
Abstracts

iii307NEURO-ONCOLOGY •  December 2020

are amending the protocol to introduce tablets that can be dissolved in li-
quid to allow enrollment of younger patients and those unable to swallow 
whole tablets.

EPCT-17. A PHASE I AND SURGICAL STUDY OF RIBOCICLIB 
AND EVEROLIMUS IN CHILDREN WITH RECURRENT OR 
REFRACTORY MALIGNANT BRAIN TUMORS: PEDIATRIC BRAIN 
TUMOR CONSORTIUM INTERIM REPORT
Mariko DeWire1, Christine Fuller1, Olivia Campagne2, Tong Lin2, 
Haitao Pan2, TIna Young-Pussaint3, Patricia Baxter4, Eugene Hwang5, 
Andrew Bukowinski6, Kathleen Dorris7, Lindsey Hoffman8, 
Angela Waanders9, Matthias Karajannis10, Clinton Steward2,  
Arzu Onar-Thomas2, Ira Dunkel10, and Maryam Fouladi1; 1Cincinnati 
Children’s Hospital, Cincinnati, OH, USA, 2St. Jude Children’s Research 
Hospital, Memphis, TN, USA, 3Harvard Medical School, Boston, MA, 
USA, 4Texas Children’s Cancer Center, Houston, TX, USA, 5Children’s 
National Medical Center, Washington, DC, USA, 6Children’s Hospital of 
Pittsburgh, Pittsburgh, PA, USA, 7Denver Children’s Hospital, Denver, CO, 
USA, 8Phoenix Children’s, Phoenix, AZ, USA, 9Ann & Robert H Lurie 
Children’s Hospital, Chicago, IL, USA, 10Memorial Sloan Kettering Cancer 
Center, New York, NY, USA

Genomic aberrations in the cell cycle and PI3K pathway are commonly 
observed in recurrent childhood brain tumors. Dual inhibition of CDK4/6 
(ribociclib) and mTOR (everolimus) has strong biologic rationale, non-
overlapping single-agent toxicities, and adult clinical experience. The 
maximum tolerated dosage (MTD) and/or recommended phase two dose 
(RP2D) of ribociclib and everolimus was determined in the Phase I  study 
and ribociclib concentrations were characterized in plasma and tumor in 
children undergoing neurosurgical procedures. Following resection, eligible 
patients were enrolled in the Phase I study according to a rolling 6 design 
and received ribociclib and everolimus once daily for 21 days and 28 days, 
respectively. Patients undergoing surgery received ribociclib at the pediatric 
RP2D (350  mg/m2/day) for 7–10  days pre-operatively. Pharmacokinetic 
samples were collected on both cohorts and analyzed in nine patients on 
phase I study. Sixteen eligible patients enrolled on phase I study (median age 
10.3 years; range: 3.9–20.4) and 5 patients were enrolled on the surgical 
cohort (median age 11.4  years; range: 7.2–17.1). Six patients enrolled at 
dose level 1 without dose limiting toxicities (DLT). Two of the three pa-
tients at dose level 2 experienced DLT (grade 3 hypertension and grade 4 
ALT). The most common grade 3/4 toxicities were lymphopenia, neutro-
penia, and leucopenia. Everolimus concentrations following administration 
of everolimus alone were lower than those following drug combination, sug-
gesting an impact of ribociclib on everolimus pharmacokinetics. The MTD/
RP2D of ribociclib and everolimus in recurrent CNS tumors is 120 mg/m2 
and 1.2 mg/ m2 daily for 21 days and 28 days, respectively.

