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Minimally Invasive Surgery for Neurogenic Tumors of The Posterior
Mediastinum in Children

Diana RybakoVaAnatoly KazanchZgwolad Kerimdv
IFGBU "NMIC Oncologists Them. N.n. Blokhin »moscow, Ministry of Health of The Russian Federatidvipbtmseow,
Russian Federation

Actuality: Neurogenic tumors of the mediastinum in children occur in 15% of all tumors of the nervous
system. The main method of treatment of this pathology is surgery, including minimally invasive surgery.

Objectives: To deterine the possibility of minimally invasive surgery in the treatment of neurogenic
tumors of the posterior mediastinum in children.

Materials and methods: From 2007 to 2016, 47 patients underwent thoracoscopic operations of the
neurogenic tumor of the medstinum. The age of the patients varied from 5 months to 16 years. The

largest number of children entered the group from 1 year to 3 yeaBpeople (38.3%). The sex ratio was
approximately equal to: boys were 24 (51%), gi#l8 (49%).The duration oli¢ operations was, on

average, 49 minutes. In 85% of cases, the operation time was less than 60 minutes, and only 15% more thar
1 hour. The blood loss during thoracoscopic operations averaged 14.3 ml. In 36 cases, blood loss was not
observed. No intraopetave complications were noted. All patients within the first 24 hours after the

operation were transferred to the profile department from the intensive care unit. Postoperative
complications arose in 4 patient$iorner's syndrome, in connection with thachlization of the tumor

process in the apical part of the chest. 43 patients after surgery were in the surgical clinic for no more than

3 days, and 4 patients were detained in the hospital for up to 7 days to assess the neurological status due to
manifesations of Horner's syndrome. All neoplasms were represented by neurogenic tumors:
neuroblastoma23 (49%), ganglioneuroblastordd (30%) and geglioneurori®d (21%).

Conclusion: The advantages of using minimally invasive surgery for the treatment of neéanogeliastinal
tumors are: low traumatism, minimal blood loss, low number of complications, early activation of the
patient and shortening of time in hospital, good cosmetic effect. Performing endosurgical operations in
children with mediastinal tumors oabe at the age of several months, while the oncological principles of
performing surgical intervention are not violated, and the age of the child is not a limiting factor for
performing endosurgical operations.
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Histone Demethylases Areoiel Therapeutic Targets of Neuroblastoma

Jun Yang Andrew Davidoff
1St Jude Children's Research Hospital, Memphis, United States

Neuroblastoma is the most common type of cancer in infants and causes as much as 15% ektateder
deaths in children. Bhough the outcomes of children with lowr intermediaterisk disease are excellent,
those of children with highisk disease remain dismal. Thus, the need to identify novel therapeutic targets
and develop more effective treatments for higisk neuroblatoma is urgent. The genetic abnormalities

that drive tumorigenesis are usually coupled with epigenetic alterations, such as aberrant histone
modification, which may help oncogenic drivers accelerate cancer progression, metastasis, and therapy
resistanceOncogenic MYCN amplification is the most important biological feature ofrtsgh
neuroblastoma.

Histone lysine demethylases appear to be involved in facilitating the activity of oncogenic transcription
factors such as Myc. Therefore, targeting histoeenethylases may block Myc signaling central to
tumorigenesis. Here we present that genetic or pharmacologic inhibition with novel inhibitors of histone
demethylases is able to inhibit proliferation of neuroblastoma. Our findings provide new insighiénto t
epigenetic regulation of Myc function via histone demethylation and indicate that pharmacologic inhibition
of histone demethylases may be an effective approach for cancer therapy through Myc pathway inhibition.
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Prognostic Value of Mimal Residual Disease in Higisk Neuroblastoma
Group: Protocol NB 2004m, End of Induction

Inna Praliaskouskaydrina PakhomavaAlexandra Romantsoy#leg BudandyOlga Aleinikova
Belarusian Research CerfarPediatric Oncology, Hematology dmimunology, Minsk, Belarus

Background: To establish the prognostic value of the presence of a minimal residual disease (MRD) in bone
marrow (BM) in the highisk neuroblastoma group at the end of induction.

Methods: The study of MRD in BM on protocol NB2@, end of induction, performed by flow cytometry
(Syto16+CD4ED56+CD81+ phenotype), immunocytochemistry (@axttive cells), molecular biology
(semiquantitative evaluation of TH and PHOX2B gene expression ust@RT

Results: For flow cytometry anshmunocytochemistry, we used coff positivity and negativity. Overall
AdzZNDAGEE o6h{0 FTt2g O0eiG2YSINEB oy -fiee sprivalNEFS)50%E2%5% O y I
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patients with neuroblastoma.

. daff, determined for the level of expression of TH and PHOX2B genes, allows to classifyf patsehts

as ultrahigh risk: for expression of TH gerleg10> 0.0018, for PHOX2B gem®sitive expression in BM. In

case of expression of TH gene higherthag2l8 ¥ h{ o6y I mmM0 om:pmMp: @a O0yTlo
11% + 9% vs 53% + 10%, (pGH04). Positive expression of PHOX2B gene OS (n =9) 35% + 18% vs (n = 31)
59% + 11% (p = 0,0032), EFS 0% vs 55% * 15%, (p = 0,0002).

In Cox regression analysis, we used the following risk factors: age, stag®\ divj@ification, the

expression level ofH and PHOX2B genes in BM, end of induction. Two regression models for OS and EFS
were constructed. In the model for EFS, the expression of PHOX2B gene had significance (p = 0,0087) with
RR 3.02.

Conclusion: the presence of MRD in BM, revealed by thiiatian of the expression of TH and PHOX2B

genes, in our patients at the end of induction strongly negatively influences the prognosis of the disease. For
this cohort of patients, the approaches to therapy should be changed, since the standard therapy is n
effective for them.
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Outcomes and Complications of Surgery in Patients with Intermediate
Risk Neuroblastoma: Experience from an Indian Tertiary Cancer Centre

Sajid Qureshi Girish Chinnaswarhyrushar Vora Seema Medhi Maya PrasdgdMukta Ramadwayr
Omshree Shetty Siddharth Laskar
Tata Memorial Hospital, Mumbai, India

Background: The treatment of intermediate risk (IR) neuroblastoma has evolved with the focus now on
reducing the drugs, dosage, and duration of chemotherapy aliheof this study is to present the outcomes

of treatment and the complications of surgery in patients with IR neuroblastoma treated at a tertiary cancer
center in India.

Procedure: All eligible patients with IR neuroblastoma treated between April 203 agust 2016 were
identified. The presence and number of imadgfined risk factors (IDRF) before and after neoadjuvant
chemotherapy were retrospectively analyzed as were the extent of surgery, complications, and outcomes.

Results: Of 282 neuroblast@patients treated during the study period, 54 had IR neuroblastoma. A

median of 3 IDRF's were identified at presentation which reduced to 2 after preoperative chemotherapy;
however, complete disappearance of IDRF was not seen in any patient. Complsienaxeis achieved in

25 patients. There were 28 surgical complications in 22 patients with a similar incidence in patients with
complete (n=14) or incomplete (n=13) resection (p=0.6). The most common complication was postoperative
chylous leakage. There wao perioperative mortality. After a median follawp of 47 months, the 4ear

overall and evenfree survival was 91.5% and 75% respectively. There was no difference in survival
between patients who underwent complete resection versus those with incampésection (p=0.78).

Conclusion: Outcomes of IR neuroblastoma are favorable. IDRFs do not predict the extent of resection or
survival. The extent of resection does not affect the survival and complications can occur even when the
resection is incomplete
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A KinomeWide RNAI Screen Identifies ALK As a Target to Sensitize
Neuroblastoma Cells for HDAGHibitor Treatment

Jing Sheh Sara Najdff, Sina Stable Johannes FabigrEmily Koeneké, Fiona R. Kolbinger Tino

Heimburd, Wolfgang Sippl Manfred Junty Heike Peterziet, Dominique KrafzMichael Boutros Frank
Westerman£, Olaf Witt27, Ina Oehmé&?
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Pharmacy, MartisLuther University of Hall&/ittenberg, Halle/Saale, Germafipstitute of Pharmaceutical Sciences,
University of Freiburg, Freiburg, Gany,®Division of Signaling and Functional Genomics, German Cancer Research
Center and Heidelberg University, Department for Cell and Molecular Biology, Medical Faculty Mannheim, Heidelberg,
Germany®Research Group Neuroblastoma Genomics, German CaseardReCenter (DKFZ), Heidelberg, Germany,
"Department of Pediatric Oncology, Hematology and Immunology, University of Heidelberg Medical Center, Heidelberg,
Germany

The prognosis of advanced stage neuroblastoma patients remains poor and, despite intiesisipy, the
five-year survival rate remains less than 50%. We previously identified histone deacetylase (HDAC) 8 as an
indicator of poor clinical outcome and a selective drug target for differentiation therapy in vitro and in vivo.
Here we performed kinme-wide RNAI screening to identify genes that are synthetic lethal with HDACS8
inhibitors. These experiments identified the neuroblastoma predisposition gene ALK as a synthetic lethal
candidate gene. Accordingly, the combination of the ALK/MET inhibitmaticrib and selective HDAC8

inhibitors (6 uM PG34051) efficiently killed neuroblastoma cell lines with wildtype ALKN(BE(2)C,

IMR5/75), amplified ALK (NB, and those carrying the activating ALK F1174L mutation (Kelly). The effective
dose of crizanib ranged from 0.05 uM for Akdénplified cell lines to 0.8 uM for cell lines with wildtype ALK.
Bioinformatic analyses revealed that the mRNA expression level of HDACS8 was significantly correlated with
that of ALK in two independent patient cohorts, fraéhe Academic Medical Center (AMC; n=88) and the
German Neuroblastoma Trial (n=649), aneegpression of both target genes identified patients with very

poor outcome. Mechanistically, HDAC8 and ALK converge at the level of receptor tyrosine kinase (RTK)
signaling and their downstream survival pathways, such as ERK signaling. Combination treatment of HDACS8
inhibitor with crizotinib efficiently blocked the activation of growth receptor survival signaling and shifted

the cell cycle arrest and differentiatigpghenotype toward effective cell death of neuroblastoma cell lines,
including sensitization of resistant models, but not of normal cells. These findings reveal combined targeting
of ALK and HDACS as a novel strategy for the treatment of neuroblastoma.
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Anatomic Patterns of Relapse and Progression Following Treatment with
131FMIBG in Metastatic Neuroblastoma

Rotem Fishel Ben KeraAlexei L. PolishchjiRandall A. Hawkih«atherine K. MatthdySteven G.

DuBoi4, DaphneHaasKogar

tUniversity of Arizona College of Medidi®enix, Phoenix, United Staf@gaceHealth St. Joseph Cancer Center,
Bellingham, United State¥)niversity of California at San Francisco School of Medicine and UCSF Benioff Children's
Hospital, Sa Francisco, United Statés, yI  CI N®BSNJ / I yOSNI LyaidAdGdziSk. 2aidz2y |/
Center, Harvard Medical School, Boston, United States

Purpose/Objectives: Neuroblastoma is the most common pediatric extracranial solid tumor. Paiidnts
MIBGavid relapsed or refractory neuroblastoma following therapy may exhibit significant but often
transient responses to salvage treatment with 184IBG. It is not known whether disease progression
following 131IMIBG treatment occurs in previoushwolved vs. new anatomic sites of disease.
Understanding this pattern of relapse may inform the use of consolidative external beam radiation therapy
following 131MIBG administration.

Materials/Methods: Patients with relapsed or refractory metastatilBi@avid neuroblastoma who received
131FMIBG on phase ll/compassionadecess protocols at UCSF were included if they had 1) stable or
responding disease-8 weeks following 13IMIBG infusion, but subsequently experienced disease
progression and 2) setidiagnostic MIBG scans from protocol enrollment through first progression. Scans
were reviewed to establish anatomic locations and temporal evolution of MiB&Gdisease. Progression

was defined as development of MIBid disease in a previously unitved site, recurrence of MIBG

avidity in a previously involved site that fully cleared following treatment, or as progression in a previously
involved site.

Results: 84 MIB@vid metastatic sites were identified prior to MIBG therapy in 12 patients. Nealjg at

first 131IMIBG treatment was 9.1 years (463.2). Following first 13WIBG infusion and prior to disease
progression, seven patients received additional 121BG treatments, but none received external beam
radiation therapy. Median time to pgression after first 13IMIBG treatment was 0.6 years (23%). At

first progression, 101 MIB6&vid sites were identified, of which 69 (68%) overlapped withtpratment
disease sites, while 32 (32%) represented anatomically new disease areas. ERjpaténts had one or
more new MIBGavid site at first progression. Of the 69 involved sites at progression that overlapped with
pre-treatment disease, 11 represented relapsed sites that had cleared following MIBG therapy, 2 were
persistent but increasing MIBGavid, and 56 were stably persistent.

