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HGG-41. CHARACTERIZATION OF THE IMMUNE RESPONSE
FOLLOWING VARIOUS RADIOTHERAPY TREATMENTS IN
GLIOBLASTOMA

Carolina Cocito, Mylene Branchtein, Tatyana Gongora, Nadia Dahmane,
and Jeffrey Greenfield; Weill Cornell Medicine, New York, NY, USA

Malignant gliomas represent 6.5% of all childhood brain neoplasms with a
S-years survival rate of less than 20%. Current standard of care for these tu-
mors include radiotherapy; recent data in solid tumors indicate that adequate
radiation protocols may synergize with immunotherapy strategies for better
outcomes. Nonetheless, a great discrepancy between preclinical studies and
clinical trials outcomes persists, the basis of which is not fully understood.
One hypothesis may be due to different radiation protocols used. We used the
GL261 syngeneic mouse model of glioma to test this hypothesis and charac-
terize the immune response to radiotherapy, with either a single dose of 10Gy,
a dose often used in preclinical models, or a fractionated treatment of 2Gy for
five consecutive days (2GyxS5), as fractioned radiotherapy is most often used
in patients. The immune content of the brain and the blood was assessed by
flow cytometry in un-irradiated (control), 10Gyx1 and 2Gyx3 treated mice
for three weeks after radiation. In the brain, both radiation regimens drastic-
ally reduced the number of CD45* cells for the first two weeks after treatment.
When compared to controls, 10Gyx1 but not 2GyxS3 treated mice showed
a significant increase in tumor infiltrating lymphocytes (CD3*) starting from
the second week following treatment. This effect persisted until three weeks
post treatment. The 10Gyx1 dose was better tolerated by the resident micro-
glia (CD45"9CD11b*) when compared to the 2Gyx5 treatment. Our data de-
scribe the dynamics through which the immune microenvironment responds
to two radiation regimens over time. Our results show that 10Gyx1 is the
most effective regimen to impede tumor growth and to induce lymphocyte
infiltration once the system recovers from the treatment. Our work suggests
that, in the GL261 model, the fractionated radiation treatment we tested may
be less optimal in priming glioma cells to the immune system.

HGG-42. PEDIATRIC H3K27M MUTANT DIFFUSE INTRINSIC
PONTINE GLIOMA (DIPG) SHOWS ROBUST RESPONSE TO
IMIPRIDONE BASED COMBINATION THERAPY

Robyn Borsuk!, Lanlan Zhou?, Wen-i Chang', Yiqun Zhang?,

Varun Prabhu?, Joshua Allen?, Nikos Tapinos', Rishi Lulla’, and
Wafik El-Deiry?; 'Warren Alpert Medical School of Brown University,
Providence, RI, USA, 2Brown University and Lifespan Cancer Institute,
Providence, RI, USA, *Oncoceutics, Inc., Philadelphia, PA, USA

ONC201 is a first-in-class small molecule imipridone therapy, which is
known to selectively induce apoptosis of cancer cells independent of p53.
This novel chemotherapeutic, as well as its analogs ONC206 and ONC212,
has been shown to have potent preclinical efficacy against H3K27M mu-
tant diffuse intrinsic pontine glioma (DIPG). We sought to identify syn-
ergy between imipridones and other FDA-approved chemotherapeutics.
Seven patient-derived DIPG cell lines, six H3.3K27M mutant (SU-DIPG-IV,
SU-DIPG-13, SU-DIPG-25, SUDIPG-27, SU-DIPG-29, SF8628), and one
H3.1K27M mutant (SU-DIPG-36) were grown in culture and exposed to first
and second generation imipridones, both as monotherapies and in combin-
ation with histone de-acetylase inhibitors [HDACi], Marizomib, Etoposide,
and Temozolomide. A dose dependent response was demonstrated across
all cell lines, with increased potency of ONC206 and ONC212 as com-
pared to ONC201, with half maximal inhibitory concentration (IC) of
0.11 pM, 0.03 pM, and 1.46 pM respectively. Strong synergy is demon-
strated between ONC201 and Panobinostat with best combination index
(CI) of 0.01. ONC201 similarly shows strong synergy with Romidepsin
with best CI of 0.02, and Marizomib with best CI of 0.18. Combination of
ONC201 and Etoposide or Entinostat shows some synergy, with best CI of
0.53 and 0.71 respectively. When combined with Temozolomide, some syn-
ergy is evident, however, there is overall poor efficacy, with lack of cell death
even at the highest doses of Temozolomide. Second generation imipridones
show a similar pattern of strong synergy with Panobinostat, Romidepsin,
and Marizomib. Immunoblotting showed evidence of apoptosis, as meas-
ured by the induction of PARP cleavage, with a combination of imipridones
and Panobinostat, as well as induction of integrated stress response with a
combination of imipridones and Romidepsin. These results are indicative of
promising synergy between imipridones and Panobinostat, Romidepsin, or
Marizomib against H3K27M mutant DIPG, combinations which should be
considered for future clinical trials.