EPCT-18. PHASE 0/I STUDY OF GM-CSF AND INTRATHECAL 
TRASTUZUMAB IN CHILDREN WITH RECURRENT POSTERIOR 
FOSSA EPENDYMOMA
Kathleen Dorris1,2, Melissa Widener1,2, Vladimir Amani2, Andrew Donson2, 
Debra Schissel1, Jessica Carson1, Ashley Mettetal1, Dominique Ramirez3, 
Daniel Gustafson3, Todd Hankinson1,2, Michael Handler1,2, 
Margaret Macy1,2, and Nicholas Foreman1,2; 1Children’s Hospital 
Colorado, Aurora, CO, USA, 2Morgan Adams Foundation Pediatric Brain 
Tumor Research Program, Aurora, CO, USA, 3Flint Animal Cancer Center, 
Colorado State University, Fort Collins, CO, USA

BACKGROUND: Posterior fossa ependymoma (PF EPN) is a pediatric 
central nervous system malignancy that has a poor outcome to standard 
therapeutic approaches. The majority of PF EPN tumors have increased 
HER2 expression. Trastuzumab is a monoclonal antibody that targets 
HER2, and sargramostim (GM-CSF) stimulates hematopoietic progenitor 
cell proliferation. The combination of trastuzumab and GM-CSF has been 
shown to trigger antibody-dependent cell cytotoxicity in vitro in PF EPN 
cell lines. METHODS: Children aged 1–21 years with relapsed PF EPN and 
no ventriculoperitoneal shunt or CSF obstruction are eligible for the Phase 
0/I institutional trial at Children’s Hospital Colorado. Stratum 1 involves IT 
trastuzumab and subcutaneous (subQ) GM-CSF prior to standard-of-care 
surgical resection. Stratum 2 involves a 3 + 3 phase I design with serial IT 
trastuzumab doses, each preceded by three days of GM-CSF, to establish the 
MTD for IT trastuzumab. RESULTS: Trastuzumab was detected in a suffi-
cient number of tumors after presurgical IT delivery in Stratum 1 to open 
Stratum 2. Four patients (75% female) have been enrolled in Stratum 2 at 
trastuzumab Dose Level 1. Median age at enrollment is 9.8 years (range, 3.5–
20.2 years). Preliminary CSF pharmacokinetic analysis demonstrated detect-
able trastuzumab up to 14 days after IT doses. No dose-limiting toxicities 
have occurred. Two patients progressed on therapy (median, 4 cycles). One 
patient is progression-free at 18 months off therapy. One patient remains on 
study therapy. CONCLUSIONS: IT trastuzumab penetrates PF EPN tumor 
tissue. Stratum 2 remains open to accrual at Dose Level 2.

EPCT-19. A PHASE I STUDY OF RIBOCICLIB AND EVEROLIMUS 
FOLLOWING RADIATION THERAPY IN CHILDREN WITH NEWLY 
DIAGNOSED NON-BIOPSIED DIFFUSE PONTINE GLIOMAS (DIPG) 
AND RB+ BIOPSIED DIPG AND HIGH GRADE GLIOMAS (HGG)
Mariko DeWire1, James Leach1, Christine Fuller1, Peter de Blank1, 
Trent Hummel1, Natasha Pillay-Smiley1, Ralph Salloum1, 
Charles Stevenson1, Rachid Drissi1, Shiva Senthil Kumar1, Patricia Baxter2, 
David Gass3, Stewart Goldman4, Sarah Leary5, Adam Lane1, 
Olivia Campagne6, Clinton Stewart6, and Maryam Fouladi1; 1Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA, 2Texas 
Children’s Cancer Center, Houston, TX, USA, 3Atrium Health Levine 
Children’s Hospital, Charlotte, NC, USA, 4Ann & Robert H Lurie 
Children’s Hospital, Chicago, IL, USA, 5Seattle Children’s Hospital, Seattle, 
WA, USA, 6St. Jude Children’s Research Hospital, Memphis, TN, USA

