulocyte lineage, increased neu-
trophil count was associated with decreased risk of ependymoma (OR=0.82,
P=0.027), while neither eosinophil count nor basophil count showed evidence
of association (P=0.22 and 0.99, respectively). Because ependymoma therapy
can affect height attainment, telomere length, and immune parameters, these
exposures are ill-suited for traditional case-control study designs. Using a
Mendelian randomization approach, we observe that genetic predisposition
to taller height, longer telomere length, and decreased circulating myeloid cell
counts may increase risk of ependymoma.

EPID-05. A CASE SERIES OF METASTATIC GLIOBLASTOMA AT
MEMORIAL SLOAN KETTERING CANCER CENTER

Evan Noch!, Sameer Sait> and Alexandra Miller!; 'Department of
Neurology, Memorial Sloan Kettering Cancer Center, New York, NY, USA,
Pediatric Hematology Oncology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Extracranial metastasis of glioma is a rare event during the progression
of this type of brain tumor, often occurring in patients with advanced dis-
ease. Though intracranial glioblastoma continues to carry a poor progno-
sis, extracranial metastasis is a particularly unfavorable factor in survival.
We present a case series of 7 patients at Memorial Sloan Kettering Can-
cer Center from 2003 to 2018 with metastatic extracranial glioblastoma
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or gliosarcoma. 5 patients had glioblastoma, 1 patient had gliosarcoma,
and 1 patient had ganglioglioma that progressed to gliosarcoma. The age of
these patients at diagnosis ranged from 14 to 73, with 6 men and 1 woman
in this group. The median overall survival from initial diagnosis and from
diagnosis of extracranial metastasis was 13.2 (range 9.2-37.6) and 5 (range
1-6) months, respectively. The most common site of extracranial metastatic
disease was bone, with other sites being cervical and thoracic lymph nodes,
liver, lung, and soft tissues. 5 patients had symptoms referable to their site
of extracranial metastasis, with the most common symptoms being pain
and shortness of breath. All patients received initial surgical resection, fol-
lowed by radiation and temozolomide, with subsequent chemotherapeutic
regimens administered that were most appropriate for their individual cases.
1 patient had an Ommaya placed during the course of his illness, 1 patient
had a craniectomy for severe cerebral edema, and 2 other patients had
dural-based disease. These cases demonstrate several potential risk factors
for extracranial metastasis of glioblastoma and gliosarcoma, namely disrup-
tion of normal anatomic barriers during surgical resection, intraventricular
catheter placement, and sarcomatous dedifferentiation. Next steps with this
work include further analysis of the molecular features of extracranial glio-
blastoma metastases with respect to the site of primary disease, which we
anticipate will lead to a better understanding of the molecular mechanisms
of metastasis and may improve treatments for these patients.

EPID-06. RACIAL DISPARITY IN THE SURGICAL MANAGEMENT
OF SKULL BASE CHONDROSARCOMAS: A SURVEILLANCE,
EPIDEMIOLOGY, AND END RESULTS (SEER) ANALYSIS

Sanjay Dhawan', Ali Alattar?, Jiri Bartek?, Jun Ma* and Clark Chen*;
'University of Minnesota, Minneapolis, MN, USA, 2University of
California San Diego School of Medicine, San Diego, CA, USA, Karolinska
Institutet Department of Clinical Neuroscience and Department of
Medicine, Stockholm, Sweden, *University of Minnesota Department of
Neurosurgery, Minneapolis, MN, USA

INTRODUCTION: Surgical resection is a key aspect in the treatment
paradigm for skull-base chondrosarcomas. Here, we examined the practice
patterns in the surgical management of skull base chondrosarcomas using
the Surveillance, Epidemiology, and End Results (SEER) database. METH-
ODS: We identified patients with skull-base chondrosarcomas in the SEER
registry with available information on whether surgery was recommended.
Clinical and demographic variables associated with increased odds of rec-
ommendation against surgery were analyzed using univariable and multi-
variable logistic regression. RESULTS: Of 493 patients with skull-base
chondrosarcoma in SEER, 446 were recommended to undergo surgery
by the treating physician and 38 were not. On univariate analysis, no sig-
nificant differences were noted between these groups in terms of age, sex,
marital status, size of tumor, tumor location, chemotherapy treatment, or
radiation therapy treatment. The odds of recommendation against sur-
gery were significantly higher in African Americans relative to Caucasians
(OR=4.056, p=0.001). In a multivariate logistic regression model, the asso-
ciation between African American race and recommendation against surgery
remained robust (OR 4.28, p=0.01) while the association with median in-
come lost statistical significance (OR=0.966 per $1000 increase in income,
p=0.083). CONCLUSION: This SEER analysis revealed notable racial dis-
parity in terms of surgical recommendation for patients suffering from skull-
base chondrosarcoma. The odds of recommendation against surgery were
significantly higher in African American patients in a multivariate model
that accounted for other available, pertinent variables.

EPID-07. RELATIONSHIP BETWEEN COGNITION, SPEED OF
PRESENTATION AND SEMANTIC VERBAL FLUENCY TEST IN
PATIENTS WITH NEW INTRA-CEREBRAL TUMORS

Karolis Zienius', Paul Brennan?, Yoav Ben-Shlomo?,

Mio Ozawa?, Edna Keeney?, David Weller?, William Hamilton?,

William Hollingworth® and Robin Grant'; 'Edinburgh Centre for
Neuro-Oncology, Edinburgh, Scotland, United Kingdom, 2University of
Edinburgh, Edinburgh, Scotland, United Kingdom, 3University of Bristol,
Bristol, England, United Kingdom, #University of Exeter, Exeter, England,
United Kingdom

Patients with brain tumors often have subtle cognitive change, which may
go unnoticed by patient and family doctor. This may result in delays in diag-
nosis. We studied the relationship between first and subsequent symptoms and
semantic verbal fluency test (SVFT), a quick cognitive screening test. (Normal
median SVFT for 60-79 age range who have 12 years of education = 17 ani-
mals; 10th percentile is 12 animals). Patients with new intrinsic brain tumors
had structured patient interviews to determine first and subsequent symptoms.
Patients were specifically asked about cognition. A cognitive screening test
(SVFT - how many animals can you think of in a minute) was performed
in patients as part of the Addenbrookes Cognitive Exam on admission.
Symptoms were categorized into focal, non-focal, episodic attack or head-
ache. 127 patients with cerebral brain tumors were assessed— glioma (n=94
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HGG=79;LGG=15); metastasis (n= 28); primary CNS lymphoma (n=5). Mean
age, 56.2, (SD 13.1): 55% male. 16 patients presented with a solitary symptom
(episodic (9); focal (4); headache (3); non-focal (0)). As symptoms accumulated
time to diagnosis increased “1 symptom” (med 23 days); “2 symptoms” (med
42 days) “>=3 symptoms” (med 44 days). Mean SVFT was lowest in HGG
(mean 10.9) vs LGG (mean 15.7). Patient awareness of cognitive problems
did not correlate with SVFT score (aware (n=50) mean 11.9 v unaware (n=77)
mean 11.7)) Presentation with an isolated cognitive complaint is uncommon in
cerebral brain tumors. Diagnosis becomes apparent when combined with head-
ache or focal symptoms. Diagnosis becomes easier when multiple symptoms
accumulate, but there are increasing delays. Many patients with headache also
have asymptomatic cognitive problems on SVFT. Where there is a suspicion of
cerebral problem e.g. headache suspicious of cancer, it is insufficient just to ask
patients whether they have cognitive problems. SVFT may be a helpful red flag.

EPID-08. EFFECT OF HEALTH DISPARITIES ON OVERALL
SURVIVAL OF PATIENTS WITH GLIOBLASTOMA

acob Mandel', Michael Youssef', Jooyeon Nam?, Akash Patel!,
Diane Liu?, Jimin Wu?, Georgina Armstrong*, Melissa Bondy' and
John de Groot®; 'Baylor College of Medicine, Houston, TX, USA, 2Rush
Medical College, Chicago, IL, USA, *University of Texas MD Anderson
Cancer Center, Houston, TX, USA, “Department of Medicine, Section of
Epidemiology and Population Sciences, Dan L. Duncan Comprehensive
Cancer Center, Baylor College of Medicine, Houston, TX, USA,
SDepartment of Neuro-Oncology, The University of Texas MD Anderson
Cancer Center, Houston, TX, USA

BACKGROUND: Glioblastoma (GB) is the most common primary
malignant brain tumor in adults. It remains uncertain the potential effects
of health disparities in this patient population. METHODS: We conducted
a retrospective chart review of newly diagnosed GB patients from 2000-
2015 at a free standing dedicated cancer center (MD Anderson Cancer Cen-
ter - MDACC) and a safety net county hospital (Ben Taub General Hospital
- BT) located in Houston, Texas. We obtained demographics, insurance sta-
tus, clinical variables, extent of resection, treatment, and other known prog-
nostic variables (Karnofsky Score — KPS) to evaluate their role on overall
GB survival (OS). RESULTS: We identified 1,073 GB patients consisting of
177 from BT and 896 from MDACC. We found significant differences by
ethnicity, primary language, insurance status, marital status, KPS at diag-
nosis, extent of resection, and percentage of patients receiving standard of
care (SOC) consisting of concurrent chemoradiation followed by adjuvant
temozolomide between the two centers. OS was 1.64 years for MDACC
patients and 1.24 years for BT patients (p<0.0176). Of the 177 BT patients,
40 (23%) had KPS KPS <70 at diagnosis, compared to 6 (0.01%) of the 896
MDACC patients. Only 81 (45.8%) of BT patients received SOC compared
to 577 (64%) of MDACC patients (p<0.0001). However, there was no sig-
nificant difference in OS for patients who received SOC, 1.84 years for
MDACC patients and 1.99 years for BT patients (p<0.4787). Of the 96 BT
patients who did not receive SOC, 29 (30%) had a KPS less than 70 at time
of diagnosis and 77 (80%) did not have insurance. CONCLUSIONS: GB
patients treated at a safety net county hospital had similar OS compared to
a free standing comprehensive cancer center when receiving SOC. County
hospital patients had poorer KPS at diagnosis and were often lacking health
insurance potentially affecting their ability to receive SOC.

EPID-09. THE ROLE OF GENDER PHENOTYPE IN PAEDIATRIC CNS
TUMOUR INCIDENCE AND SURVIVAL

Ryan Mathew!, Sandeep Solanki', Wai Cheong Soon', Josie Hayes?,

Melpo Kapetanstrataki®, Sarah Fleming?, Roger Parslow?, Sue Picton' and
Paul Chumas*; 'Leeds General Infirmary, Leeds, England, United Kingdom,
25t James® Hospital, Leeds, Leeds, England, United Kingdom, *Division

of Epidemiology and Biostatistics, Leeds Institute of Genetics, Health

and Therapeutics (LIGHT), University of Leeds, Leeds, England, United
Kingdom, *University of Leeds & Leeds Teaching Hospitals NHS Trust,
Leeds, England, United Kingdom

INTRODUCTION: The impact of patient gender in germinomas and
medulloblastomas is a well-documented factor influencing incidence and
outcome of these tumours, which may be due to differential suscepti-
bility to tumourogenesis and treatment response between the genders. The
role of gender phenotype in other paediatric CNS tumours is not as dis-
tinct. METHODS: The Surveillance Epidemiology and End Result (SEER)
registry (covering 28% of US patients) between 2000-11 was used to col-
lect age-adjusted incidence and overall survival (OS) rates for common
paediatric (<=19 years) CNS tumours - pilocytic astrocytoma (PA), ana-
plastic astrocytoma (AA), glioblastoma multiforme (GBM), medulloblas-
toma (MB), sPNET, ependymoma (EP), germinoma (G) and pleomorphic
xanthoastrocytoma (PXA). Patients with histologically confirmed, ICD-03
coded, first tumours, were included. Mortality was defined as any cause of
death between 1-60 months of diagnosis. Results were statistically analysed
by Incidence Rate Ratio (IRR), Kaplan-Meier and Log Rank (Cox Propor-
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tional Regression Hazard) Testing (p<0.05). RESULTS: A total of 5712
cases were registered (3169 male, 2543 female). Males exhibited the high-
est incidence of all tumours except PA. Comparing the opposite gender at
the same ages, 1- and S-year OS was better in males aged 3-4 years for
MB, sPNETs, GBM and AA, females aged 0-19 years for MB, females
aged 0-2 years and 15-19 years for AA; S-year OS was better in females
aged 0-2 years with EP; 1-year OS was better in males aged 3-4 year with
AA. CONCLUSION: Population-based registries such as SEER can deliver
credible data and minimise bias. Gender differences in both incidence and
OS for different paediatric CNS tumours provide useful prognostic informa-
tion for clinicians. Further research into possible hormonal and epigenetic
differences may provide targets unique to males or females to tailor therapy.

EPID-10. TUMORS IN THE CAUDA EQUINA: A SEER ANALYSIS OF
TUMOR TYPES AND PREDICTORS OF OUTCOME

Saurav Das', Beatrice Ugiliweneza' and Eric Burton?; 'University of
Louisville, Louisville, KY, USA, ?Division of Neuro-Oncology, Department of
Neurology, University of Louisville School of Medicine, Louisville, KY, USA

BACKGROUND: Cauda equina tumors are histologically diverse. Cauda
equina has a dedicated site code (C72.1) in the International Classification of
Diseases for Oncology (ICD-O3) and is often excluded during analyses of other
primary spinal cord tumors. Therefore, less is known about tumors in this loca-
tion. OBJECTIVE: Using SEER data, we analyzed the demographic features,
tumortypes,treatmentandsurvivalof primarycaudaequinatumors. METHODS:
SEER data from 1997 to 2015 were reviewed for primary cauda equina tumors
(C72.1) excluding the tumors of spinal meninges (C70.1). We describe demo-
graphic characteristics of the cohort, tumor types and compared these with
clinical outcome using univariate analysis. Treatment and survival analysis
was performed using Kaplan-Meier curves. RESULTS: Ninety-two patients
with primary cauda equina tumors met the inclusion criteria. These tumors
comprised ependymoma (73%), glioblastoma (5%), lymphoma (5%), Ewing
sarcoma (3%) and solitary occurrences of neurilemmoma, fibrosarcoma, ger-
minoma, teratoma etc. The median age at diagnosis was 49 years (<1 year and
98 years), 55% were males, predominantly white (87%). Eighty percent of
the patients received surgery. Median follow up time was 102.5 months. Of
the 92 patients, 68 (73%) are still alive. The cause of death is tumor or CNS
related in 58% of the patients. Of the 92 patients, 62 patients (67.4%) survived
more than 5 years and 19 patients (20.7%) died before S years. 11 patients
(12.0%) were censored before 5 years. Using univariate analysis, age at diagno-
sis was independent predictor of increased tumor specific mortality (HR1.03,
CI 1.01-1.06), while non-ependymal tumor type (HR 0.14, CI 0.06- 0.33) and
surgical intervention (HR 0.18, CI 0.08- 0.40) were independent predictors of
improved survival (p<0.001 for each). CONCLUSION: Cauda equina tumors
are predominantly ependymal in origin. Although most patients do well, older
age and lack of surgical intervention are associated with worse survival.

EPID-11. PROGRESSION OF IDH MUTANT GLIOMA AFTER FIRST
RECURRENCE: DEVELOPMENT OF A FEASIBLE CLINICAL TRIAL
ENDPOINT IN THE RECURRENT SETTING

ulie Miller!, Franziska Loebel?, Isabel Arrillaga-Romany', Daniel Mordes?,
Nina Lelic*, Tracy Batchelor!, A. John Iafrate’, Andrew Chi® and
Daniel Cahill®; 'Massachusetts General Hospital, Harvard Medical
School, Boston, MA, USA, 2Department of Neurosurgery, Charité -
University Medicine Berlin, Berlin, Germany, *Department of Pathology,
Massachusetts General Hospital, Boston, MA, USA, “Massachusetts
General Hospital, Boston, MA, USA, *°NYU Langone Health, New York,
NY, USA, ¢Department of Neurosurgery, Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA

BACKGROUND: Isocitrate dehydrogenase (IDH) mutant tumors repre-
sent a distinct subtype among diffuse gliomas, with improved prognosis
compared to grade-matched IDH wild-type tumors. As a basis for clinical
trial design of IDH-targeting drugs, we sought to describe outcomes exclu-
sively within the glioma subgroup defined by IDH1 mutation. METH-
ODS: We retrospectively analyzed 275 IDH mutant glioma patients (48.7%
grade II and 51.3% grade III tumors; 65.5% astrocytic and 34.5% oligo-
dendroglial tumors) treated at our institution. We calculated progression
and survival statistics, including median time to second progression event
following first episode of recurrence, using the method of Kaplan-Meier.
Estimated survival proportions were correlated with molecular, histologic
and clinical factors. RESULTS: During a median follow-up of 6.4 years,
44 deaths (7.6%) and 149 first progression events (54.1%) were observed,
with estimated median PFS of 5.7 years (95% CI 4.7-6.4) and median OS
of 18.7 years (95% CI 12.2 years - not reached). We validated the effect of
grade, molecular diagnosis and treatment paradigms on PFS in our cohort
and found results consistent with existing literature. Following the first epi-
sode of progressive disease, 79 second progression events occurred during
a median follow-up period of 4.1 years. The estimated PFS following first
progressive event (PFS-2nd) is 3.0 years (95% CI 2.1-4.1). CONCLU-
SION: This well-characterized cohort of IDH mutant glioma patients dem-
onstrate progression and survival outcomes reflecting published literature
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and serves as a reasonable historical control population. Notably, the PFS
interval accelerates during disease course, with interval between first to sec-
ond recurrence (3.0 years) shorter than time from diagnosis to first recur-
rence (5.7 years). The novel survival statistic PFS-2nd offers an accurate
and relevant surrogate outcome for the design of clinical trials investigat-
ing experimental drug efficacy at recurrence. These findings highlight that
inappropriate comparison to historical baseline PFS may result in prema-
turely abandoning promising agents.

EPID-12. USING GERMLINE VARIANTS TO PREDICT GLIOMA RISK
AND IDENTIFY GLIOMA SUBTYPE PRE-OPERATIVELY

eanette Eckel-Passow’, Paul Decker!, Matthew Kosel!,
Thomas Kollmeyer?, Annette Molinaro?, Terri Rice?, Alissa Caron',
Kristen Drucker!, Corinne Praska', Melike Pekmezci*, Helen Hansen?,
Lucie McCoy?, Paige Bracci*, Bradley Erickson', Joseph Wiemels®,
John Wiencke?, Melissa Bondy?®, Beatrice Melin”, Terry Burns',

Caterina Giannini', Daniel Lachance!, Margaret Wrensch? and
Robert Jenkins'; '"Mayo Clinic, Rochester, MN, USA, 2Mayo Foundation,
Rochester, MN, USA, *Department of Neurological Surgery, University of
California, San Francisco, San Francisco, CA, USA, *UCSF, San Francisco,
CA, USA, *Department of Preventive Medicine, University of Southern
California, Los Angeles, CA, USA, ®Baylor College of Medicine, Houston,
TX, USA, "Umea Universitet, Umea, Sweden

To date, 25 single nucleotide polymorphisms (SNPs) have been shown to be
associated with overall glioma risk or with risk of specific subtypes of glioma.
We hypothesized that the inclusion of these 25 SNPs with patient age at diag-
nosis and sex could predict risk of glioma as well as predict IDH mutation sta-
tus. Thus, case-control design and multinomial logistic regression were used to
develop models to estimate the risk of glioma development while accounting
for molecular subtypes. Case-case design and logistic regression were used
to develop models to predict IDH mutation status. Each model included all
25 glioma risk SNPs, patient age at diagnosis and sex. A total of 1273 gli-
oma cases and 443 controls from Mayo Clinic were used in the discovery
set, and 852 glioma cases and 231 controls from UCSF were used in the val-
idation set. All samples were genotyped using a custom Illumina OncoArray.
We observed that patients in the highest 5% of the risk score had more than
a 14-fold increased relative risk of developing an IDH-mutant glioma, com-
pared to patients with median risk score. Large differences in lifetime absolute
risk were observed at the extremes of the risk score percentile categories. For
both IDH-mutated 1p/19q non-codeleted glioma and IDH-mutated 1p/19g-
codeleted glioma, the lifetime risk increased from almost null to 2.3% and
almost null to 1.7%, respectively. The SNP-based model that predicted IDH
mutation status had a validation c-index of 0.85. These results suggest that
germline genotyping has the potential to provide a new tool for clinicians for
the initial management of newly-discovered brain lesions. Specifically, given
the low lifetime risk of glioma, SNP-based risk scores should not be useful for
general population screening. However, with further research these risk scores
may be useful in certain clinically-defined high-risk groups.

EPID-13. ANTI-ANGIOGENIC THERAPY FOR HIGH-GRADE
GLIOMA: A META-ANALYSIS

Malaka Ameratunga', Nick Pavlakis?, Helen Wheeler?, Robin Grant?,
John Simes* and Mustafa Khasraw®; '"Monash University, Melbourne, VIC,
Australia, 2Department of Medical Oncology, Royal North Shore Hospital,
St Leonards, Sydney, NSW,, Australia, >Edinburgh Centre for Neuro-
Oncology (ECNO), Western General Hospital, Edinburgh, Edinburgh,
Scotland, United Kingdom, The University of Sydney, Camperdown, NSW,
Australia, *Royal North Shore Hospital, St Leonards, NSW/, Australia

BACKGROUND: We have previously published a Cochrane meta-anal-
ysis of the efficacy of anti-angiogenic therapy (AAT) in high grade glioma
(HGG) in 2014. Since this time, a number of key trials have been pub-
lished. An updated meta-analysis was performed to account for these new
results. METHODS: The primary analysis was to evaluate the pooled over-
all survival (OS) of AAT in HGG and the secondary analysis was to evalu-
ate the pooled progression-free survival (PFS) of AAT in HGG. Subgroup
analyses were performed according to treatment setting and AAT combined
with chemotherapy versus chemotherapy alone. Searches were conducted to
identify randomised controlled trials (RCTs) including CENTRAL, MED-
LINE and Embase to August 2017. Proceedings of oncology conferences and
trial registries were also searched. RESULTS: 11 eligible RCTs were identi-
fied (N=3743). There was no improvement in OS with the addition of AAT
(pooled hazard ratio (HR) of 0.95, 95% confidence interval (CI) 0.88, 1.02;
p=0.16) overall, or in the adjuvant or recurrent settings (HR 0.93, 95% CI
0.86, 1.02; p=0.12 and HR 0.99, 95% CI 0.85-1.16; p = 0.90). Pooled ana-
lysis of OS for AAT with chemotherapy compared to chemotherapy also did
not show an improvement (HR 0.92, 95% CI 0.85-1.00; p=0.05). Pooled
analysis of PFS from ten studies showed improved PFS with AAT (HR 0.73;
95% CI10.68,0.79; p < 0.00001). These improvements in PFS occurred in the
adjuvant (HR 0.75, 95% CI 0.69-0.82; p < 0.00001) and recurrent settings
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(HR 0.64, 95% CI 0.54-0.76; p< 0.00001) and when AAT was combined
with chemotherapy compared to chemotherapy alone (HR 0.72, 95% CI
0.66-0.77; p <0.00001). CONCLUSIONS: The use of anti-angiogenic ther-
apy does not improve survival in newly diagnosed people with GBM, despite
improved progression free survival. There is no evidence of a survival advan-
tage for anti-angiogenic therapy over chemotherapy in recurrent GBM.