Conclusions: Previously involved disease sites predominate at disease progression followMiBG3 11
treatment. Nevertheless, the majority of patients progressed in at least one new anatomic site. This
suggess that consolidative focal therapies targeting residual disease sites may be of limited benefit in
preventing systemic disease progression following -MIBG treatment of relapsed or refractory
neuroblastoma.
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Whole Genome Sequencing ferecision Medicine in HigRisk
Neuroblastoma PatientsTranslation from Research to Clinical Practice in
Sweden

Susanne Franssbriingela MartineMonleort, Susanne Reinsbadcler Sikore, RoseMarie Sjobery Per
Kognet, Tommy Martinssort

Department of Pathology and Genetics, University of Gothenburg, Gothenburg, Skdestience for Life laboratory,
Clinical Genomics, Gothenburg, Sweteapartment of Women's and Children's Health, Karolinska Institutet,
Stockholm, Sweden

The overall survad of highrisk neuroblastomas is about 40 %, implying an urgent need for improvement in
treatment strategies for this particular patient group. Clinical use ofgexteration sequencing provides a
comprehensive approach for rapid determination of genoliamarkers for diagnosis/prognosis, and of
F2NBY240 AYLERNIFYyOS: (2 | OKAS@S LINBOA&aAZY (GNBIGY

Whole genome sequencing (WGS) was performed on tumor/nepaiaifor 30 neuroblastoma patients,

both retrospective samples and a subset of patients with progressive disease despite ongoing treatment.
Sequencing was performed for an average coverage of at least 60X and 30X for tumor and normal tissue
respectively. Read trimming, mapping to hg19 and vatafing were performed using the CLC Genomics
Workbench software while copy number profiles were prepared through the CANVAS software. Systematic
filtering was performed using the Ingenuity variant analysis tool. Variants with allele frequency above 3% in
common population based cohorts were discarded as well as excluding all synonymous variants or variants
in non-coding regions except those affecting canonical splice sites.

In our present setting the approximate time for handling is2 weeks, countinfrom arrival of material to
analyzed data. The analysis includes copy number variations, structural aberrations and mutational
screening. These alterations have then been thoroughly evaluated with regards to biological relevance and
druggability, lookindor drugs either used in existing cancer treatment or in clinical trials. Among the 30
patients, potentially actionable targets were detected in 14 (47%) of the cases; including aberrations in ALK,
CDK4/MDM2, CDKN2A, CCND1 and ROCK2. Overall interpnetatiorgative or inconclusive for 16

patients showing no or only weak support for targeted treatment.

Our results demonstrate the feasibility to incorporate WGS in clinical practice. A logistic and analytic
pipeline has been established in order to prestme results in a clinically meaningful time frame.

Actionable targets that could be relevant in therapy were detected in 14 out of 30 neuroblastoma patients.
The result from this study show promising results and we predict that integration of WGSdal ctiitine

will lead to improved management of the therapeutically most challenged group.
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Human Metallothioneir3 Up-Regulation in Neuroblastoma Cells Lines and
its Impact on Cisplatin Susceptibility

Miguel Angel Merlos Rodritf HanaBuchtelova? Simona Dostalo¥3 Vladislav Strmisk3 Petr

MichaleR? Sona Krizko¥3 Zbynek Hegéf, Vojtech Adan?

1Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno, Brno, Czech Republic,
2Central Eurogan Institute of Technology, Brno, Czech Republic

Metallothionein-3 (MT-3) is predominantly expressed in the central nervous system3Mduld participate

in the processes of heavy metal detoxification, regulation of metabolism and protection agautestivexi
damage of free radicals in the central nervous system, thus it could play important neuromodulatory and
neuroprotective roles. MB had been postulated to be a multipurpose protein which could play important
neuromodulatory and neuroprotective rolés CNS besides the common roles of MTs. However, the
primary function of MT3 and the mechanism underlying its multiple functions were not elucidated so far in
neuroblastoma. In the present study we focused oareigulation of MT3 gene in different neurolastoma
cells. The upegulation of different genes from biological pathways related to cellular senescence process
were identified using electrochemical microarrays. Cisplatin edieisiminedichloroplatinum (CDDP) is one
of the most commonly used drug the treatment of Nbl. CDDP induces cytotoxic cell death mediated by
activation of death receptemediated apoptotic signaling mechanisms as well as mitochondrial pathways.
In general, multiple mechanisms have been identified for the acquisition of dgigtance by cancer cells.
Further, the cytotoxicity of the CDDP was examined in43Mifd mock cells by MTT and clonogenic assays.
We also provide a clear in vitro evidence that hBlparticipates on a formation of chemoresistance against
CDDP and its ergssion could be considered as potential prognostic biomarker. Our data strongly suggest
that up-regulation MT3 is involved in induction of chemoresistance of neuroblastoma cells chemotherapy.
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A Rapid Prognostic Indicator of NeuroblastoBisease Progression Using
the Chick Embryo Transplant Model, Le§ased Network and-&olor
Immunofluorescence Predictor

Jennifer Kasemeidfulesa Mary Cathleen McKinngySantiago SchngllThomas WoolléyPaul Kules&
IStowers Institute favedical Research, Kansas City, United Statasserity of Kansas School of Medicine, Kansas City,
United States’University of Michigan, Ann Arbor, United Std@ardiff University, Cathays, United Kingdom

Correlative analyses of genomic informatioarfi profiles of pediatric neuroblastoma cancers and known
patient outcomes have led to specific gene lists put forward as high risk for disease progression. However,
this reliance on gene expression correlation patterns rather than mechanistic insigblhénasa limited

predictive accuracy. This suggests a critical need for models that include molecular network interactions
that would better predict neuroblastoma progression. In this study, we construct and simulate -b#cgid
model with a molecular netwt of tyrosine receptor kinases and downstream signals that are involved in
sympathetic nervous system development, from which neuroblastoma pathogenesis is derived. We show
that by using 6 input genes, our model predicts the probability of reaching sstatyoutcomes with

distinct prognostic indicators of cell differentiation, proliferation, apoptosis, and angiogenesis. We validate
the mechanistic model assumptions by using RNAseq of the SHSY5Y human neuroblastoma cell line to
define the states of the Bput genes and show the model predicts a steady state outcome that aligns with
antibody staining. To further illustrate the predictive strength, we transplantlaiéled SHSY5Y cells into

the trunk dorsal neural tube of a Stage-18 chick embryos andsaess changes in cell position and state 48
hours later by Ecolor antibody staining of our prognostic indicators. We find that SHSY5Y transplanted cells
show a differentiated identity compared to ndransplanted, in vitro cultured SHSY5Y cells. Tdfj is
indicative of an influence from the embryonic neural crest microenvironment to drive a favorable outcome.
We propose the combination of our logic model and embryo transplant model withids antibody

staining represents a rapid prognostic indaraof heuroblastoma disease progression based on cell line and
human patient derived tissues.
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Inhibition of Fatty Acid Synthesis Induces Neuroblastoma Differentiation

Maria Victoria Ru2ére2, Ganna OliynykLourdes Saineralcoladd, Marie ArseniatHenrikssoh
!Karolinska Institutet, Solna, Sweden

High MYC signaling oiMYC/MYCN amplification are strongly correlated to poor prognosis and treatment
failure in neuroblastoma patients. Survival for higgk patients remains only arour-50%, and survivors
suffer longterm side effects from treatment. Alternative approaches, as differentiatimucing therapies,

are especially interesting for higisk patients in which resistance to conventional chemotherapy arises. We
previously demnstrated that silencing of MYCN or targeting the protein with small molecule inhibitors
prompt changes in lipid metabolism due to reducedxtdation and mitochondrial dysfunction (Zirath et al
PNAS, 2013). Here our objective is to analyze the crossbllebn lipid metabolism and cell differentiation
regulated by MYC(N), to identify new therapeutic targets with potential use for induction of differentiation.

Proteomic analysis of neuroblastoma cells shows that lipid metabolism and related signaliegtslens

well as proteins involved in cell differentiation, are consistently affected by MYCN downregulation.
Additionally, high expression of acefybA carboxylase (ACACA) and fatty acid synthase (FASN) correlates to
poor survival in neuroblastoma patiex) suggesting fatty acid synthesis as a promising target for treatment.
Accordingly, the chemical inhibition of de novo fatty acid synthesis (targeting either ACACA or FASN)
triggers MYC(N) protein downregulation and differentiation of both Mé@iglifiedand norramplified
neuroblastoma cells.

Moreover, fatty acid synthesis inhibition has an impact in mitochondrial structure and function. The
withdrawal of major nutrients as glucose and glutamine does not trigger neuroblastoma differentiation,
while theincubation in delipidized cell culture medium induces neurite outgrowth. Consequently, cell
membranepermeable fatty acids prevent the phenotypes observed, suggesting a very specific relationship
of lipid metabolism with induction of differentiation.

Ourwork aims to elucidate the impact of lipid metabolism on neuroblastoma biology, with potential
implications for metabolisatargeted and differentiatiorbased therapies. Here we show that targeting fatty
acid synthesis could be an interesting therapeutiategy for neuroblastoma treatment, especially as a co
adjuvant in differentiation therapies.
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Repetitive Retroelement Activity Is a Major Source of Genomic Instability
and A Druggable Target Involved in Neuroblastoma Development and
Pragression

Andrei GudkoV?, Valeria Kog&nKaterina Leonov3, Jayne Murray Jessica Pettit Stephanie Alfretl
Jennifer Brant] Murray Norrié* Michelle Habér

'Roswell Park Cancer Institute, Buffalo, United St&edpgen, Buffalo, United Stat&hildren's Cancer Institute,
Sydney, AustralidlJNSW Centre for Childhood Cancer Research, Sydney, Australia

Nearly half of the mammalian genome is occupied by interspersed repetitive elements belonging to LINE1
and SINE families. Their expansion haggd an important role in the evolution of mammals, involving

reverse transcription driven by a reverse transcriptase encoded by LINE1 elements (RTL1). This
GNBONRPOA2YSE A& y2NXIFffe dzyRSNJI AGNAOG SwaasSySiiao
protects cells from genomic instability associated with new retrotranspositions. There is a growing body of
evidence indicating that activation of expression and amplification of retroelements frequently occur in
malignant tumours. However, the enormoasmplexity of the retrobiome has made it difficult to

systematically analyse the specific contribution of retroelements to tumour initiation and progression.

We have recently solved this problem by developing new computational algorithms that enable us

detect, localize and quantify new retrotransposition events in Whole Genome Sequencing databases. We
have applied these new bioinformatic tools to analyze the content of the retrobiome in tumours frem TH
MYCN transgenic mice and in primary human newstoima samples. This analysis has revealed massive
acquisition of new LINE1, SINEs and processed pseudogenes (intronless, promoterless cDNA copies of
MRNAS) in these tumours, by comparison with normal somatic tissues. The scale of these events exceeds
manytimes the occurrence of point mutations or amplifications that have been detected so far in
neuroblastomas and suggests that the activity of the retrobiome may be the major driver of tumour
progression. Furthermore, treatment of homozygousNIMCN micenimediately postweaning, with
Stavudine, an antiretroviral reverse transcriptase inhibitor, significantly delayed tumour development by
comparison with control mice (p<0.05). When mice with an established tumour were treated with
Stavudine in combinationiih cyclophosphamide/topotecan, survival was significantly increased by
comparison with chemotherapy alone (P<0.05). These data support the involvement of retroelement
activation in neuroblastoma tumorigenesis and progression and open up a new oppofarnity
pharmacological inhibition of neuroblastoma genomic instability, with the potential of improving treatment,
slowing progression, and ultimately preventing this aggressive childhood disease.
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Combination of HDAC and Mitochondridrgeed Inhibitors Exhibit
Strong Therapeutic Synergy In Vitro and In Vivo Against Neuroblastoma

Janith A. SeneviratheDaniel R. CarterPatrick Y. KitpAldwin S. RahmaritdOwen Tah Selina Sutton
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N-Myc overexpression in neuroblastoma has previously been assoawigtfedhcreased mitochondrial
biogenesis and deregulation, resulting in apoptotic death resistance. Targeting deregulated mitochondria
using specific inhibitors restores apoptotic pathways and drives cell death in neuroblastoma.
Neuroblastoma tumorigenesis characterized by ectopic histone deacetylase (HDAC) expression, resulting
in transcriptional silencing of tumor suppressor genes. We have previously demonstrated the effectiveness
of HDAC inhibitors in-Nlyc-driven neuroblastoma, as there is a uniqueed for HDAC recruitment by the
N-Myc oncogenic signal.

We have now shown that the expression of two mitochondrial adenine nucleotide transporters (SLC25A5 &
SLC25A6) significantly correlated with poor patient prognosis allydNexpression in neuroblasna.

Directly targeting these transporters in neuroblastoma cells using the selective Phase Il inhibitor, PENAO,
resulted in significant cell death in vitro. We found that the clinically approved HDAC inhibitor, SAHA,
synergistically enhanced the cytotoity of PENAO across a panel of neuroblastoma cell lines. Our in vivo
studies indicated that PENAO + SAHA treatment of neuroblastoma cell xenografts in Balb/c hude mice,
significantly prolonged survival and reduced tumor growth. Propidium iodideyekanalysis of

neuroblastoma cells treated with this combination revealed-&ibarrest, whilst TUNEL & AnneXifYy AAD
assays indicated a synergistic induction of apoptosis at clinically achievable concentrations. Further analysis
through JEL, MitoSox Redral Dihydroethidium assays, indicated that the combination induced
mitochondrial superoxide formation and depolarization, suggesting that the combination induced an
intrinsic mode of apoptosis. This was validated by the detection of a downregulatedpaptiotic

mediator, Bcl2.