Genomic aberrations in the cell cycle and mTOR pathways have been 
reported in diffuse pontine gliomas (DIPG) and high-grade gliomas (HGG). 
Dual inhibition of CDK4/6 (ribociclib) and mTOR (everolimus) has strong 
biologic rationale, non-overlapping single-agent toxicities, and adult clinical 
experience. The maximum tolerated dose (MTD) and/or recommended phase 
two dose (RP2D) of ribociclib and everolimus administered during mainten-
ance therapy following radiotherapy was determined in the phase I study as 
a rolling 6 design. Ribociclib and everolimus were administered once daily 
for 21  days and 28  days, respectively starting two-four weeks post com-
pletion of radiotherapy. All HGG patients and any DIPG patient who had 
undergone biopsy were screened for RB protein by immunohistochemistry. 
Eighteen eligible patients enrolled (median age 8  years; range: 2–18). Six 
patients enrolled at dose levels 1,2, and 3 without dose limiting toxicities 
(DLT). Currently, five patients are enrolled at dose level 3 expansion cohort. 
The median number of cycles are 4.5 (range: 1–20+). Among the expansion 
cohort, one dose limiting toxicity included a grade 3 infection and one pa-
tient required a dose reduction in course 3 due to grade 3 ALT and grade 4 
hypokalemia. The most common grade 3/4 adverse events included neutro-
penia. Preliminary pharmacokinetic studies on 12 patients suggest an impact 
of ribociclib on everolimus pharmacokinetics. The MTD/RP2D of ribociclib 
and everolimus following radiotherapy in newly diagnosed DIPG and HGG 
is anticipated to be 170 mg/m2/day x 21 days and 1.5 mg/ m2/day every 
28 days which is equivalent to the adult RP2D.

EPENDYMOMA

EPEN-01. MULTIDISCIPLINARY TREATMENT IN EPENDYMOMA
Daisuke Hirokawa; Kanagawa Children’s Medical Center, Yokohama, 
Japan

BACKGROUND: In intracranial ependymoma, the effectiveness of 
chemotherapy and radiation therapy is unclear, and the degree of tumor 
removal contributes to the improvement of life prognosis. METHODS: We 
examined ependymoma cases treated in our institution from July 1998 to 
March 2017. RESULTS: There were 18 boys and 7 girls. The average age at 
the time of surgery is 5.3±3.6 years. The pathological diagnosis was Grade 
II for 8 cases and Grade III for 17 cases. Genetic analysis was performed in 
16/25 cases (64%). Of the infratentorial cases, 10/11 cases (90.1%) were 
PFA and PFB were one case. Of the supratentorial cases, 3/5 cases (60%) 
were positive for RELA fusion. As chemotherapy, 19 patients were VCR +  
VP-16  + CDDP + CPA. Irradiation was performed in all cases, local ir-
radiation (50.4–55.8Gy) in 22 cases (88%), and craniospinal irradiation 
in 2 cases (8%). The 7-year OS was 74.6±9% and the 7-year PFS was 
59.7±10.5%. Grade III showed a short OS (p = 0.053). GTR and NTR were 
obtained in the first excision in 14 cases (56%), and OS and PFS were not 
significantly different from those in the STR group (p = 0.219, p = 0.248). 
GTR and NTR including 2nd-look surgery were obtained in 18 cases (72%), 
and significant improvement of OS was observed compared with STR group 
(p = 0.02). CONCLUSION: Even if it is not GTR or NTR at the first oper-
ation, improvement of OS is expected by total excision after chemotherapy.

EPEN-02. EVALUATION OF TREATMENT OUTCOMES AND 
EXPRESSION OF EMT-RELATED TRANSCRIPTION FACTORS AS 
NOVEL THERAPEUTIC TARGETS IN PEDIATRIC EPENDYMOMA
Keishi Makino1,2, Jun-ichiro Kuroda2, Naoki Shinojima2, Kenji Fujimoto1, 
Akira Takada1, and Akitake Mukasa2; 1Department of Neurosurgery, 
Kumamoto City Hospital, Kumamoto, Japan, 2Department of 
Neurosurgery, Kumamoto University, Kumamoto, Japan