HGG-43. INTERROGATING THE ROLE OF PEA3 ONCOGENIC
TRANSCRIPTION FACTORS IN PEDIATRIC HIGH-GRADE K27M
GLIOMAS

Hannah Park, Naomi Kobritz, Shaunt Mehdikhani, and Joshua Breunig;
Cedars-Sinai, Los Angeles, CA, USA

Pediatric high-grade gliomas (HGGs) are an aggressive form of pediatric
brain tumors which pose a grim five-year survival with little advancement in
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therapeutic efficacy, often requiring a multimodal therapeutic combination
of chemotherapy, resection, and radiation. We have previously shown that
proper function of ETS transcription factors is necessary for gliomagenesis in
Ras/MAPK-driven pediatric gliomas. It is our hypothesis that ETS transcrip-
tion factors are necessary for tumor initiation in HGGs by promoting the
necessary glial cell fates in glioma. Further, we hypothesize that functional
inhibition of ETS proteins following tumor formation will improve survival
and outcome in HGG. Functional inhibition of ETS proteins using a com-
petitive dominant-negative mutant was shown to completely rescue neural
stem cell depletion, tumor formation and tumor-free survival in two rodent
models of HGGs. Mechanistically, we show evidence that Pea3 factors may
induce glial-cell fate by promoting Olig2 expression and activation of glial
transcriptional programs. Indeed, transcriptomic analysis of ETS-perturbed
HGG tumors revealed that Sox9 and Olig2 transcription factor networks
were dependent on proper ETS function. Further, we show evidence that
EtvS can directly interact with promoter regions of glial fate master regu-
lators in human primary glioma cell lines. To empirically determine the effect
of Pea3 proteins on tumorigenesis, we have created a novel methodology for
inducible gain- and loss-of-function genetic interrogation of these factors
in vivo. Our survival results and combined single-cell RNA-sequencing of
individual groups show that inhibition of the Pea3 family leads to a marked
increase in survival in K27M glioma by regulating key features of glioblasts.
All in all, our group provides evidence that the ETS family of transcription
factors is necessary for glial specification of tumor cells and induce pro-glial
transcriptional programs by activating OPC- and astrocyte-specific genes in
K27M-driven tumors.

HGG-44. REVEALING VULNERABILITIES IN DIPG THROUGH
ONC201

ames Stafford', Algassem Abuarqoub!, Tatiana Mcanulty?,
Richard Possemato?, Eyal Amiel', and Matija Snuderl3; 'University of
Vermont, Burlington, VT, USA, *Pennsylvania State University, State
College, PA, USA, °NYU Langone Health, New York City, NY, USA

Emerging evidence from clinical and preclinical studies suggests that the
imipridone ONC201 is well tolerated and may have some clinical impact
in discrete diffuse intrinsic pontine glioma patients (DIPG). A primary goal
of our work is to determine if DIPG are uniquely sensitive to ONC201 and
if so, whether ONC201 itself can be used as a tool to illuminate novel vul-
nerabilities in DIPG. To accomplish this, we are utilizing a combination of
patient-derived cell lines as well as mouse xenografts that dovetail with a
variety of molecular, epigenetic and metabolomic tools. A central finding
from our work is that ONC201 primarily activates the mitochondrial pro-
tease, ClpP in DIPG patient-derived cell lines, an effect consistent with re-
cently described ONC201 mechanism of action in other tumors. We further
demonstrate that activation of ClpP by ONC201 leads to a host of down-
stream effects in DIPG model systems including distinctive effects on the
metabolome leading to direct alterations in the unique epigenetic signature
of DIPG. By directly manipulating these metabolic and epigenetic factors we
provide prospective mechanistic insight into how ONC201 as well as ClpP
activity impacts DIPG growth and tumorigenicity. These preclinical research
findings shed light on potential therapeutic vulnerabilities in DIPG as well
as ways that these strategies may be combined to enhance their potential.