Expression microarray analysis ofS¥bY cells treated with the single agents or combination identified
numerous genes to be modulated by this drug combination. Downstream analysis using GSEA suggested
that the combination mediated its cytotoxicity by actting p53 and suppressing E2F signaling pathways.
The preferential cytotoxicity of the combination to witgbe p53 over mutant p53 neuroblastoma cell lines
further suggested that the overall mechanism of action of the combination was p53 dependenadutts

are in clinical use, thus our promising data on this combination warrants further evaluation for an early
phase clinical trial for advancesfage neuroblastoma.
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CHL1 Gene Acts as A Tumor Suppressor in Human Neuroblastoma

DaniloMarimpietrit, Marzia OgniberteMartina Morint, Gabriella PagnarDavide CangeldsMichele Cifli
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sul Cancro, Genova, Genova, Itfdgpedale Pediatrico Bambino GesUl, Roma, Italy

A distal portion of human chromosome 3p is oftezleted in neuroblastoma and other cancers and it is
generally assumed that this region harbors one or more putative tumor suppressor genes. A 2.54 Mb region
at 3p26.3 encompassing the smallest region of deletion pinpointed the locus for the neuronalheslicn
molecule close homolog of L1 (CHL1). We evaluated the association of CHL1 gene expression with
neuroblastoma patient outcomes, using online microarray data of neuroblastoma tumors obtained from the
R2 Genomics Analysis and Visualization Platfottp:{f2.amc.nl). We found that low CHL1 expression
predicted poor outcome in neuroblastoma patients.

Then we used inducible cell models to analyze the impact of CHL1 on neuroblastoma growth. In vitro and in
vivo assays were performed to investigate whestiCcHL1 affected cell proliferation and invasion of
neuroblastoma cells. Three lentiviral small hairpin RNA plasmids, and the recombinantGidiBFaver
expression vector were transfected into two neuroblastoma cell lines to daguolate or upregulate GiL1
expression. Oveexpression of CHL1 halted tumor progression, inhibited anchearatgpendent colony
formation, induced neuritdike outgrowth and markers of neuronal differentiation in neuroblastoma cells,

and suppressed the growth of human tumor xgnafts. Our results demonstrated that ovexpression of

CHL1 inhibited the activation of Rho GTPases, of related p38/JNK MAPK pathways -Aktiodpcing cell
apoptosis and differentiation. These findings demonstrate that CHL1 suppressed critiecsga®of

malignancy in neuroblastoma cells.

Knockdown of CHL1 in HT{280 neuroblastoma cell line triggered colony formation and ancherage
independent growth, enhanced cell proliferation and migration, protected freAkpmediated apoptosis,
induced ativation of Rho GTPases, decreased expression of MAP2 and of the autophagy protein markers
Beclinl and LC3 inducing neurite retraction, and accelerated growth in orthotopic xenografts mouse model.
CHL1 acts as a regulator of proliferation and differerdiatf neuroblastoma cells through inhibition of the
MAPKs and Akt pathways. Taken together, our data identify a novel unbalanced developmental network in
neuroblastoma cells that may contribute to tumor aggressiveness. Thus, restoration of CHL1 expression

its associated pathways may represent a potential therapeutic strategy for neuroblastoma.
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Loss of Whole Chromosome X and Gain of Whole Chromosome 13 Predic
Prognosis of Neuroblastoma Patients with Numerical Genomic Profile

StefanoParodt, Angela Pistorip Giovanni ErmintpMarzia OgniberieMartina Morint, Angela Rita
Sementd, Alberto GaraventaRiccardo HauptLuigi Varestp Vito Pistoig Francesco Frassérnnalisa

Pezzold
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In neuroblastoma very few genetic mutations have been detected while chromosomal aberrations are
common. Numerical wholehromosomal aberrations (NCA) or recurrent patterns of segmental

chromosomal alteration§SCA) suggest that neuroblastoma is driven by copy number chromosome
aberrations rather than by specific gene mutations. SCA are associated withidkiglisease and with poor
prognosis, whereas NCA are typically found intisk tumors with a much betteprognosis; however, a

small percentage of them (105%) subsequently relapse and/or die of disease. A cohort of 177 NB patients
with NCA genomic profile was analyzed. Association between NCA and event free survival was investigated
by the KaplarMeier egsimator and prognostic Decision Tree. The chromosomes involved in whole
chromosome gains and losses were the same included in SCA markers of poor prognosis for neuroblastoma
DT identified 65 patients with normal chromosome X and an excellgpab EFS (D%) independently

from the stage at diagnosis. The poorest EFS (57%) was observed in 21 metastatic stages carrying abnorme
X chromosomes (20 losses and 1 gain). Among the remaining patients with localized disease and abnormal .
chromosome, those with aagn of chromosome 13 had the poorest survival (EFS=78%, n=40 vs. EFS=95%, n
=51). The association between EFS and NCA abnormalities of X and 13 chromosomes was confirmed after
restriction to 126 patients with localized disease and age <18 months at diagno
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Dysregulated Expression Levels of-HIF | FFSOG aA 3INI Az
CrestDerived Neuroblastoma Precursors
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Transciption factor hypoxia inducible factor (Hi#F)h A& &G NRy 3If & SELINBand SR Ay
neural crestlike neuroblastoma cells located in perivascular niches. In tumor specimens the presence of
these HIFH N L2 AAGA DS OSt ftaetaStasibdd pdorip&iant ponois. DRspite ihis,Wery

little is known about the expression and action of HIF  RdzNAy 3 y2NXIf aeyYLlF §KS
development. We use the chick embryo model to show thattHIF A & SELINB &4 SR RdzNA y 3
embryogeesis, specifically in migrating trunk neural crest cells at time points consistent with when
neuroblastoma precursor cells have been suggested to emerge. Imbalanced expression levels bfHIF

either by up or downregulation, leads to less migrating malicrest streams at the trunk axial level.

Expression of gene sets associated with all neural crest populations (e.g. SOX10, TFAP2 and HNK1), and w
gene sets recently linked to migrating trunk neural crest specifically (e.g. AGPAT4, MOXD1, HES6 and
TAG.N3), decreased as a consequence of alterediHIF £ S@Sf a4 ¢ KS&S NBadzZ Ga Y.
neural crest cells with dysregulated HIFP  FI A f G2 NBFOK I LINBRAOGSR OSft
established expression profile. Chick embryos were arrtheated with the HIR2-specific antagonist

PT2385, which inhibits binding between#l® | Yy R A{a GNI yYAaONRLIIA2Yylf O0AY
PT2385 treatment had virtually no effect on trunk neural ci&ssociated genes, suggesting that pure
expression levels rather than transcriptional activity mediates theZ-tRven effect on trunk neural crest
migration; possibly part of the recently proposed rmanscriptional functionsof HIEh @ Ly y SdzNE o
as compared to other tumor forms, theggentified migrating trunk neural cresipecific genes are enriched

and thus reflect the cellular origin of neuroblastoma. In summary, we show that migration of trunk neural
crest cells; presumed precursors of neuroblastomaelies on neuroblastomaelated protein HIFH b |
embryonic time points previously associated with oncogenesis. Gene sets mapped to be specifically
expressed in migrating trunk neural crest cells are expressed in neuroblastoma and correlate to patient
outcome, outlining a gene netwhkithat together with HIF#E h A & LJdzi I G A @St & AYLR2NIL
transformation.
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Analysis of The Biological Consequences of Targeting MYCN with Small
Molecular Compounds in Neuroblastoma

Ganna OliynykLourdes Sainerflicoladd, Maria Victoria RuiPére?, Marie Arseniaftdenrikssoh
IKarolinska Institutet, Solna, Sweden

Neuroblastoma (NB) is an embryonic neural tumor and one of the most common extracranial solid tumors
of childhood. Approximately 50% of all cases are patients vigth-fisk NB with a metastatic disease and

only less than half of these patients can be cured. The MYCN oncogene is amplified in the 25% of the NB
cases, and it is used as a genetic marker for poor outcome. Severahsntedule inhibitors of MYC have
beenidentified to date, including 100584, which targets MYC dimerization with MAX, leading to MYC
degradation; and JQ1, a bromodomain and extraterminal (BET) domain protein inhibitor which has been
shown to downregulate MYC transcription in some malignances

Amplification of the MYCN oncogene suppresses differentiation of cancer cells. We have previously
demonstrated that targeting MYCN by 10058 induces lipid accumulation and neuronal differentiation in
MYCNamplified NB cells (Zirath et al., 2013)atidition, we found that JQ1 downregulates MYCN on
protein level and induces metabolic alterations resulting in lipid droplet formation.

In order to explore the cellular effects of MYCN inhibition in neuroblastoma cell biology, we have now
performed quanitative proteomics of untreated and JQfeated MYCMNamplified SKN-BE (2) cells, based

on high resolution isoelectric focusing of ITRAQ labelled peptides in a narrow pH gradient followed by LC
MS/MS analysis. For comparison, downregulation of MYCN exmmassing short hairpin RNA (shRNA)
followed by proteomic analysis was performed. We identified 8351 proteins which will be used for studying
novel pathways involved in NB carcinogenesis and for description of potential MYC related biomarkers. Our
preliminary analysis shows that the largest numbers of affected proteins are involved in metabolic
processes including protein, lipid and nucleic acid metabolism. Taken together, our findings establish proof
of concept for the development of M¥iGhibition as a ppmising strategy to inhibit tumor progression.
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MYCN Negatively Regulates Starvatimduced Autophagy Through miR
17/92 Family microRNAs

Zhenyi Ah Yvan ChanthetyMorgan Winchél] William Weis's?

1Department of Neurologyniversity of California, San Francisco, San Francisco, United?Btgtagiment of
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Comprehensive Cancer Center, San Franciscad States

Background: MYCN regulates expression of many microRNAs. However, how MYCN regulates cell growth
and survival through microRNAs remains unclear. ULK1 is a serine/threonine kinase essential in autophagy,
a key pathway for cell survival under staiga and other stressors. Here we reported that MYCN negatively
regulated ULK1 expression and starvatioduced autophagy through miR7/92 family member miR9.

Methods: SHER ontrol, SHERYCN, Kelly, IMR32, SMENR, SY5Y, CHLA20 and SKNSH cefisiaed.
Trypan blue, cell titer glo and flow cytometry assays were performed to measure cell growth and survival.
ULK1 mRNA and protein levels were measured by western blotting arRB@RTSurvival of patients, and
MRNA expression levels in human tumoesevobtained from r2.amc.nl. For mouse experiments;MCN
mice were treated twice a week, for two weeks with amiiR19 (10mg/kg) or vehicle.

Results: Compared to SHE®htrols, SHEMYCN cells were sensitive to starvatioduced apoptosis,

resistantto starvationinduced autophagy, and hypersensitive to inhibition of ULK1. Results were confirmed
in additional MYChmplified and noramplified cell lines. In neuroblastoma patient samples, levels of ULK1
and MYCN mRNA correlated inversely. Moreover, tnfimm patients with MYCN amplification expressed
significantly lower levels of ULK1. High levels of ULK1 correlated with improved patient survival. The ULK1
0 -0TR, showed binding sequences for #hifRA2 family microRNA milR9, which was transcriptional|
upregulated by MYCN. In SHEFCN cells, ULK1 was downregulated at both RNA and protein levels. Anti
miR-19 treatment prolonged survival of TMYCN mice and induced autophagy. Finally, combination of anti
miR19 and autophagy inhibition induced tumor ggosis.

Conclusions: Our findings suggest that MYCN activation el&ni€ds to downregulation of ULK1, and
resistance to starvation induced autophagy. Blockade of MYCN thus drives autophagy as targetable
pathway, contributing to resistance. Our stublyilds connections between ULK1 and MYCN and provides
new therapeutic insights for patients.
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MYCN Mediated Metabolic Processes In M¥Xoiplified Neuroblastoma

Ganna OliynykJohanna DzierdnMaria Victoria Rui2érez, Hanna Zirath Taner Arslah) Henrik

Johanssoh Janne Lehti Marie Arsenian Henriksson

Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Stockholm, &iackh Proteomics

Mass Spectrometry, Department of OncolBgyhology, Science fbife Laboratory and Karolinska Institutet, Stockholm,
Sweden

Neuroblastoma, arises from the developing sympathetic nervous system, is one of the most aggressive solid
tumors in infants. Amplification of the MYCN oncogene can be found in around 30% afi&spand it is
associated with rapid tumor progression and poor prognosis. We demonstrated that inhibition of MYCN in
NB cells results in metabolic changes including mitochondrial dysfunction.