OBJECTIVE: Intracranial ependymomas are common brain tumors 
in children. However, prognosis, especially in young children, remains 
poor because of the chemo- and radioresistant properties of intracra-
nial ependymomas. Furthermore, effective treatments for intracranial 
ependymomas remain a challenge. The epithelial-to-mesenchymal transition 
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(EMT) is important for invasion and metastasis in many cancers. This study 
aimed to evaluate and compare treatment outcomes with the expression of 
EMT-related transcription factors in pediatric ependymomas. MATERIAL 
AND METHODS: Medical and radio-imaging data of 22 (11 boys, 11 
girls) patients aged <15 years with intracranial ependymomas were reviewed 
from January 1983 to December 2018. Six cases were subdivided into 
clinicopathological-molecular subgroups and immunohistochemically ana-
lyzed for Slug and ZEB. RESULTS: The median age at the start of treatment 
was 5 years (range 8 months–15 years) (9 cases were aged <3 years). The 
median progression-free survival (PFS) was 25.6 (range, 0.8–383.5) months; 
the median overall survival (OS) was 81.9 (range, 2.9–383.5) months. Ex-
tent of resection and malignant histology were significant prognostic factors 
for OS and PFS in multivariate analysis. There were 6 cases (2 cases of PFA, 
2 of PFB, 1 of ST and 1 case of ST-RELA). Nuclear expression of ZEB1 was 
found in all tumors; however, that of Slug increased only in PFA and PFB 
tumors, which were associated with a poor prognosis. CONCLUSION: Ex-
pression of EMT-related transcription factors was increased in pediatric 
ependymomas. These data suggest that EMT is a novel therapeutic target 
for treating pediatric intracranial ependymomas.

EPEN-03. LONG-TERM FOLLOW-UP OF AIEOP 2ND SERIES OF 
CHILDREN AND ADOLESCENT WITH PRIMARY INTRACRANIAL 
(ST:SUPRATENTORIAL; PF: POSTERIOR FOSSA) EPENDYMOMA 
AND METHYLATION GROUPS RE-ANALYSES
Maura Massimino1, Francesca Romana Buttarelli2, Hendrik Witt3,4, 
Pascal Johann3,4, Simone Minasi2, Stefan M. Pfister3,4, Kristian W. Pajtler3,4, 
Manila Antonelli5, Francesco Barretta6, Piergiorgio Modena7, 
Lorenza Gandola8, Maria Luisa Garrè9, Daniele Bertin10, 
Angela Mastronuzzi11, Maurizio Mascarin12, Lucia Quaglietta13, 
Elisabetta Viscardi14, Iacopo Sardi15, Antonio Ruggiero16, Bianca Pollo17, 
Annamaria Buccoliero18, Luna Boschetti1, Veronica Biassoni1, 
Elisabetta Schiavello1, Luisa Chiapparini19, Alessandra Erbetta19, and 
Felice Giangaspero5,20; 1Fondazione IRCCS Istituto Nazionale dei 
Tumori, Pediatrics, Milano, Italy, 2Università La Sapienza, Human 
Neurosciences, Roma, Italy, 3Hopp-Children’s Cancer Center Heidelberg 
KiTZ, Heidelberg, Germany, 4German Cancer Research Center DKFZ, 
German Cancer Consortium DKTK, Heidelberg, Germany, 5Università 
La Sapienza, Radiological-Oncological and Anatomo-Pathological 
Sciences, Roma, Italy, 6Fondazione IRCCS Istituto Nazionale dei Tumori, 
Clinical Epidemiology and Trial Organization, Milano, Italy, 7A,S,S,T, 
Lariana - Ospedale Sant’ Anna di Como, Genetic Laborator, Como, Italy, 
8Fondazione IRCCS Istituto Nazionale dei Tumori, Pediatric Radiotherapy, 
Milano, Italy, 9IRCCS Giannina Gaslini, Neuro-oncology, Genova, Italy, 
10A,O,U, Città della Salute e della Scienza, Pediatric Oncology, Torino, 
Italy, 11IRCCS Ospedale Pediatrico Bambino Gesù, Pediatric Hematology 
and Oncology, Roma, Italy, 12Centro di Riferimento Oncologico CRO, 
Radiotherapy, Aviano, Italy, 13Ospedale Santobono-Pausilipon, Pediatric 
Oncology, Napoli, Italy, 14Padova University, Pediatric Oncology, Padova, 
Italy, 15Ospedale Pediatrico Meyer, Pediatric Oncology, Firenze, Italy, 
16Fondazione Policlinico Universitario Agostino Gemelli, Pediatric 
Oncology, Roma, Italy, 17Fondazione IRCCS Istituto Neurologico Carlo 
Besta, Pathology, Milano, Italy, 18Ospedale Pediatrico Meyer, Pathology, 
Firenze, Italy, 19Fondazione IRCCS Istituto Neurologico Carlo Besta,nr, 
Milano, Italy, 20IRCCS Neuromed, Pathology, Pozzilli, Italy