EPID-14. ECHOES FROM THE PAST- AN HISTORICAL COHORT
STUDY OF LOW DOSE RADIATION FOR TINEA CAPITIS AND
BRAIN TUMOR INCIDENCE IN ISRAEL

Shlomit Yust Katz', Tali Siegal?, Alexandra Amiel', Eatela Derazne® and
Jeremy Kark?*; 'Davidoff Cancer Center at Rabin Medical Center, Petach-
Tikva, Tel Aviv, Israel, 2Rabin Medical Center, Petach Tikva, Israel, 3Tel
Aviv University, Tel Aviv, Israel, “The Hebrew University of Jerusalem,
Jerusalem, Israel

Tonizing radiation is the only established environmental risk factor for
brain tumors. Treatment with low dose radiation was the standard of care
for treatment of tinea capitis till 1960 and was given in Israel mainly to chil-
dren immigrating to Israel from North Africa and the Middle East between
1948-1960. The aim of this study was to evaluate the influence of treat-
ment with low dose radiation on the epidemiology of brain tumors in Israel.
This study analyzed two cohorts of Jewish men and women who underwent
health examinations at the age of 17 years between 1967 and 1991 and
were followed by linkage to the national cancer registry up to 2012. The first
cohort included 376,336 participants born in 1948-1959 and the second
cohort included 474,923 participants born in 1960-1971. The incidence of
all brain tumors was 541 in the first cohort [crude rate (CR) 5.14] and 629
in the second cohort (CR 4.72). There was a significant decrease in the rate
of meningioma in the second cohort [CR in the second cohort 1.36 expected
CR 1.67 (p=0.041)]. In the first cohort there was important impact to origin-
with higher incidence among those from north Africa and Middle East. This
effect was ablated in the second cohort that included participants who had
not been exposed to radiation treatment. The effect of origin was mainly
evident in the incidence of all brain tumors grouped together (p=0.0003),
meningiomas (p=0.00015) and cranial nerve tumors (p=0.006) and was
strongest among those originating from North Africa. Our study reveals that
treatment with low dose radiation for tinea capitis- appears to have affected
the incidence of meningiomas in the cohort exposed to irradiation and dra-
matically changed the association of ethnicity with brain tumors in Israel, an
effect that disappeared once treatment with low dose radiation was halted.

EPID-15. INCIDENCE PATTERNS OF PRIMARY BRAIN AND OTHER
CENTRAL NERVOUS SYSTEM TUMORS IN APPALACHIA

uinn Ostrom', Haley Gittleman?, Carol Kruchko? and Jill Barnholtz-
Sloan*; 'Department of Medicine, Section of Epidemiology and Population
Sciences, Dan L. Duncan Comprehensive Cancer Center, Baylor College of
Medicine, Houston, TX, USA, 2Central Brain Tumor Registry of the United
States (CBTRUS), Chicago, IL, USA, *Central Brain Tumor Registry of the
United States, Hinsdale, IL, USA, “Case Comprehensive Cancer Center,
Case Western Reserve University School of Medicine, Cleveland, OH, USA

BACKGROUND: The Appalachian region is a large geographic and
economic region in the United States (US), representing 7.69% of the US
population. This region is more rural, whiter, older, and residents are more
likely to be under the poverty line as compared to the rest of the US. Limited
research has been done on primary brain and other CNS tumor epidemi-
ology in this region. In this analysis we characterized their incidence pat-
terns. METHODS: Data from 2006-2015 were obtained the Central Brain
Tumor Registry of the US. Appalachian counties were categorized using the
Appalachia Regional Council scheme. Overall and histology-specific age-
adjusted incidence rates per 100,000 population were generated by region,
sex, race, and age groups. RESULTS: Overall incidence within Appala-
chia was 22.62 per 100,000, which is not significantly different from the
rest of the US (22.77, p=0.1189). Malignant incidence was 5% higher in
Appalachia (7.55/100,000 as compared to 7.23/100,000, p<0.0001), while
non-malignant incidence was 3% lower (15.07/100,000 as compared to
15.51/100,000, p<0.0001). The largest differences in histology-specific inci-
dence were in oligodendroglioma, where non-Appalachian incidence was
24% higher (p<0.0001), and hemangioma, where Appalachian incidence
was 20% higher (p<0.0001). Among Blacks, incidence of both malignant
and non-malignant tumors was 8% lower in Appalachia as compared to
the rest of the US (p<0.0001). Incidence was also lower in White Hispanics,
where malignant incidence was 19% lower, and non-malignant incidence
was 30% lower (p<0.0001). CONCLUSION: Evaluating place-based
health disparities is critical to understanding population variation in inci-
dence. Appalachian counties have increased malignant and decreased non-
malignant brain tumor incidence as compared to the rest of the US. Incidence
of non-malignant tumors was lower among all racial/ethnic groups, with the
largest differences in Blacks and White Hispanics. These differences may be
attributable to access to health care.
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EPID-16. CONSIDERATIONS FOR A SURGICAL RCT IN LOW-GRADE
GLIOMAS: A SURVEY

Alireza Mansouri' and Michael Cusimano?; 'Johns Hopkins University,
Baltimore, MD, USA, ?University of Toronto, Toronto, ON, Canada

BACKGROUND: The management of diffuse low grade gliomas (LGGs)
has seen a paradigmatic shift favoring maximal safe surgical resection (MSR).
While this approach is not based on randomized-controlled trials (RCTs), the
extent of evidence from observational data has prompted arguments against
equipoise in LGG management, thus suggesting an RCT comparing MSR with
other surgical options unethical. OBJECTIVE: To explore opinions within the
SNO neuro-oncology community regarding feasibility, ethics, and endpoints
for a putative RCT comparing MSR with other management options. METH-
ODS: A survey of 19 questions was developed on the Qualtrics® platform
and distributed to the SNO members on a one-time basis. RESULTS: Among
128 participants, 111 (87%) were consultants. The majority were neuro-
oncologists (70, 55%), followed by neurosurgeons (41, 32%), and radiation
oncologists (7, 6%). Thirty-five of 111 (32%) thought there was equipoise in
LGG management. An RCT was thought to be ethical in 56/116 (48%) and
potentially feasible in 66/108 (61%). Potential willingness to participate in
an RCT was expressed by 73/108 (68%). There were no correlation between
sub-specialty and any of the responses. The ideal patient for randomiza-
tion was thought to be age < 40 years with minimal neurological symptoms
presenting with a small (0-3cm) non-enhancing lesion in an eloquent/deep
location. The ideal endpoint selected by most 39/97, 40% was the combin-
ation of overall survival and quality of life. CONCLUSION: The majority of
respondents ruled out equipoise. However, LGGs are heterogeneous and an
RCT may be needed to define the ideal management approach in a specific
subset of this population. Quality of life and other patient-centered param-
eters must be incorporated as primary endpoints, alongside survival. Due to
anticipated challenges such as a small sample size, heterogeneous management
approaches, and a protracted clinical course, careful consideration of feasibil-
ity and a large-scale, multi-center approach would be necessary.

EPID-17. PRIMARY LYMPHOMA OF THE CENTRAL NERVOUS
SYSTEM. CLINICAL AND THERAPEUTIC EXPERIENCE

Enrique Gomez-Figueroa', Michele Breda-Yepes', Gerardo Arellano-Flores?
and Alberto Gonzalez-Aguilar?; 'Instituto Nacional de Neurologia y
Neurocirugia Manuel Velasco Suarez, Mexico City, Mexico, 2Universidad
Nacional Autonoma de Mexico, Mexico City, Mexico

BACKGROUND: Primary lymphoma of the central nervous system
(PCNSL) is a non-Hodgkin lymphoma variety representing 4-5% of intra-
cranial tumors and 5% of all lymphomas. It originates in the encephalon,
eyes, leptomeninges and spinal cord without evidence of lymphomatoid
activity at the systemic level; the subtype of lymphoma is mostly type B
cells. MATERIAL AND METHODS: A descriptive study was carried out
on patients diagnosed with PCNSL who were treated in 3rd level centers in
Mexico between the years 1980-2016. We included patients with scrutiny
for the search for systemic lymphoma. The results were analyzed by simple
frequencies and in the case of disease free time (DFT) and Global survival
(GS) was analyzed by Kaplan Meier curves and the differences between curves
by Log Rank. RESULTS: In a total of 215 cases only 74 cases had PCNSL.
45% were women and 55% were men. 36.7% were over 60 years old. All the
patients were HIV negative. The most frequent clinical manifestations were
motor deficit (60%) and cognitive alterations (52%). The majority of patients
received some form of chemotherapy (89%). The treatment was mostly based
on Metrotexate at High doses. The DFT was: Palliative 2 months, Chemother-
apy alone 16 months, Radiation therapy alone 27 months and Radiochemo-
theraphy 35 months. Of the patients receiving chemotherapy alone, 7 patients
received CHOP, 7 patients MTX, TMZ and Cytarabine (META protocol), 21
patients only MTX, and 9 as a combination of MTX and cytarabine, with the
META protocol having the longest survival. The only significant factor for
radiological response and clinical prognosis was the combined use of radio-
chemotherapy (p = 0.044). CONCLUSION: Lymphoma represents a tumor
pathology with a high clinical radiological response to treatment, although the
response is not durable. Its early identification and multidisciplinary manage-
ment is fundamental for the best outcome in these patients.

EPID-18. MALIGNANT PRIMARY BRAIN AND OTHER CENTRAL
NERVOUS SYSTEM TUMOURS DIAGNOSED AMONG THE
CANADIAN POPULATION FROM 2009 TO 2013

Emily Walker and Faith Davis; University of Alberta, Edmonton, AB,
Canada

The Canadian Brain Tumour Registry (CBTR) project was established with
the aim of enhancing infrastructure for surveillance and clinical research to
improve health outcomes for brain tumour patients in Canada. We present
a national surveillance report on malignant primary brain and central ner-
vous system (CNS) tumours diagnosed in the Canadian population from
2009-2013. Patients were identified through the Canadian Cancer Registry
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(CCR); an administrative dataset that includes cancer incidence data from all
provinces/territories in Canada. Cancer diagnoses are coded using the ICD-O3
system. Tumour types were classified by site and histology using The Central
Brain Tumour Registry of the United States definitions. Incidence rates (IR)
and 95% confidence intervals (CI) were calculated per 100,000 persons and
standardized to the 2011 census population age distribution. Overall, 12,115
malignant brain and CNS tumours were diagnosed in the Canadian population
from 2009-2013 (IR:8.43; 95%CI:8.28,8.58). Of these, 6,845 were diagnosed
among males (IR:9.72; 95%CI:9.49,9.95) and 5,270 among females (IR:7.20;
95%ClI:7.00,7.39). The most common histology overall was glioblastoma
(n=5,830; IR:4.06; 95%CI:3.95,4.16). Among those aged 0-19 years, 1,130
malignant brain and CNS tumours were diagnosed from 2009-2013 (IR:3.36;
95%Cl:3.16,3.56). Of these, 625 were diagnosed among males (IR:3.32;
95%CI:3.34,3.92) and 505 among females (IR:3.08; 95%CI:2.81,3.36). The
most common histology among the paediatric population was pilocytic astro-
cytoma (n=2435; IR:0.73; 95%CI:0.64,0.83). The presentation will include: IRs
by histologies, the geographic distribution of cases, an analysis of incidence
trends over time for major histological groups and a discussion of progress in
obtaining surveillance information on nonmalignant tumours.

EPID-19. BRAINSTEM OBESITY IN PEDIATRIC GANGLIOGLIOMA
Pournima Navalkele', Miguel Guzman? and Philippe Mercier’; 'Cardinal
Glennon Children’s Hospital; Department of Pediatrics, Saint Louis
University, Saint Louis, MO, USA, 2Cardinal Glennon Children’s Hospital;
Department of Pathology, Saint Louis University, Saint Louis, MO, USA,
3Cardinal Glennon Children’s Hospital; Department of Neurosurgery, Saint
Louis University, Saint Louis, MO, USA

INTRODUCTION: Hypothalamic obesity is a well-known entity. Here we
present, a case of a pediatric patient with brainstem ganglioglioma who devel-
oped rapid-onset obesity, along with relevant literature review. RESULTS: A
3-year-old girl presented with progressive head tilt, ophthalmoplegia, ataxia
and slurry speech. MRI brain revealed locally expansile, enhancing tumor
involving brainstem. MR tractography revealed tumor infiltrating corti-
cospinal tracts. Tumor biopsy confirmed ganglioglioma WHO grade I, BRAF
v600E mutated. The patient was started on a targeted chemotherapy of BRAF
inhibitor vemurafenib. Body mass index (BMI) was way above 99 percentile
for age with familial obesity and peri-operative use of dexamethasone con-
tributing to it. Review of the growth chart dating back to a year before diag-
nosis revealed that the patient’s weight had exponentially increased from 32
to 52 pounds (95 to above 99 percentile for age), coinciding with the patient’s
progressive neurological symptoms. Endocrine workup to investigate obesity
did not reveal pituitary or hypothalamic dysfunction. The patient has shown
a sustained clinical and radiographic response to chemotherapy 6 months
post-diagnosis. Despite adherence to dietary recommendations, the patient’s
weight continues to increase (60 pounds). CONCLUSION: In our patient,
obesity appears to be primarily related to the brainstem tumor causing per-
manent disruption of circuits running between the brainstem and hypothal-
amus. DISCUSSION: Studies have shown that brainstem neuronal circuits
(involving the nucleus of solitary tract) are sensitive to short-term energy
regulation and that the central melanocortin pathway connecting neurons in
brainstem and hypothalamus plays a role in regulating body weight. An adult
patient with brainstem cavernoma was reported to have postoperative hyper-
phagia and progressive obesity possibly from injury to the hypothalamic cir-
cuits connecting brainstem to the hypothalamus. Further clinical research is
warranted to validate brainstem obesity as a clinically significant entity.

EPID-20. THE SURVIVAL BENEFIT OF VALPROIC ACID IN
GLIOBLASTOMA TRENDS AWAY FROM SIGNIFICANCE WITH
NEWER STUDIES: A SYSTEMATIC REVIEW AND META-ANALYSIS
Victor Lu', Pavlos Texakalidis> and Kerrie McDonald'; 'University Of
New South Wales, Sydney, NSW, Australia, ?2Emory University, Atlanta, GA,
USA

BACKGROUND: Glioblastoma (GBM) is a dismal disease that presents
often with seizure. The use of anti-epileptic medication valproic acid (VPA)
has been suggested to provide survival benefit. This study aims to quantify
the survival benefit of VPA in GBM on overall survival (OS) and determine
if a trend in reported effect over time exists. METHODS: Searches of 7 elec-
tronic databases from inception to April 2018 were conducted following
PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Anal-
yses) guidelines. There were 1498 articles identified for screening. Prognos-
tic hazard ratios (HRs) derived from multivariate regression analysis were
extracted and analyzed using meta-analysis of proportions and linear regres-
sion. RESULTS: Seven observational studies reporting prognostic HRs satis-
fied selection criteria. They described 3631 primary GBM diagnoses, with
603 (17%) receiving VPA in their treatment. VPA was shown to confer a
statistically significant OS advantage the pooled cohort (HR, 0.709; 95% CI,
0.551-0.914; 1?=60.1%; p=0.008) without specific bias concerns. However,
this survival advantage trended towards null significance in newer studies
(effect coefficient, 1.151; p=0.023). CONCLUSIONS: The current literature
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suggests that VPA confers a significant, prognostic OS advantage in GBM
independent of other prognostic factors. This may be through a variety of
possible biological mechanisms and clinical consequences. However, newer
studies are significantly trending away from such a positive association,
towards null significance. Larger, prospective randomized controlled studies
are needed to validate if VPA itself provides true OS benefit in GBM patients.

EPID-21. PREDIAGNOSTIC PRESENTATIONS OF GLIOMA IN
PRIMARY CARE: A CASE-CONTROL STUDY

Marthe Peeters', Linda Dirven', Margot de Waal?, Mattijs Numans? and
Martin Taphoorn'; 'Department of Neurology, Leiden University Medical
Center, Leiden, Netherlands, 2Department of Public health and Primary
Care, Leiden University Medical Center, Leiden, Netherlands

BACKGROUND: Little is known about symptoms and signs of glioma
patients in the year(s) before diagnosis. This study aimed to assess the preva-
lence of clinical symptoms glioma patients may present with to the general
practitioner (GP) in the five years prior to diagnosis, and whether these
can be distinguished from patients with (1) other central nervous system
(CNS) disorders or (2) any other condition. METHODS: Glioma patients
were matched to controls based on age, sex and diagnosis date, using
anonymized GP registries. Prevalences of nine prediagnostic symptoms (sei-
zures, headaches, motor impairments, cognitive/mental impairments, visual
disorders, mood disorders/fear, general symptoms, sensory complaints and
metabolic/endocrine symptoms) were evaluated in the five years prior to
diagnosis, and divided into three time periods: 60-24 months, 24—-6 months
and <6 months. RESULT: Thirty-six glioma patients were matched with 72
control patients. In total, 2491 (range 0-102) visits to the GP were ana-
lyzed. There were no significant differences between groups in the number
of visits over 5 years (711 versus 989 versus 791 in glioma, CNS and other
patients respectively; p=0.381), or in each of the three time periods (data
not shown). The prevalence of motor symptoms in the period 60-24 months
was significantly higher in the CNS patients as opposed to the other groups
(4 versus 0 in both groups; both p=0.039). Moreover, <6 months prior to
diagnosis CNS patients differed significantly in mood disorders/fear com-
pared to other controls (8 versus 0, p=0.012), but not glioma patients ver-
sus CNS patients (5 versus 8, p=0.816) or glioma versus other patients
(p=0.221). CONCLUSION: In this sample, glioma patients could not be
distinguished from CNS or ‘other’ control patients with respect to the num-
ber of GP visits before diagnosis or prediagnostic symptoms. Nevertheless,
when mood disorders occur, all CNS disorders should be considered by the
GP, including glioma.

EPID-22. RACIAL AND ETHNIC DIFFERENCES IN ADULT GLIOMA
INCIDENCE AND SURVIVAL IN THE UNITED STATES

uinn Ostrom!, David Cote?, Mustafa Ascha?, Carol Kruchko* and
Jill Barnholtz-Sloan’; 'Department of Medicine, Section of Epidemiology
and Population Sciences, Dan L. Duncan Comprehensive Cancer Center,
Baylor College of Medicine, Houston, TX, USA, 2Channing Division of
Network Medicine and Computational Neurosciences Outcomes Center,
Brigham and Women’s Hospital, Boston, MA, Boston, MA, USA, 3Center
for Clinical Investigation, Case Western Reserve University School of
Medicine, Cleveland, OH, USA, #Central Brain Tumor Registry of the
United States, Hinsdale, IL, USA, SCase Comprehensive Cancer Center,
Case Western Reserve University School of Medicine, Cleveland, OH, USA

BACKGROUND: Glioma is the most commonly occurring malignant
brain tumor in the United States (US), and incidence and survival varies
by age, sex, and race/ethnicity. The goal of this analysis was to estimate the
racial and ethnic differences in glioma incidence and survival by histologic
subtype. METHODS: Data were obtained from the Central Brain Tumor
Registry of the US (incidence data from ~99.9% of the US), and the Sur-
veillance, Epidemiology and End Results program (survival data for ~28%
of the US). Histology-specific age-adjusted incidence rates were generated
by race, Hispanic ethnicity, sex, and age groups. Histology-specific relative
survival rates were generated by race, Hispanic ethnicity, treatment type,
insurance status, and age. RESULTS: Overall incidence of glioblastoma,
non-glioblastoma astrocytoma, and oligodendroglial tumors were higher
among White non-Hispanic (WNH) individuals than among any other
group. Most tumors were more common in males than in females across
all race/ethnic groups. The majority of tumors occurred in those aged 40+
years, with differences in incidence by race/ethnicity appearing in all three
age groups. Survival after diagnosis was similar among non-WNH individu-
als, but was lower among WNH individuals for glioblastoma, irrespective
of treatment. Survival after diagnosis with glioblastoma among those that
receive chemo-radiation remains higher in non-WNH groups after adjust-
ment for age and extent of resection. CONCLUSION: US. Incidence and
survival patterns of most glioma histologies varied significantly by race/eth-
nicity, with WNHSs having higher incidence and lower survival compared to
individuals of other racial and ethnic groups. Further examination is neces-
sary in order to determine the factors contributing to these differences.
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EXPERIMENTAL THERAPEUTICS

EXTH-01. MODELING THE SAFETY OF TOPICAL AGENTS FOR
SKIN TOXICITY ASSOCIATED WITH TUMOR TREATING FIELDS
THERAPY IN GLIOBLASTOMA

Mario Lacouture', Hadas Hershkovich?, Moshe Giladi?, Zeev Bomzon?,
Eilon Kirson?, Uri Weinberg?® and Yoram Plati*; !Memorial Sloan-Kettering
Cancer Center, New York, NY, USA, 2Novocure Ltd, Haifa, Israel,
3Novocure GmBH, Root, Luzern, Switzerland

Tumor Treating Fields are low intensity, intermediate frequency, alternating
electric fields that are approved for the treatment of patients with glioblast-
oma (GBM). TTFields are applied continuously using a set of four transducer
arrays placed on the skin. The main TTFields-related adverse event is mild-
moderate dermatitis occurring under the arrays, which is primarily caused
by long-term exposure to irritants and may be exacerbated by local hyper-
hidrosis and occlusion. Strategies that mitigate skin irritation may improve
patients’ quality of life and compliance with TTFields. Four product groups
(antiperspirants, moisturizing creams, antibiotics, and skin barriers) have been
anecdotally reported to alleviate factors related to TTFields-related skin irri-
tation. Nonetheless, not all of the aforementioned products are compatible
with TTFields as some may increase electrical impedance, which may lead to
increased temperatures beneath the arrays. This study investigated the effect
of applying 40 commercially available skin care products on electrical imped-
ance during TTFields application, using a rat model. In these experiments,
200 kHz TTFields were applied using ceramic disks and hydrogels identical
to those used with human arrays. Changes in impedance caused by applying
each product on the rat skin were measured using the Optune device and an
LCR meter system. The review identified a set of skin care products from all
4 groups that did not lead to a significant change in the impedance. Prelim-
inary tests in the clinical setting with these products were promising in a few
patient case studies. These results suggest that local application of TTFields-
compatible skin care products could maintain normal electrical resistance of
the scalp-array interface, thereby allowing optimal delivery of TTFields to the
brain. These products should be prospectively investigated for their potential
role in minimizing TTFields—related skin irritation.

EXTH-02. DUAL DRUG MODIFIED NANOVESICLES FOR
ENHANCING THE THERAPEUTIC EFFICACY OF DOXORUBICIN
TOWARDS GLIOBLASTOMA AND MPNST

A.B. Madhankumar, Oliver Mrowczynski, Robert Maurer, Becky Slagle-
Webb, Elias Rizk, Brad Zacharia and James Connor; Penn State University,
Hershey, PA, USA

Doxorubicin is a topoisomerase II inhibitor demonstrated to be effective in
several cancers including malignant peripheral nerve sheath tumors (MPNST)
and glioblastoma in cell culture, but at higher dose causes adverse effects like
cardiotoxicity in patients. This minimizes the therapeutic dosage of doxorubi-
cin administered for such cancers. To overcome this issue we have developed
novel lipid based nanovesicles carrying doxorubicin with certain chemo-
sensitizing agents like farnesyl thiosalicylic acid (FTS), a Ras inhibitor and
dexrazoxane (DEX) in the lipid bilayer component of the nanovesicles using
a microfluidic encapsulation method. FTS modified nanovesicles with doxo-
rubicin in the core demonstrated an enhanced cytotoxic potential in glioma
cells and neurofibromatosis type-1 associated MPNST cells (NF-1 MPNST).
To determine the in vivo therapeutic efficacy, U87-Luc subcutaneous tumor
bearing mice were injected twice weekly with 4mg/kg body weight dose of
FTS-LIP-DOX or LIP-DOX (n=8) for 6 weeks. After 6 weeks of treatment,
the median tumor volume in the control group reached 3212 mm? and that
of LIP-DOX and FTS-LIP-DOX reached a mean volume of 111 mm? and
64.4 mm?® respectively. In a second formulation, doxorubicin was combined
with dexrazoxane (DEX), a metal chelator and topoisomerase inhibitor in a
liposome formulation. In our pilot study in vivo investigation we treated mice
with DOX-DEX-liposomes(n=3) or DOX-liposomes (n=2) at a dose of 7 mg/
kg body weight with respect to doxorubicin, twice weekly for 5 weeks in a
MPNST mouse model. In the first 3 weeks, a slower tumor progression in the
DOX-DEX liposomes group was observed compared to DOX-liposomes for-
mulation, beyond which the tumor progression in both groups approached
each other. We didn’t observe any adverse effect based on serum chemistry ana-
lysis. This novel therapy provides an opportunity for doxorubicin dose escal-
ation in MPNST mouse model with improved therapeutic efficacy.