In order to explore possible downstream effects of MY CHNeting therapy we have performed quantitative
proteomics of MYCldmplified stable transduced NB cells. We compared the protein profile generated from
MNA NB cells with a gene expression data set of 649 patients. The analysis of protein and gene expression
highlighted changes in key enzymes involved in metabolic pathways which are essential for cancer
progression and are associated with poor patient outcome in NB.

To functionally access the metabolic alteration indicated by data analysis we used AgileotseexF
technology, which provide the information about main energy production pathways and the metabolic
phenotype of the cells. Importantly, the metabolic profiling performed using an extracellular flux analyzer
showed that MNA NB cells display botthanced glycolytic and respiratory capacity compared to NMNA
NB cells. Thus, our functional data demonstrates that ME#@plified NB cells are characterized by a high
energetic metabolic phenotype.

Based on this observation and our data analysis we hygsitled that OXPHOS is the main source of fuel in

high energetic NB cells. We measured the oxygen consumption rate (OCR) in BE (2) shMYCN cells in the
presence and absence of specific metabolic inhibitors. The drop in OCR in live cells upon acute etomoxir
treatment suggests that 75 % of mitochondrial respiratory capacity or OXPHOS is fatty acid dependent in BE
(2) shMYCN cells.

28 ySEG lyltel SR (KS -dxiGadod [CPTA 1 a fekréblagtofna pateyt dataxs& angd T
found that high expressn of CPT1 correlates with reduced survival of NB patients with high MYCN level
specifically. Additionally, the obtained data shows that CPT1 inhibition decreases survival of MNA NB cells.
Furthermore, etomoxir treatment reduced tumor burden in vivo.

Talen together, our findings provide novel information about MYiGétiated highenergetic metabolic
phenotype in NB.
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A New Risk Score for Patients with First Recurrence from Stage 4
bSdz2NR2oflad2yYl ! 3SR xmy a2yidkKa I

Kiana KeitZZ, Angela Ern&tThorsten SimdnRené SchmigtMatthias FischérBarbara HergFrank
Berthold

IUniversity of Cologne, Dept. of Ped. Oncology and Hematology, Cologne, Garstiamtg, of Medical Statistics and
Clinical Research, University afridter, Munster, Germaniinstitute of Medical Statistics, Informatics, and
Epidemiology, University of Cologne, Cologne, Germany

Background: For parents, the decision for a second therapeutic approach after recurrence from stage 4
neuroblastoma is heayildepending on the potential survival time and proportions. For clinical scientists,
the reporting of phase 2/3 trials requires the comparison with equivalent risk groups. This study aims to
support these tasks by a score system based on a large data set.

Patients and Methods: Inclusion criteria were first recurrence from neuroblastoma stage 4, age at first

RAL 3y 2 a A a-<2dyegrs ariceyfrallient in first line trials between 1990 and 2010. Exclusion criteria
were inadequate first line therapy (n=22)gath from tumor in first line therapy without response (n=11),

death from tumor <30 days after recurrence (n=2), death from toxicity (n=40), second malignancy (n=27),
and insufficient information (n=2). Patients were stratified according to the varidbh¥6SN amplification
6eSaky20 GAYS FTNRY RAF3Iy2ara G2 FANBRG NBOdAZNNByYyO
randomized into a training set (n=339) and a validation set (n=168). A multiple time dependent Cox
regression analysis was perfoeohto identify independent prognostic variables (prognostic index PI)

adjusted for the individual treatment the patients received and to build a risk score system.

Results: 507 patients met the-iand exclusion criteria. More than one third of patients (n=179) had

palliative treatment only, 328 were treated with curative intent. The median survival time for all 507

patients to a second recurrence was 4.4 monthgjéath 9.0 months. The prognostic index (PI) included
GAYS (2 NBOAINNBYyOS o0XMykBHmMy Y2YyOGKAT | wirHdnuoX A
metastasis at diagnosis (yes/no; HR=1.65), number of recurrence organs (1/>1; HR=1.35), and age at

di- 3y2aAa&8 OXnHKBNH Y2YOGKAT | wimMmbduyod . lFaSR 2y |y
built which robustly discriminated patients in the validation set. The proportions-f@a2 secondary EFS
proportions were 21%/7%/3%, (p<0.001) and 2eyear secondary OS 36%/17%/6% (p=0.001). The scoring
system was similarly useful for the subgroup of patients treated with curative intent.

Conclusion: A new and robust risk score system for patients with first recurrence from stage 4
neuroblastomaa§ R My Y2y G K&a |0 RAF3Iy2aA3d8 A& RSAONAOGSROD
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MYCN Interferes with Estrogen and NGF Signaling to Maintain an
Undifferentiated and More Aggressive Phenotype in Neuroblastoma

Johanna DzierdpAida Rodriguez Gargjidlrica Kristina Westermarkine Brigette HenléyElena Eyre
Sanchey Catarina Trag&rHenrik Johan Johansépdanne Lehtfp Marie Arseniatdenrikssoh
IKarolinska Institutet, Stockholm, Swed&wedish Orphan Biovitrum AB, Stockholm, Swésierint Bioscience,
Stockholm, Saden,*Sweden and Science for Life Laboratory, Stockholm, Sweden

Background: Neuroblastoma (NB) is a highly heterogenic childhood tumor of the sympathetic nervous
system with phenotypes ranging from spontaneous regression to poorly differentiated tumers an

metastasis. Amplification of the MYCN gene is found in approximate®@29of all NB cases and is linked

G2 Iy dzyRAFFSNBYOGAFGSR LKSy208LIS FyR | L}22N LINE3
growth factor (NGF) receptors TrkA and p75NTRre@ved in neuronal differentiation and survival. We

have previously shown that MYCN, viamiRR > R2 gy NBE3dz  §Sa 9wh Ay b. O!
NERdzOSR ySdzNPYylf RAFFSNBYUAIGAZ2Y D ¢KAA donomRe | AY
morphology and functional response of NB cells with MYCN amplification.

Results: Here we show that interference with MRy | 2 NJ 2 GSNBELINB&aaA2y 2F 9wh
signaling and to modulate both basal and NGF induced neuronalatiiffation in MYCMamplified NB cells.
Proteomic analysis confirmed an increase of neuronal features and showed that processes linked to tumor
AYAGAFGAZ2Y YR LINRPINBaaiAzy oSNB AYKAOAGSR dzl2y 9
sufficientto inhibit metabolic activity and tumorigenic processes, including glycolysis, oxidative
phosphorylation, cell viability, migration, and anchorage independent growth. In line with our in vitro
NEBadzZ Gax Gdzy2NJ ANRPGGK o1 a préssng defsinQivoyvtieh tjece® ONB | & S
addzo Odzii  yS2dza Ayidi2 ydzZRS YAOS® LydSNBaldAay3ates Ay |
receptors (NHRS), including the glucocorticoid receptor and the retinoic acid receptor, correlated to clinical
markersfor favorable and lowstage NB disease.

/| 2y OfdzaA2yyY Ly adzYYFNRBI 2dz2NJ RFOF adza3sad GKFd a
undifferentiated and more aggressive phenotype in neuroblastoma. Notably, we identified the estrogen
NGF crogalk and a set of other NHRs as potential targets for the development of new therapeutic
strategies against NB.

5
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Combination of HDAC Inhibitors with Standard Chemotherapeutics in
Zebrafish Xenografts Provides A Promising Approach forddEstoma
Therapy
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Genomics, German Cancer Research Center (DKFZ), Heidelberg, Gamnalgsig, Center 111 / Internal Medicine 11,
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The majority of highiisk neuroblastoma patients respond poorly to multimodal chemotherapy, thus the
development of novel drug combinations and improved preclinical drug testing models are necessary to
effectivdy target the disease. Histone deacetylases (HDACS) play an important role in numerous cellular
processes, and their aberrant expression has been associated with a variety of malignancies, including
neuroblastoma. We have previously reported selectivehitioin of HDACs as a promising approach to
sensitize aggressive neuroblastomas to chemotherapy. In the current study we describe a zebrafish
neuroblastoma xenograft model and use it to evaluate efficacy of combination treatments involving
standard chemothepy and selected HDAC inhibitors (HDACIs).

A suspension of fluorescently labeled BEG2)MR32 or patientderived neuroblastoma cells, that have

been briefly expanded in culture, is injected into the yolk sac or pericardium of zebrafish larvae. Cance
progression is monitored using confocal microscopy and cell proliferation by quantifying the expression of
Ki67 and phosphslistone H3, immunomarkers specific for cells undergoing mitosis. The efficacy of
selective HDACIs (tubastatin A) vs. #DACis @nobinostat), alone and in a combination with doxorubicin,
is assessed by comparing tumor volumes and numbers of migrating tumor cells. To validate in vivo class
selective on target activity of specific HDACIs, acetylated tubulin and acetyl Histone ld4tevguantified

in paraffin embedded larvae using immunohistochemistry.

On average, 40%0% of tumor cells remain mitotically active following injection, and we are able to

monitor cancer progression, including tumor cell migration, with shegléresolution in an intact

environment. Importantly, tubastatin A and panobinostat significantly increase the expression of acetylated
tubulin (up to fivefold), indicating that the compounds are acting on target in vivo. Furthermore, we
observe a reduction itumor volume following monotherapy with doxorubicin or tubastatin A, and future
studies will inform on the efficacy of combination treatments with these and other drugs. The assessment
of cleaved caspas@ expression following the exposure to the compourglgygests increased apoptosis as
one potential mechanism involved. In summary, our findings indicate that engraftment of neuroblastoma
cells into zebrafish can facilitate earlier results on drug responsiveness and toxicity, before moving on to
more costlyand timeconsuming mammalian studies.
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Chemical Repression of USP5 Expression Targets MYCN Protein Stability
Neuroblastoma
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Vorinostat (SAHA) has showedidal success in the treatment of cutaneousell lymphoma but lacks
efficacy as a single agent in many solid tumours. We screened 10,560 randomly selected compounds to
identify a small enhancer molecule, SE486, which was synergistic with SAHA in retonadbleells.
Development of a SE486cussed library identified a more potent analogue, SE¥B6which significantly
improved the cytotoxicity of SAHA in combination treatment across a panel of three MYCN amplified or ¢
MYC overexpressing neuroblastomd Gaes by reducing cell viability and proliferation, with minimal
cytotoxicity to normal fibroblast cell lines and MY CN +aomplified neuroblastoma cell lines. Further in vitro
testing showed significant increase in mitochondrial depolarization of tcetised with the combination
therapy of SAHA (1uM) + SE4BB(5uM), as well as a significant decrease in MYCN protein levels through
increased MYCN ubiquitination, and reduced protein-hdf Combination treatment completely inhibited
tumour growth inTHMYCN homozygous mice.

Using SILAC (Stable Isotope Labelling by Amino Acids in Cell Culture) analysis of neuroblastoma cells treate
with or without combination therapy, we identified UbiquitiBpecific Protease 5 (USP5) expression to be
decreased by @ in the presence of SAHA+SE#86reatment. siRNA knoallown of USP5 decreased

MYCN protein stability and reduced neuroblastoma cell viability, whereasexyeession of MYCN in BE

(2)}C and Kelly cells rescued combination therapy induced cell deagdimr@unoprecipitation studies have

y20 aK2gy Fye RANBOG AYGSNIOUA2y 06SG6SSy a,/ b Ity
specificity for unanchored polyubiquitin chains. It is hypothesized that the combination therapy inhibits the
isopeptidag activity of USP5, resulting in an increase in the pool of unanchored polyubiquitin chains which
then bind to overexpressed MYCN, targeting it for proteasomal degradation. Taken together our data
identifies a novel therapeutic target, USP5, and a contlinaherapy, SE4861+SAHA, in MY@hiven
neuroblastoma.
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HIF2 Inhibition Using PT2385 Is Effective Only in Cellular Systems Mainly
Driven by the HH2 Transcriptional Complex

Camilla U. Persshrofie Mohlif Kristoffer von Stediikd®, Sven PahlmanCaroline Wigerup

Translational Cancer Research, Lund University Cancer Center at Medicon Village, Lund University, Lund, Sweden,
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Hypoxia inducible facte? (HIF2) has been shown to possess oncogenic features in several human cancers
and activating mutations inthe HIFh 2 dzo dzy A i ¢ SNB dNdpér&ggngliordas &8 Y 2 y a (i NJ
pheochromocytomas. In neuroblastoma, high expression olHIF Ay G dzY2NJ OStft a f 20L
niches is associated with metastatic disease, aggressiveness and a more immature, ned@hdiEsim

like tumor cell phenotypeThus, HH2 is a potential therapeutic target in neuroblastoma. A specifieHIF
inhibitor was recently developed, PT2385, that inhibits the dimerization betweer HIF | Y R A (& 0A
partner ARNT. PT2385 has shown promising results in clear celtedirarcinoma (ccRCC) cell lines and
ccRCC patierderived xenograft (PDX) models.