BACKGROUND: This 2002–2014 Italian prospective study stratified 160 
patients by surgical resection (complete=NED/incomplete=ED) and centrally-
reviewed grade. Grade2/NED patients received focal radiotherapy (RT) up 
to 59.4Gy, Grade3/NED received 4 courses of VEC(vincristine,etoposide,c
yclophosphamide) after RT.ED patients received 1–4 VEC courses, second-
look surgery, 59.4 Gy+8Gy boost on measurable residue. METHODS: We 
re-analyzed data at 115 months follow-up including methylation profile on 
available samples. RESULTS: Global PFS/OS at 5/10  years were 66/59% 
and 80/74%, respectively. Of the 64 relapsers at median 20 months, 53 died 
at median 37/18 months after diagnosis/relapse, respectively.10/64 relapsed 
after 5 years (66–126 months); 4 died, relapse was local in 8/10, metastatic 
1, combined 1;5/10 patients were below age 3, 5 females, 8 PF tumors. Their 
survival post-relapse was not longer than earlier relapsers’. At univariable 
analysis, age over 3 years, female sex, complete surgery, grade 2, no shunt 
confirmed better PFS/OS. 66/95 analyzed tumors received a score >0.80 
through the DNA methylation-based central nervous system tumor classi-
fier: 41/8 as PFA/PFB, respectively,14/17 ST as RELA-positive (3 scored for 
other molecular entities i.e. anaplastic PXA, LGG MYB, HGNET). Prog-
nostic factors were equally distributed among PFA/PFB groups,1 only group 
B patient relapsed locally at 96  months.  CONCLUSIONS: Already pub-
lished prognostic factors remained at long-term follow-up;6.2% patients 
had late relapses. OS after relapse was not better in late relapsers. Group 
B confirmed better prognosis but all patients had received «at least» ad-
juvant RT. Modern ependymoma trials need long follow-up to draw firm 
conclusions.

EPEN-04. ONCOGENIC 3D TUMOR GENOME ORGANIZATION 
IDENTIFIES NEW THERAPEUTIC TARGETS IN EPENDYMOMA
Konstantin Okonechnikov1,2, Jens-Martin Hübner1,2, Owen Chapman3, 
Abhijit Chakraborty4, Meghana Pagadala3, Rosalind Bump5, 
Sahaana Chandran5, Katerina Kraft6, Rocio Acuna Hidalgo7, 
Stefan Mundlos7, Robert Wechsler-Reya8, Edwin F. Juarez3, Nicole Coufal9, 
Michael Levy10, John Crawford9,11, Kristian Pajtler1,2, Derek Reid12, 
Anthony Schmitt12, Hannah Carter3, Ferhat Ay4, Jesse Dixon5, 
Jill Mesirov3, Stefan M Pfister1,2, Marcel Kool1,2, and Lukas Chavez3; 
1Hopp Children’s Cancer Center at the NCT Heidelberg (KiTZ), 
Heidelberg, Germany, 2Division of Pediatric Neurooncology, German 
Cancer Research Center (DKFZ), Heidelberg, Germany, 3Department of 
Medicine, University of California San Diego (UCSD), San Diego, CA, 
USA, 4Division of Vaccine Discovery, La Jolla Institute for Allergy and 
Immunology, San Diego, CA, USA, 5Salk Institute for Biological Studies, 
San Diego, CA, USA, 6Center for Personal Dynamic Regulomes, Stanford 
University, Stanford, CA, USA, 7Max Planck Institute for Molecular 
Genetics, Berlin, Germany, 8Tumor Initiation and Maintenance Program, 
NCI-Designated Cancer Center, Sanford Burnham Prebys Medical 
Research Discovery Institute, San Diego, USA, 9Department of Pediatrics, 
University of California, San Diego, San Diego, CA, USA, 10Department 
of Neurosurgery, University of California San Diego – Rady Children’s 
Hospital, San Diego, CA, USA, 11Department of Neurosciences, University 
of California San Diego – Rady Children’s Hospital, San Diego, CA, USA, 
12Arima Genomics, Inc, San Diego, CA, USA