EXTH-03. LOCAL ONCOLYTIC ADENOVIRUS TREATMENT
AFFECTS BOTH THE INNATE AND ADAPTIVE ARMS OF THE
IMMUNE SYSTEM AND PROVIDES AN AVENUE FOR ENHANCING
IMMUNOTHERAPIES FOR GBM

Martine Lamfers', Zineb Belcaid', Wouter van den Bossche!, Anne Kleijn',
Cor Berrevoets?, Cor Lamers?, Charlotte Teunissen?, David Noske*,
Michael Lim?, Stefan Sleijfer®, Reno Debets®, Jacques van Dongen” and
Clemens Dirven'; 'Dept. of Neurosurgery, Brain Tumor Center, Erasmus
Medical Center, Rotterdam, Netherlands, 2Dept. of Medical Oncology,
Erasmus Cancer Institute, Rotterdam, Netherlands, *Dept of Clinical
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Chemistry, VU Medical Center, Amsterdam, Netherlands, *“Department of
Neurosurgery, VU University Medical Center, Amsterdam, Noord-Holland,
Netherlands, *Johns Hopkins Hospital, Baltimore, MD, USA, ®Department
of Medical Oncology, Erasmus MC Cancer Institute, Rotterdam,
Netherlands, "Department of Immunology Erasmus Medical Center,
Leiden, Netherlands

The oncolytic adenovirus (OV) Delta24-RGD, also known as DNX-
2401, is currently under clinical investigation for GBM. We studied multiple
components of the immune system in response to local treatment with this
agent using both in vitro and in vivo models and patient-derived materials.
METHODS: C57BL/6 mice bearing orthotopic GL261 tumors were treated
with Delta24-RGD virus. Tumors were analyzed for cytokine levels, influx of
immune cells, and Tcell expression of a panel of co-signaling molecules by
flowcytometry. Combination virotherapy with checkpoint inhibitors was tested
in vitro and in vivo. Effects of Delta24-RGD infection on tumor macrophages
was studied in co-cultures of human monocyte-derived macrophages ana-
lyzed for immunophenotype and cytokine secretion. CSF from Delta24-RGD-
treated patients was analyzed for immune cell infiltrates and cytokine levels.
Tumor macrophages in resected material from one patient were immunophe-
notyped. RESULTS: Analysis of OV-treated GL261 tumors revealed a rapid
increase in inflammatory cytokines followed by an influx of macrophages,
CD4+ and CD8+ Tecells. Analysis of co-signaling molecules on intratumoral
Tecells revealed marked changes in ICOS and PD-1 expression. Ex vivo func-
tional assays identified PD-1 blocking antibodies as an effective enhancer
of OV-mediated anti-tumor immunity, which was confirmed in vivo. Mac-
rophages co-cultured with OV-infected GBM cells displayed a shift from M2
to M1 phenotype and pro-inflammatory cytokine production. This shift was
dependent on the presence of large secreted molecules from OV-infected tumor
cells. CSF from Delta24-RGD-treated GBM patients contained increased lev-
els of all Tcell subsets and cytokine levels indicative of a pro-inflammatory
microenvironment. Macrophages in resected tumor from one patient showed
significantly greater M1 characteristics than from control GBM tissue. CON-
CLUSION: Together, these in vitro, in vivo and patient studies contribute to
our understanding of the complex interactions that occur between the tumor
and the different arms of the immune system in local oncolytic virus treatment.

EXTH-04. TARGETING CD97 BY NOVEL FUSION PROTEIN DAF-FC
INHIBITS GBM INVASION AND INDUCES ANTIBODY DEPENDENT
CELLULAR CYTOTOXICITY

Alan Nguyen', Michael Safaee!, Ankush Chandra?, Keith Wycoff! and
Manish Aghi'; 'University of California San Francisco, San Francisco, CA,
USA, 2Department of Neurological Surgery, University of California San
Francisco, San Francisco, CA, USA

INTRODUCTION: The poor prognosis of GBM reflects its capacity to
supplement proliferative programs with pro-tumoral interactions with the
microenvironment, including invasion and immunosuppression. There is a
need to simultaneously target these processes, as they can be temporally,
mutually exclusive phenotypes toggling back and forth. We have shown
CD97 to be upregulated in GBM and capable of mediating each of these
pro-tumoral functions in GBM by binding three ligands: decay accelerating
factor (DAF/CDS5), chondroitin sulfate, and integrins. To validate CD97
as a therapeutic target in glioblastoma, we partnered with an industry col-
laborator to produce a DAF-Fc fusion protein in a plant expression system
combining DAF with IgG1 Fc to block CD97. METHODS: CD97 was tar-
geted with siRNA or DAF-Fc. Scratch and matrigel invasion assays were
used to assess migration and invasion, respectively. Antibody dependent
cellular cytotoxicity (ADCC) assays used NK-92 human natural killer cells
as effector cells and GBM or peripheral blood mononuclear cells (PBMCs)
as target cells. Intracranial implantation of glioblastoma cells into athymic
mice was followed by DAF-Fc or IgG treatment, with IgG1-Fc detected by
immunohistochemistry. RESULTS: CD97 expression was elevated in GBM
cells versus astrocytes and lymphocytes, and CD97 knockdown by siRNA
reduced migration and invasion by 65-75% (p<0.01). Treatment of human
and mouse GBM cells with human and mouse DAF-Fc inhibited migration
and invasion by 60-80% (p<0.001). There was increased ADCC against
GBM cells with increased DAF-Fc concentration and effector to target ratio
(p<0.001), but negligible PBMC toxicity at the highest DAF-Fc dose. System-
ically delivered DAF-Fc crossed the blood-brain barrier in orthotopic GBM
models with specific tumoral uptake compared to normal brain. CONCLU-
SIONS: Our results validate DAF-as a GBM therapeutic with negligible
off-target effects against normal astrocytes or PBMCs. Further preclinical
evaluation in invasive murine models ahead of a phase I trial is underway.

EXTH-05. MicroRNA-138 SUPPRESSES GLIOBLASTOMA
PROLIFERATION AND SENSITIZES CHEMOTHERAPY THROUGH
FOCAL ADHESION KINASE INACTIVATION

Margaret Yeh, Ji Young Yoo, Balveen Kaur and Tae Jin Lee; Department
of Neurosurgery, University of Texas Health Science Center at Houston,
Houston, TX, USA
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Glioblastoma is one of the most deadly cancers and limited to only a
few therapeutic options that are available in clinical settings, mainly due to
the resistance to many chemotherapies. MicroRNAs are increasingly impli-
cated in the tumor survival from chemotherapies, which may lead to a better
therapeutic option by overcoming the resistance. Here, we found that miR-
138 is significantly downregulated in human glioblastoma patient tissues
compared to normal brain tissues. MiR-138 has been known to play as a
tumor suppressor in many types of cancer, which may imply that miR-138
can benefit in the development of anti-glioblastoma therapy. Global prote-
omic analysis revealed that ectopic expression of miR-138 in patient derived
glioblastoma primary cells suppressed FAK pathway, which has been known
to be highly activated in many cancers including glioblastoma. FAK inacti-
vation by miR-138 resulted inhibition of glioblastoma cell proliferation in
vitro and improved tumor free survival in vivo. We also found that miR-
138 induced FAK inhibition sensitizes glioblastoma cells to tyrosine kinase
inhibitors, such as Imatinib. The studies are indicative of the clinical benefit
of miR-138 based therapy of primary and even recurrent glioblastoma.

EXTH-06. CD38-TARGETED THERAPY IN GLIOBLASTOMA
Sonikpreet Aulakh, Alak Manna, Paula Schiapparelli, Sikander Ailawadhi,
Aneel Paulus, Steven Rosenfeld, Alfredo Quinones-Hinojosa and

Asher Chanan-Khan; Mayo Clinic Jacksonville, Jacksonville, FL, USA

BACKGROUND: Glioblastoma (GBM) remains a malignancy with a
dismal prognosis in spite of current optimal management, including max-
imal resection, radiation therapy, and alkylating chemotherapy. Relapse is
inevitable with the paucity of further effective therapies. The development
of novel targeted therapeutics is of prime importance. One such target is
CD38, a transmembrane glycoprotein, partakes in receptor-mediated ad-
hesion and cell signaling. It is expressed on GBM microglia/macrophages
microenvironment. Iz vivo studies have shown decreased tumor growth
and increased survival in CD38 genetic knockout mice, as well as with the
use of K-rhein. Daratumumab (DARA) is an FDA-approved IgG1 kappa
human monoclonal antibody, with the ability to penetrate blood brain
barrier, that upon binding to CD38-bearing tumor cells lead to apoptosis,
immune-mediated cell death and downregulation of the immunosuppres-
sive environment. Hence, we wished to see if DARA could enhance efficacy
of GBM directed therapies. METHODS: We used flow cytometric analysis
to identify CD38 expression on human GBM cells. MTS viability assay is
used to detect IC50 of DARA. In addition, Annexin V/PI dual staining is
used to detect apoptosis. Further, antibody-dependent cell mediated cyto-
toxicity (ADCC) and complement mediated cytotoxicity (CDC) assays are
used. Additionally, evaluated the effect of DARA on cytotoxicT-cell prolifer-
ation. RESULTS: Our in vitro data shows that 9% of human GBM cells ex-
press CD38 with 250 MFL IC50 of DARA+DMSO was 150pg/ml vs 75pug/
ml with DARA+ temozolomide (TMZ). MTS assay revealed apoptosis after
treatment with DARA+TMZ (44.25 + 1.05%)> DARA (36.33 = 0.87%)
>TMZ (26.59 = 0.93%, p<0.05) in comparison with control(C, 5.359%).
% specific lysis via ADCC assay: TMZ+DARA (56.74 = 2.84%) > DARA
(35.30 = 4.12%) > TMZ (20.57 = 4.89%), vs C (4.30 = 1.74%). % spe-
cific lysis via CDC with DARA (70.28 = 9.28%) > TMZ (44.49 + 0.72%,
p<0.05), vs C (7.07 = 0.72). Cytotoxic CD8+ T-cell proliferation was
induced with DARA (59.29%) >TMZ (40.47%) > TMZ+DARA (45.82%),
vs C (1.43%). CONCLUSIONS: Hence, CD38 is a potential target in GBM
that if targeted with DARA +/- TMZ will generate direct anti-GBM effect as
well as modulate the tumor microenvironment.

EXTH-07. DESIGN AND EVALUATION OF WP1122, AN INHIBITOR
OF GLYCOLYSIS WITH INCREASED CNS UPTAKE.

Waldemar Priebe, Rafal Zielinski, Izabela Fokt, Edward Felix,

Venugopal Radjendirane, Jayakumar Arumugam, Matthew Tai Khuong,
Maciej Krasinski and Stanislaw Skora; Department of Experimental
Therapeutics, The University of Texas MD Anderson Cancer Center,
Houston, TX, USA

Glioblastoma (GBM), an aggressive primary brain tumor, relies on
anaerobic glycolysis to produce energy. A known inhibitor of glycolysis,
2-deoxy-D-glucose (2-DG) has been clinically tested but its poor drug-like
characteristics limited its practical application for cancer treatment. To
overcome this problem, we have performed latentiation of 2-DG. Chemical
modification of biologically active 2-DG led to the formation of prodrugs
with improved pharmacokinetic and pharmacodynamic properties and
subsequently to selection of the lead compound WP1122 (3,6-di-O-acetyl-
2-deoxy-D-glucose). Unlike 2-DG, its prodrug WP1222 enters cells and
cross blood-brain barrier by passive diffusion rather than by specific glucose
transporter, then undergoes deacetylation by esterases and is trapped inside
the cell after phosphorylation at C-6 hydroxyl group. 6-phospho-2-deoxy
glucose acts as a competitive inhibitor of hexokinase (HK) blocking phos-
phorylation of D-glucose and subsequently inhibiting glycolytic pathway.
Our in vitro experiments confirmed inhibition of glycolysis in U87 cells and
high sensitivity of broad spectrum of cancer cells to WP1122 both in hyp-
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oxic and normoxic conditions (IC;, range from 1-10 mM). In vivo stud-
ies showed that WP1122 is well tolerated by animals even with prolonged
exposure and extend survival of mice in orthotopic U87 GBM model. Initial
pharmacokinetic experiments demonstrated rapid uptake of WP1122 after
oral administration allowing to achieve two orders of magnitude higher max-
imum concentration of 2-DG in plasma, compared to animals treated with an
equal molar dose of pure 2-DG. We also observed significantly higher levels
of 2-DG in brains of mice treated with WP1122 than in mice receiving equal
dose of 2-DG. In summary, WP1122 is a biologically effective prodrug of
2-DG with a good toxicity profile and promising pharmacokinetic character-
istics that warrants detail preclinical and clinical development as a potential
therapeutic agent for glioblastomas and other highly glycolytic tumors.

EXTH-08. MESENCHYMAL GLIOBLASTOMA CONSTITUTES

A MAJOR ceRNA SIGNATURE IN THE TGF-PATHWAY

Qixue Wang!, Yunfei Wang?, Chuan Fang?3, Yanli Tan* and

Chunsheng Kang?; 'Tianjin Medical University, Tianjin, China, >Tianjin
Medical University General Hospital, Tianjin, China, *Department of
Neurosurgery, Hebei University Affiliated Hospital, Baoding, Hebei, China,
“Department of Pathology, Medical College of Hebei University, Baoding,
Hebei, China

ceRNA networks play important roles in post-transcriptional regulation.
Their dysregulation is common in cancer. However, ceRNA signatures are
barely examined for mesenchymal glioblastoma characteristic of invasive
and aggressive phenotypes. Here, we investigated the mRNAs in ceRNA
networks (micNET) of glioblastoma by constructing a GBM ceRNA net-
work, followed by being integrated with STRING protein interaction net-
work. We report that six micNETs (TGFBR2, RUNX1, PPARG, ACSLI1,
GIT2 and RAP1B) signify mesenchymal GBM across multiple datasets.
Patients with highly expressed micNET markers have poor response to
TMZ chemotherapy. Mechanistically, the ceRNA interaction were identified
between micNETs and miR181s family members. The inhibitor of TGFBR2,
LY2109761, demonstrated tumor-suppressive effect on both primary cul-
tured cell and PDX intracranial model. Thereby, the micNETs provide a
promising translational significance in diagnosis of mesenchymal GBM as
well as novel therapeutic targets. In conclusion, our study revealed that the
ceRNA signature of mesenchymal glioblastoma was enriched in the TGF-f
pathway and characterized this subtype in the mRNA-miRNA dimension.
We identified that key micNETs signatures could be used to diagnose mes-
enchymal GBM and discovered that the TGF-f3 pathway is a potential thera-
peutic target for mesenchymal glioblastoma.

EXTH-09. DIANHYDROGALACTITOL (VAL-083) HAS THE
POTENTIAL TO OVERCOME MAJOR CHALLENGES IN THE
TREATMENT OF DIFFUSE INTRINSIC PONTINE GLIOMA (DIPG)
Anne Steino', BeiBei Zhai?, Xiaodong Yang?, Cassie Kline?, Jeffrey Bacha',
Dennis Brown*, Mads Daugaard? and Sabine Mueller’; 'DelMar
Pharmaceuticals, Inc, Vancouver, BC, Canada, 2University of British
Columbia, Vancouver, BC, Canada, University of California, San
Francisco, San Francisco, CA, USA, “DelMar Pharmaceuticals, Inc, San
Francisco, CA, USA, *Department of Neurology, University of California,
San Francisco, San Francisco, CA, USA

OBJECTIVE: VAL-083 is a structurally unique bi-functional DNA tar-
geting agent that readily crosses the blood-brain barrier and accumulates
in brain tumor tissue. Herein we assess the activity of VAL-083 as single
agent as well as in combination regimens including Weel Kinase inhibi-
tor AZD1775 and radiation therapy in patient derived model systems
of DIPG. METHODS: DIPG derived cell lines SF8628 and NEM157
(H3.3K27) as well as SF10693 (H3.1K27M) and pediatric glioblastoma cell
lines SF188 (H3.3K27 wildtype) were treated with increasing concentra-
tions of single agent VAL-083 as well as in combination with AZD1775
and radiation therapy. To determine potential synergistic activity, we applied
the Chou-Talalay method, which allows the quantitative determination of
drug interactions by calculating a combination index (CI). In vivo activ-
ity of VAL-083 as single agent as well as in combination with AZD1775
was assessed in an orthotopic engraftment model of pediatric DIPG
(SF8628). RESULTS: The IC;, of VAL-083 ranged from 2.1uM to 19.7uM.
The combination of VAL-083 and AZD1775 showed synergistic activity in
all tested cell lines with CI ranging from 0.405 to 2.066 with < 1 indicating
synergy whereas VAL-083 combined with radiation therapy led to only addi-
tive effects. Initial in vivo study showed that combined treatment with VAL-
083 and AZD1775 conferred greater survival benefit to mice with engrafted
DIPG tumors compared to control as well as single agent treatment. Day 49
after therapy initiation shows: Control: 2/10; AZD1775: 4/10; VAL083 7/10
and VAL-083+AZD1775: 11/11 mice alive. CONCLUSION: Our present
study highlights that the combination of VAL-083 and AZD1775 might be a
promising new therapeutic strategy for children with DIPG. Ongoing stud-
ies will continue to assess the in vivo activity as well explore the underlying
mechanism of action of the combination strategy.
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EXTH-10. A VERSATILE AND MODULAR TARGETED
NANOPARTICLE PLATFORM FOR DELIVERY OF COMBINATION
THERAPIES TO ADULT AND PEDIATRIC CNS TUMORS

Fred Lam!, Stephen Morton!, Jeffrey Wyckoff!, Tu-Lan Vu Han',

Mun Hwang', Amanda Maffa!, Elena Balkanska-Sinclair?, Michael Yaffe',
Scott Floyd? and Paula Hammond'; 'Koch Institute for Integrative Cancer
Research at MIT, Cambridge, MA, USA, ?Duke University School of
Medicine, Durham, NC, USA

Effective treatment of CNS tumors is limited by the presence of the
blood-brain barrier (BBB) and rapid resistance to single agent therapies. To
address these issues, we developed nanoparticles (NPs) that can be func-
tionalized with ligands, such as transferrin (Tf-NPs), for delivery across
the BBB to deliver multiple cargo to CNS tumors. In vitro uptake studies
in U87MG and GL261 GBM cell lines demonstrate increased intracellular
uptake of Tf-NPs compared to non-functionalized NPs in a time-depend-
ent manner. Using intravital imaging through a cranial window, we show
the ability of Tf-NPs to traverse the intact BBB in non-tumor bearing mice
as well as achieve direct and durable tumor binding in intracranial ortho-
topic models of U87MG and GL261 GBM. Treatment of tumor-bearing
mice with Tf-NPs loaded with temozolomide (TMZ) and the bromodo-
main inhibitor JQ1 leads to superior therapeutic effects with increased
DNA damage and apoptosis that correlates with a 1.5- to 2-fold decrease
in tumor burden and corresponding increase in survival compared to mice
treated with drugs packaged in non-functionalized NPs or mice treated
with equivalent free-drug dosing. Inmunocompetent mice treated with Tf-
NP-loaded drugs also show relative protection from the effects of systemic
drug toxicity due to TMZ and JQ1. Preliminary intravital imaging further
shows the ability of our NPs to target pediatric tumors such as medul-
loblastoma, demonstrating the preclinical potential of this nanoscale plat-
form to deliver novel combination therapies to adult and pediatric CNS
tumors.

EXTH-11. GLIOBLASTOMA STEM CELL GROWTH DEPENDENCE
ON NUTRIENTS: MORE THAN BASAL METABOLIC ACTIVITIES
Chen Zhang!, Jie Ding!, Kang Jin Jeong?, Soon Young Park!,

Shaofang Wu!, Xiaolong Li', Feng Gao', W.K. Alfred Yung' and

Dimpy Koul'; 'Department of Neuro-Oncology, University of Texas MD
Anderson Cancer Center, Houston, TX, USA, 2Department of Systems
Biology, University of Texas MD Anderson Cancer Center, Houston, TX,
USA

Deregulated uptake of glucose and amino acids is one of the hallmarks of
cancer metabolism. Clinical trials and numerous drugs have been designed
to target cancer cell metabolism, however, the effect on cell growth inhib-
ition and how tumor cell metabolism couples with cell growth remain
unclear. In this study, we report the glioblastoma stem cells (GSCs) growth
dependence on nutrients (glucose, amino acid, and fatty acid) and oxy-
gen. We show that the basal metabolic activities are unable to reflect the
extent of proliferation inhibition by metabolic inhibitors. 2-DG (20mM)
downregulated extracellular acidification rate (ECAR) more effectively in
GSCs with higher glycolytic activity (Pearson r=0.71, p=0.08), the basal
glycolytic activity, however, was not significantly correlated with glycolysis
inhibitor (2-Deoxy-D-glucose, 2-DG) sensitivity (Pearson r=0.35, p=0.44),
indicating basal glycolytic activity cannot predict GSC response to glycoly-
sis inhibitor. Similarly, basal oxidative phosphorylation (OXPHOS) activ-
ity also failed to predict GSC responses to OXPHOS inhibition. Although
GSCs showed the consistent susceptibility against oligomycin (complex V
inhibitor) and hypoxia (Pearson r=0.61, p=0.15), there is no significant
correlation between basal oxygen consumption rate (OCR) and oligomy-
cin/hypoxia-induced proliferation inhibition. Thus, both basal glycolytic
and basal OXPHOS activities were unable to explain their roles in GSC
growth. Studies are underway to investigate the effect of fatty acid and
amino acid on tumor growth. As drugs targeting cancer metabolic processes
always show dose-limiting toxicity, our study will focus on identifying new
“druggable” targets according to GSC nutrient dependences and develop-
ing specific therapeutic strategy for GBM populations with certain nutrient
dependence.

EXTH-12. EFFECT OF THE PROTEIN ARGININE
METHYLTRANSFERASE PRMTS5 INHIBITION IN GLIOMA STEM-
LIKE CELLS

Sandeep Mittal!, Vikram Shaw', Yuji Piao!, Soon Young Park’, Sai Sriram',
Jianwen Dong!, Emmanuel Martinez-Ledesma', Verlene Henry',
Ravesanker Ezhilarasan?, Erik Sulman?, Veerakumar Balasubramaniyan'
and John de Groot'; 'Department of Neuro-Oncology, The University

of Texas MD Anderson Cancer Center, Houston, TX, USA, 2Division of
Radiation Oncology, The University of Texas MD Anderson Cancer Center,
Houston, TX, USA, 3University of Texas MD Anderson Cancer Center,
Houston, TX, USA

Abstracts

Protein arginine methyltransferases (PRMTs) have gained significant sci-
entific attention due to their ability to regulate various biological functions
including epigenetic regulation, cell differentiation, signal transduction and
most importantly their dysregulation in human disease including cancer.
Among various cancers, Glioblastoma is the most aggressive primary malig-
nant brain tumor with few effective therapies. Currently, in glioblastoma
therapy, the high expression level of Protein arginine methyltransferase 5
(PRMTS) has been reported as a therapeutic target which represses the tran-
scription of a target gene via forming symmetric dimethylarginine (SDMA)
residues. By using a panel of molecularly distinct glioma stem like cells
(GSCs) we investigated the effect of PRMTS5 inhibitor GSK591 on cell via-
bility. Furthermore, genomic, proteomic (reverse protein lysate array, RPPA),
methylation status and GSC subtype were correlated with GSK591 IC to
find predictors of drug sensitivity. Western blotting data showed high expres-
sion of PRMTS and multiple bands of SDMAs in most GSCs tested (n=31)
irrespective of molecular subtype, indicating PRMTS enzymatic activity in
GSC cell lines. However, there is only a small subset of 4 GSC lines (13%)
as showed complete inhibition of SDMA expression at low doses (< 1.5 pM)
in dose- and time-dependent fashion after GSK591 treatment. The sensitivity
of GSK591 correlated with low methylation of multiple genes pre-treatment,
including MAGI2, EGR2, and DUSP16. In addition, up-regulated genes in
sensitive GSCs correlated with proliferation signatures using gene set enrich-
ment analyses (GSEA). Including this, we also found the upregulation of
senescence marker along with activation of autophagy genes (Beclin-1 and
Akt) in GSCs sensitive to GSK591. Tight regulation of Akt-mTOR pathway
enables cancer cells to survive in harsh conditions via activation of autophagy
signaling. Currently, we are investigating the role of PRMTS in tumor growth
through the concomitant regulation of autophagy signaling in GSCs.

EXTH-13. REDUCTION OF TUMOR BURDEN AND HEARING LOSS
‘WITH A MULTIPLE RECEPTOR TYROSINE KINASE INHIBITOR
BRIGATINIB IN A GENETICALLY ENGINEERED MOUSE MODEL
OF NEUROFIBROMATOSIS TYPE 2

Abbi Smith, Waylan Bessler, Li Jiang, Xiaohong Li, Qingbo Lu, Jin Yuan,
Yongzheng He, Andi Masters, David Jones, Charles Yates and D.