To test the drug in a neuroblastoma setting, we had PT2385 synthesized and treated our established
neuroblastoma PDX cells cultured in serfrae, stem cell promoting nadtum. We show that even though

PT2385 prevents dimerization between#l® | YR ! wb¢ Ay 2dzNJ t5. OSffaxz
observed on classical downstream 2lErgets in heuroblastoma cells. This could, in part, be explained by

the presenceof HIFMh Ay (G KSaS OdzZ GdzZNB &e& &G SYya -2&rangc@p8ondl RRA ( A
program is severely dampened by PT2385 in tumor settings wer2 idlthe main driver of disease or

where bona fide HR2 targets have been identified. Anothexmanation for this weak response to PT2385
treatment in the neuroblastoma setting could be due to the factthatlF L2 a4S&dasSa |y IR
other than acting as a transcription factor. Indeed, in our PDX cells, we observe a high expression of
cytoplasmicHIH h LINRE G SAY S Ay LI NIGAOdz | NJ I i -+hE e @Szl Ri SKRIF @S
oncogenic functions that are independent of ARNT. Thus, based on our findings, it will be of importance to
unravel ARNThdependent, specific mechanisms oFlh (2 AYKAOA G GKS&aS YSOKI
strategy for children with no#treatable neuroblastoma.
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Impact of HACA On Immunomodulation and Pain Following Ch14.18/CHO
LongTerm Infusion with Interleuki2: A SIOPEN Phase 2 Trial
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Background: Shoiterm infusions of the chimeric arD2 antibody (Ab) ch14.18/CHO improve survifal o
hightrisk neuroblastoma (NB) patients (pts). We initiated a European+cetiier Phase Il clinical trial
evaluating longerm infusion (LTI) to reduce treatment toxicity with particular focus on pain which is-an on
target side effect of amizGD2 Akbasal immunotherapies. Pain has been suggested to be mediated by
complementdependent cytotoxicity (CDC). Here, we report impact of humandniteric (HACA) on
ch14.18/CH@lependent immunomodulation and pain intensity.

Patients: 124 highisk NB ptseceived up to 5 cycles (35d/cycle) of a 10 day (d) continuous LTI of 10
mg/m2/d ch14.18/CHO (d&8) (100 mg/m2/cycle) combined with 6x106 IU/m2/d s.e2 (d15; 812) and
160 mg/m2/d oral 1Zis RA (d132).

Results: 2/124 eligible pts progressed ptiofirst Ab treatment and were excluded from the analysis. In
HACAnegative pts (99/122 pts), evaluation of ch14.18/CHO showed at the end of LTI concentrations of
11.24+0.50, 11.44+0.56, 13.48+0.52, 13.67+0.56 and 14.79+0.64 pg/mlin cycle 1, 2, 8, deapdctively.
Trough levels were >1ug/ml allowing long lasting funtnor effects.

Analysis of HACA revealed 23/122 (19%) pts who developed either HACA with strong negative impact on
ch14.18/CHO (noneutralizing HACA, 5/122 (4%) pts) or HACA completaitralizing ch14.18/CHO

(18/122 (15%) pts). HACA occurred early in the majority of pts (20/23 pts: cycle 1 or 2; 3/23 pts: after cycle
2).

HACAnegative pts showed strong GBRecific CDG>95%) and AD@€sponses (>10%) on d15 of cycle 1,
3 and 5. Ircontrast, CDC and ADCC were abrogated in H&Gifive pts.

Evaluation of i.v. morphine usage confirmed a steady reduction resulting in moffshiméreatment
starting on d6 of LTI in the majority of pts and further decrease in subsequent cyclestedafida scores
were in line with the results of morphine analysis.

Surprisingly, there were no differences in pain intensity and i.v. morphine usage ingd&itive pts
showing complete abrogation of CDC.

Conclusions: LTI of ch14.18/CHO in combinatiith s.c. IE2 results in a strong activation of Ab effector
functions. Importantly, HACA response abrogated CDC but did not affect pain intensity indicating CDC
independent pain induction.
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Development of New DNAnd Protein Vaccindsr Active
Immunotherapy Against MY GBkpressing Neuroblastoma

Maxi Zumpé Nikolai Siebett Madlen Mark Sascha Troschivdeurert, Holger Lode
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Introduction:MYCN oncogene is overexpressed in fiigk neuroblastoma (NB) and associated with
aggressive and refractory disease. Interlet&in(1l-21) is known to promote antumor effects by
stimulating cytotoxic and inhibiting regulatory T cells. Here, we d@eelgrotein and Il-:21-based DNA
vaccines containing minigenes that encode for highly antigenic T cell epitopes of MYCN for active
immunotherapy against MYGpbsitive NB. To increase proteasomal degradation and MHC class |
presentation of MYCN epitopes tytotoxic T lymphocytes, an upstream ubiquitin sequence was
additionally integrated in the DNA vaccine. For evaluation ofldBteffects in vivo, syngeneic mice will be
immunized with protein vaccine in combination with the AddaVaxTM adjuvant and DNiAevasing
attenuated Salmonella typhimurium SL7207 as vehicle.

Methods and Results: For protein vaccine, a DNA sequence containing MYCN minigenes with high affinity to
MHC class | molecules combined with an upstream leader sequence for in vitro sesr&sisgnthesized

and inserted into a plasmid encoding for human IgG1 constant heavy chain (fusion protein) using standard
molecular biology techniques. To enable permanent production of the fusion protein, CHO cells will be
stably transfected with the genated plasmid. Finally, the fusion protein will be isolated from supernatant

for in vivo vaccination.

For DNA vaccine, MYCN minigenes linked to an upstream ubiquitin sequence and a DNA fragment encodinc
for IL-21 were inserted into the respective multipiéoning site of the bicistronic expression vector pIRES
allowing simultaneous expression of both inserts. Correct plasmid assembly of protein and DNA vaccines
was confirmed by genspecific PCR, restriction and sequence analysis. MYCN epitope expressib2a
production was approved in vitro by ELISA and Western blot after transfection of CHO cells with the
respective plasmid.

Conclusion: We generated and partly characterized new MyaSEd DNA and protein vaccines for active
immunotherapy against M¥Nexpressing NB.



28

The Role of HDACs in the Transcriptional Regulation of Autophagy in
Neuroblastoma
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Autophagy is an evolutionarily consedvmtracellular degradation process that can either suppress
tumorigenesis or promote tumor chemoresistance and survival, depending on context and tumor stage.
Histone deacetylases (HDACSs) have been described to modulate autophagy, however the exadsmechan
of action is unclear.

In this project we aim to characterize the effects of HDAC inhibitors (HDACI) on the transcriptional
regulation of autophagy in neuroblastoma cells. Using cell cutbaseed techniques (e.g.

immunofluorescence, PCR and westelot) we are investigating the effects of various HDACI on

autophagy transcription factor (e.g. FOXO) activity as well as on autophagic flux and cellular lysosome
content. We show that treatment of neuroblastoma cells with the Fpproved parHDACI vorinstat and
panobinostat at clinically relevant concentrations alters the activation state of FOXO1 and induces nuclear
translocation of the transcription factors FOXO1 and FOXO3a. Treatment of neuroblastoma cells with either
HDACI upregulated the expressioiithe proautophagic FOXO1/3a target genes WIPI1, ATG16L2,

MAPLC3a, GABARAPL1, as well as FOXOL1 itself. In line with this observation, treatment with either HDACi
increased the number of autophagic vesicles in combination with theskatge autophagictlk inhibitor
bafilomycin A, suggesting that vorinostat and panobinostat increase autophagic flux.

Our results indicate that pan HDACI treatment affects autophagy at the level of transcription. Unravelling
the impact of targeted therapy, such as HDAGatmeent, on autophagyzompetent tumor cells enables the
identification of rational, novel combination treatment strategies for children with tumors that depend on
autophagy as a treatment resistance mechanism.
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Drug resistance is a leading cause for treatment failure in many cancers, including neuroblastoma, the most
common solid extracranial childhood malignancy. Previous studies fromtoindicate that histone

deacetylase 10 (HDAC10) is important for the homeostasis of lysosomes, i.e. acidic vesicular organelles
involved in the degradation of various biomolecules. Here, we show that depleting or inhibiting HDAC10
results in accumulationfdysosomes in chemotheraggsistant neuroblastoma cell lines, as well as in the
intracellular accumulation of the weakly basic chemotherapeutic doxorubicin within lysosomes.

Interference with HDAC10 does not block doxorubicin efflux from cellsgligadprotein inhibition, but

rather via inhibition of lysosomal exocytosis. In particular, intracellular doxorubicin does not remain trapped
in lysosomes but also accumulates in the nucleus, where it promotes neuroblastoma cell death. Our data
suggest that infbition of HDAC10 further interferes with DNA double strand break (DSB) repair, providing
an additional mechanism of sensitizing neuroblastoma cells to doxorubicin. Taken together, we
demonstrate that HDAC10 inhibition in combination with doxorubicin kélsroblastoma, but not non

malignant cells, both by impeding drug efflux and enhancing DNA damage, providing a novel opportunity to
target chemotherapy resistance.
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The Functions of Histone Demethylases in Neuroblastoma
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Methylation of lysine residues on histones is an epigenetic mark that is dynamically regulated by histone
methyltransferases and histone lysine demethylases (KDMs), which play crucial roles in rggealaén
expression, cell cycle progression, and genomic integrity. Dysregulation of KDM activity occurs in many
diseases including cancer. Some pediatric cancers (e.g., neuroblastoma) have very low frequencies of
somatic mutations, which suggests that deméged epigenetics is involved in the pathogenesis of those
diseases. Oncogenic MYCN amplification is the most important biological feature -oiskigh

neuroblastoma. We recently found that MYCN expression is correlated with the aberrant expression of
seeral histone demethylases, including KDM4B, which is required for neuroblastoma growth and tumor
maintenance. Here we further discuss the functions of other histone demethylases in neuroblastoma and
the potential to develop small molecule inhibitors of KO target neuroblastoma.
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Hypoxic Preconditioning Promotes Metastasis of Neuroblastoma Cells and
CyclinDependent Kinase Inhibitors Reverse This In Vivo
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Background: Hypoxia occurs in solid tumours such as neuroblastoma and has been suggested to promote
reprogramming of neuroblastoma cells leading to metastatic dissemination and tumour aggressiveness. It
has been rported that more than 60% of neuroblastoma cases are invasive and despite treatment
advances in the last decade, metastasis is still one of the major obstacles to overcome. To seek a new
treatment, we examined the effect of cycldependent kinase inhibits, as potential therapeutic agents,

on tumour progression and metastasis of neuroblastoma cells in vivo.

Methods: GFPabelled neuroblastoma cells, BE2C and SKNAS cells, preconditioned in 1% or 21% O2 were
implanted on the chorioallantoic membrane (CAdMXhe chick embryo at embryonic day 7 (E7) to form
tumours. CDK4/6 inhibitor (Palbociclib) and CDK1 inhibitor3dB088) were injected into the allantois of the
chicks between E10 to E13 at 20uM. Cell proliferation and cell death were analysed by
immunocytochemistry and TUNEL respectively. Metastasis of neuroblastoma cells was monitored by
dissection of the chick embryo organs using fluorescence microscopy. The effect of CDK inhibitors on the
expression of genes previously shown to be sensitive to hypmdaassayed by gPCR.

Results: CDK inhibitor treatment reduced cell proliferation more in normoxic tumours compared to hypoxic
tumours although there was little change in the numbers of cells undergoing apoptosis. Interestingly,
metastasis of neuroblastomzells was reduced significantly by 5060% following treatment with a single
dose of CDK inhibitors at E10. At a molecular level, exposure to hypoxia upregulated the expression of
several genes thought to be involved in adhesion to the vascular endathetxtravasation and/or matrix
degradation, however, the CDK inhibitors largely reversed the effect of hypoxia.

Conclusion: We showed that CDK inhibitors have a vital role in controlling hyporimted metastasis and
are hence contributing to the enngence of a potential new treatment for metastatic tumours.

We thank the ministry of higher education and scientific research in Iraq for funding.
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JMJD6 Is a Tumorigenic Factor in Neuroblastoma with Chromosome
17g2kter Gain
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Chromosome 17g2fer gain has been shown to be an indicator of poor neuroblastoma patient prognosis,
however it is unclear which gene in this region is driving tumoegen Here we show that the JIMJD6 gene,
located at 17g24er was gained in >25% of human neuroblastoma samples in a microarray gene expression
dataset of 341 patients. JIMID6 gene expression positively correlating/iechind eMyc gene expression

in humanneuroblastoma patient samples and JMJD6 gene-expression was found to be an independent
prognosis factor for poor patient outcome.

RTFPCR and chromatin immunoprecipitation sequencing revealed that knocking down JMJD6 significantly
reduced E2F2, Nlyc and eMyc expression. Gene set enrichment analysis of JIMJD6 knockdown microarrays
showed a reduction in E2F and Myc target gene transcription. Reducing JMJD6 expression lead to a
reduction in neuroblastoma cell proliferation and induced apoptosis inviknocking down JMJD6

expression in a neuroblastoma xenograft mouse model delayed tumour progression.

Chromatin immunoprecipitation sequencing revealed super enhancer elements associated with high H3K27
acetylation and H3K4 monmethylation, and low H3Ktri-methylation near the JIMJD6 gene locus.