IMMUNOLOGY/IMMUNOTHERAPY

IMMU-01. THE ONCOLYTIC VIRUS DELTA-24-RGD IN
COMBINATION WITH AN AGONISTIC CD40 MAB INDUCES

A DURABLE AND SYNERGISTIC ANTI-TUMOR IMMUNE EFFECT
IN DIPG PRECLINICAL MODELS

Sara Labiano', Virginia Laspidea!, Marc Garcia-Moure!,

Montserrat Puigdelloses'!, Oren J Becher?, Candelaria Gomez-Manzano?,
Juan Fueyo®, Ana Patifio-Garcia', and Marta M Alonso'; 'Department
of Pediatrics, Clinica Universidad de Navarra, Pamplona, Navarra, Spain,
2Department of Pediatrics, Northwestern University and Division of
Pediatric Hematology-Oncology and Stem Cell Transplant, Ann & Robert
H. Lurie Children’s Hospital, Chicago, IL, USA, 3MD Anderson Cancer
Center UT Health Graduate School of Biomedical Sciences, Houston, TX,
USA

With a 2-year survival less than 20%, Diffuse Intrinsic Pontine Glioma
(DIPG) is the principal cause of pediatric death. Despite recent advances
in the current treatments, the outcome for children with DIPGs remains
dismal. Since the approval of T-VEC for melanoma by the FDA, oncolytic
adenoviruses have emerged as a promising therapeutic strategy for brain
tumors. Thus, our group launched the first world clinical trial phase I with
the oncolytic adenovirus Delta-24-RGD (DNX-2401 in the clinic) for newly
diagnosed DIPG (NCT03178032), which has shown safety and feasibility.
Despite DNX-2401 increases the recruitment of T cells into the tumor, they



usually become inactive due to the suppressive tumor microenvironment
evidencing the urgent need to improve this strategy focusing on the gen-
eration of effective long-term immune responses. Therefore, we decided to
combine the Delta-24-RGD with the targeting of the costimulatory mol-
ecule CD40 in two unique orthotopic immunocompetent mouse models of
DIPG. The activation of the CD40 receptor, which is expressed by antigen
presenting cells (APC) such as microglia, macrophages and dendritic cells,
is known to increase antigen presentation and enable T-cell priming and
activation. Here, we have observed that in addition to Delta-24-RGD
anti-tumor effects, the stimulation of CD40 on the tumor APCs results
in a remodeling of the tumor immune compartment with a more efficient
T-cell tumor infiltration. Of importance, there is an increase of the survival
of mice treated with the combination as compared to single treatments or
non-treated mice. In addition, the combination therapy induced a complete
regression of tumors in 25% of treated mice indicating the development
of long-term anti-tumor immunity. We believe that these results provide a
translational breakthrough in the treatment of these lethal tumors and open
the door for a future innovative clinical trial.

IMMU-02. CH14.18 IN THE TREATMENT OF HIGH-RISK
NEUROBLASTOMA: A META-ANALYSIS

Sameerah Abdel-Khaleq', Lina Alim?, Atholl Johnston', and

Khloud Adam?; 'Barts and The London School of Medicine and Dentistry,
London, UK, ?Oncology Centre at Cheltenham General Hospital,
Gloucester, UK, 3The Gloucestershire NHS Foundation Trust, Gloucester,
UK