Wade Clapp; Indiana University, Indianapolis, IN, USA

Neurofibromatosis Type 2 (NF2) is an autosomal dominant genetic dis-
order caused by germline mutations in the tumor suppressor gene NF2, which
encodes the protein Merlin. Patients with NF2 may develop bilateral vestibular
schwannomas, which cause hearing impairment, and schwannomas in other
regions of the nervous system. Due to the nature and location of the tumors,
there is high morbidity and mortality associated with NF2, and no known
effective chemotherapeutic intervention. A high-throughput in vitro cell via-
bility screen revealed an Anaplastic Lymphoma Kinase (ALK) inhibitor as a
top contender for selective inhibition of Nf2-deficient murine Schwann cells.
Brigatinib (Alunbrig®) is a small molecule multiple receptor tyrosine kinase
inhibitor that is FDA-approved for ALK-positive metastatic non-small cell lung
cancer. Therefore, we hypothesized that brigatinib would prevent tumorigen-
esis in our genetically engineered mouse model of NF2 (Nf2; Postn-Cre+).
50mg/kg Brigatinib was administered to Nf2%; Postn-Cre+ mice by oral gavage
daily for 12 weeks. Pharmacokinetic analyses paired with immunohistochemis-
try showed brigatinib is orally bioavailable, and treatment resulted in a thera-
peutically relevant concentration of brigatinib in the plasma (c = 4.8pM;
t,.. = 4hrs), which was sufficient to induce a biological response in the dorsal
root ganglia (DRG) schwannomas. The volume of DRG in brigatinib-treated
mice was 55% less than vehicle-treated mice. Additionally, brigatinib-treated
mice did not have significant progression of hearing loss at the end of treat-
ment, whereas vehicle-treated mice had a statistically significant 7.4dB increase
in ABR threshold. Finally, histopathological assessment of DRG shows that bri-
gatinib treatment prevented the progressive morphological disruption observed
in the vehicle-treated mice. These data provide evidence that brigatinib targets
may play a significant role in Merlin-deficient schwannomagenesis, and impli-
cate brigatinib as a promising therapeutic intervention of NF2.

EXTH-14. REPURPOSING OF APPROVED DRUGS FOR THE
TREATMENT OF GLIOMA STEM CELLS

Sang Lee, Becky Slagle-Webb, Brad Zacharia and James Connor; Penn
State University, Hershey, PA, USA

Glioblastoma (GBM) is the most common and malignant primary brain
tumor. Glioma stem cells (GSCs), a subpopulation of GBM cells with stem
cell properties, are responsible for the tumor initiation and recurrence, and
therapeutic resistance. To develop novel therapeutic agents for sphere-form-
ing patient derived GSCs, we utilized a new drug screening system and FDA
approved drugs. The cell viability of the drugs on GSCs and normal human
dermal fibroblast (nHDF) cells was determined by CellTiter-Glo 3D Cell Via-
bility Assay or MTT assay. The relative cytotoxicity of drugs was compared
with LC; . We identified 8 drugs, including 4 that have not been studied for
GSCs, which showed strong cytotoxic effect on sphere-forming GSCs but
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were not toxic to nHDF cells in in vitro cell cultures. The LC,, of these identi-
fied drugs to GSCs is 10 fold to over 100 fold less than that for normal cells.
Among the identified drugs, only one drug was not cytotoxic to GBM cells
but toxic to GSCs. Based on the LC;, data and previous reports for the drugs
on GSCs, we determined anti-tumor effects of two drugs in orthotopic brain
tumor mouse models of human GBM cells. Animals treated with either drug
(10 mg/kg once a week for 7 weeks or 30 mg/kg twice a week for 4 weeks)
had significantly greater survival in Kaplan-Meier survival curve compared
to vehicle treated control mice (p=0.03 or 0.05 in logrank test). Studies for
structure-activity-relationship and mechanism of action are on-going. In
summary, the present results provide compelling evidence that repurposing
of approved drugs can be developed for GSCs and the study identified several
selective cytotoxic drugs against sphere-forming GSCs. [This work was sup-
ported in part by the Tara Leah Witmer Endowment]

EXTH-15. TARGETING ANDROGEN SIGNALING IN
GLIOBLASTOMA (GBM) USING SEVITERONEL (SEVI), A CYP17
LYASE AND ANDROGEN RECEPTOR (AR) INHIBITOR, ALONE AND
IN COMBINATION WITH RADIATION (RT)

Hanshi Sun', Christian Werner!, Joseph Dresser!, Kari Wilder-Romans',
Edwina Baskin-Bey?, Joel Eisner?, Theodore Lawrence', Daniel Spratt!,
Corey Speers! and Daniel Wahl'; 'University of Michigan, Ann Arbor, M,
USA, 2Innocrin Pharmaceuticals, Durham, NC, USA

The AR is a therapeutic target and a driver of growth and treatment re-
sistance in prostate and breast cancer. Male sex is associated with increased
GBM incidence and worsened prognosis but whether the AR is expressed
or represents a therapeutic target in GBM is unknown. Using RNAseq and
immunoblot, we found that GBM tumors, patient-derived xenografts and
immortalized cell lines were frequently (i.e., >50%) AR (+) with expression
levels that overlapped with prostate cancer. AR expression was 2-fold higher
in GBM samples than normal brain tissue and was highest in the classical
molecular subtype. Exogenous testosterone promoted the engraftment and
growth of AR (+) T98G GBM xenografts in immunocompromised mice.
SEVI, a blood-brain barrier permeable inhibitor of CYP17 lyase and the
AR with clinical activity in prostate and breast cancer, inhibited the growth
of AR (+) (T98G, LN18) but not AR(-) (SMGBA, AM38) GBM cell lines at
achievable iz vivo concentrations (Gl = 3-4.0 uM) as measured by colony
formation. Enzalutamide, an antiandrogen used clinically in prostate cancer
but not GBM, also selectively inhibited colony formation in AR (+) GBM
models, albeit at concentrations 3-6-fold higher than SEVI. SEVI selectively
potentiated the action of RT in AR (+) GBM with enhancement ratios of
1.3-1.5 in clonogenic survival assays. Daily SEVI or RT slowed the growth
of established androgen-driven T98G xenografts, which were further dimin-
ished by the combination of SEVI and RT. These results suggest that AR is
frequently expressed in GBM and that androgen signaling promotes GBM
growth in preclinical models. Inhibition of AR signaling alone or in combin-
ation with radiotherapy using clinical grade blood-brain barrier permeable
antiandrogens may be a promising new treatment strategy for GBM.

EXTH-16. GOLPH3 SENSITIZES THE TUMOR SUPPRESSION
EFFECT OF GEFITINIB ON GLIOMAS

Xu Wang, Zhaohao Wang, Yan Wang, Hao Zhang, Shao Xie,

Peng Xie, Rutong Yu and Xiuping Zhou; Xuzhou Medical University,
Xuzhou, China

Golgi phosphoprotein 3 (GOLPH3) is associated with worse prognosis of
gliomas, but its role and mechanism in glioma progression remain largely
unknown. We previously reported that GOLPH3 promotes glioma progres-
sion by inhibiting EGFR endocytosis and degradation, leading to EGFR ac-
cumulation and PI3K-AKT pathway over-activation. In the current study, we
examine whether GOLPH3 affects the response of glioma cells to gefitinib,
an EGFR selective inhibitor. We found that both the immortalized and pri-
mary glioma cells with GOLPH3 over-expression hold higher EGFR protein
levels on the cell membrane and exhibited higher sensitivity to gefitinib. In
addition, primary glioma cells with higher GOLPH3 level exhibited stronger
proliferation behavior. Importantly, GOLPH3 enhanced the anti-tumor
effect of gefitinib in vivo. Consistently, after gefitinib treatment, tumors
derived from GOLPH3 over-expression cells exhibited lower Ki67 positive
and higher cleaved caspase-3 positive cells than control tumors. Taken to-
gether, our results demonstrate that GOLPH3 increases the sensitivity of
glioma cells to gefitinib. Our study provides foundation for further explor-
ing whether GOLPH3 high gliomas will more sensitive to gefitinib treatment
in clinic and give ideas for developing new possible treatments for gliomas.

EXTH-17. SELECTIVE, NON-COMPETITIVE DRD2/3 ANTAGONISM
BY IMIPRIDONE ONC206 IS EFFECTIVE IN TUMORS WITH
DOPAMINE RECEPTOR DYSREGULATION

Varun Vijay Prabhu', Neel Madhukar?, Rohinton Tarapore?,

Mathew Garnett*, Ultan McDermott?, Cyril Benes®,
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Lakshmi Anantharaman®, Neil Charter®, Sean Deacon®,

Alexander VanEngelenburg’, Joseph Rucker®, Benjamin Doranz®,

Jessica Rusert?, Robert Wechsler-Reya’®, Olivier Elemento?,

Martin Stogniew', Wolfgang Oster!, Sharon DeMorrow!?, R.

Benjamin Free'!, David Sibley!' and Joshua Allen3; 'Oncoceutics Inc,
Philadelphia, PA, USA, 2Weill Cornell Medicine, New York, NY, USA,
3Oncoceutics, Philadelphia, PA, USA, “Wellcome Trust Sanger Institute,
Hinxton, England, United Kingdom, *Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA, ¢Eurofins DiscoverX, Fremont,
CA, USA, "HistoTox Labs, Inc, Boulder, CO, USA, ®Integral Molecular,
Inc., Philadelphia, PA, USA, °Sanford Burnham-Prebys Medical Discovery
Institute, La Jolla, CA, USA, °Texas A&M College of Medicine, Bryan,
TX, USA, 'ININDS/NIH, Bethesda, MD, USA

Dopamine receptor D2 (DRD2) is a G protein-coupled receptor that
is overexpressed in several cancers and its antagonism has been shown
to cause anti-cancer effects. ONC201, an imipridone small molecule, is a
DRD2/3 antagonist in Phase IT advanced cancer clinical trials. We evaluated
the binding target and anti-tumor activity of ONC206, a chemical deriva-
tive of ONC201. Experimental GPCR profiling with -Arrestin recruitment
assays revealed that ONC206 selectively antagonizes dopamine receptors
DRD2 and DRD3. ONC206 exhibited a Ki of ~320nM for DRD2 with
complete specificity across human GPCRs at doses that resulted in complete
inhibition. Schild analyses of ONC206 in cAMP and f-Arrestin recruitment
assays revealed hallmarks of non-competitive DRD2 antagonism, unlike
antipsychotics that act as competitive and often non-selective antagonists.
Shotgun mutagenesis across DRD2 identified 7 residues within and outside
of the orthosteric binding site that are critical for ONC206-mediated antag-
onism. While 6 mutated residues were also critical for ONC201-mediated
antagonism, the impact and magnitude of different mutants varied between
the two compounds and one of the mutated residues was unique to ONC206
in an allosteric location. In vitro profiling of ONC206 in >1000 GDSC can-
cer cell lines revealed broad nanomolar efficacy (GIS0 <78-889nM). TCGA
and tissue microarrays analyses revealed that malignant DRD2 expression
was highest in pheochromocytoma, high grade gliomas, neuroblastoma and
medulloblastoma with nanomolar in vitro ONC206 sensitivity. A DRD2+/
DRDS5- RNA expression signature in the GDSC panel predicted significantly
enhanced ONC206 sensitivity. ONC206 reduced the viability of normal
human fibroblasts at micromolar doses (GIS0 > SpM), suggesting a wide
therapeutic window. Robust inhibition of tumor growth was observed with
weekly oral ONC206 (50mg/kg) in subcutaneous xenografts of cholangio-
carcinoma, a dopamine-secreting bile duct tumor with DRD2 overexpres-
sion. Thus, imipridone ONC206 acts as a selective non-competitive DRD2/3
antagonist at nanomolar concentrations with efficacy in tumors with dopa-
mine receptor pathway dysregulation.

EXTH-18. DEVELOPMENT OF ULTRASOUND-FACILITATED DRUG
DELIVERY DEVICE FOR LOCAL DRUG INFUSION AGAINST BRAIN
TUMORS

Ryuta Saito!, Aya Sato!, Kenji Inoue?, Wenting Jia', Saori Okuno!,

Yuji Ohashi’, Kei Kamada?, Akira Yoshikawa® and Teiji Tominaga';
'Department of Neurosurgery, Tohoku University Graduate School of
Medicine, Sendai, Japan, 2Piezo Studio, Sendai, Japan, Institute for
Materials Research, Tohoku University, Sendai, Japan

OBJECT: Drug delivery against brain tumors is a challenge. Blood-brain
barrier (BBB) and blood-tumor barrier always hinders the entry of thera-
peutic agents into brain tumors. On the other hand, local drug delivery also
faces a major problem: limitations of distribution. Convection-enhanced
delivery (CED) is a promising drug delivery method that deliver high-con-
centration drug directly into the targeted lesion beyond the BBB. We have
been working to develop a novel treatment strategy with CED delivering
chemotherapeutic agents directly into the tumor. Previously we developed
an ultrasound facilitated drug delivery (UFD) system in order to achieve
more robust drug distribution (] Neurosurg 124, 2016). In this study, we
fabricated a second-generation device by analyzing optimal ultrasound
generating condition and tested the intraparenchymal drug distribution
using the device. METHODS: Resonance frequency of the device was
determined by measuring the strength of sound field using hydrophone
in water. Using the UFD system, applying resonance frequency, evans blue
dye was infused into the striatum of Fisher344 rats. Immediately after the
infusion, brains were harvested, quickly frozen, and sectioned to evalu-
ate the distributions of the dye. RESULTS: The second-generation device
successfully distributed the dye to the volume 1.5~2 times larger than sim-
ple CED with using half the driving voltage than first-generation device.
Moreover, the distribution instability, which was a major problem with the
first-generation device, was resolved achieving smaller standard deviation.
Using multiple resonance frequencies of the device, we found the difference
in drug distribution; suggesting the existence of optimal frequencies for
brain interstitial drug delivery. CONCLUSIONS: The second generation
UFD device successfully and stably achieved enlarged distribution in the
brain parenchyma.
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EXTH-19. WIRELESS INTRACRANIAL FLUORESCENCE MONITOR
FOR DRUG DETECTION IN BRAIN TUMOR PATIENTS

Herbert Engelhard, Alden Shoup, Jasim Naeem, Jodi Finlay,

Justas Jakubonis, Sebastian Pernal, Alexander Willis, Hananeh Esmailbeigi
and Terry Layton; University of Illinois at Chicago, Chicago, IL, USA

BACKGROUND: Currently, the brain penetration of drugs cannot be
adequately evaluated in real-time, making chemotherapy selection for glio-
blastoma patients an unpredictable and inefficient process. Given recent
progress in the microminiaturization of medical devices, our objective was
to design and build the prototype of an implantable device allowing imme-
diate quantification of fluorescent agents iz vivo. METHODS: The Wireless
Intracranial Fluorescence Monitor (WIFM) was assembled from commer-
cially -purchased electrical and optical components, a custom-made printed
circuit board (PCB), and 3D-printed couplers. Parts included a cyan LED,
light-filtering lenses, optical fibers, a phototransistor, and a Bluetooth-ena-
bled Arduino microcontroller. The filters prevented overlap of wavelengths
from the LED and fluorophore emission spectra, ensuring isolated emission
signals. Clinically, the WIFM would fit inside a standard Ommaya Reser-
voir, surgically implanted into brain parenchyma during craniotomy. The
WIFM was tested in vitro in solutions of 0, 0.01, 0.05 and 0.10 mg/mL of
fluorescein isothiocyanate (FITC), in PBS. RESULTS: FITC emission signals
were converted into millivoltage readings, and transmitted to a laptop com-
puter, allowing instantaneous wireless determinations. Voltage separations
occurred 10-90 milliseconds after FITC excitation, were linearly related to
FITC concentration, and allowed for FITC quantification by the device. Spe-
cifically, FITC concentrations of 0, 0.01, 0.05, and 0.10 mg/mL produced
relative mV readings of 0, 30.6 = 13.4, 99.9 = 25.9 and 214.3 = 21.0, re-
spectively (n=15, p<0.05). CONCLUSIONS: While animal studies are
needed in order to enable discrimination of interstitial fluorophore concen-
tration, WIFM implantation offers the potential for real-time detection and
quantification of the delivery of fluorescently-labeled drugs and/or nanopar-
ticles to selected areas of the brain. Further iterations of the WIFM device
should allow the administration of therapeutic agents (whether by systemic
administration or convection-enhanced delvery) to be optimized, thus pro-
longing survival for patients with glioblastoma.

EXTH-20. HISTONE DEACETYLASE INHIBITOR ENHANCES
ONCOLYTIC HERPES SIMPLEX VIRUS THERAPY FOR MALIGNANT
MENINGIOMA

Lingyang Hua', Alessandra Gartner!, Juri Kiyokawa', Samuel Rabkin®,
Robert Martuza' and Hiroaki Wakimoto?; 'Massachusetts General
Hospital, Boston, MA, USA, *Harvard Medical School, Boston, MA, USA

Malignant (anaplastic) meningioma is a minor subset of meningioma that
is lethal with no effective treatment options currently. Oncolytic herpes sim-
plex virus (o0HSV) is a powerful anti-cancer modality that induces both direct
cell death and anti-tumor immunity. In neuro-oncology, oHSV has been ex-
tensively studied as a promising therapeutic for malignant glioma. We re-
cently showed that oHSV G47delta demonstrated anti-tumor activity in a
preclinical model of patient-derived malignant meningioma. However, direct
injections of the oHSV in the orthotopic model in mice was not curative,
revealing the need of improvement in the therapeutic approach. Epigenome
modulator histone deacetylase inhibitor (HDACI) is an anti-cancer agent
that has been shown to cooperate with oHSV. We here show that HDACi
increases anti-cancer effects of oHSV in human malignant meningioma
models, IOMM-Lee (NF2 wild-type) and CH-157 (NF2 mutant). Minimally
toxic, sub-micromolar concentrations of pan-HDACI, Trichostatin A and
Panobinostat, substantively increased the spread of oHSVs, G47delta and
MG18L, within malignant meningioma cells in vitro. The robust spread of
the virus resulted in enhanced oHSV-mediated killing of target cells when
infected at low multiplicity of infection (MOI). Mechanistically, HDACi
increased oHSV gene expression and replication via, at least partly, modulat-
ing interferon signaling pathway. In vivo studies to determine the beneficial
impact of combining systemic HDACi with local oHSV administrations are
currently underway. The combination of HDACi and oHSV may be effective
at controlling malignant meningioma regardless of the tumor’s NF2 status.

EXTH-21. REPURPOSING GLIOBLASTOMA EXOSOMES AS
PERSONALIZED MULTI-ANTIGENIC ANTI-TUMOR VACCINE
Sophie Dusoswa, Sophie Horrevorts, Sjoerd Schetters, Tom Wiirdinger,
Yvette Van Kooyk and Juan Garcia-Vallejo; VU University Medical Center,
Amsterdam, Netherlands

The composition of glial tumor derived exosomes (TEX) reflects plasma
membrane and cytosol-derived proteins of the donor cell. Therefore, TEX
form interesting candidates for anti-glioma skin dendritic cell targeted vac-
cination. Recent literature however, reports potent immune suppressive
characteristics of TEX. TEX surface glycosylation may induce C-type lectin
receptor triggering and/or cargo internalization thereby modifying the im-
munogenic/tolerogenic balance of the cellular immune response towards
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an immune suppressive phenotype. The aim of this study is to investigate
whether we can repurpose TEX from immune suppressive vesicles towards
immunogenic vehicles for multi-antigenic vaccination by de novo glyco-
sylation of their surface. To this end, the surface glycosylation of TEX was
carefully characterized by ELISA and electron microscopy. TEX uptake and
downstream routing was assessed by imaging flow cytometry analysis. Our
GBM-derived TEX were 50-200 nm in size and expressed high levels of
CD63. The surface glycan profile of U251, U87, and GBMS8-derived TEX
was dominated by a-2,3 and a-2,6 sialic acid-capped N-glycans, high man-
nose glycans and truncated Tn-bearing O-glycans. These TEX appeared to
have low affinity for DC-SIGN and MGL, but showed significant binding to
Siglec-7 and Siglec-9. We developed a chemo-enzymatic glycan-modifican-
tion protocol with the aim to replace Siglec ligands for DC-SIGN ligands
in order to target them to skin resident dendritic cells for cross-presenta-
tion. Glycan-modified TEX, which had been introduced with a high affinity
ligand for DC-SIGN, were efficiently taken up by human dendritic cells
and fused with the endosomal pathway. In conclusion, repurposing glioma-
derived TEX through de novo glycan-modification could provide a strategy
for multi-antigenic anti-glioma vaccination.

EXTH-22. VERTEPORFIN TREATMENT INHIBITS GBM GROWTH
AND MIGRATION AND INFORMS HIPPO/RTK CROSSTALK

Anne Marie Barrette!, Jessica Tome-Garcia!, Nilesh Zaware!,
Ming-Ming Zhou', Marc Birtwistle? and Nadejda Tsankova®; 'Icahn
School of Medicine at Mount Sinai, New York, NY, USA, 2Clemson
University, Clemson, SC, USA, *Department Pathology, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

The diffusely infiltrative growth and spread in glioblastoma (GBM)
impedes gross-total resection and chemoradiation. Tumor proliferation in
GBM has been frequently related to aberrant activation of receptor tyrosine
kinase (RTK) signaling. The Hippo pathway also regulates tissue growth
and cell fate, and the dysregulation of its downstream effectors YAP1-TEAD
has been implicated in tumor invasion, metastasis, and chemoresistance in
RTK/RAS-driven carcinomas. The role of Hippo signaling and RTK cross-
talk in GBM is still poorly understood. Recently, our lab defined a regulatory
chromatin accessibility signature centered around the TEAD transcriptional
family, which relates specifically to tumor migration in uncultured, patient-
derived GBM stem cell populations, and we functionally validated TEAD1
as a driver of GBM migration, both in-vitro and in-vivo. Moreover, we
found TEAD1 to be a direct transcriptional target of EGFR. To further char-
acterize the effect of Hippo-TEAD on GBM migration and its interaction
with EGFR/RTK signaling, we treated U87 and patient-derived GBM cells
with Verteporfin (VP), an FDA-approved macular degeneration therapy, and
a small-molecule inhibitor of the YAP/TEAD complex with proven antican-
cer efficacy. VP treatment inhibited not only GBM cell growth (IC;,=1.3uM)
but also impaired tumor migration in three different in-vitro assays (live cell
tracking, transwell invasion, and spheroid dispersion) in a dose-dependent
manner (0.3pM/1.3pM/3pM). At the protein level, VP-treated cells showed
dose-dependent downregulation of TEAD-target activity, including EGFR,
as well as of downstream ERK phosphorylation. We then administered VP to
mice with aggressive patient-derived orthotopic xenograft gliomas, through
intraperitoneal injection for 8 days. Notably, VP penetrated into the brain
parenchyma, and resulted in lower tumor burden without systemic tox-
icity (n=6). The inhibitory effect of Verteporfin on RTK signaling and GBM
migration, and its brain penetrance at non-toxic levels in vivo, underscore
potential future therapeutic value for this drug in GBM patients.

EXTH-23. A NOVEL NANOTECHNOLOGY-BASED PLATFORM
IMPROVES LASER INTERSTITIAL THERMAL THERAPY FOR
INTRACRANIAL TUMORS

Pakawat Chongsathidkiet, Yang Liu, Hanna Kemeny, Cosette Dechant,
Ren Odion, Xiuyu Cui, Kristen Rhodin, Tuan Vo-Dinh and Peter Fecci;
Duke University, Durham, NC, USA

INTRODUCTION: Laser Interstitial Thermal Therapy (LITT) is an
emerging clinical option for the thermal ablation of intracranial lesions.
Current limitations for LITT, however, include the diameter of ablation (<
3cm per trajectory) and lack of inherent specificity for tumor margins. Gold
nanoparticles act as “lightning rods” to expand laser treatment coverages.
Here, we employ plasmon-activated gold nanostars (GNS) with selective
tumor uptake to increase LITT coverage area and tumor specificity in a
murine model, and also demonstrate their ability to expand coverage in a
clinically-relevant sized model using brain phantoms. METHODS: CT2A
murine glioma cells were implanted into the right cerebral hemisphere.
GNS were administered intravenously. Selective GNS uptake in tumors was
demonstrated by micro-PET-CT. Microlaser fibers (700um) were used to de-
liver laser light to tumors. Brain phantoms were composed of agarose gel
with embedded 5x5x5 cm? agarose “tumors” with or without interspersed
GNS. A diffuse-tip probe was used to deliver laser light to phantom tumors
in the intraoperative MRI suite. MRI thermometry measured temperature
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change in phantoms. RESULTS: Systemically administered GNS were se-
lectively taken up by tumor compared to surrounding brain. Murine gliomas
treated with GNS + laser showed an expanded tumor-conforming zone of
cytotoxic edema on small animal MRI compared to tumors treated with
laser alone. In phantoms containing GNS, the kill zone (43°C for 10 min)
extended to 3.8cm in diameter, compared to 2.0cm in phantoms without
GNS. Additionally, the phantoms containing GNS heated faster, reached
higher temperatures, and displayed a more homogeneous zone of treat-
ment. CONCLUSION: We demonstrate the capacity to use nanotechnology
to overcome the size and specificity limitations for LITT, both in an in vivo
murine intracranial glioma model, as well as in a more relevantly sized brain
phantom model. Clinical trials in canine glioma are planned to enable an
IDE application.