Treatment of neuroblastoma cell lines with THZ1, a CDK?7 inhibitor, and panobinostathestoae

deacetylase inhibitor, synergistically reducedc, cMyc, E2F2 and JMJD6 gene expression. The-THZ1
panobinosat inhibitor combination synergistically reduced neuroblastoma cell proliferation in vitro and
tumour progression in vivo. Thus, we have identified JMJD6 as a gene amplified in chromosomied 7921
gain that increases neuroblastoma progression. An inhilgiconbination targeting CDK7 and histone
deacetylases is shown as a novel strategy to treat neuroblastoma featuring chromosometéi7gaih.
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Synergistic Effects of ALK and STAT3 Inhibitors on ALK Mutated
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The presence of ALK aberrations relatively frequently observed in patients withiskgheuroblastoma.

ALK inhibitors such as crizotinib has provided novel treatment opportunities for malignancies associated
with ALK translocations. Crizotinib inhibited proliferation of cell lines expressing either Ririit&t@d ALK

or amplified wildtype ALK. In contrast, neuroblastoma cells harboring Ftinighted ALK were relatively
resistant to crizotinib. Inhibition of F¥&L-mutated ALK remains a therapeutic challenge in neuroblastoma.
To identify compounds with the potential of inhibiting oncogenic activity of ALK in neuroblastoma, we
implemented a high throughput chemical screen in 23 neuroblastderaved cell lines, sing a curated

library of ~450 compounds. In the drug screen,-3AKT kinase inhibitor (cucurbitacin 1) was the most
discriminatory with regard to sensitivity for Abkutated cell lines. In neuroblastoma cell lines harboring
F1174L or R1275@utated ALKgrizotinib combined with cucurbitacin | enhanced tumor responses and
showed synergistic cytotoxicity. Although crizotinib and cucurbitacin | alone or combination therapy
(cucurbitacin | + crizotinib) did not result in decreased viability over contrelZR@€lls) compared with
vehicle, the combination therapy in all of 6 cell lines with ALK aberrations and 10 of 13 Atypevidll

lines with MYCN amplification or 11q LOH was more effective than vehicle, crizotinib alone, and
cucurbitacin | alone. Analigsof downstream molecules through MAPK, AKT and STAT3 pathways showed
that NIH3T3 cells stably expressed F1174L ALK or TGW, a cell line harboringrRA2I&MALK,

expressed lower levels of pERK, pAKT and pSTAT3 in combination therapy comparedwidaslwith
cucurbitacin | or crizotinib alone. These findings may provide an indication that the combinationaddew
ALK and STATS3 inhibitors may be beneficial for the treatment of neuroblastoma, by enhancing efficacy while
reducing toxicity.

In conclusion, our studies suggest that the combination of ALK an&JTAK inhibitors could be a valuable
therapeutic option for highrisk neuroblastoma with potential clinical application.
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High expression of both histone deacetylase (HDAC) 8 and HDAC10 has been identified to predict
exceptionally poor outcomes in neurobtama, the most common extracranial solid tumor in childhood.
Inhibition of HDACS8 synergizes with retinoic acid treatment, inducing neuroblast maturation in cell culture
and slowing down neuroblastoma xenograft growth in mice. HDAC10 inhibition incratraesliular
accumulation of chemotherapeutics through interference with lysosomal homeostasis, ultimately leading to
cell death in cultured neuroblastoma cells. So far, no HDAC inhibitor specifically covering HDACS8 and
HDAC10 while sparing HDACs 1, 2&irdits inhibitory profile has been described.

Here, we introduce TH34, a novel HDACG6/8/1dntabitor for neuroblastoma therapy. TH34 is well

tolerated by noamalignant human foreskin fibroblasts but induces caspdegendent programmed cell

death inhigh-grade neuroblastoma cell lines. Moreover, it strongly interferes with colony formation of
various highgrade neuroblastoma cell lines with varying genetic backgrounds (e.g. MYCN amplification, ALK
mutation, p53 mutation), whereas medulloblastoma andleyonal rhabdomyosarcoma cell lines do not
respond to TH34 treatment. In neuroblastoma, targeted HDACG6/8/10 inhibition induces DNA double strand
breaks (DSB), mitotic aberrations and-©gitle arrest. TH34 treatment also leads to elevated levels of
neuronal differentiation markers (TH, NTRK1, CDKN1A), mirrored by formation of Adwriprotrusions

under longterm treatment. The combination of TH34 with plas@ehievable concentrations of retinoic

acid synergistically (CI<0.1) inhibits neuroblastomargpformation, ultimately eliminating higgrade
neuroblastoma cells.

In summary, our study supports the usage of selective HDAC inhibitors as targeted antineoplastic agents
and underlines the therapeutic potential of selective HDAC6/8/10 inhibitiongihr-drade neuroblastoma as
well as potential applications in combination therapy.
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ALYREF Is a Novel MYCN Binding Protein aRdd@ar For MY GRriven
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MYCN amplification is a poor prognostic factor in neuroblastoma patients aed-astablished driver of
neuroblastoma tumourigenesis. Therapies that directly repress the MYCN oncogenic signal in
neuroblastoma are limited. We and others have shown that MYCN requires multiple cofactors to increase
its protein stability in neuroblastoa cells, so that the very high MYCN levels required to drive
tumourigenesis can be achieved.

Here, we have identified ALYREF, a nuclear molecular chaperone protein, as a novel regulator of MYCN
function in neuroblastoma. Using-@mmunoprecipitation andnass spectrometry, we identified ALYREF, as

a direct binding partner of nuclear MYCN protein. Notably, high expression of ALYREF predicted poor
neuroblastoma patient survival and substantially correlated with MYCN levels in a large dataset (n=649) of
human neuroblastoma tumour samples. ALYREF mRNA expression was also significantly increased in gang!
cells from the homozygous THYCN neuroblastoma mouse in comparison to ganglia fromtyjie

littermates. Chromatin immunoprecipitation showed that MYCNtmbthe ALYREF gene promoter, and

MYCN siRNA decreased ALYREF expression. A seteXmression and knockdown experiments in MYCN
amplified neuroblastoma cells revealed that MYCN and ALYREF form a forward feedback expression loop.
Overexpression of ALYRfurther increased MYCN expression and protein stability in Mivglfied
neuroblastoma cells. We found that ALYREF had a critical function in regulating the turnover of MYCN
protein through transcriptional repression of the E3 protein ubiquitin lighdeDD4. Additionally, we
demonstrated that ALYREF increased cell viability and proliferation of fdM@MNied neuroblastoma cells.

Taken together, our findings demonstrate a crucial role for ALYREF in regulating MYCN function and sugges
that ALYRERedated stabilization of MYCN protein contributes to the development of high risk disease.

This function is critical for the growth of MY<@hhplified neuroblastoma cells thus inhibition of ALYREF

activity using small molecules is a potential therapy for Mré@iNlified tumours.
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Can Be Effectively Targeted by Combined Inhibition of Polyamine
Synthesis and Transport
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We previously demonstrated that the MYCN/MYC transcriptional target, ornithine decarboxylase (ODC1),
the rate-limiting enzyme for polyamine biosynthesis, is an effective therapeutic target in preclinical models
of neuroblastoma. An early phase clinical trial based on these findings is underway combining DFMO,
celebrex (an inducer of catabolic SAT1) and combination chemotherapy. Although a promising therapeutic
strategy, DFMO treatment can result in compensatopréases in polyamine uptake from the surrounding
microenvironment, limiting its effectiveness in impeding cell growth. We have therefore focused on
combining inhibition of polyamine biosynthesis with inhibition of cellular polyamine uptake, in order to
optimise polyamine depletion as a promising new strategy for neuroblastoma treatment.

Using a 64%atient dataset and Kaplakleier analysis, we show that high expression of each of the 6
polyamine biosynthetic genes and low expression of each of the 5aatajenes in neuroblastoma tumors

is associated with a poor evefree and overall survival. ChlP and luciferase reporter assays were used to
demonstrate that each biosynthetic gene is positively and directly regulated by MYCN in neuroblastoma
cells wheras each catabolic gene is negatively regulated. Furthermore, we have now identified SLC3A2 as a
key transporter involved in the uptake of polyamines in neuroblastoma and demonstrate in a range of

MY CNamplified cell lines that siRNAediated knockdown ofttis gene leads to reduced radiolabelled
spermidine uptake, while DFMO treatment increases SLC3A2 protein expression. We also show that SLC3/
is directly and positively regulated by MYCN.

Using the polyamine transport inhibitor, AMXT1501, in combimatiith DFMO, we show that combined
inhibition of polyamine uptake and synthesis is highly effective at abrogating tumor formation when given
prophylactically to THWYCN mice, and significantly extends survival when given to mice with established
tumors. Futhermore, the combination of DFMO, AMXT1501, cyclophosphamide and topotecan resulted in
delayed tumor formation and doubled survival rates irNIMCN mice compared with those treated with

the 4-drug protocol (DFMO, Celebrex, cyclophosphamide, topoteaangmily in clinical trial.

Our findings thus indicate that combining AMXT1501 and DFMO with standard chemotherapy for
neuroblastoma represents a potentially valuable treatment strategy for future clinical trial.
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Background: Aberrant expression of Myc oncoproteins is a major causal fattemian cancer. The MYCN
oncogene is one of the most powerful prognostic markers identified in neuroblastoma and a potentially
valuable target for the development of novel therapeutics. We aimed to identify MYCN inhibitors using
chemical library screening.

Methods: A chemical library of 34,000 diverse small molecules was screened usirbgeseglassay. Signal
transduction pathway analyses, PCR, Western blotting analysis, siRNA knockdown, luciferase reporter assay
ChlIP assay, @IS based metabolomiasere used to characterise hit compounds.

Results: Among a number of molecules identified, M606 was found to reduce MYCN protein levels and its
downstream targets in MYCGamplified BE(2L cells. Analysis of signalling pathways affected by M606 using
FACT@L! [ x GSOKy2f23& 6! GGFraASyS LyOU -niedidiet tahsariptien ( K |
and activated the HIF1 pathway, while stability assays showed MYCN protein and mRNA stability were
unaltered. siRNAnediated knockdown of-&yc/MYCN or HIF1ih HepG2 (hepatocellular carcinoma) and
BE(2)C cells followed by M606 treatment demonstrated that Myc downregulation and HIF1a upregulation
by M606 are two independent events. Metabolomics analysis showed that the mechanism underlying the
ability of M606to inhibit MYCN involved its capacity to bind iron. Furthermore, the inhibition of MYCN
promoter activity by M606 was reversed by the addition of iron. Iron also reversed the effect of M606 on

the levels of HIF1a and MYCN protein. Luciferase deletionsaskaytified a minimal response region of

M606 on the MYCN promoter. This region contains two E2F sites, the deletion of which resulted in an M606
unresponsive promoter. ChlP assays also confirmed the presence of E2F sites on the MYCN promoter and
further analysis found iron restores the E2Binding to the MYCN transcription start site following M606
treatment. Moreover, western blot analysis showed that the RB protein, which is required for E2F binding
and transcriptional activation, becomes inactive daéypophosphorylation following M606 treatment.

Conclusions: M606 is a novel Myc inhibitor that chelates iron to directly downregulate MYCN/Myc
transcription; this mechanism of action represents a potentially valuable therapeutic approach in the
treatment of cancers overexpressing Myc oncoproteins.
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Background: Polyamines are highly regulated essential cations that are elevated in rapitiyapiradi cells.
Ornithine decarboxylase (ODC1), the rate limiting enzyme in polyamine synthesis, is elevated in many
cancer types including neuroblastoma, and is a direct transcriptional target of the MYCN oncoprotein. We
have shown high ODC1 expressiotieipendently predicts poor clinical outcome in neuroblastoma, and that
the suicide ODC1 inhibitor, difluoromethylornithine (DFMO), delays neuroblastoma development and
progression in multiple preclinical models. A phase | clinical trial combining DFMEherhotherapy is
currently underway. An ODC1 single nucleotide polymorphism (SNP), G316A, has been shown to influence
outcome in several cancer types. Here, we examine the clinical significance of this SNP in neuroblastoma.

Methods: 839 primary neurobktomas were genotyped for the G316A SNP, and Kdyaer analysis
performed. Cell proliferation, histone acetylation, EMSA,-BRR, promoter activity and colony assays were
used to characterise neuroblastoma cell clones with differing endogenous dPRd&Binduced SNP
genotypes.