High-risk neuroblastoma (HRNB) is a rare malignancy that mainly af-
fects young children. Long-term survival remains low despite aggressive,
multimodal treatment regimens. The aim is to assess the effect of Ch14.18,
a novel anti-GD2 antibody, on survival in HRNB. In this meta-analysis,
Pubmed/MEDLINE, EMBASE, Cochrane CENTRAL and Clinicaltrials.gov
bibliographic databases were searched from inception to 1% July 2018. Pro-
spective or retrospective interventional clinical trials with at least two arms
or observational cohort or case-control studies were eligible. Participants
had to have HRNB. Ch14.18 was the intervention of choice. Any control,
comparator treatments were accepted. Studies were appraised for inclusion
by two independent reviewers. Data was extracted from published reports.
Primary outcomes assessed were Event-Free Survival (EFS) and Overall
Survival (OS) and presented as Weighted Mean EFS (%) + Standard Error
(SE) and Weighted Mean OS (%) = Standard Error (SE), respectively. Com-
bined effect size was elicited for EFS+SE and OS=+SE. The search yielded
367 results of which 7 studies conducted on 1727 patients were eligible
for inclusion. The weighted mean EFS+SE for Ch14.18 regimens (n=779)
and control regimens (n=787) were 55.6+2.0% and 41.2+1.7%, respect-
ively. The weighted mean OS=SE for Ch14.18 regimens (n=430) and control
regimens (n=348) were 63.4+2.3% and 53.6+2.7%, respectively. Results of
the meta analysis yielded statistical power >94%. The combined effect size
of Ch14.18 regimens for EFS+SE was 0.2907+0.05 [95% CI: 0.19-0.39,
p<0.001] and the combined effect size for OS=SE was 0.26+0.07 [95% CI:
0.11- 0.4, p<0.001]. Significant superior survival outcomes were achieved
with the use of Ch14.18 in the treatment of HRNB. These findings support
using Ch14.18 as an adjunct in maintenance therapy in high-risk neuro-
blastoma. This meta analysis is the first of its kind. Survival outcomes are to
be interpreted with caution due to confounding bias.

IMMU-03. CHARACTERIZING THE IMMUNE
MICROENVIRONMENT OF PEDIATRIC BRAIN TUMORS

Robert Galvin!, Danielle Maeser', Robert Gruener?, and

R Stephanie Huang!; 'University of Minnesota, Minneapolis, MN, USA,
2University of Chicago, Chicago, IL, USA

Therapy for pediatric central nervous system (CNS) malignancies can be
toxic, and outcomes are suboptimal. Immunotherapy holds promise as a
therapeutic avenue, but one of the challenges in its application is the poorly
understood microenvironment of pediatric CNS tumors. The Children’s
Brain Tumor Network released the Pediatric Brain Tumor Atlas, containing
the expression profile of nearly 700 primary CNS tumors. To study the im-
mune microenvironment, a classification from The Cancer Genome Atlas
project is applied. High-grade lesions are predominantly lymphocyte deplete
(C4, 80%) or immunologically quiet (C5, 7.6%). Low-grade lesions are
more mixed with 43% C4, 26% CS5, and a higher proportion of inflam-
matory subtype (C3, 28%). For survival parameters, immune subtype and
tumor grade are associated. Using a multivariate cox regression model, the
hazard ratio is 2.2 (0.86 - 5.4, p = 0.102) and 3.6 (1.2 — 10.9, p = 0.02)
for C4 and CS5, respectively. Deconvolution of immune cell gene signatures
provides insight into the phenotype of lymphocyte infiltrate, which aver-
ages 8.6% (IQR 5.4% — 9.8%) across all samples. For high-grade sam-
ples, greater than median expression of T cell-, monocyte-, macrophage-,
and B cell-gene signatures are each associated with decreased survival (p
< 0.05). Microglia gene signatures have decreased relative expression in

Abstracts

high-grade samples compared to low-grade samples (p < 0.001). It is hy-
pothesized that the expression of inhibitory immunomodulators contributes
to a pro-tumorigenic microenvironment and represent potential thera-
peutic targets. In the absence of normal samples in the data set, differential
gene expression experiments between disease states can reveal upregulated
immunomodulators. Focusing on diffuse midline glioma, immunologic path-
ways are downregulated. Furthermore, 9 inhibitory immunomodulators,
including KDM1A, EZH2, CD276, and VTCNI, are significantly expressed
relative to midline low-grade glioma with equivalent immune subtype.
Opverall, our analysis contributes to the understanding of the immune micro-
environment and mechanisms of immune escape for pediatric CNS malig-
nancies.

IMMU-04. FIRST-IN-CHILDREN PHASE 1B STUDY USING THE
IDO PATHWAY INHIBITOR INDOXIMOD IN COMBINATION
‘WITH RADIATION AND CHEMOTHERAPY FOR CHILDREN WITH
NEWLY DIAGNOSED DIPG (NCT02502708, NLG2105)

Theodore S. Johnson'?, Rafal Pacholczyk!, Dolly Aguilera®,

Ahmad Al-Basheer!*, Manish Bajaj'*, Zuzana Berrong!,

Robert C. Castellino’, Bree R. Eaton®, Natia Esiashvili®,

Nicholas Foreman’, lan M. Heger®, Eugene P. Kennedy’, William Martin*,
Eric Ring!?, Ramses F. Sadek'>'%, Amy Smith!!, Chris Smith?,