EXTH-24. EXPOSURE TO TUMOR TREATING FIELDS INHIBITS
DNA REPAIR, INDUCES REPLICATION STRESS AND RENDERS
TUMOR CELLS SENSITIVE TO AGENTS THAT IMPINGE UPON
THESE PATHWAYS

Michael Story', Narasimha Karanam!, Lianghao Ding', Brock Sishc? and
Debabrata Saha'; 'University of Texas, Southwestern Medical Center,
Dallas, TX, USA, 2University of Texas Southwestern Medical Center,
Dallas, TX, USA

Tumor treating fields (TTFields) are low-intensity, intermediate frequency,
alternating electric fields applied non-invasively across a tumor. Optune
(NovoCure), a TTFields delivery device, has been approved for recurrent and
newly diagnosed glioblastoma and clinical trials are ongoing for other can-
cers. To further understand the molecular mechanisms underlying TTFields
sensitivity beyond the anti-mitotic effects already described, we monitored
temporal gene expression changes in 5 non-small cell lung cancer (NSCLC)
cell lines whose response to TTFields is variable. We found the expression
of the BRCA1 DNA damage repair pathway, as well as other DNA repair/
checkpoint pathways were significantly downregulated (P<0.05). Quantita-
tive measurement of DNA double strand break repair revealed that TTFields
treatment slowed the repair of ionizing radiation (IR)-induced DNA damage
and interestingly, TTFields alone increased the number of YH2AX foci
and the incidence of chromatid aberrations. Furthermore, as a function of
TTFields exposure time, the length of newly replicated DNA was shorter
and R-loop formation increased, suggesting that TTFields induce replica-
tion stress. Based on these newly identified mechanisms of TTFields action
in DNA damage and replication stress pathways we hypothesized that by
applying TTFields first, a conditional vulnerability environment would de-
velop rendering cells more susceptible to agents such as radiation, cisplatin,
or PARP inhibition. In agreement with our hypothesis, NSCLC cell suscep-
tibility to radiation increased when cells were exposed to TTFields prior
to IR treatment compared to IR treatment followed by TTFields. Further-
more, we found that the effect of TTFields exposure concomitant with the
PARP inhibitor Olaparib followed by radiation was synergistic compared
to radiation or Olaparib alone or in combination, although the degree of
sensitization and synergy varied across the different cell lines. Based upon
these results we suggest the clinical use of TTFields as neoadjuvant therapy
prior to radiation treatment and either prior to or concomitant with chemo-
therapy agents.

EXTH-25. DIANHYDROGALACTITOL (VAL-083) REDUCES
GLIOBLASTOMA TUMOR GROWTH IN VIVO, UPON
BEVACIZUMAB-INDUCED HYPOXIA

Anna Golebiewska!, Anais Oudin!, Anne Steino?, Simone Niclou!,

Dennis Brown? and Jeffrey Bacha?; 'NorLux Neuro-Oncology Laboratory,
Department of Oncology, Luxembourg Institute of Health, Luxembourg,
Luxembourg, 2DelMar Pharmaceuticals, Inc, Vancouver, BC, Canada,
3DelMar Pharmaceuticals, Inc, San Francisco, CA, USA

Standard-of-care for glioblastoma (GBM) includes surgery, radiation
and temozolomide. Nearly all tumors recur and 5-year survival is less than
3%. Unmethylated promoter status for O°-methylguanine-DNA-methyl-
transferase (MGMT) is a validated biomarker for temozolomide-resistance.
Second-line treatment with bevacizumab has not only failed to improve
survival, but has also been shown to induce intratumor hypoxia, which is
implicated in increased chemoresistance. VAL-083 is a bi-functional DNA-
targeting agent that readily crosses the blood-brain barrier. VAL-083 targets
N7-guanine, causing DNA double-strand breaks and cancer cell-death in
GBM cancer stem cells (CSCs) and non-CSCs, independent of MGMT. We
have previously shown that bevacizumab treatment upregulates expression
of glucose transporters GLUT-1/GLUT-3 on GBM cells. We hypothesized
that, based on its unique monosaccharide backbone structure, VAL-083
may benefit from bevacizumab-induced GLUT transporter upregulation
leading to enhanced VAL-083 uptake and anti-tumor activity. Methods:
To investigate the in vivo anti-tumor effect of VAL-083+bevacizumab, we
used a orthotopic patient-derived xenograft GBM model. All mice carried
MGMT-unmethylated, temozolomide-resistant recurrent T16 GBM tumors
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as detected by MRI 35 days post-implantation. Mice were grouped into
control, bevacizumab, VAL-083, and VAL-083+bevacizmab. Tumor pro-
gression was measured by MRI on days 49 and 56, and tumor growth rate
was calculated for the entire study (day 35 vs. 56) and for the last 7 days
(day 49 vs. 56). Results: Tumors were significantly smaller in VAL-083-
treated mice both compared to control (-83%, p<0.001) and compared to
bevacizumab-treated (-75%, p<0.001) mice. Additionally, analysis of tumor
growth in-time showed significantly reduced tumor growth rate for VAL-
083+bevacizumab compared to VAL-083 alone (p<0.01). Conclusions:
These results show strong in vivo anti-tumor efficacy of VAL-083 against
MGMT-unmethylated, temozolomide-resistant recurrent GBM. This effect
was further augmented in combination with bevacizumab, providing ra-
tionale of clinical investigation in combination with bevacizumab in the
treatment of GBM.

EXTH-26. MOLECULAR DETERMINANT OF CLINICAL RESPONSE
TO ONC201, AN INHIBITOR OF DOPAMINE RECEPTOR 2 (DRD2)
SIGNALING, IN GLIOBLASTOMA PATIENT

Jie Li', Jun Ma?, Yuyu He?, Varun Vijay Prabhu?, Joshua Allen® and

Clark Chen*; 'UCSD, San Diego, CA, USA, 2University of Minnesota,
Minneapolis, MN, USA, *Oncoceutics Inc, Philadelphia, PA, USA,
4University of Minnesota Department of Neurosurgery, Minneapolis, MN,
USA

INTRODUCTION: ONC201 is a highly selective antagonist of dopamine
receptor D2 (DRD2) that is in phase II clinical trial as treatment for recurrent
glioblastoma. Here we examine the molecular determinants of therapeutic re-
sponse that are associated with long-term survivors. METHODS: Immuno-
histochemical (IHC) analysis/pathway-based transcriptomal analysis of
clinical glioblastoma specimens, in vitro- and in vivo-studies of dopamine
antagonist inhibition, analysis of glioblastoma specimens in patients treated
with the dopamine receptor antagonist, ONC201. RESULTS: In IHC of
clinical glioblastoma samples, we found that the expression of dopamine
receptor 2 (DRD2) coincides with EGFR over-expression in mesenchymal
and classical glioblastomas. In contrast, DRD2 over-expression was found
in proneural and neural glioblastomas in the absence EGFR over-expres-
sion. These patterns of expression were recapitulated in The Cancer Genome
Atlas (TCGA) as well patient derived glioblastoma (PDX) lines. In vitro
and in vivo, mesenchymal glioblastoma PDX lines with high expression of
EGFR and DRD2 were refractory to DRD2 or EGFR inhibition; simultan-
eous EGFR and DRD2 inhibition were required to arrest the growth of these
mesenchymal glioblastomas. In contrast, proneural glioblastoma lines with
high DRD2 expression (and low EGFR expression) were exquisitely sensi-
tive to dopamine antagonists iz vitro and in vivo (in subcutaneous and intra-
cranial models). Importantly, proneural glioblastoma lines with high DRD2
expression secrete high levels of dopamine, creating autocrine mitogenic
signaling that drive glioblastoma growth. In clinical samples derived from
a Phase 2 clinical trial where recurrent glioblastoma patients were treated
with the DRD2 antagonist, ONC201, long-terms survival (>2 years sur-
vival after glioblastoma recurrence) was observed only in patients afflicted
with glioblastomas characterized by low EGFR and high DRD2 expres-
sion. CONCLUSION: Our data suggest that DRD2 signaling is essential in
glioblastomas that are not mitogenically driven by EGFR signaling. These
tumors appear exquisitely sensitive to ONC201 mediated DRD?2 inhibition.

EXTH-27. INFLAMMATORY REPROGRAMMING OF GLIOMAS
USING DELTA-24-RGDOX AND IMMUNOMETABOLIC ADJUVANTS
Teresa Nguyen!, Yisel Rivera-Molina!, Francisco Puerta Martinez!,

Xuejun Fan!, Verlene Henry?, Hong Jiang!, Frederick Lang!, Juan Fueyo!
and Candelaria Gomez-Manzano'; 'The University of Texas MD Anderson
Cancer Center, Houston, TX, USA, 2Departement of Neuro-Oncology, The
University of Texas MD Anderson Cancer Center, Houston, TX, USA

The immunosupressive microenvironment of glioblastoma (GB) is respon-
sible for the resistance to therapies and its dismal prognosis. Several lines
of evidence have linked brain tumor metabolism and immunoresistance
with the presence of active metabolic pathways. In this regard, activation
of indolamine-2,3-dioxygenase (IDO) in regulatory T-cells favors tumor
immunosuppression. We have observed that the implantation of tumors in
mice generates an immunosuppressive environment characterized by over-
representation of CD4+ regulatory T-cells and MDSCs. Treatment with
the oncolytic adenovirus, Delta-24-RGD, has been shown to induce com-
plete responses in a subset of GB patients by reprogramming the immune
response. Moreover, the anti-tumor cytotoxic properties of T-cells can be
enhanced by the addition of immune agonists, such as OX40L, a T-cell
activator. We hypothesized that the combination of IDO inhibition (1IMT
or Indoximod) and Delta-24-RGD armed with the OX40 ligand (Delta-
24-RGDOX) synergizes and have a therapeutic effect in GB. In this study,
orthotopic GB were implanted in immunocompetent mouse and treated
with the combination of D24-RGDOX and 1MT. Delta-24-RGDOX treat-
ment resulted in a significant survival benefit compared to the control groups
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(mean survival, 46.5 vs. 38.5 days, P=0.02). Interestingly, the combination
treatment of Delta-24-RGDOX and the IDO inhibitor induces complete
tumor regression and the production of a higher percentage of long-term
survivors compared to single therapy with Delta-24-RGDOX (mean sur-
vival, 46.5 vs. 108.5 days, P=0.03). Moreover, when the long-term glioma
survivors were re-challenged with similar glioma cells, we observed 100%
survival (P=0.002), indicating the establishment of immune memory by
the combination therapy. Furthermore, functional studies showed a sig-
nificant increase in anti-tumor activity of splenocytes from GB bearing
treated mice that were treated with the combined therapy D24-RGDOX
and Indoximod (P=0.009). These data support the use of immunometa-
bolic adjuvants in combination with virotherapy as a potential treatment
of patients with GB.

EXTH-28. ENHANCING SELUMETINIB-MEDIATED KILLING OF
SHH MEDULLOBLASTOMA

Brent Guppy', Lisa Liang', Chris Porter? and Tamra Werbowetski-Ogilvie';
!University of Manitoba, Winnipeg, MB, Canada, >Ottawa Hospital
Research Institute, Ottawa, ON, Canada

Medulloblastoma (MB) is the most common primary malignant pediatric
brain cancer and consists of at least 5 distinct molecular subgroups. Of these
subgroups, Sonic Hedgehog (SHH) MB exhibits extensive cellular hetero-
geneity, increased SHH signaling, and has an intermediate prognosis. Treat-
ment strategies employing SHH pathway inhibitors showed initial promise,
however, acquired drug resistance has led to therapy failure in clinical trials.
Consequently, improved chemotherapeutic strategies designed to better treat
SHH MB must be identified. A major contributing factor to cellular hetero-
geneity, and thus drug resistance and disease progression, are rare putative
brain tumor-propagating cells (TPC). As a result, identifying robust TPC
biomarkers can reveal novel subgroup-specific therapies capable of target-
ing these elusive cell types. We recently identified the neurotrophin receptor
(CD271) within the SHH MB subgroup as a promising biomarker delin-
eating TPC populations and associated with elevated MEK/ERK signaling.
Moreover, we showed that selumetinib, a MEK inhibitor, reduced CD271
levels, decreased TPC growth, and extended survival in mouse models.
While promising, the mice in our in vivo studies ultimately succumb to dis-
ease progression; thus, an enhanced selumetinib-based chemotherapeutic
strategy is merited. In this study, we employed RNA-sequencing to identify
543 genes differentially expressed in selumetinib resistant xenografts rela-
tive to controls. Further, gene set enrichment analysis revealed significant
changes in specific signaling pathways predicted to underlie selumetinib re-
sistance and contribute to SHH MB progression. Accordingly, to ultimately
enhance survival, we employ our high-content tumorsphere assay to system-
atically evaluate candidate blood brain penetrant inhibitors that are highly
predicted to elicit therapeutic synergy in combination with selumetinib in
vivo. In addition, we will test selumetinib in combination with current SHH
MB standard of care chemotherapeutics to characterize survival. Our stud-
ies will reveal mechanisms of SHH MB drug resistance, and identify novel
drug combinations that may ultimately enhance MB patients’ survival and
quality of life.

EXTH-29. MULTI-RECEPTOR TARGETING IN GBM

Puja Sharma', Denise Herpai', John Rossmeisl?, Stephen Tatter' and
Waldemar Debinski®; 'Wake Forest University School of Medicine,
Winston-Salem, NC, USA, ?Virginia Tech, Blacksburg, VA, USA, Wake
Forest University Baptist Medical Center, Winston-Salem, NC, USA

Glioblastoma is a heterogeneous tumor for which all single-targeted
agents failed. Being that a cytotoxic cocktail targeting IL-13RA2 and EphA2
receptors is effective in the treatment of spontaneous gliomas in dogs, we
have been further pursuing molecular resection by targeting four tumor-
specific/associated receptors at once: IL-13RA2, EphA2, EphA3 and EphB2.
These receptors are over-expressed in most GBM tumor compartments
responsible for tumor progression and recurrence. To this end, we have
engineered a protein based on an immunoglobulin scaffold with a ligand
targeting the three Eph receptors, ephrinA5 (eAS), at the N-terminal end and
a ligand targeting IL-13RA2, IL-13.E13K, at the C-terminal end (QUAD).
However, the protein produced in insect cells had frequently two bands on
SDS-PAGE. We have therefore decided to change the order of the ligands and
placed the ligand targeting IL-13RA2 at the N-terminal end of the protein
and the other ligand and the C-terminus. We also started using High-Five
cells for codon and yield optimization. The newer construct is produced as a
single protein band on the SDS-PAGE and Western blot and can be purified
to homogeneity. It bound all four receptors effectively in ELISA while the
affinity toward the EphA3 was even better than in the original multivalent
compound. We also obtained higher yields of the protein. To make our vec-
tor even more versatile, we have added a C-terminal cysteine providing a
free thiol group for chemical conjugation with drugs. The QUAD-Cys was
also obtained as a single band protein homodimer and the multi-targeted
protein bound effectively to all targets of interest. Thus, we have optimized
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the production of a functional multivalent targeted vector protein for mak-
ing drug conjugates. QUAD and QUAD-Cys based conjugates will be tested
for their utility in glioma treatment using relevant clinical models like spon-
taneous brain tumors in dogs.

EXTH-30. IN SITU AUTOVACCINATION MEDIATED BY
ONCOLYTIC ADENOVIRUS DELTA-24-RGDOX INDUCES
EFFICACIOUS IMMUNITY AGAINST METASTATIC MELANOMA
Hong Jiang, Teresa Nguyen, Dong Ho Shi, Xuejun Fan, Joy Gumin,
Chantale Bernatchez, Frederick Lang, Candelaria Gomez-Manzano
and Juan Fueyo; The University of Texas MD Anderson Cancer Center,
Houston, TX, USA

We have reported that Delta-24-RGDOX, an oncolytic adenovirus
expressing the immune co-stimulator OX40 ligand (OX40L), induces effi-
cacious anti-glioma immunity in syngeneic intracranial glioma models of
immune competent mice. Here we sought to determine if the local injection
of the virus triggers a systemic immune response against metastatic mela-
nomas. We found that Delta-24-RGDOX expressed OX40L and induced
cell lysis in both human and mouse melanoma cells. To study the abscopal
effect of Delta-24-RGDOX against metastatic melanomas, we established
s.c./s.c. and s.c./i.c. melanoma models with B16-Red-FLuc cells in C57BL/6
mice. In the s.c./s.c. model, we found that three doses of intratumoral injec-
tion of the virus significantly inhibited the growth of the injected and the
untreated distant tumors, resulting in prolonged survival of the mice (70%
long-term survival; P = 0.001). The surviving mice were resistant to a rechal-
lenging with the implantation of similar tumor cells, but not when lung
cancer cells were implanted, strongly suggesting the development of specific
tumor immune memory. Using flow cytometry analysis, we found that Delta-
24-RGDOX treatment resulted in increased frequency of CD3+ T lympho-
cytes, CD3+CD4+ helper T cells, CD3+CD8+ cytotoxic T cells and effector
T cells, and a decrease in the amount of T regulatory cells. In addition, we
observed an increment of effector CD4+ and CD8+ T cells frequency with
PD-1 expression on spleen and blood cells, indicating a systemic activation
of anti-tumor circulatory cells. In the s.c./i.c. model, viral injection into the
s.c. tumor induced anti-melanoma activity in the brain, resulting in growth
inhibition of both tumors and prolonged survival of the animals. In agree-
ment with these data, viral injection in the s.c. tumor increased the frequency
of the T effector cells in the brain tumor. In summary, local treatment of
melanoma with Delta-24-RGDOX results in suppression of distant tumors
including brain melanoma.

EXTH-31. TARGETING THE FORMIN-DIRECTED CYTOSKELETON
‘WITH SMALL MOLECULE AGONISTS BLOCKS GLIOBLASTOMA
PATIENT-DERIVED NEUROSPHERE INVASION

Kathryn Eisenmann, Jason Schroeder, Krista Pettee, Kathryn Becker and
Christine Sattler; University of Toledo Health Science Campus, Toledo,
OH, USA

Glioblastoma multiforme (GBM) is the most common primary malig-
nant brain tumor in adults and aggressive treatment only extends sur-
vival by months. While metastasis outside the CNS is rare, GBM is highly
invasive. Failure of current GBM therapies to target invasive cells partly
explains why these treatments confer only minimal survival advantages:
invasive tumors lack easily-defined margins, making complete surgical
resection impossible, and invasive GBM cells are inherently more chemo-
and radioresistant. Therefore, anti-invasive therapies may effectively
sensitize GBM cells to conventional therapies and improve survival. Anti-
invasive treatments are thus greatly needed, and cellular mechanisms gov-
erning GBM invasion represent understudied therapeutic targets. Much
work has centered upon how Rho GTPases mediate GBM invasion, yet
the roles of downstream Rho effector proteins are poorly understood and
represent potential novel therapeutic targets. A role for the mammalian
Diaphanous (mDia)-related formin family of Rho GTPase effector pro-
teins has emerged in metastatic disease. mDias are nanomachines gen-
erating linear actin filaments to drive protrusive cytoskeletal structures
underlying tumor cell invasion. Using novel small molecule mDia agonists
(IMMs, orn intramimics) that induce endogenous mDia functional activi-
ties, including F-actin polymerization, we demonstrated roles for mDia in
driving polarized GBM cell migration. mDia agonism halted GBM spher-
oid invasion in three-dimensional (3D) iz vitro and ex vivo rat brain slice
models. Here, we evaluate if GBM patient cell lines are sensitive to formin
agonism to halt invasion. Four patient-derived GBM cell lines were iso-
lated as single cell suspensions, and spontaneously formed non-adherent
neurospheres. Neurospheres were embedded in 3D-matrices and allowed
to invade +/- IMMs. IMMs dramatically inhibited GBM patient neuro-
sphere invasion, significantly impacting both distance single cells migrated
from neurosphere edges and lengths of actin-enriched cellular extensions
into matrices. Thus, mDia agonism effectively disrupted multiple aspects
of patient-derived GBM neurosphere invasion in vitro, warranting further
investigation in patient-derived xenografts.
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EXTH-32. TRANSGENIC EXPRESSION OF IL15 IMPROVES THE
EFFICACY OF CAR T CELLS IN AN IMMUNE COMPETENT
GLIOBLASTOMA MODEL

Katarzyna Pituch', Markella Zannikou!, Liliana Ilut', Christopher Chen',
Maciej Lesniak!, Stephen Gottschalk?, Giedre Krenciute? and

Irina Balyasnikova®; "Northwestern University, Chicago, IL, USA, 2St.
Jude Children’s Research Hospital, Memphis, TN, USA, 3Department

of Neurological Surgery, Northwestern University Feinberg School of
Medicine, Chicago, IL, USA

BACKGROUND: Malignant gliomas (MG) are the most common and
difficult-to-treat adult brain tumors. The outstanding efficacy of chimeric
antigen receptor (CAR)-modified T cells against hematological malignan-
cies gives hope that they can be programmed to target and eradicate solid
tumors like MG. We recently demonstrated that murine CAR.CD28.5 T
cells targeting the tumor-associated antigen interleukin-13 receptor alpha
2 (IL13Ra2) have antitumor activity in two syngeneic models of MG in
comparison to control animals. However, the majority of tumors recurred.
The goal of this project was now to explore if transgenic expression of IL15
improves their anti-glioma activityy. METHODS/RESULTS: We generated
a retroviral vector encoding murine IL13Ra2-CAR.CD28.C, a 2A peptide,
and secretable IL15 (IL13Ra2-CAR.IL1S), and a control vector encoding a
non-functional CAR (IL13Ra2-CAR.A), a 2A peptide, and IL15 (IL13R0a2-
CAR.A.IL15). Murine CAR T cells were generated by activating and trans-
ducing murine CD3* T cells with retroviral particles. The effector function
of IL13Ra2-CAR, IL13Ra2-CAR.A, IL13Ra2-CAR.IL1S, and CAR.A.IL1S
were compared in vitro and in vivo. Only CAR T cells expressing functional
CARs killed IL13Ro2+ GL261 (GL261-IL13R0a2) glioma cells. In add-
ition, only IL13Ra2-CAR.IL1S and IL13R02-CAR.A.IL1S T cells secreted
IL15 as judged by ELISA. In vivo, GL261-IL13Ra2 glioma-bearing mice
treated with a single i.t. dose of IL13Ra2-CAR.IL1S T cells had a signifi-
cant improved survival in comparison to mice treated with IL13Ra2-CAR T
cells. This therapeutic benefit was antigen-specific since CAR.A.IL135 T-cells
did not improve animals’ survival. CONCLUSIONS: Our data demon-
strates that IL13Ra2-CAR.IL1S T cells have greater antitumor activity in
vivo than IL13R02-CAR T cells in an immune competent glioma model.
Thus, 2° genetic modifications have the potential to improve current CAR
T-cell therapy approaches for MG.