Results: The GG genotype occurred at a frequency of 60.3%, AG 32.4% and AA 7.3%. In contrast to reports
with other cancers, the G allele was associated with worse outcome, with AG/GG genotypes associated with
adverse outcme in patients with MYCN neammplified tumors, while in amplified tumors the homozygous

GG genotype identified a subset of patients with dismal outcome. CRISPRACas?2 SKN-BE (2)C cell

clones with the AG genotype demonstrated reduced cell proliferatODC1 expression, and histone

acetylation within the SNP region, compared to parental cells with the GG genotype. Additionally, AG
clones were also more sensitive to DFMO treatment (P<0.005). Furthermore, increased promoter activity
was driven from costructs with the GG genotype compared to those with AA, and EMSA showed that

MYCN preferentially bound the G allele over the A allele. Induced expression of MYCGCEHRMESR1/N

cells had a greater stimulatory effect on promoters containing the G allele

Conclusions: The ODC1 G316A polymorphism has both prognostic and functional significance in
neuroblastoma. The GG genotype predicts poor clinical outcome and is associated with increased MYCN



binding and increased ODC1 expression. Our findings sugesdDC1 SNP genotyping will identify
subsets of patients particularly responsive to polyamine inhibition therapy.
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Introduction: Recent genomeide studies have revealed that there were few recurrent somatic mutations

in highrisk Neuroblastoma (NBL), thought to originate from undifferentiated neural crest cells (NCC), and
that the clinical course was strongly influexkby the presence of chromosomal aberrations rather than

gene mutations. Furthermore, based on the landscape of sepbancer, NBL was divided into two

subtypes, Noradrenergic (ADRN) and Mesenchymal (MES), which showed distinct expression pattern in core
regulatory circuitry related genes. However, these genetic changes do not explain entire genetic
mechanisms of highisk NBL, and our knowledge about molecular basis oftigfhNBL is still limited.

Methods: To unravel genetic basis of higgk NBL, we performed RNA sequencing and targeted capture
sequencing in 30 specimens with stage 4 NBL.

Results: Unsupervised consensus clustering combined with 4 samples of normal adrenal gland from open
database identified two expression clusters, ABfRiEr and MESIluster. These clusters showed distinct
expression patterns validated by the same gene set which used for classification ofcABRRNand MES
cluster in a previous report. ADRINIster was consisted of 25 NBL cases with high expression @2z
GATA3 and remaining 5 NBL cases with high ETV6 expression were classified-tritstdESith normal
adrenal gland samples. Pathway analysis revealed that pathways related to neuron and synapse were
enriched in ADRMluster which is consistent viitthe feature of early type in NCC differentiation. In
contrast, secretion and vesicles related pathways were enriched indWlis&r, consistent with chromaffin
celtike phenotype, which could be considered as the late type of NCC differentiation Grigifram
schwann cell precursors newly described recently. AblRdter was further divided into 2 clusters, ATRX
cluster and MY CHluster, by second unsupervised consensus clustering.-8lUBREr contained all cases
with ATRX abnormality and showed higiRK1 expression. MY-CNster had all cases with MYCN
amplification.

Conclusion: In total, NBL was classified into 3 clusters, 2 ADRN clusters¢M@Nand ATR#luster) and
MEScluster. Our results revealed that NBL is heterogeneous diseasans tdrdifferentiation. To improve
prognosis of highiisk NBL, considering of origins and expression pattern might be helpful for development a
new therapeutic strategy for highisk NBL.
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Neuroblastoma is the most common paediatric solid tumor. Approximately half of all neuroblastoma
patients are diagnosed with higiisk disease. Amplificatioof the MYCN oncogene is highly predictive of
poor prognosis and occurs in 45% of higtk neuroblastoma cases. Currently there are no direct inhibitors
of MYCN, and outcomes remain below 50% in this patient population.

One possible strategy to treat MM@mplified neuroblastoma patients is antagonizing proteins involved in
aliroAftATAY3a a, /b LNPGSAYd ¢KS !'Y¢kD{Yoi LI GKgl &
therapeutic rational for using AKT inhibitors. In this study, we addressed tretigunef how AKT can play a
pivotal role in neuroblastoma and whether the AKT inhibitor perifosine can be a promisirgpangr drug

in children diagnosed with MY Ginplified neuroblastoma.

Our data revealed that high gene expression of AKT1 and AksST@wvalated with MYCN amplification and
was significantly associated with poor outcome in neuroblastoma patients. Byrididated depletion of

AKT isoforms, we demonstrated that the total AKT activity rather than expression of particular isoforms was
necessary to cause a significant decrease in neuroblastoma cell proliferation. These results demonstrated
the potential of targeting AKT activity in nheuroblastoma. Using perifosine, one of the most clinically
promising AKT inhibitors, we showed that perifese@xerted antitumoral activity as a single agent against

all neuroblastoma cell tested. Interestingly, combining perifosine with conventional cytotoxic drugs
currently used in neuroblastoma treatment led to a synergistic interaction more importantly @NVY
amplified neuroblastoma cell lines. Mechanistically, inhibition of AKT activity using either RNA interference
or pharmacological inhibition through perifosine, led to significantly downregulate MYCN expression
0§KNRdzZAK D{ Yol NBIdzZ F A2y @

Collectively, tlese promising results unveil the existence of a cross talk between MYCN and AKT and provide
evidence that targeted inhibition of AKT in combination with conventional drugs could be a novel

therapeutic strategy to indirectly target MYCN in neuroblastomauBing on perifosine, already in clinical

trials, and anticancer drugs currently used in the clinic, we hope to identify novel therapeutic combinations,
which can rapidly impact on outcome of children with Riggk neuroblastoma.
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Growth Factor Receptor Trafficking in Neuroblastoma Differentiation

Jacqueline Lesperang®uygu Ozmader¢cDivya SubramonigdnSarah Woodfiefd Rongjun Gup Andrew
Beart, Dolores LopeZerradd, Michael Ittmanf Sara HakifPeter Zage

IUniversity of Cdtirnia San Diego, La Jolla, United St&Rmylor College of Medicine, Houston, United States,
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Background/Objectives: UBE4B is anE&3dbiquitin ligase involved in growth factor receptor (GFR)
trafficking. The UBE4B gene is located in the chromosome 1p36 region commonly deleteetiskhigh
neuroblastoma tumors. We have previously identified associations of UBE4B expression with
neuroblastoma patient outcomes. However, the functional roles of UBE4B in neuroblastoma tumor
differentiation are not known.

Design/Methods: We analyzed the association of UBE4B gene expression with expression of known marker:
of neuroblastoma tumodifferentiation using publicly available databases and screened cell lines and
neuroblastoma tumor samples for UBE4B protein expression using Western blot and quantitative
immunohistochemistry. We measured UBE4B expression by Western blot in cell lioesdoed after

induction of differentiation with 1Zisretinoic acid treatment and determined the effects of UBE4B
overexpression and depletion on retinoic aaidluced differentiation using continuous lreell imaging of

neurite morphology, immunohisto@mistry, and Western blot for markers of differentiation. Effects on
signaling through the Ras/MAPK pathway were measured using Western blots.

Results: UBE4B expression was associated with neuroblastoma differentiation in patient tumors, and UBE4E
gene aml protein expression were associated with expression levels of known markers of neuroblastoma
differentiation. Retinoic acid treatment resulted in increased UBE4B expression in retinegeasitive,

but not -resistant, neuroblastoma cells, and UBE4Blelipn was associated with increased ERK
phosphorylation, increased proliferation, and inhibition of retinoic danduced neuroblastoma

differentiation.

Conclusion: We have demonstrated associations between UBE4B expression and tumor differentiation in
gene expression databases and in neuroblastoma tumor samples, and our data suggests that UBE4B
expression is required for retinoic aditduced differentiation, potentially through effects on activation of

the Ras/MAPK pathway. These associations betwedtBEnd neuroblastoma differentiation combined
with the established role of UBE4B in GFR trafficking suggest that wiide&ted receptor trafficking may
contribute to the responses of neuroblastoma tumors to therapy and to the outcomes of patients with
neuroblastoma.
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EZH2 Regulates Neuroblastoma Cell Differentiation Via NTRK1 Promoter
Epigenetic Modifications

Zhenghao LjHisanori TakenobBuAmallia Nuggetsiana Setyawatiobuhiro Akitj Masayuki Haruta
Shunpei Satdh Yoshitaka Stmo!, Koji ChikaraishiKyosuke MukagJesmin Aktéy Ryuichi P. Sugiho
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Center, Nagoya, Japaimepartment of Clinical Research, Saitama Children's Medical Center, SaitamaSagpan,
Medical Center KOSEIKAN Life Science Research Institute, Sagivapampf Genome Sciences@&arch Center for
Advanced Science and Technology, University of Tokyo, TokydDgpatment of Biochemistry, Faculty of Medicine,
Diponegoro University, , Indonesia

The polycomb repressor complex 2 molecule EZH2 is now known to play a role inatéssdatar

processes, namely, cell fate decisions, cell cycle regulation, senescence, cell differentiation, and cancer
development/progression. EZH2 inhibitors have recently been developed; however, their effectiveness and
underlying molecular mechanisnrsmany malignancies have not yet been elucidated in detail. Although

the functional role of EZH2 in tumorigenesis in neuroblastoma (NB) has been investigated, mutations of
EZH2 have not been reported. A Kapldeier analysis on the event freand overadl survival of NB patients
indicated that the high expression of EZH2 correlated with an unfavorable prognosis. In order to elucidate
the functional roles of EZH2 in NB tumorigenesis and its aggressiveness, we knocked down EZH2 in NB cell
lines using lentivus systems. The knockdown of EZH2 significantly induced NB cell differentiation, e.g.
neurite extension, and the neuronal differentiation markers, NF68 and GAP43. EZH2 inhibitors also induced
NB cell differentiation. We performed a comprehensive traqgorne analysis using Human Gene

Expression Microarrays and found that NTRK1 (TrkA) is one of the@Ztdd suppression targets. The
depletion of NTRK1 canceled EZH2 knockdmanced NB cell differentiation. Our integrative methylome,
transcriptome, ancchromatin immunoprecipitation assays using NB cell lines and clinical samples clarified
that the NTRK1 P1 and P2 promoter regions were regulated differently by DNA methylation and EZH2
related histone modifications. The NTRKL1 transcript variants 1/2 hwidee regulated by EZH2Ilated
H3K27me3 modifications at the P1 promoter region, were strongly expressed in favorable, but not
unfavorable NB. The depletion and inhibition of EZH2 successfully induced NTRK1 transcripts and functiona
proteins. Collectivly, these results indicate that EZH2 plays important roles in preventing the differentiation
of NB cells and also that EZH2ated NTRK1 transcriptional regulation may be the key pathway for NB cell
differentiation. ONCOGENE, in press.
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LongTerm Outcome of The GPOH NB97 Trial for Children withRHglh
Neuroblastoma Comparing Myeloablative Therapy and Oral
Chemotherapy as Consolidation

Frank Berthol Angela ErndtBarbara Herp Thomas KlingebfeBernhard KremefsFreimut H. Sclhiitg’,
Thorsten Simoh

IUniversity of Cologne, Dept. of Ped. Oncology and Hematology, Koeln, Génstinte of Medical Statistics,
Informatics, and Epidemiology, University of Cologne, Cologne, Geldramgrsity of Frankfurt, Dept. of Ped. Oncology
and Hematology, Frankfurt (Main), Germatyniversity of Essen, Dept. of Ped. Oncology and Hematology, Essen,
Germany®Olgahospital Stuttgart, Dept. of Ped. Oncology and Hematology, Stuttgart, Germany

Background: A metanalysis of the three publisheddmmnized trials with additional followp data on 739
patients concluded that myeloablative therapy (ASCT) seems to work in terms of event free survival (EFS),
but not for overall survival (OS) (Cochrane Database Syst Rev, 2015(10): p. CD006301). Tefghipos
study is the longerm outcome analysis of the NB97 trial after 12 years more of observation.

tGASyida FtyR aSiK2RayY Hopp LI GASyla 6AGK ySdzNRof
stages 1/2/3/4S were randomly assigned to mydative therapy (melphalan, etoposide, carboplatin) with
ASCT or to maintenance therapy (MT) with oral cyclophosphamide cycles for 3 months. The outcome data
of the randomized treatment groups were updated to-3&FP2017 and analyzed according to inteot

treat (ITT), as treated (AT), and treated as randomized (TAR).

Results: The 10ear EFS proportions were superior for the patients receiving ASCT compared those treated
with MT in all three cohorts (ITT: 36% for ASCT vs. 27% for MT, n=149/146, Ipg0a1@2; AT: 43 vs. 26%,
n=110/102; p=0.001; TAR: 46 vs. 25%, n=75/70, p=0.001). Head®S proportions were also in favor of

the ASCT group (ITT 41 vs. 35%, p=0.075); AT: 46 vs. 32%, p=0.017; TAR: 49 vs. 31%, p=0.005). The remi:
status (CR/VGPRMWR/MR/SD) before the intervention, stage (4 vs. 1/2/3/4S) and further treatment
(antibodies vs. isotretinoin) had no influence on EFS/OS within the ASCT or MT groups, while MYCN
amplification was more important for the MT and LDH elevation importanbébh groups. Late sequelae

as hearing, renal, thyroid, hepatic, cardiac, neurological impairment and growth retardation were

substantial. Focal nodular hyperplasia was more frequent in the MT cohorts (ITT/AT/TAR) and hearing
impairment more in the ASCTagip (TAR).