By profiling enhancers in primary ependymoma tumors, we have recently 
identified putative oncogenes, molecular targets, and functional pathways. 
Inhibition of selected targets diminished the proliferation of patient-derived 
neurospheres and increased survival in mouse models of ependymoma. 
While enhancers frequently regulate the nearest gene, identification of en-
hancer target genes remains to be a challenge in the absence of chromo-
some conformation information. Consequently, we have now used HiC to 
map the 3-dimensional organization of tumor chromatin in the two most 
common and aggressive ependymoma subgroups: posterior fossa group 
A (PF-EPN-A) and supratentorial ependymomas with gene fusions involving 
the NF-κB subunit gene RELA (ST-EPN-RELA). By an integrative analysis 
of enhancer and gene expression in the context of the newly derived HiC 
data, we find that a large number of the predicted enhancer target genes are 
enriched for strong physical interactions. Importantly, we also identify many 
new putative tumor-dependency genes activated by long-range promoter-
enhancer interactions and complex tumor-specific chromatin clusters of 
regulatory elements. Complementary to the analysis of gene-enhancer inter-
actions, we have also leveraged the HiC data for resolving structural re-
arrangements underlying copy number alterations. Copy number gains of 
the 1q arm of chromosome 1 are especially associated with poor survival. 
Our preliminary results in PFA relapse samples show complex structural 
variants underlying 1q gain that lead to inter-chromosomal rearrangements 
and affect several genes that potentially contribute to poor survival. In on-
going work we are testing the relevance of the novel candidate genes for 
tumor cell growth and proliferation in-patient derived ependymoma models.

EPEN-05. CLINICAL AND GENETIC EVOLUTION OF 
EPENDYMOMA EXPOSED FROM A MULTI-RECURRENCE GIRL 
CASE
Zhong-ping Chen1, Jing Wang1, Shao-yan Xi1, Qi Zhao1, Yun-fei Xia1, 
Cheng-cheng Guo1, Qun-ying Yang1, Zhao-jie Li2, Zhi Li2, Fu Han3, 
Fang Wang4, Ke Sai1, Hai-ping Cai1, Xiang-heng Zhang1, Chao Ke1, 
and Jian Wang1; 1Sun Yat-sen University Cancer Center, Guangzhou, 
Guangdong, China, 2Guangdong Provincial Hospital, Guangzhou, 
Guangdong, China, 3Chinese Traditional Medicine Hospital of Guangdong 
Province, Guangzhou, Guangdong, China, 4Sun Yat-sen University Cancer 
Center, Guangzhou, Guangdong, China

Ependymomas are glial brain tumors accounting for approximately 2~3% 
of all primary tumors of the central nervous system (CNS), and 12% of all 
pediatric intracranial tumors. To better understand the evolution process 
of ependymomas, we studied the clinical, pathological and genetic develop-
ment of a rare girl case with repeatedly recurrent ependymoma. This girl was 
diagnosed as ependymoma at age of 9 years old, and experienced 7 times 
tumor relapse and received 9 times surgeries but finally ceased at 19 years 
old with multiregional recurrences. The pathological characteristics, radio-
graphic images and therapeutic strategies of the patient were all retrieved. 
Molecular markers confirmed the diagnosis of anaplastic ependymoma 
based on the updated WHO guideline for CNS tumors. Whole-genome 
sequencing (WGS) was performed to elucidate the landscape of mutation 
signatures and to identify potential driver mutations along the tumor pro-
gression. The seven tumor specimens showed a highly branched evolu-
tionary pattern. There were six gene mutations found in 5 of the 7 specimens 
(PCDHA4, PCDHA8, SEC14L6, SETD2, RIOK2, and SLCO2A1) and three 