EXTH-33. COMPREHENSIVE TARGETING OF NOVEL
MASTER REGULATORS OF CANCER STEM CELLS TO TREAT
GLIOBLASTOMA - IN VIVO STUDY

Changwang Deng', Mathew Sebastian', Son Le!, Dan Jin!,

Dongjiang Chen', Nagheme Thomas? and David Tran'; 'University of
Florida, Gainesville, FL, USA, 2UF, Gainesville, FL, USA

Glioblastoma (GBM) is the most prevalent and aggressive brain cancer in
adults. GBM is enriched with glioma stemlike cells (GSCs) that contribute to
tumor initiation and treatment resistance and thus a natural focus for thera-
peutic development. However, targeting GSCs has been a challenge because
of the dearth of knowledge of master regulators specific to GSCs and not
to normal brain cells. Therefore systematic elucidation of the GSC specific
core regulatory program will improve our understanding of GSC biology and
provide an opportunity to develop novel GSC specific therapy with maximal
efficacy and minimal toxicity. To accomplish these objectives, we have recently
developed two innovative computational platforms, GeneRep and nSCORE
and experimentally validated them in several published datasets. With this
platforms, a cluster of 6 interrelated master subnetworks emerged, which were
functionally grouped into the stemness and cancer pathways, some of which
are known Olig and Myc factors. By enforcing the expression of this cluster in
normal Human Astrocytes, we were able to reprogram these normal cells into
GSC-like cells as measured by the neurosphere formation and in vivo tumori-
genesis assays, confirming the contribution of this cluster for the GSC devel-
opment. Furthermore, this cluster was present and functioned cooperatively to
maintain GSCs in patient derived GSC lines. Functionally blockage individu-
ally or two of them by shRNA significantly reduces neurosphere formation
and promotes cell death. Intracranial Injection of those gene-modified-GSCs
into NSG mouse, dramatically double the mouse survival time. Most promis-
ing, preliminary data shows that iz vivo tumor growth could be inhibited by
either modulation of gene expression or via cancer vaccine. Our data estab-
lish a novel set of genes controlling GSCs survival and provide a compelling
rationale for its therapeutic targeting to reduce tumor growth.

EXTH-34. G-QUADRUPLEX DNA DRIVES GENOMIC INSTABILITY
AND REPRESENTS A TARGETABLE MOLECULAR ABNORMALITY
IN ATRX-DEFICIENT MALIGNANT GLIOMA

Yuxiang Wang!, Jie Yang?, Carla Danussi?, Gregory Riggins?, Erik Sulman?,
Timothy Chan' and Jason T Huse?; '"Memorial Sloan-Kettering Cancer
Center, New York, NY, USA, 2University of Texas MD Anderson Cancer
Center, Houston, TX, USA, *Johns Hopkins School of Medicine, Baltimore,
MD, USA
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Mutational inactivation of ATRX (a-thalassemia mental retardation
X-linked) represents a defining molecular alteration in large subsets of
malignant glioma. ATRX encodes a chromatin binding protein widely impli-
cated in epigenetic regulation and remodeling. However, multiple studies
have also associated its loss in cancer with replication stress, DNA damage,
and copy number alterations (CNAs). The mechanisms by which ATRX defi-
ciency drives this global genomic instability remain unclear. Here we report
that ATRX inactivation in isogenic glioma model systems induces replica-
tion stress and DNA damage by promoting the formation of deleterious
G-quadruplex (G4) secondary structure in DNA. Moreover, these effects are
associated with the acquisition of disease-relevant CNAs over time. Prior
work has linked G4s with genomic instability as well as CNAs in cancer. We
then demonstrate, both in vitro and in vivo, that chemical G4 stabilization
with CX-3543 (Quarfloxin) selectively enhances cell death in ATRX defi-
cient isogenic cell lines as well as ATRX-mutant primary glioma stem cells
derived from patients. Finally, we show that G4 stabilization synergizes with
other DNA-damaging therapies, including ionizing radiation, in the ATRX-
deficient context. Our findings clarify distinct mechanisms by which DNA
secondary structure influences ATRX-deficient glioma pathogenesis and
indicate that G4-stabilization may represent and attractive therapeutic strat-
egy for the selective targeting of ATRX-mutant cancers. Opportunities for
the development of radiosensitization approaches based on G4-stabilization
are particularly intriguing, as ionizing radiation remains among the most
effective non-surgical treatments for malignant glioma.

EXTH-35. IN VIVO 'H MRS DETECTS REDUCED 2HG
PRODUCTION IN IDH1 MUTANT GLIOMAS TREATED WITH
A DUAL PI3K/MTOR INHIBITOR

Georgios Batsios', Pavithra Viswanath!, Anne Marie Gillespie',
Elavarasan Subramani', Joanna ] Phillips?, Russell Pieper? and
Sabrina Ronen’; 'Department of Radiology and Biomedical Imaging,
University of California, San Francisco, San Francisco, CA, USA,
2Department of Neurological Surgery, Helen Diller Research Center,
University of California San Francisco, San Francisco, CA, USA,
3Department of Radiology and Biomedical Imaging, University of
California San Francisco, San Francisco, CA, USA

70-90% of low-grade gliomas and secondary glioblastomas are char-
acterized by mutations in isocitrate dehydrogenase (IDH1mut). Mutant
IDH produces the oncometabolite 2-hydroxyglutarate (2HG), which
drives tumorigenesis. Inhibitors of phosphoinositide-3-kinase (PI3K)
pathway are currently under clinical investigation for IDH1mut gliomas
with positive outcome results, but early response imaging biomarkers are
missing. The goal of this study was to identify potential magnetic reson-
ance (MR) detectable biomarkers of IDHImut glioma response to the
dual PI3K/mammalian target of rapamycin (mTOR) inhibitor XL765. We
used two genetically-engineered IDH1mut models: a U87 glioblastoma-
based model (U87IDHmut) and an immortalized normal human astro-
cyte-based model (NHAIDHmut), as well as a patient derived IDH1mut
model (BT142). The reduction of PI3K/mTOR pathway signaling was
validated with western blots of p4E-BP1 for all models. We then used
MR spectroscopy (MRS) to investigate the impact of treatment on cell
metabolism. Using 'H-MRS, we observed that XL765 induced a signifi-
cant ~70% and ~50% reduction in steady-state levels of 2HG and glu-
tamate in U87IDHmut while in NHAIDHmut the drop was ~90% and
~70% for 2HG and glutamate respectively. In the case of BT142 there
was a ~35% drop in glutamate levels while 2HG was MRS undetectable
in both groups. The translatability of our findings was evaluated in mice
bearing orthotropic U87IDHmut xerographs treated with XL765 orally
twice a day. XL765-treatment of mice led to an apparent slower tumor
growth, which was associated with significantly increased animal survival.
Importantly, in vivo 'H-MRS spectroscopy showed a significant reduction
in 2HG levels. The results were verified by 'H-MRS of tumor extracts.
Collectively, our results indicate that treatment with XL765 is associated
with response in IDH1mut models. To our knowledge, this is the first time
in vivo 'H-MRS detected reduction in 2HG in gliomas undergoing treat-
ment with a non-IDH1mut-specific inhibitor. Thus, 2HG could potentially
be used as a response biomarker.

EXTH-36. BIFUNCTIONAL RNA NANOPARTICLES INDUCE
ANTITUMOR IMMUNE RESPONSES AND ALLOW MRI-BASED
DETECTION OF DENDRITIC CELL MIGRATION AS A BIOMARKER
OF ANTITUMOR IMMUNE RESPONSE

Adam Grippin', Brandon Wummer!, Elias Sayour', Adam Monsalve?,
Matthew Fillingim3, Kyle Dyson', Tyler Wildes!, Jon Dobson? and
Duane Mitchell'; 'Preston A. Wells, Jr. Center for Brain Tumor Therapy,
UF Brain Tumor Immunotherapy Program, Department of Neurosurgery,
McKnight Brain Institute, University of Florida, Gainesville, FL, USA, 2].
Crayton Pruitt Family Department of Biomedical Engineering, Herbert
Wertheim College of Engineering, University of Florida, Gainesville, FL,
USA, 3University of Florida, Gainesville, FL, USA
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BACKGROUND: Cancer vaccines are a promising approach to person-
alized cancer immunotherapy, but the lack of meaningful biomarkers of
patient response to treatment limits their development. We recently reported
in a randomized and blinded pilot clinical trial that RNA-pulsed dendritic
cells (DCs) combined with tetanus-diphtheria (Td) booster vaccine prolong
progression-free and overall survival in patients with glioblastoma (Mitchell
et al, Nature 2015). Furthermore, we demonstrated that DC migration to
lymph nodes assessed by SPECT/CT imaging strongly correlates with clin-
ical outcomes. While this finding may provide a novel imaging biomarker
for response to DC vaccines, the complexity and regulatory requirements of
nuclear medicine-based imaging of radiolabeled cells limits widespread util-
ization of this technique. We have therefore developed bi-functional RNA-
loaded magnetic nanoparticles to load DCs with RNA-encoded antigens,
enhance DC migration to lymph nodes, and track migration in vivo using
an MRI-based imaging modality. METHODS: Immune-stimulatorycationic
liposomes with iron oxide nanoparticle cores were complexed with mRNA.
The resulting iron oxide-loaded RNA-NPs (IO-RNA-NPs) were used to
transfect DCs ex vivo in the presence of a magnetic field. [O-RNA-NP-loaded
DCs were then injected intradermally into tumor-bearing C57Bl6 mice and
tracked noninvasively with T2-weighted 11T MRI. RESULTS: The presence
of iron oxide in RNA-NPs did not significantly alter particle characteristics.
Additionally, inclusion of iron oxide within RNA-NPs enabled magnetically
enhanced transfection through application of external magnetic fields. Com-
pared to RNA electroporation, [O-RNA-NP loading enhanced production
of inflammatory cytokines and DC migration to lymph nodes. IO-RNA-NPs
also produced a reduction in T2-weighted MRI intensity and an increase in
MRI-detected lymph node size that correlated directly with the number of
iron oxide loaded DCs in treated lymph nodes, inhibition of tumor growth,
and survival in murine tumor models. CONCLUSION: This data suggests
that IO-RNA-NPs enhance DC activation and establish MRI-detected den-
dritic cell migration as a biomarker of antitumor vaccine response.

EXTH-38. A NEW COMPUTATIONAL METHOD FOR
COMPREHENSIVE ESTIMATION OF ANTI TUMOR EFFICACY OF
TUMOR TREATING FIELDS (TTFIELDS). ACCOUNTING FOR FIELD
INTENSITY, EXPOSURE TIME AND UNWANTED SPATIAL FIELD
CORRELATION

Anders Korshoej!, Nikola Mikic!, Jens Christian Serensen'!, Gorm von
Oettingen' and Axel Thielscher?; 'Aarhus University Hospital, Dept. of
Neurosurgery, Aarhus C, Denmark, ?Danish Research Centre for Magnetic
Resonance, Copenhagen University Hospital, Hvidovre, Copenhagen,
Denmark

INTRODUCTION: The non-invasive glioblastoma treatment, tumor
treating fields (TTFields, Optune®), uses alternating electrical fields
(200 kHz) to inhibit cancer cell division. TTFields are induced by two se-
quentially active pairs of transducer arrays placed on the patient’s scalp.
Finite element (FE) methods are used to estimate the field intensity of
TTFields. To date, calculations have focused entirely on field intensity,
neglecting field angle and exposure time that also influence efficacy. Based
on principal component analysis, this study derives a novel approach to
quantify mean intensity of TTFields together with unwanted effects from
spatial field correlation, indexed as fractional anisotropy (FA). MATERIALS
AND METHODS: Distributions of the two sequential TTFields (50% duty
cycle, 2 s total duration) were calculated using FE methods on a realistic
glioblastoma head-model (calculated based on images before and after re-
section) using four different array layouts. In each element of the model,
the combined fields were decomposed into principal components. For each
element, intensity, and directional correlation of the average field were cal-
culated as the square root of the electrical energy (Frobenius norm) and the
FA, respectively. RESULTS: Significant unwanted FA was observed within
several regions of the brain, particularly at resection borders. These effects
may potentially reduce therapeutic efficacy of TTFields. FA varied between
different layouts, suggesting a different array performance than predicted
from conventional intensity calculations. Resection of a tumor increased
FA and removed differences between layouts. CONCLUSIONS: This study
questions the rationale for the general use of macroscopically orthogonal
layouts to reduce field correlation. The results indicate that in some cases,
arrays should be placed differently to maximize pathology coverage and
field intensity. We present a new and comprehensive framework for TTFields
characterization that potentially could improve treatment planning, tech-
nology development, and accurate prognostication models. Further studies
are required to validate the method.

EXTH-39. DETECTION, MOLECULAR PROFILING AND

CULTURE OF CSE-CTCs IN LEPTOMENINGEAL DISEASE (LMDz)
IN MELANOMA TO IMPROVE DIAGNOSIS AND TREATMENT
STRATEGIES

Vincent Law, Brittany Evernden, Rajappa Kenchappa, John Puskas,

Elena Ryzhova, Inna Smalley, Nam Tran, Arnold Etame, Solmaz Sahebjam,

Abstracts

Anthony Magliocco, Keiran Smalley and Peter Forsyth; H. Lee Moffitt
Cancer Center, Tampa, FL, USA

BACKGROUND: Approximately 5% of melanoma-associated brain me-
tastasis also develops universally fatal LMDz. The aim of this study was
to improve diagnosis and personalized treatment for melanoma-LMDz by
enumerating CTCs from CSE. METHODS: CSF-CTCs were enriched and
detected by Veridex CellSearch® System and the circulating melanoma cell
kit. Cell-free DNA and cell-associated DNA were extracted, sequenced and
profiled. Expanded ex-vivo CSF-CTCs and murine BRAF V60OE mutant
SM1 cells were labeled with viral fluorophore-NanoLuc BRET and injected
into the cisterna magna of immunocomprised mice. These cells were also
tested for drug sensitivity in-vitro. RESULTS: CSF-CTCs: 12 patients with
definite LMDz and 8 melanoma patients without LMDz were studied. All
but 1 LMDz patients (92%) had CSF-CTCs (23 CTCs/ml to 3055 CTCs/ml
CSF). In contrast, only 3/8 (37%) melanoma patients without LMDz had
CSF-CTCs detected, with significantly lower CTC counts per ml CSF (0.13
CTCs/ml to 0.6 CTCs/ml CSF). CSF-CTCs Profile: LMDz patients showed
GNAQ Q209P mutation (uveal melanoma), NRAS Q61R mutation (nasal
melanoma) and also BRAF V600E mutation. Ex vivo culture of CSF-CTCs
and in-vivo injections: We successfully demonstrated ex-vivo expansion of
isolated CSF-CTCs (~25% of samples). Drug treatment revealed Ceritinib
could kill BRAF-inhibitor resistant melanoma-CTCs. Mice injected with
SM1-GFP-NanoLuc exhibited tumor growth in ~1.5 weeks. Metastasis was
detected in the brain and spinal cord regions. CONCLUSIONS: Though
current patient size is small, this is the first report of the successful culture
and drug testing of CSF-CTCs from patients with LMDz. Single cell analysis
and in-vivo testing in progress.

EXTH-40. OPTIMIZING ARRAY LAYOUTS FOR GLIOBLASTOMA
THERAPY WITH TUMOR TREATING FIELDS (TTFIELDS) -USE
OF OBLIQUE ARRAY LAYOUTS SURPASS DEFAULT LEFT-
RIGHT/ANTERIOR-POSTERIOR POSITIONS IN A COMPUTER
SIMULATION MODEL

Anders Korshoej!, Nikola Mikic!, Gorm von Oettingen',

Jens Christian Serensen! and Axel Thielscher?; 'Aarhus University
Hospital, Dept. of Neurosurgery, Aarhus C, Denmark, *Danish Research
Centre for Magnetic Resonance, Copenhagen University Hospital,
Hvidovre, Copenhagen, Denmark

INTRODUCTION: Tumor treating fields (TTFields, Optune®) is an
effective treatment for glioblastoma. The antimitotic effects of TTFields are
induced by low-intensity, intermediate frequency (200 kHz) alternating elec-
tric fields, delivered through two pairs of transducer arrays placed on the
patient’s scalp. The present study aimed to identify optimal array positions
that induced the highest electric field in the tumor by analyzing systematic
variations in array layouts. MATERIALS AND METHODS: TTFields distri-
bution was computed using finite element methods with a realistic computa-
tional head model. A standard anterior-posterior (AP) layout was rotated in
15-degree intervals in the same plane around a central cranio-caudal axis of
the head to investigate thirteen array positions. During subdivision, tumors
were placed at nineteen different frontoparietal positions in the array rota-
tion plane. RESULTS: TTFields distribution was affected by different array
layouts. Two array layouts were identified to be suitable for most tumors.
These identified positions led to TTFields intensities that were approximately
30-40% higher in the tumors than in standard AP and left/right (LR) lay-
outs. The two optimal layouts were oriented at 90-degree intervals to each
other. Subsequent analysis of combining two array pairs revealed a single
optimum layout. For each tumor position, only one optimum layout com-
bination was identified, which was usually oriented in 15-45 degree angles
relative to the sagittal plane. In each case, an oblique layout that was orien-
tated at 45 degrees to the sagittal plane was effective for most tumor localiza-
tions and superior to the default AP/LR layout combination. Determining
factors for layout optimization were high field intensities at transducers
located on the edges of the arrays, with high fields close to the peripheral
transducers. CONCLUSIONS: The present study provides guiding principles
for optimal TTFields layout design and planning. Individual patient-specific
models should be used to determine TTFields distributions more accurately.

EXTH-41. EFFECTS OF TUMOR TREATING FIELDS (TTFIELDS) ON
BLOOD BRAIN BARRIER (BBB) PERMEABILITY

Almuth Kessler!, Clara Schaeffer?, Malgorzata Burek3, Ursula Ruschig?,
Catherine Tempel Brami*, Tali Voloshin*, Moshe Giladi®, Rolf-

Ingo Ernestus', Mario Lohr?, Carola Forster? and Carsten Hagemann?;
'Department of Neurosurgery, University Hospital Wiirzburg, Wiirzburg,
Germany, 2Department of Neurosurgery, University of Wiirzburg,
Wiirzburg, Germany, *Department of Anesthesia and Critical Care,
University of Wiirzburg, Wiirzburg, Germany, *Novocure Ltd., Haifa, Israel

BACKGROUND: Drug application for the treatment of malignant brain
tumors, in particular glioblastoma multiforme (GBM), can be impeded by the
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blood-brain barrier (BBB). Recently, low intensity, intermediate frequency
alternating electric fields called Tumor Treating Fields (TTFields) have been
established as novel adjuvant treatment modality for GBM. Here, the effect
of TTFields on BBB permeability is inspected. MATERIAL AND METH-
ODS: Immortalized murine brain capillary endothelial cells (cerebEND) that
were grown on coverslips and transwell inserts, were treated with TTFields
at a frequency of 100-300 kHz for up to 72 h. Immunofluorescence staining
of the tight-junction proteins Claudin 5 and ZO-1 was utilized to analyze
cell morphology. BBB integrity was determined using transendothelial re-
sistance (TEER) and BBB permeability was checked with flow cytometry
analysis applying fluorescein isothiocyanate (FITC). In rats, Evans Blue (EB)
was utilized to quantify the increase in vessel permeability during TTFields
application to the brain (100 kHz, 72 h). RESULTS: TTFields application
disturbs the BBB by delocalization of tight junction proteins from the cell
boundaries to the cytoplasm with most dramatic effects at 100 kHz. The
BBB integrity was significantly reduced by 65% and the BBB permeability
for 4 kDa large molecules was significantly increased upon TTFields ap-
plication. The cell morphology started to recover 48 h and was completed
96 h after treatment end pointing to a reversibility of the TTFields-effect
on the BBB. TTFields application to the rat head significantly increased the
average accumulation of EB in the brain. CONCLUSION: As TTFields at
a frequency of 100 kHz may potentially permeabilize the BBB, they could
be utilized to deliver drugs generally unable to cross the BBB to the central
nervous system. The presented i vitro and in vivo data may lead to a phase
I clinical trial and clinical application in the future.

EXTH-42. CANSCRIPT MAY PREDICT A SUBSET OF
GLIOBLASTOMAS THAT RESPOND TO SP1 BLOCKERS
Amitava Ray!, Sarvanan Thiyagarajan?, Biswanath Majumdar?,
Padhma Radhakrishnan?, Ajith Kamath?, Dilli Kumar? and
Pradip Majumdar?; 'Apollo Hospital Educational and Research
Foundation, Hyderadad, India, 2Mitra Biotech, Bengaluru, India

INTRODUCTION: Perturbation of SP1 has long been implicated in the
pathogenesis and drug resistance in Glioblastomas. Multiple mechanisms
including upregulation of BACH 1 by antagonizing the function of P53 and
hypomethylating MGMT have been described. In addition, the increased
expression of genes involved in promoting cancer stem cells may orchestrate
this resistance. METHODS: Biopsied GBM samples (n=25) were evaluated
for response to SP1 inhibitor using CANscript, a clinically relevant ex vivo
platform. CANscript system incorporates a personalized tumor microenvir-
onment approach for treatment evaluation and yields a high degree of pre-
dictive correlation to patient clinical outcomes (Majumder B et al. Nature
Communications, 2015). RESULTS: Out of the 25 samples evaluated 10
samples were predicted to respond to the SP1 inhibitor with a CANscript
score of more than 25. This finding is in line with the percentage of SP1
sensitivity seen in other cancers. While the SP1 level was not consistently
elevated in this subset, stem cell markers like NANOG, BMI1 and CD133
were found to be differentially expressed in selected cases. An association of
resistance and hypomethylation of MGMT was also found with SP1 pertu-
bation was found. CONCLUSION: A significant subset of glioblastomas
may display dependency on SP1driven pathways and inhibitors that target
this pathway have the potential to positively impact treatment of this subset
of tumors. REFERENCE: Predicting clinical response to anticancer drugs
using an ex vivo platform that captures tumour heterogeneity. Majumder
B, et.al

EXTH-43. EFFECTIVE TREATMENT OF CANINE SPONTANEOUS
GLIOMAS WITH A CYTOTOXIC COCKTAIL TARGETING IL-13RA2
AND EphA2 RECEPTORS

John Rossmeisl!, Denise Herpai?, John Robertson?, Peter Dickinson?,
Stephen Tatter’ and Waldemar Debinski?; 'Virginia Tech, Blacksburg, VA,
USA, *Wake Forest University School of Medicine, Winston-Salem, NC,
USA, 3Virginia Tech, Blacksburg, VA, USA, “University of California, Davis,
Davis, CA, USA

Malignant gliomas are incurable tumors and canine spontaneous gliomas
are the closest model to human disease. In our Phase I canine clinical trial we
are delivering a cocktail targeting IL-13RA2 and EphA2 receptors contain-
ing modified bacterial cytotoxins using convection enhanced delivery (CED).
Dogs with forebrain gliomas demonstrating IL-13RA2 and EphA2 positivity
were included. Using a 3 + 3 dose-escalation design, cohorts were adminis-
tered 0.05, 0.1, 0.2, 0.4, or 0.8 pg of each cytotoxin/ml of infusate. CED was
planned using a shape-fitting algorithm. Cytotoxins were co-administered
with gadolinium through reflux preventing catheters to allow intraoperative
MRI visualization of infusions. Clinical examinations, adverse events (AE),
and volumetric tumor responses were evaluated on days 14, 28, 42, 84, 180,
270, and 365 following treatment. Grades 3, 4, or 5 AE developing within
28 days of infusion were considered dose-limiting toxicities (DLT). Sixteen
CED infusions were performed in fourteen dogs with gliomas (astrocyto-
mas, n=5; oligodendrogliomas, n=7; mixed gliomas, n=2). The median target
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volume was 5.47 cm? (0.69 to 11.4 cm?). The median target coverage was
77% (38-96%). MRI monitoring facilitated correction of technical compli-
cations observed in 5/16 infusions that allowed continued target coverage.
The 3-, 6-, 9-, and 12-month progression-free survival rates were 57%
(8/14), 38% (5/13), 23% (3/13), and 0% (0/12), respectively. Major tumor
responses (52-95% volumetric decreases) associated with clinical improve-
ment have been observed in 5/8 dogs with >3 months of follow-up. Tumor
necrosis in infused regions was evident in post-mortem examinations in §
dogs dying of progressive disease. DLT have not been observed. The use of
therapeutic planning, intraoperative MRI, and reflux-preventing catheters
allowed for safe and effective CED of IL-13RA2 and EphA2 targeted cyto-
toxins. This study provides evidence of efficacy of the cocktail and warrants
further clinical evaluation in humans.