Rachel Vaizer!?, Tobey J. MacDonald?, and David H. Munn'2; 'Georgia
Cancer Center, Augusta University, Augusta, GA, USA, ?Department of
Pediatrics, Augusta University, Augusta, GA, USA, *Aflac Cancer & Blood
Disorders Center at Children’s Healthcare of Atlanta and Department

of Pediatrics, Emory University, Atlanta, GA, USA, *Department of
Radiation Oncology, Augusta University, Augusta, GA, USA, SDepartment
of Radiology, Augusta University, Augusta, GA, USA, éDepartment of
Radiation Oncology and Winship Cancer Institute of Emory University,
Atlanta, GA, USA, "Department of Pediatrics, Children’s Hospital
Colorado, Aurora, CO, USA, $Pediatric Neurosurgery Program, Medical
City Children’s Hospital, Dallas, TX, USA, °Lumos Pharma (formerly
NewLink Genetics Corporation), Ames, IA, USA, '’Department of
Population Health Sciences, Augusta University, Augusta, GA, USA,
"Department of Pediatrics, Arnold Palmer Hospital for Children, Orlando,
FL, USA

Background: Diffuse intrinsic pontine glioma (DIPG) is a uniformly
fatal brain tumor with no available cure. Indoximod blocks the IDO
(indoleamine 2,3-dioxygenase) pathway, thereby reversing IDO-mediated
immune suppression in the tumor microenvironment. Methods: Patients
aged 3 to 21 years with treatment-naive DIPG were eligible for this phase
1b dose-confirmation study of indoximod. The treatment regimen com-
prised continuous oral indoximod (38.4 mg/kg/day divided twice daily)
with conformal photon radiation (54 Gy in 30 fractions), followed by cycles
of indoximod with temozolomide (200 mg/m2/day, days 1-5 in 28-day
cycles). Results: Thirteen patients (median age 9 years, range 5 to 20 years)
with DIPG were treated. Median OS was 14.5 months (follow-up ranged 4.8
to 29.3 months), 12-month OS was 61.5% (8/13), and 18-month OS was
30.8% (4/13), with 1 patient remaining in follow-up at the data cutoff. This
compared favorably to expected median OS of approximately 10.8 months,
12-month OS of 45.3%, and 18-month OS of 16.2% taken from published
historical data from the Pediatric Brain Tumor Consortium. Two patients
showed near-complete responses lasting until relapsing after 7.6 months
and 13.3 months of study therapy, respectively. Many patients had in-
creased circulating non-classical monocytes (nc-Monos, CD16+, CD14neg,
CD33+, HLA-DR+) within the first 3 treatment cycles, and elevation of
this early pharmacodynamic marker was predictive of subsequent OS. Pa-
tients with nc-Monos >10% (n=7) had median OS of 19 months, whereas
patients with nc-Monos below 10% (n=5) had median OS of 7 months
(p=0.0047). No patients stopped therapy for toxicity. The most common
indoximod-attributed adverse events were thrombocytopenia, neutropenia,
nausea, vomiting, dizziness, and fatigue. Conclusions: Adding indoximod
immunotherapy to conventional radiation and chemotherapy for front-line
treatment of pediatric patients with DIPG was well-tolerated. Improved out-
comes were observed in patients having evidence of pharmacodynamic re-
sponse. A follow-on phase 2 study is in progress (NCT04049669).

IMMU-05. IMMUNOTHERAPY WITH RESIQUIMOD REPOLARIZES
TUMOR-ASSOCIATED MYELOID CELLS AND IMPROVES EVENT-
FREE SURVIVAL IN A TRANSGENIC MOUSE MODEL OF SONIC-
HEDGEHOG (SHH) MEDULLOBLASTOMA

Christopher Park!, Morrent Thang!, Duhyeong Hwang!, Chaemin Lim',
Taylor Dismuke', Marina Sokolsky!, Rajeev Vibhakar?, Andrew Donson?,
and Timothy Gershon'; 'University of North Carolina-Chapel Hill, Chapel
Hill, NC, USA, 2University of Colorado Denver, Aurora, CO, USA

Resiquimod is a synthetic small molecule agonist of Toll-like receptors 7
and 8 (TLR-7/8) that modulates innate immune cells. We found TLR-7/8 are
expressed in medulloblastoma exclusively by tumor-associated myeloid cells
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