EXTH-44. TARGETING GLIOMA STEM CELLS WITH CAR-T
IMMUNOTHERAPY IN XENOGRAFT ANIMAL MODELS

Mansour Gergi', Sudarshana Sengupta', Prakash Sampath! and

Sadhak Sengupta?; 'Roger Williams Medical Center, Providence, RI, USA,
2Warren Alpert School of Medicine, Brown University, Providence, RI, USA

Recurrent Glioblastoma (GBM) tumors often arise from glioma-initiating
cells or glioma stem cells (GSCs). GSCs are usually resistant to the standard
therapeutic regiment of radiation and chemotherapy and hence have been
an attractive target for the development of immunotherapeutic strategies to
treating recurrent GBMs. Chimeric antigen receptor expressing engineered
T (CAR-T) cells are redirected to detect and destroy rare tumor cells that
express specific tumor antigens. CAR-T cells have been successful in treat-
ing hematological cancers, and moderately effective in remission of pri-
mary GBM tumors, but not yet been successful in the immunotherapeutic
targeting of GSCs or recurrent GBMs. In this study, we have treated two
patient-derived GSCs and tumor cell line derived neurospheres, as well as
GSC/neurosphere-derived secondary tumor cells with CAR-T cells that
specifically target IL13R02 tumor antigens on GBMs. These GSCs and
neurospheres were resistant to radiation and adjuvant chemotherapy but
were successful in activating antigen-specific CAR-T cells- as observed by
increased proliferation as well as secretion of cytokines. In vitro co-culture
of CAR-T cells with GSCs, neurospheres, and secondary tumors resulted in
the effective cytotoxic killing of tumor cells. In experimental animals bearing
xenograft implantation of GSCs or redefined secondary tumor cells, tumors
went into remission when treated with CAR-T cells, in comparison to treat-
ment with T cells that did not express specific CAR molecule. Together, we
conclude that CAR-T cell immunotherapy can be an effective approach to
targeting GSCs and treating secondary or recurrent GBM tumors.

EXTH-45. THE REPURPOSED CUSP9 REGIMEN EXERTS POTENT
ANTI-NEOPLASTIC ACTIVITY AGAINST GLIOBLASTOMA CELLS
IN VITRO

Marc-Eric Halatsch', Richard Eric Kast?, Annika Dwucet!,

Markus Siegelin®, Tim Heiland' and Georg Karpel-Massler!; 'Ulm
University Medical Center, Ulm, Germany, 2[IAIGC, Burlington, VT, USA,
3Columbia University Medical Center, New York, NY, USA

OBJECTIVE: Drug repurposing is a strategy to safely accelerate the clin-
ical application of therapeutics that provide anti-cancer activity. CUSP9
represents such a therapeutic regime which includes nine repurposed
drugs along with low-dose temozolomide. In this work, we examined the
biological activity of the CUSP9 regimen in an in vitro setting of glio-
blastoma. METHODS: MTT and soft-agar assays were used to examine
cellular proliferation. Staining for Annexin V/PI and Western blotting were
used to examine pro-apoptotic effects. A spheroid assay was performed to
assess effects of the treatments on three-dimensional growth. Time-lapse
microscopy, radius and transwell assays were performed to examine anti-
migratory effects. RESULTS: Treatment with CUSP9 exerted profound anti-
proliferative activity and inhibited anchorage-independent growth among
a broad panel of established, primary cultured and glioma stem-like cells.
These effects were accompanied by enhanced apoptosis as indicated by an
increased fraction of Annexin V-positive cells and enhanced caspase-3 cleav-
age. Moreover, CUSP9 lead to significantly decreased 3-dimensional tumor
formation. In addition, non-directed and directed movement of glioblastoma
cells were significantly impaired following CUSP9 treatment. CONCLU-
SION: These data suggest that CUSP9 has potent anti-cancer activity in
vitro which is currently further explored by a clinical trial being conducted
at our institution (NCT02770378).

EXTH-46. A COMBINATORY IMMUNOTHERAPY AGAINST BRAIN
TUMOUR: BLOOD DENDRITIC CELL BASED VACCINE THERAPY
WITH CHECKPOINT INHIBITOR(S)

ulius Kim!, Benjamin Kong!, Tsun-Ho Lo!, Michael S Papadimitrous!,
Jennifer Hsu!, Phillip Fromm!, Kimberley Kaufman?, Michael Buckland?,
Georgina Clark! and Derek Hart!; 'ANZAC Research Institute, Concord,
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NSW, Australia, 2University of Sydney, Camperdown, NSW, Australia,
SRoyal Prince Alfred Hospital, Camperdown, NSW, Australia

Cancer vaccines represent a novel and promising approach for aggressive
neoplasms such as glioblastoma multiforme (GBM) where other treatment
modalities have not been effective. In this regard, cancer vaccines have been
developed which exploit the key central immunoregulatory dendritic cell
(DC) to maximize vaccine efficacy. Such “DC vaccine” strategies are cur-
rently being evaluated clinically and form the basis of a number of commer-
cial initiatives. However, current monocyte derived DCs (Mo-DCs) based
vaccines have shown limited efficacy, possibly due to insufficient antigen
presentation capability as well as inability to migrate toward lymph nodes.
In this regard, we have developed a novel antibody against the CMRF-56
antigen which preferentially selects for distinct blood derived dendritic cell
(BDC) subsets including myeloid CD1c+ and the highly efficient cross-
presenting CD141+ BDC subsets. Unlike commonly used Mo-DC vaccines,
which require artificial induction of differentiation/activation to load tu-
mour specific antigens, CMRF-56 antibody-based selected BDCs showed
highly activated/matured status upon selection. BDCs also showed the bet-
ter migratory capability in response to the lymph nodes-migratory signal
(CCR7/CCL21). Most importantly, antigen processing and presentation
capability and glioma specific cytotoxicity mediated by BDC activated T
cells were superior to those of Mo-DCs, implying highly efficient immuno-
therapeutic efficacy against GBM. In addition, we will discuss a potential
boosting combinatory immunotherapeutic approach against GBM; BDC
based vaccine in combination with checkpoint inhibitor, anti-PD1. In this
research, we will demonstrate a therapeutic potential of a novel immune-
combinatory personalized medicine against GBM.

EXTH-47. DEVELOPMENT OF A NOVEL FLUORESCENT
VIRUS-LIKE-PARTICLES AS RNA INTERFERENCE AND TUMOR
SUPPRESSOR GENE DELIVERY TOOL FOR BRAIN TUMOR
TREATMENT

Chiungyin Huang and Kuo-Chen Wei; Chang Gung University, Kweishan,
Taoyuan, Taiwan

Efficient delivery is a key issue in translating RNA interference (RNAi)
technology into a feasible therapy. The efficiency of carrier systems used
for this technology is commonly tested by co-transfection, i.e. simultan-
eous transfection with an exogenous gene and with the siRNA. Here, we
describe a fluorescence virus-like particles (fVLPs) platform with self RNAi
production and packaging to inhibit gene expression and overexpress tumor
suppressor proteins simultaneously for efficient cancer therapy. We have
designed an RNAI scaffold (let-7g, c-Met, Wnt-2 siRNA) and co-expressed
with QB coat protein and mCherry fluorescent protein simultaneously
through a two-plasmid system, and self-assembly produced in E. coli. The
polylysine (PLL) would be incorporated to the exterior surface of fVLPs
to enhance cell uptake and adsorb plasmid DNA on the surface. The PLL-
mediated fVLPs have been assessed by cell examination. In our study, The
fVLPs revealed no cytotoxicity and could be internalized inside cells. Our
data showed that the PLL-mediated fVLPs could effectively knockdown let-
7g gene to inhibit the cancer growth and also suggested that this platform is
amenable to efficient packaging of functional RNAi and, most recently, sim-
ultaneous packaging with plasmid DNA. Then we used brain tumor model
animals for testing the tumor suppress efficiency in vivo. The tumor growth
rate is significantly reduced in siRNA loaded VLP-administrated animals
and longer survival periods is observed. Also, there is no significant altera-
tions to the blood biochemical values of the VLP-administrated animals. We
believe this multifunctional PLL-mediated fVLPs platform has potential to
overcome impediments as mentioned earlier and well suited for RNAi-based
therapeutic tools.

EXTH-48. ORAL GALLIUM MALTOLATE IMPAIRS TUMOR
GROWTH AND EXTENDS DISEASE-SPECIFIC SURVIVAL IN

A XENOGRAFT MODEL OF RECURRENT GBM

Mona Al-Gizawiy!, Wujek Robert!, Hisham Alhajala?, Jonathan Cobb?,
Melissa Prah!, Shama Mirza*, Christopher Chitambar? and

Kathleen Schmainda'; 'Radiology, Medical College of Wisconsin,
Milwaukee, W1, USA, 2Medicine, Medical College of Wisconsin,
Milwaukee, W1, USA, 3Department of Radiology, Medical College

of Wisconsin, Milwaukee, W1, USA, “Department of Chemistry &
Biochemistry, University of Wisconsin, Milwaukee, WI, USA

BACKGROUND: Recurrent glioblastoma (rGBM) is a distinctly dif-
ferent disease condition than de novo GBM, characterized by chemo- and
radioresistance. Consequently, treatment options remain limited. Given our
recently published promising results using the novel iron mimetic, gallium
maltolate (GaM), in a rat xenograft of de novo GBM, we set out to in-
vestigate the effects of oral GaM in an in vivo model of rGBM. METH-
ODS: Irradiated adult human GBM cells were stereotactically implanted
into the right striatum of 12 male athymic rats. Following confirmation of
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in vivo tumor growth by advanced MRI at 9.4T on day 14 post-implan-
tation, animals received GaM (50 mg/kg/day, n=5) in an oral preparation
for voluntary ingestion. Two animals received daily oral GaM continuously
throughout the study period, while three underwent a 2-week on, 1-week off
treatment cycle. Tumor growth was monitored weekly by MRI, and lesion
volume and associated parameter maps were determined using enhancing
tumor ROIs. RESULTS: Mean compliance with voluntary ingestion of GaM
was 97% (49 mg/kg/day). Complete longitudinal MRI data was available
for 5 GaM rats and 5 controls. The mean weekly tumor growth rates of
enhancing lesions were 78% and 156% in GaM-treated and control ani-
mals, respectively (p=0.006). Median disease-specific survival was 28 days
in controls and 49 days in GaM-treated animals, with 3/5 treated animals
still alive (p=0.004). Preliminary histological findings in GaM-treated tumor
tissue indicate treatment effect (swollen cells, degeneration and/or granu-
lation of cytoplasm) and apoptotic cells throughout the lesions, compared
to pseudopalisading necrosis and standard tumor cell size in control tis-
sues. No adverse physiological effects due to treatment were noted. CON-
CLUSION: We presented compelling evidence that oral GaM significantly
impairs tumor growth and extends disease-specific survival in a xenograft
model of rGBM. We propose that GaM shows great promise as a new inter-
ventional strategy for GBM therapy.

EXTH-49. NOVEL AD-REIC VECTOR WITH THE SUPER GENE
EXPRESSION (SGE) SYSTEM (AD-SGE-REIC) AS A PROMISING
THERAPEUTIC AGENT FOR MALIGNANT GLIOMA

Kazuhiko Kurozumi', Tetsuo Oka?, Kentaro Fujii?, Yasuhiko Hattori?,
Yusuke Tomita!, Toshihiko Shimizu?, Atsuhito Uneda?, Yuji Matsumoto?,
Hiromi Kumon? and Isao Date?; 'Okayama University, Okayama, Japan,
2Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama, Japan, *Innovation Center Okayama
for Nanobio-targeted Therapy, Okayama, Japan

INTRODUCTION: Reduced expression in immortalized cells/Dick-
kopf-3 (REIC/Dkk-3) is a tumor suppressor and therapeutic gene in many
human cancers. We have investigated the anti-glioma effect of the adeno-
virus vector carrying REIC/Dkk-3 (Ad-CAG-REIC). Recently an Ad-REIC
vector with the super gene expression (SGE) system (Ad-SGE-REIC) has
been developed for higher protein expression and therapeutic effects
than the conventional adenoviral vector (Ad-CAG-REIC). In this study,
we evaluated the anti-glioma effect of the Ad-SGE-REIC against malig-
nant glioma. MATERIALS AND METHODS: Transcriptome analysis
of the differential (exome sequencing-derived) expression levels of REIC
was conducted based on using The Cancer Genome Atlas (TCGA) GBM
patient dataset (n=349) using the Project Betastasis web platform (http://
www.betastasis.com/glioma/tcga_gbm/). To evaluate the anti-glioma effect
of the Ad-SGE-REIC, we conducted a cytotoxicity assay to assess treat-
ments with Ad-SGE-REIC, Ad-CAG-REIC, or Ad-LacZ (control) using
malignant glioma cells (U87AEGFR or GL261) and normal human astro-
cytes (NHAs). Seven days after implantation of glioma cells into the brain
of mice, Ad-SGE-REIC, Ad-CAG-REIC, or Ad-LacZ (control) was injected
stereotactically at the tumor inoculation site. The survival of mice in each
group was analyzed by the Kaplan—-Meier method. RESULTS: Analysis of
the TCGA GBM patient dataset revealed that differential expression levels
of REIC were lower in all subgroups, including Proneural, Neural, Clas-
sical, and Mesenchymal groups, than in the control group. In the cytotox-
icity assay, after treatment with Ad-SGE-REIC, the number of malignant
glioma cells attached to the bottom of culture wells was significantly
reduced in a time-dependent manner. The survival time of the mice treated
with Ad-SGE-REIC was significantly longer than those treated with Ad-
LacZ or Ad-CAG-REIC. CONCLUSIONS: We demonstrated the anti-gli-
oma effect of Ad-SGE-REIC. We are now planning an investigator-initiated
clinical trial (phase I/Ila) of Ad-SGE-REIC for the treatment of recurrent
malignant glioma.

EXTH-50. NOVEL IODINE NANOPARTICLES (INPs) FOR
RADIATION ENHANCEMENT OF BRAIN TUMORS

Henry Smilowitz!, James Hainfeld?, Sharif Ridwan' and Rahul Panchal';
"University of Connecticut Health Center, Farmington, CT, USA,
2Nanoprobes, Inc., Yaphank, NY, USA

Nanoprobes Inc. in collaboration with the Smilowitz lab pioneered the
use of non-toxic 15nm gold nanoparticles (AuNPs) to enhance radiation
therapy (RT) of advanced murine EMT-6 mammary tumors growing sub-
cutaneously (Hainfeld et al., 2004) and advanced gliomas growing in the
brains of mice (Hainfeld et al., 2013). Because of skin discoloration and
clearance concerns, second generation INPs were developed by Nano-
probes, Inc. These 20nm non-toxic particles (blood half-life 40 hrs) pas-
sively and selectively leak into brain tumors after IV injection. Tumor
accumulations, determined by MIcroCT, were seen throughout the tumors,
were macroscopically heterogeneous and achieved clinically relevant lev-
els. Liver INP clearance was 50% over 6-months. Fluorescence microscopy
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showed INPs localized to the region of the brain containing the advanced
glioma. Confocal microscopy (63X) revealed INPs largely associated with
the tumor endothelium and the surface of tumor cells with some evidence
of tumor cell internalization. Using advanced U87 tumors growing in the
brains of athymic nude mice, IV injection of 3.5 and 7g/kg INP twenty-four
hours prior to single-dose 15Gy RT (RT100KeV X-Ray source) provided
median life extensions of ~2 and 2.4-fold, respectively. Tumors followed
by bioluminescence showed an initial slowing of the tumors followed by a
slower rate of increase after the administration of INPs. Median life exten-
sion was also seen in the context of fractionated RT (2x10Gy). Importantly,
INP-enhanced RT synergistically increased the efficacy of DOXIL chemo-
therapy administered at 15mg/kg given in six IV doses over two weeks.
Canine safety studies and clinical trials in dogs with gliomas are warranted
prior to human translation.

EXTH-51. C18-CERAMIDE ANALOGUE DRUG OVERCOMES
RESISTANCE TO TEMOZOLOMIDE IN GLIOBLASTOMA
Arabinda Das, Szulc Zdzislaw, David Cachia, Sunil J Patel and

Besim Ogretmen; Medical University of South Carolina, Charleston, SC,
USA

Glioblastoma (GB) is a WHO Grade IV brain tumor with very limited
therapeutic option currently available. The DNA-alkylating agent temozolo-
mide (TMZ) is currently the most effective chemotoxic drug for GB therapy
but efficacy tends to be short-lasting with tumors eventually becoming re-
sistant to treatment. Developing novel agents is therefore of paramount im-
portance. Ceramide synthase 1 (CERS1) is the most highly expressed CERS
in the central nervous system, and ceramide with an 18-carbon—contain-
ing fatty acid chain (C18-ceramide) plays important roles in signaling and
sphingolipid development. However, the roles of CERS1 and C18-ceramide
in glioma are largely unknown. Our results demonstrated C18 ceramide is
down regulated in 70% of human GB tumor tissues as compared to non-
tumor tissues, indicating that down-regulation of C18-ceramide synthesis
might have a role glioma-genesis. These roles were examined by reconstitu-
tion of C18-ceramide in GB cells via addition of exogenous C18-ceramide
analogue drug, or overexpression of CERS1, which has been shown to spe-
cifically induce the generation of C18-ceramide. Our results demonstrated
that C18-ceramide reconstitution using pharmacologic or molecular tools
induced cell death in human GB cells that exhibited resistance to TMZ, but
had no effect on cell death induction in normal astrocytes. Thus, these data
suggest that reconstitution of C18-ceramide signaling induces cell death in
TMZ resistant GB.

EXTH-52. USE OF A PHOSPHOLIPID BINDING MARCKS MIMETIC
FOR TARGETED KILLING OF GLIOBLASTOMA CELLS

Nicholas Eustace!, Jason Warram!, Hayley Widden'!, Joshua Anderson',
Patricia Hicks', Rune Troelsgaard?, William Placzek!, Anita Hjelmeland',
Yancey Gillespie! and Christopher Willey'; 'University of Alabama at
Birmingham, Birmingham, AL, USA, 2ChemoMetec, Allerad, Denmark

Glioblastoma (GBM) like most cancers harbors frequent mutations in
phospholipid signaling that contributes to many of the hallmarks of can-
cer, including immune suppression from the externalization of phosphati-
dylserine (PS) in viable cells, to pro-growth, survival and invasive signaling
resulting from mutations in phosphoinositide (PI) metabolizing enzymes
like phosphoinositide 3-kinase p110a (PIK3CA). We evaluated the thera-
peutic potential of using a PS and phosphatidylinositol 4,5-bisphosphate
(PIP2) binding peptide derived from Myristoylated Alanine-Rich C-Kinase
Substrate (MARCKS) effector domain (ED) to suppress GBM growth.
The conjugation of a cell penetrating trans-activator of transcription
(TAT) sequence to MARCKS ED (TAT-ED) was found to have potent
dose-dependent cytotoxicity to GBM patient-derived xenografts (PDX) at
low micromolar doses, 20 times greater than the unconjugated ED pep-
tide while remaining nontoxic to normal human astrocytes. A Cy7 labeled
TAT-ED showed substantial punctate accumulations at the plasma mem-
brane of GBM but only rarely on NHA’s. Quantification of the TAT-ED
uptake using the Xcyto10 image cytometer showed TAT-ED accumulates
to greater levels in the cytoplasm and nucleus of GBM, poorly penetrates
into the nucleus of NHA’s, and revealed high levels of TAT-ED was associ-
ated with DNA hypoploidy. TAT-ED was equally cytotoxic to PDX neu-
rospheres and adherent cells and found to trigger a rapid and sustained
rise in intracellular calcium, with the appearance of a unique annexin V
positive bleb, preceding a caspase-independent cell death and simultaneous
annexin V positivity and membrane permeability. I vivo bio distribution
studies revealed TAT-ED crosses the blood-brain barrier concentrating in
the periventricular region of tumor naive mice or in intracranial tumors.
Kinomic and mRNA pathway analysis suggests TAT-ED activates PKC,
NRD2 and MAPK pathway, while inhibiting ephrin receptors and SRC
family kinases. Overall, this study finds TAT-ED to have both selective and
potent therapeutic effects against GBM.
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EXTH-53. IN VIVO QUANTITATIVE ANALYSIS OF ONCOLYTIC
VIRUS-TUMOR KINETICS

Hirotaka Ito', Hiroshi Nakashima?, Eric McLaughlin® and E.

Antonio Chiocca?; 'Brigham and Women’s Hospital, Boston, MA, USA,
?Department of Neurosurgery, Brigham and Womens Hospital, Boston
MA, Boston, MA, USA, 3The Ohio State University, Columbus, OH, USA

Oncolytic virus (OV) immunotherapy is becoming a clinically feasible
therapy for cancer, with one FDA-approved product and many more in
the clinical trial pipeline. Yet, there are still gaps in mechanistic knowledge
related to how much oncolysis and OV replication is needed to achieve ef-
ficacious cytotoxic T cell responses. We have developed a series of “tools”
to understand the kinetics of OV replication and correlate with antitumor
efficacy. These consist of an oncolytic HSV that expresses two luciferase iso-
forms (Rluc and Fluc) activated at immediate early or late stages of viral rep-
lication cycle and U87dEGFR cells expressing a secreted luciferase (Cluc).
Cluc levels in serum significantly correlated with tumor volumes measured
by MRI (r = 0.9653). U87dEGFR-Cluc tumors in the brains of athymic
mice were treated with this oncolytic HSV. Temporal analyses of the OV
and tumor luciferases clustered mice into those that responded to therapy
as assayed by stable MRIs or did not (MRIs showing increasing tumor
volumes). While there was no significant difference in maximum tumor
infection level by OVs between responders vs. non-responders (p = 0.17),
responders showed significantly higher levels of replication (p = 0.036),
followed by significantly faster decrease in both OV and tumor-expressed
luciferases (p < 0.0001). Non-responders exhibited enlarging areas of tumor
necrosis measured by T2 weighted MRI (increased from 10.3 to 17.4mm?>
on day12-16 compared to a decrease from 10.8 to 4.7mm? in responders)
which correlated with the signal intensity of OV-expressed Rluc and Fluc
(r = 0.6807 and 0.5526, respectively). Histologically, responders showed an
even biodistribution of OV in tumors with densely recruited Iba-1 positive
cells while non-responders had uneven distribution sometimes with tumor
hemorrhages (3/6 in non-responders, 0/2 in responders). These analyses can
help us better understand the results of OV therapy from clinical trials.

EXTH-54. Bcl-2/Bcl-xL INHIBITION SYNERGISTICALLY ENHANCES
THE ANTI-NEOPLASTIC ACTIVITY OF CUSP9 AGAINST
GLIOBLASTOMA CELLS IN VITRO

Marc-Eric Halatsch!, Richard Eric Kast?, Annika Dwucet!, Christian
Rainer Wirtz', Markus Siegelin® and Georg Karpel-Massler'; 'Ulm
University Medical Center, Ulm, Germany, 2IIAIGC, Burlington, VT, USA,
3Columbia University Medical Center, New York, NY, USA

OBJECTIVE: Repurposing represents a promising approach to safely
accelerate the clinical application of therapeutics with anti-cancer activity.
In this study, we examined whether inhibition of the anti-apoptotic Bcl-2
family proteins Bcl-2 and Bcl-xL enhances the biological effects of the
repurposed CUSPY regimen in an in vitro setting of glioblastoma. METH-
ODS: We applied MTT assays to assess cellular proliferation. Annexin
V/PI and TMRE staining were used to examine apoptosis. Western blot-
ting, RT-PCR and specific knockdown experiments using siRNA were
employed to examine molecular mechanisms of action. RESULTS: Bcl-2/
Bcl-xL inhibition by the BH3 mimetic ABT263, yielded synergistic anti-
proliferative effects across a wide panel of established and primary cul-
tured glioblastoma cells when combined with CUSP9 which had been
reduced to only one tenth of its original concentration (CUSP9 1/10). The
combination treatment also led to enhanced apoptosis with loss of mito-
chondrial membrane potential and activation of caspases. On the molecu-
lar level, CUSP9 1/10 counteracted ABT263-mediated upregulation of
Mcl-1. Silencing of Mcl-1 enhanced ABT263-mediated apoptosis, indicat-
ing that Mcl-1 is crucial for the induction of cell death conveyed by the
combination treatment. Levels of Mcl-1 mRNA were not decreased fol-
lowing combination therapy, and co-treatment with cycloheximide showed
reduced protein stability, pointing towards a post-translational mechanism
of action. CONCLUSION: These data suggest that Bcl-2/Bcl-xL inhibition
enhances the susceptibility of glioblastoma cells towards CUSP9, allowing
dramatic dose reduction and potentially decreased toxicity when applied
clinically. A clinical trial involving the original CUSP doses (CUSP9v3)
is currently ongoing in our institution (NCT02770378). The Bcl-2/Bcl-
xL inhibitor ABT263 is in clinical trials and might represent a valuable
adjunct to the original CUSP.

EXTH-55. CONCOMITANT INHIBITION OF RAC1 AND Bcl-2/
Bcl-xL INTERFERES WITH THE Mcl-1/Usp9X AXIS AND YIELDS
SYNERGISTIC ANTI-GLIOMA ACTIVITY

Michal Hlavac!, Annika Dwucet!, Mike-Andrew Westhoff!, Richard

Eric Kast?, Jens Engelke!, Markus Siegelin®, Christian Rainer Wirtz',
Marc-FEric Halatsch! and Georg Karpel-Massler'; 'Ulm University
Medical Center, Ulm, Germany, 2I[IAIGC, Burlington, VT, USA, *Columbia
University Medical Center, New York, NY, USA
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The purpose of this study was to examine whether inhibition of RAC1
would enhance the pro-apoptotic reprogramming of glioblastoma’s cellular
circuitry following selective Bcl-2/Bcl-xL inhibition by BH-3 mimetics. Pre-
clinical drug testing and molecular profiling was performed in different glio-
blastoma model systems including established, primary and glioma stem-like
cells. Our data show that combined inhibition of RAC1 and Bcl-2/Bcl-xL
resulted in synergistic anti-proliferative and pro-apoptotic effects in a panel
of different glioblastoma cells. RAC1 inhibition lead to decreased expression
of the deubiquitinase Usp9X and depletion of endogenous Mcl-1 through a
post-translational mechanism. The combination treatment diminished the
expression of the anti-apoptotic Bcl-2 family proteins Bel-2 and Bel-xL. In
addition, the migratory activity of glioblastoma cells was significantly inhib-
ited by the combination treatment. Lastly, tumor formation on the chor-
ion allantoic membrane of chicken embryos was significantly impaired by
simultaneous inhibition of RAC1 and Bcl-2/Bcl-xL. In conclusion, our data
suggest that inhibition of RAC1 strongly enhances the pro-apoptotic shift in
glioblastoma cells induced by BH-3-mimetics via counteracting mechanisms
of resistance such as upregulation of Mcl-1. From a mechanistic point of
view, RAC1 inhibition affects protein stability of Mcl-1 which is likely to be
subsequent to decreased expression of Usp9X. Overall, the promising bio-
logical anti-cancer activity of this multi-targeting strategy warrants further
in vivo testing.

EXTH-56. CLINICALLY DELIVERABLE DEEP BRAIN STIMULATOR
GENERATED ELECTRICAL FIELDS HAVE PROFOUND EFFECTS ON
GLIOBLASTOMA MULTIFORME CELL LINES

oshua Branter!, Maria de los Angeles Estevez Cebrero!, Richard Grundy',
Surajit Basu? and Stuart Smith'; 'The University of Nottingham,
Nottingham, England, United Kingdom, 2Department of Neurosurgery,
Queen’s Medical Centre, Nottingham, England, United Kingdom

INTRODUCTION: Phase III trials of the Optune system which utilises
Tumour Treating Fields (TTFields) have shown positive results in both pri-
mary, and recurrent adult Glioblastoma multiforme (GBM) patients. These
results have given strength to the feasibility of electromagnetic fields as a
therapy for brain tumour patients. Here we present the repurposing deep
brain stimulation (DBS) electrodes as a novel delivery system of therapeutic
electric fields to GBM cell lines. METHODS: Medtronic DBS electrodes
were inserted into cell culture flasks and delivered clinically relevant electric
fields over a range of frequencies and intensities to our panel of GBM cell
lines. The effects of DBS treatment on cell viability, cell cycling, long-term
effects of treatment, as well as genome-wide expression via microarray were
analysed. GBM cells were also treated in a combinational fashion with mi-
totic inhibitors to enhance efficacy. RESULTS: DBS electric fields negatively
affect cell proliferation and viability of our commercial and primary GBM
cell lines over a range of clinically relevant DBS settings. The magnitude of
these effects were dependent upon frequency, intensity and the number of
DBS leads. Cells treated with DBS were re-seeded and growth rates were
compared to non-treated cells. The treated cells experienced up to 50%
slower growth rates following treatment. Cell cycle analysis revealed that
DBS treated cells have significant levels of G, phase accumulation relative
to control flasks. The effects of electrotreatment on gene expression will be
discussed. Efficacy of DBS may be increased with the addition of paclitaxel
and mebendazole. CONCLUSIONS: DBS treatment has demonstrated effi-
cacy against our array of GBM cell lines. The treatments offers an alterna-
tive electric fields treatment to TTFields, which has different mechanisms of
action at the cellular level and this is reflected in our data.

EXTH-57. PLASMA AND CEREBROSPINAL FLUID
PHARMACOKINETICS OF THE PROCASPASE-ACTIVATING
COMPOUND, PAC-1, FOLLOWING ORAL ADMINISTRATION IN
A NON-HUMAN PRIMATE MODEL

Cynthia Lester McCully!, Rafael Cruz?, Alexander V. Lyubimov?,
Alexander D. Zakharov*, James H. Fischer?, Paul J. Hergenrother® and
Katherine E. Warren'; 'National Cancer Institute, Bethesda, MD, USA,
2Leidos Biomedical Research Inc.,, Bethesda, MD, USA, 3University of
Illinois at Chicago, Chicago, IL, USA, *Toxicology Research Laboratory,
Chicago, IL, USA, *University of Illinois, Urbana-Champaign, Urbana, IL,
USA

BACKGROUND: PAC-1 is a novel compound which induces apoptosis
via activation of the procaspase-3 pathway in cancer cells. Human clinical
trials are ongoing with PAC-1 as a single agent (late-stage cancers) and in
combination therapies (malignant glioma), in addition to studies in pet
canines (glioma). This study evaluated the CSF penetration of PAC-1 via
plasma and CSF pharmacokinetics in a nonhuman primate CSF Ventricular
Reservoir or Lumbar Port model that allows serial CSF collection. METH-
ODS: 4 male rhesus macaques received 15 mg/kg (Human Equivalent Dose
of 558 mg/m?/day) of PAC-1 in 6 studies with two formulations; liquid (n=1)
or pill (n=5). 1 animal received both formulations. Paired plasma and CSF
(lumbar n=2 and ventricular n=4) samples were collected for 0-72 hours.
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PAC-1 was quantified by LC-MC/MS. The lower limit of quantitation for
plasma was 10.0 ng/ml and CSF 0.2 ng/ml. PK parameters were calculated
via noncompartmental methods. RESULTS: § studies were evaluable (n=1
liquid and n=4 pill). Plasma-Quanitifible (n=5). Liquid Formulation (n=1):
AUC, , 5299.91 hr*ng/ml, Half-Life 4.99 hr, and Clearance 57.43 L/hr/
m?. Pill Formulation PK range (n=4): AUC, 1527.7-8036.08 hr*ng/ml,
Half-Life 10.2-31.5 hr, and Clearance 37.65-199.49 L/hr/m?. CSF-Quaniti-
fible (n=3; 2 lumbar & 1 ventricular) or undectable (n=2 ventricular). Li-
quid Formulation (lumbar n=1): AUC, _ 50.90 hr*ng/ml, Half-Life 4.59 hr,
and Clearance 5979.56 L/hr/m? Pill Formulation PK range (lumbar n=1 and
ventricular n=1): AUC,, 7.53-31.25 hr*ng/ml, Half-Life 22.35-28.88 hr,
and Clearance 9955.96-40178.44 L/hr/m?. CSF: Plasma Ratio formulation
comparison: 0.96% liquid and 0.46 % pill. CONCLUSIONS: In this animal
model, the CSF penetration of PAC-1 is low and formulation-dependent,
with CSF: Plasma ratio 2 fold greater with liquid verses pill formulation.
The CSF clearance is rapid. FUTURE STUDIES: 10.08 and 12.1 mg/kg dos-
ages (Human Equivalent Dose 375 and 450, mg/m?/day, respectively) are
currently undergoing evaluation in this NHP model.

EXTH-58. ONC206, AN IMIPRIDONE FAMILY MEMBER,
SUPPRESSES GLIOBLASTOMA CELLS VIA BLOCKING CANCER
STEMNESS PATHWAYS

inkyu Jung!, Tyrone Dowdy?, Emeline Tabouret?, Brent Reynolds®,
Joshua Allen®, Mioara Larion®, Mark Gilbert® and Deric Park®; 'Neuro-
Oncology Branch, National Cancer Institute, Bethesda, MD, USA, 2Neuro-
Oncology Branch, Center for Cancer Research, NCI, Bethesda, MD, USA,
3Neuro-Oncology Branch, National Cancer Institute, Bethesda, MD, USA,
4Department of Neurosurgery, University of Florida, Gainesville, FL, USA,
SOncoceutics, Philadelphia, PA, USA, éNeuro-Oncology Branch, CCR, NCI,
NIH, Bethesda, MD, USA

INTRODUCTION: Imipridones selectively target G protein-coupled
receptors (GPCRs) that control critical signaling pathways in various can-
cer cells. Aberrant overexpression of GPCRs has been implicated in tumori-
genesis. ONC201, a first generation imipridone that directly antagonizes
dopamine receptor D2 (DRD2), continues to be evaluated in clinical trials
for advanced cancers. The immediate downstream mechanism(s) of DRD2
inhibition and resulting anti-cancer activity remains an area of active study.
METHODS & RESULTS: ONC206, an analog of ONC201, shares the
same imipridone core chemical structure and selective antagonism of DRD2,
potently inhibits treatment-resistant glioblastoma caused by intra-tumoral
heterogeneity with clinically achievable concentrations. In silico analysis of a
glioma patient database revealed that alteration of DRD2 mRNA expression
was directly connected to global gene expression change. Imaging DRD2
expression by immunofluorescence demonstrated heterogeneous expression
of DRD2 in the glioblastoma cells. After DRD2 inhibition, global metabolite
profiling in patient-derived glioblastoma stem cells (GSCs) compared with
differentiated glioblastoma cells (DGCs) demonstrated globally differential
effects in their cellular signaling pathways. Cell viability assay showed that
exposure to ONC206 in a dose dependent manner preferentially eliminated
GSCs with 50 to 200 nM of IC50 ranges, whereas the IC50 of DGCs ranged
from 200 to 1000 nM. In vitro limiting dilution and sphere formation assay
showed that ONC206 prevented tumor sphere formation and tumor growth.
ONC206 down-regulated protein expression of cancer-related stem cell
markers in the GSCs; silencing DRD2 expression confirmed the dependency
of DRD2 expression on cancer stem cell niches in glioblastoma. CONCLU-
SIONS: ONC206 treatment displays the differential effects on glioblastoma
cells, more selectively targeting DRD2 in GSCs (at nanomolar concentra-
tions) compared with DGCs in culture and in xenograft models. This sug-
gests that a therapeutic strategy targeting DRD2-expressing GSCs within
glioblastoma may be beneficial for overcoming the therapeutic resistance.

EXTH-59. INTRACRANIAL IMPLANTATION OF TUMORICIDAL
STEM CELL-SEEDED SCAFFOLDS AFTER GLIOBLASTOMA
RESECTION

Kevin Sheets', Juli Rodriguez-Bago', Ivory Paulk! and Shawn Hingtgen?;
"University of North Carolina at Chapel Hill, Chapel Hill, NC, USA,
2Division of Molecular Pharmaceutics, UNC Eshelman School of
Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill, NC,
USA

The most common and aggressive primary brain cancer, glioblastoma
(GBM), carries a life expectancy of 12-15 months. The short life expect-
ancy is due, in part, to the inability of the current treatment, consisting
of surgical resection followed by radiation and temozolomide, to elimin-
ate invasive tumor foci. Treatment targeting invasive tumor foci may be
advanced with tumoricidal human mesenchymal stem cells (MSCs). These
cells exhibit potent tumor tropism and can be engineered to kill tumor
cells in preclinical models. Advancements in preclinical models indicate
surgical resection induces premature MSC loss and reduced therapeutic
efficacy. Efficacy of MSC treatment can be improved by preloading MSCs
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on a biodegradable poly(lactic acid) (PLA) scaffold. MSC delivery on a
PLA scaffold restores cell retention, persistence, and tumor killing. To
study the effects of MSC-seeded PLA implantation on GBM, an accurate
preclinical model is needed. Here we report a preclinical surgical method
for performing image-guided tumor resection of GBM in immune-deficient
mice followed by MSC-seeded scaffold transplantation. MSCs were engi-
neered with lentiviral constructs to constitutively express and secrete the
DR4/5 agonist TNFa-related apoptosis inducing ligand (TRAIL) as well
as GFP to allow fluorescent tracking. Similarly, the human GBM tumor
cells were engineered to express mCherry and Firefly luciferase, providing
dual fluorescent/luminescent tracking capabilities. Using quantitative BLI,
we found that maximal resection of visible fluorescent tumor cells failed
to fully eradicate the tumor mass. Up to 10% of the pre-operative tumor
signal intensity remained post-resection, mirroring observations in human
patient testing. MSC-TRAIL implanted on PLA scaffolds were found
to significantly suppress tumor recurrence, as animal survival improved
120% over control (13.5 vs 31 days). While used currently for investi-
gating improvements to stem cell mediated delivery of therapeutics, this
approach could be modified to research the impact of surgical resection on
other therapeutic interventions.

EXTH-61. PARTNERSHIP FOR DEFINING THE IMPACT OF 12
SELECT RARE CNS TUMORS: A REPORT FROM CBTRUS AND THE
NCI-CONNECT

Gabrielle Truitt!, Haley Gittleman', Quinn Ostrom?, Carol Kruchko?,
Alexander Boscia*, Terri Armstrong’®, Mark Gilbert’® and Jill Barnholtz-
Sloan®; !Central Brain Tumor Registry of the United States (CBTRUS),
Chicago, IL, USA, 2Department of Medicine, Section of Epidemiology and
Population Sciences, Dan L. Duncan Comprehensive Cancer Center, Baylor
College of Medicine, Houston, TX, USA, *Central Brain Tumor Registry
of the United States, Hinsdale, IL, USA, *Case Western Reserve University
School of Medicine, Chicago, IL, USA, *Neuro-Oncology Branch, CCR,
NCI, NIH, Bethesda, MD, USA, ¢Case Comprehensive Cancer Center, Case
Western Reserve University School of Medicine, Cleveland, OH, USA

BACKGROUND: Measuring tumor-specific incidence, prevalence, and
survival is essential to evaluate the contribution of specific tumor-types
to overall cancer burden in the United States population. Central nervous
system tumors are rare, with specific tumor types rarer than others. NCI-
Connect was developed to understand tumor biology, patient outcomes,
and develop standards of care for 12 select rare CNS Tumors. The aim
of this study was to determine the incidence, prevalence, and survival
of specific rare brain tumors by histology, age, race, and sex in this sub-
set. METHODS: Data derived from CBTRUS was used to examine age-
adjusted incidence rate (AAIR) per 100,000 and data derived from SEER
was used to examine prevalence and survival statistics from 2000-2014
(all with 95% confidence intervals). The data was then used to compare
specific rare brain tumors overall and by sex, age group, race, and ethni-
city. RESULTS: The total AAIR was 6.57/100,000 for these specific brain
tumor types combined; with the highest AAIR at 0.4/100,000 for oligo-
dendroglioma. Overall, the specified tumors were most incident in males,
adults (age 40+), white individuals, and non-Hispanic individuals. Epend-
ymomas were most prevalent at 4.11 cases per 100,000; followed by brain
stem and midline gliomas at 1.98 cases per 100,000. Relative survival at 1-,
5-, and 10-years was 59.7%, 33.3%, and 27.7% respectively for all sub-
types. Ependymomas had the highest relative survival rate (94.2%, 83.9%,
and 78.6%) and gliosarcomas had the lowest relative survival rate (42.5%,
5.6%, 2.9%) at all three time points. CONCLUSION: Overall incidence
and prevalence of these brain tumors was very low and varied considerably
by each tumor type. Survival also varied by tumor type. The comparison of
incidence, prevalence, and survival of rare brain and CNS tumors is crit-
ical for measuring the clinical impact of these diseases and for determining
future research and clinical care.

EXTH-62. THE DIELECTRIC PROPERTIES OF MALIGNANT
GLIOMA TISSUE

Martin Proescholdt!, Amer Haj', Christian Doenitz!,

Alexander Brawanski', Zeev Bomzon? and Hadas Hershkovich?;
'Department of Neurosurgery, University Regensburg Medical Center,
Regensburg, Germany, 2Novocure ltd., Haifa, Israel

OBJECTIVE: Recently, tumor treating fields (TTFields) have been estab-
lished as a new treatment for newly diagnosed glioblastoma (GBM). One of
the most crucial parameters defining the treatment efficacy of TTFields is the
electric field intensity. The electric properties of the normal intracranial com-
partments are well established, allowing the prediction of the electric field
distribution. In contrast, there is no data available about the electric prop-
erties of tumor tissue, which leads to a lack of information regarding the
electric field intensity within the tumor. In this study we will determine the
dieclectric properties of malignant glioma by analyzing resected tissue fol-
lowing a fast acquisition protocol. METHODS: 20 patients with high grade
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glioma are currently being recruited. Tissue probes are acquired from the
infiltration zone, vital tumor area, and perinecrotic compartment. The tissue
was analyzed immediately after acquisition to avoid artifacts by tempera-
ture change, change of fluid composition as well as post resection ischemia.
A cylindrical fragment is dissected from each tissue sample and is placed into
a cylindrical cell with a known diameter. The impedance is recorded at fre-
quencies 20Hz-1MHz using a software specifically developed for this study,
which controls the LCR meter (Keysight Technologies, Santa Rosa, USA).
The measured impedance is then translated into dielectric properties of the
sample (conductivity and relative permittivity) based on the parallel plate
model, the recorded complex impedance and the geometry of the samples.
Each tissue probe will be fixed, H&E stained and histologically analyzed for
tumor cell count and specific tissue features (infiltration into normal brain,
vital tumor area, necrosis). RESULTS: The study has received a positive vote
from the Ethical Board of the University Regensburg Medical Center. The
first patients are being recruited, the actual results will be evaluated and
presented during the meeting.

EXTH-63. EFFICIENT ADCC-MEDIATED KILLING OF MALIGNANT
MENINGIOMA CELLS USING AVELUMAB AND AN ENGINEERED
HIGH AVIDITY NATURAL KILLER CELL LINE, haNK

Amber Giles', Shuyu Hao!, Rika Fuji?, Michelle Padget?, Hua Song!,

Wei Zhang', Xiaoyu Cao!, Jinkyu Jung', Yang Liu', Randy Jensen?,

John Lee*, Patrick Soon Shiong*, David Gillespie’, Jeffrey Schlom?,

Mark Gilbert!, Chunzhang Yang!, James Hodge? and Deric Park!; 'Neuro-
Oncology Branch, CCR, NCI, NIH, Bethesda, MD, USA, 2Laboratory of
Tumor Immunology and Biology, CCR, NCI, NIH, Bethesda, MD, USA,
3University of Utah, Salt Lake City, UT, USA, “NantKwest, Culver City, CA,
USA, SDepartment of Neurosurgery, University of Utah, Salt Lake City, UT,
USA

BACKGROUND: Meningiomas are the most common primary brain
tumor. Standard of care includes surgery and radiation therapy. There are
no known effective medical therapies for recurrent meningioma, particu-
larly for WHO grades II and III. As such, novel therapeutic approaches are
desperately needed. PD-L1 is highly expressed in malignant meningioma,
including the cell lines we tested, creating a potential target for ADCC-
mediated killing. Therefore, we investigated the ability of avelumab, a
PD-L1-specific antibody, to direct NK-mediated ADCC against malig-
nant meningioma cells using healthy donor NK cells and the engineered
NK cell line, haNK. METHODS: PD-L1 expression was assayed by flow
cytometry and Western blotting in five human malignant meningioma cell
lines. Avelumab-targeted ADCC was measured with healthy donor NK and
haNK cells. Efficacy of avelumab+haNK was determined in vivo against
meningioma implanted subcutaneously and orthotopically in a skull-base
intracranial model. PD-L1 was deleted from tumor cells using CRISPR
knockout to test specificity of the target. RESULTS: Avelumab directed
healthy donor NK and haNK cells to mediate ADCC against all five men-
ingioma cell lines in vitro. ADCC was enhanced by using NK cells with
a high-avidity Fc receptor, haNK cells, or by upregulating PD-L1 in tar-
get cells. Avelumab+haNK significantly extended survival in mice bearing
orthotopic meningioma and subcutaneous tumors. Conversely, killing (and
survival benefit) was abrogated against cells in which PD-L1 was deleted.
No toxicity was noted in pre-clinical models. CONCLUSIONS: We dem-
onstrate that avelumab can target meningioma for ADCC by healthy donor
NK cells, and killing is significantly enhanced with haNKs. haNK cells have
demonstrated safety in humans, and avelumab has shown promising clin-
ical activity in a variety of solid tumors. These data support the design of
a clinical trial targeting PD-L1 with avelumab and haNK cells, potentially
offering a novel immunotherapeutic approach for patients with malignant
meningioma.

EXTH-64. IMIPRIDONES CAUSE METABOLIC REPROGRAMMING
AND ELICIT UNIQUE VULNERABILITIES IN PRECLINICAL MODEL
SYSTEMS OF GLIOBLASTOMA

Chiaki Ishida', Yiru Zhang?, Mike-Andrew Westhoff?, Georg Karpel-
Massler?, Varun Vijay Prabhu’, Joshua Allen® and Markus Siegelin?;
!Columbia University Medical Center Department of Pathology, New
York, NY, USA, >Columbia University Medical Center, New York, NY,
USA, 3Department of Pediatrics and Adolescent Medicine, University
Medical Center Ulm, Ulm, Germany, “Ulm University Medical Center, Ulm,
Germany, *Oncoceutics Inc, Philadelphia, PA, USA

The purpose of this study is to improve the efficacy of imipridones, a novel
class of AKT/ERK inhibitors. The lead compound ONC201 has entered
clinical testing for glioblastoma (GBM) and recently chemically modified
imipridones, ONC206 and ONC212, have been designed. Transcriptome,
untargeted liquid chromatography/mass spectrometry and extracellular flux
analysis unraveled the mechanism of action of novel imipridone compounds,
ONC206 and ONC212. We used orthotopic patient-derived GBM xeno-
grafts to assess preclinical treatment efficacy. Imipridones inhibit the prolifer-
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ation of patient-derived xenograft and stem-like glioblastoma cell cultures in
vitro and in multiple xenograft models iz vivo. ONC212 demonstrated the
highest efficacy. High levels of c-myc predict susceptibility to cell death induc-
tion by imipridones and increased host survival in orthotopic patient-derived
xenografts. At 1h, imipridones inhibit AKT and ERK signaling, accompanied
by dephosphorylation of GSK3b. GSK3b phosphorylates c-myc at threonine
58, leading to its proteasomal degradation. Imipridone mediated suppres-
sion of c-myc inhibits both glycolysis and oxidative phosphorylation. In
turn, energy deprivation leads to a compensatory activation of the serine-one
carbon-glycine (SOG) pathway. Interference with the SOG pathway through
novel inhibitors of phosphoglycerate dehydrogenase (PHGDH) results in
synergistic apoptosis induction in vitro and in vivo. These observations sug-
gest that c-myc expression predicts therapeutic responses to imipridones and
that imipridone mediated inhibition of c-myc leads to suppression of tumor
cell energy metabolism, eliciting unique metabolic vulnerabilities that can be
exploited for clinical relevant drug combination therapies.

EXTH-65. BET INHIBITION IN COMBINATION WITH
TEMOZOLOMIDE TARGETS MYCN-POSITIVE GLIOBLASTOMA
CELLS

Matko Cancer!, Lisa Drews?, Gabriela Rosén!, Bengt Westermark!,

Sven Nelander!, Karin Forsberg-Nilsson!, Lene Uhrbom!,

Holger Weishaupt! and Fredrik Swartling'; 'Uppsala University, Uppsala,
Sweden, 2Max Planck Institute for Biology of Ageing, Cologne, Germany

Glioblastoma (GBM) is the most common malignant brain tumor in
adults with a 15 month median survival after diagnosis. Patients receive
surgical resection of the tumor, followed by aggressive radio- and chemo-
therapy with temozolomide (TMZ). Many human cancers including GBM
demonstrate addiction to MYC transcription factor signaling and thus
become susceptible to inhibition of MYC downstream genes. JQ1 is an
effective inhibitor of BET Bromodomains, a class of epigenetic readers
regulating expression of MYC genes and their downstream targets. In a
panel of 19 patient-derived GBM cell lines, we showed that BET inhibition
alone and in combination with TMZ decreases viability by inducing cell
cycle arrest, apoptosis and senescence. We propose a distinct expression
signature of GBM cells that correlates with a sensitivity to BET inhibition.
Cell lines most sensitive to BET inhibition exhibited ten-fold upregulation
of MYCN, as compared to resistant cell lines, while we could not find a
correlation between MYC expression and sensitivity to the inhibition. Fol-
lowing BET inhibition,