Conclusion: The loagrm results confirmed an outcome advantage of myeloablative therapy over
maintenance therapy as well for EFS as for OS. The late sequelae of the survivors were substantial, but not
much different between the groups.
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The Utility of Phosphorylated ERK Immunohistochemical Staining for
Selecting MEK Inhibite®ensitive Neuroblastoma Patients
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1Department of Pediatric Surgery, Kyoto Prefectural University of Medicine, KyotdDigpatment of Pediatrics,
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Prefectural University of Medicine, Kyoto, Japan

Background: Several MEK inhibitors have been reported to be effective against neuroblastoma with MAPK
activation. Selecting appropriate patients with MEK inhibgensitive neuroblastomas is necessarythar

Ot AYAOLFf FLIX AOFGA2yd® 2SS S@Ffdzr iSR (g2 ag9Y AYKAOD
phosphorylation in vitro and in vivo. We also analyzed the phosphorylated ERK (pERK)
immunohistochemical staining (IHC) in clinical neuroblastoma samptesawlidate biomarker for MEK

inhibitor treatment.

Materials & Methods: We used Trametinib (MEK inhibitor) and CH5126766 (RAF/MEK inhibitor). The in vitro
study included a cell viability assay, Western blotting of pERK and MYCN, immunocytochemicgldataini

pERK in five neuroblastoma cell lines. The in vivo study was performed using neuroblastoma xenograft mice
in which three neuroblastoma cell lines had been transplanted. Either Trametinib or CH5126766 was
administered for two or eight weeks. The tunrgizes were measured, and the tumors were then harvested

at the endpoint for pathological analyses (H&E, pERK and Ki67). Clinical neuroblastoma samples from 38
patients (35 primary samples, 16 padtemotherapy samples, 3 relapsed samples) were stainddpiRK

and analyzed for the correlation with the prognosis.

Results: Both MEK inhibitors inhibited the proliferation of cells with ERK phosphorylation in vitro. pERK IHC
positive xenograft tumors were sensitive for MEK inhibitors during the first fouksvaad started to

regrow from five weeks. Regarding the clinical neuroblastoma samples, 9 of 35 (26%) primary tumors were
nuclear pERJ§ositive. However, only 1 of 9 (11%) pERKitive primary tumors relapsed, whereas 6 of 16
(38%) posthemotherapeuticimors were nuclear pER¥¢sitive, and 4 (67%) of 6 pER#SIitive post
chemotherapeutic tumors relapsed.

Discussion: Consistent with previous reports, MEK inhibitors were preclinically effective against MAPK
activated neuroblastomas that could be idergdiby pERK IHC in this study. Regarding the clinical samples,
one-quarter of primary tumors were pERi¢sitive, although only a small percentage of primary
neuroblastomas have been reported to have MAPK pathway mutations. However, most of these pERK
positive primary tumors were wetreated with conventional chemotherapy. In contrast, post
chemotherapeutic pERpBositive tumors had a relatively high frequency of relapse. MEK inhibitors may be
useful for treating posthemotherapeutic pERpositive tumors.
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Upregulation of The PD1/PDL Immune Checkpoint Pathway in
Neuroblastoma by Ch14.18/CHO and Hul4l13 and Effects of RD
Blockade in Vivo

Nikolai Siebett Maxi Zumpt Madlen Mark Sascha Troschideurer!, Holger N. Lode
IUniverdly Medicine Greifswald, Greifswald, Germany

Background: Antibody (Alijased immunotherapies directed against GD2 are effective against
neuroblastoma (NB), but strategies to further improve treatment efficacy are needed. Recently, ligand
expression of progtmmed death 1 inhibitory receptor (PC1) on NB cells has been reported. Here, we
show impact of GD2pecific ADCC and2lon the PEL/PDL1 immune checkpoint pathway and efficacy of
ch14.18/CH&based immunotherapy in combination with Alblockade in viv.

Methods: LANL NB cells were cultured with effector cells (E/T 10:1, 24h) and subtherapeutic
concentrations of ch14.18/CHO or hul4-0& immunocytokine (IC). Expression oflPDwas analyzed by
flow cytometry. Rituximab and rituximalh-2 served as egative controls. Mice (n=10) were treated with
ch14.18/CHO (5x300 ug, i.p.) alone, @M1 (8x250 ug, i.p.) alone or ch14.18/CHO in combination with
anti-PD1.

Results: ADCC with ch14.18/CHO (10 and 50 ng/ml) induced a strdriggXpression on bothBNand

effector cells (Zold increase for NB and &nd #fold for granulocytes and monocytes, respectively). These
effects were further increased by-A(100 IU/ml; 3 7- and Sfold, respectively). 2 alone induced PD1

only on granulocytes and mongtes (2fold). Preincubation with the antidiotype Ab ganglidiomab
completely abrogated ch14.18/CHi@pendent PEL1 induction showing GBspecificity of the observed
effects.

PDL1 analysis performed with the equivalent IC concentrations (12.5 anch2r8) revealed stronger
effects compared to ch14.18/CHO on both NBafd 3fold increase) and effector cells-@nd %, 9- and

16-, and 2 and 2fold increase for granulocytes, monocytes and lymphocytes, respectively). Incubation of
both NB and effectocells with only IC or corresponding2lconcentrations (37.5 and 187 1U/ml) revealed
induction of PEL1 only by granulocytes and monocytes @&, 3- and 3fold for granulocytes and-43-, 5

and 4fold for monocytes, respectively). Again, ganglidibnesampletely abrogated IC mediated
upregulation of PEL1.

Finally, compared to controls treatment of mice with ch14.18/CHO in combination witiP&xitishowed
reduced tumor growth and prolonged survival.

Conclusions: ADCC with ch14.18/CHOfarit.181L-2 upregulate PRL1/PD1 checkpoints and PID
blockade in vivo augments asteuroblastoma immune response induced by @Bb2 Ab suggesting a
rationale to combine artPD1 with antGD2 treatment in clinical trials.
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OptimizingGD2 Directed T Cells for The Treatment of Neuroblastoma
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Cell and Gene Therapy, Houston, United States

Antibodies targeting GD2 have significantly increased survival in patients with high risk neuroblastoma.
However, despite the combination of GD2 antibodies with high intensity chemotherapy, many children with
high risk disease continue to have poor outcomes. Unlike antibodies, T cells atwéah@ctively patrol

the body and can infiltrate tumor tissues. Therefore, we have evaluated T cells redirected to GD2 using
chimeric antigen receptors (CARs) that time a GD2 antibodR SNA SR { OCQO é6mnIHI O ¢
T cell receptor (GD2.CARTS).

In our first study of GD2.CARTSs for neuroblastoma, using a construct without costimulatory endodomains, 3
of 11 patients achieved complete tumor responses. $eeond study we evaluated a 3rd generation

GD2.CAR encoding costimulatory domains from CD28 and OX40. 2 of 8 patients who received GD2.CARTs
combination with lymphodepletion entered CR after salvage chemotherapy.

To improve on these results, we hafugther optimized our approach in preclinical studies by determining
the best costimulatory domain and employing an innovative approach to provide necessasyrpival
cytokines to GD2.CARTs. We modified the hinge region of the GD2.CAR and repla@&B8thadcOX40
endodomains with a-4BB endodomain that promoted the development of a central memory phenotype
and produced higher antitumor activity. We next incorporated a constitutively activedteptor (C7R)

into GD2.CARTS to supply cytokine withafiecting bystander cells and without causing cytokiméuced
toxicity. We chose the {Z receptor, since HZ not only induces T cell proliferation, but also improves T cell
survival. In preclinical testing, C7R enabled the expansion os@A&ated Fcells in the absence of
cytokines and prevented early T cell exhaustion and apoptosis but did not produce autonomous
proliferation of mature T cells in the absence of cognate tumor antigen or costimulation. The combination
of the optimized GD2.CAR withetlconstitutive C7R vector improved tumor cell killing in seriadudture
assays and in mouse xenograft models of both subcutaneously engrafted and metastatic neuroblastoma. In
summary, optimization of costimulation and cytokine signal lead to improvéetamor efficacy of
GD2.CARTSs in preclinical neuroblastoma models and a clinical trial evaluating this approachisk high
neuroblastoma will open this year.
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IND-Enabling Preclinical Evaluation of NKT Cells Expressing-88Eific
Chimeric Antigen Receptor and1b For Treating Neuroblastoma
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+ h Hinvariant natural killer T cells (NKTs) are attractive effector cells for expression ofspecific

chimeric antigen receptors (CARS) due to their naturaHamtior properties and abilityo preferentially

localize to the tumor site in neuroblastoma (NB) and other solid tumors. We previously demonstrated that
adoptively transferred human NKTs expressing-Giific CARs (CAR.GD2) more effectively localize to the
tumor site than T cells @hmediate antitumor activity in a xenogenic model of NB in NOD/SCHDAN_! vy dzf
mice without xenogenic graftersushost disease (GvHD).

In this study, we explore whether inclusion ofti, the main homeostatic cytokine for NKTs, within the
CAR.GD2 consict further enhances NKT cell in vivo persistence and therapeutic efficacy. To that end, we
synthesized CAR.GD2 constructs with a costimulatory CD28 or 41BB endodomain with or witbout IL
NKTs transduced with CD281lb and 41BB/H1L5 CARs secreted dlar levels of 115 and significantly
improved NKT cell in vitro expansion compared with CARs lackiggrlresponse to repeated stimulation
with NB cells. After transfer to mice with human NB xenografts, NKTs expresstgdhtaining CARs
persistedsignificantly longer compared with those expressing CARs lacKig li particular, CD28H15

CAR NKTs underwent progressive in vivo expansion at sites of NB metastases, with the frequency of
CD28/1E15 CAR NKTs reaching 30% of bone marrow cells tibhs after a single injection. Treatment

with CD28/IE15 CAR NKTs resulted in addy median survival compared with 433 days in NKTs
expressing any other CAR construct or unmodified NKTs (p < 0.001). Despite robust in vivo expansion and
potent antitumor activity, CD28/H1L5 CAR NKTs did not produce significant toxicity or induce GvHD as
determined by detailed pathological analysis of mouse tissues.

Thus, combined use of the CD28 costimulatory endodomain ahl it the CAR.GD2 construct promotes
enhanced in vivo expansion and atumor activity of CAR.GD2 NKTs cells without evident toxicity in a
xenogenic NB model. These results have enabled an investigational new drug application-fpeGbe
CAR and L5 expressing autologous NKT cellstfeatment of children with relapsed or refractory
neuroblastoma in a phase | clinical trial (NCT03294954).
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Metabolism of Catecholamine and Metanephrines in Ectopic Xenograft
Models of Neuroblastoma
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Background: Metabolism of catecholamine and metanephrines (MNs; normetanephrine, metanephrine and
methoxytyramine, NMN, MN, and MT respectively) remains enigmatic in paadietsted by

neuroblastoma (NB). Source of plasma MNs in patients are suspected to directly arise from tumor, as
extensively described for pheochromocytoma and paraganglioma two other neuroendocrine tumors
secreting MNs. However, NB biopsy availabilitylisiéation, precluding large scale molecular and cellular
studies to decipher catecholamine metabolism in these tumors.

Aim: To validate the use of murine NB xenografts as a model to study catecholamine metabolism in NB.

Methods: NB xenografts were gerated by subcutaneous injection of primary and established NB cell lines
into athymic nude mice (Crl:NU(N&®xnlnu). MNs (free, sulfated and glucuronated forms) were
measured in plasma and tumors by HPLC MS/MS and mRNA expression levels of genesrinvolved
catecholamine metabolism were quantified by qPCR.

Results: Sum of total plasma MNs (MN, NMN and MT) was quantified at a geo. mean of 246 nmole/l in NB
bearing mice (n=4), representing a 2did increase compared with control mice (102 nmole/l, p<@®0

n=7). These values in Migaring mice are highly comparable with those recorded in a cohort of patients
(n=10), and the relative amount of each MNs (ie: NMN>MT>MN) were also similar. Interestingly, we
observed in murine plasma an elevated fraction otglonated forms of MNs and virtually no sulfated MNs

in contrast to human plasma where sulfated forms prevail. Surprisingly, intratumoral concentration of MNs
were found to be very low (less than 1 nmol/g of tissue) compared with plasma values in biethipand
xenograft mice models, contrasting with MNs values commonly observed for pheochromocytoma and
paraganglioma (>100 nmol/g of tissue). Besides, as observed in human NB, norepinephrine and dopamine
are found in large excess compared to epinephrinBlB xenografts. Moreover, mRNA expression levels of
the main genes involved in catecholamine metabolism, ie TH, DBH, MAOA, COMT, PNMT, NET, VMAT1, ar
VMAT?2 were also similar between biopsies from patients and NB xenografts.

Conclusion: Our results demstnate that murine subcutaneous NB xenograft models are highly suitable for
studying catecholamine and MNs metabolism in NB tumor and blood.
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Phase | Study of OKT3 x hu3F8 Bispecific Antibody (GD2Bi) Armed T cells
(GD2BATS) in RecurrenglRisk Neuroblastoma (NB)
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Background: Despite the initialecess of antGD2 monoclonal antibodies in eradicating minimal residual
disease (MRD) in NB, there is a need for a further development eG&istrategy to improve outcomes in
patients with more than MRD. We hypothesized that arming of ex vivo expaamtbdctivated T cells (ATC)

with chemically conjugated GD2Bi would redirect ATC to NB and result in enhanced cytotoxicity. ATC coatec
with small amounts (50 ng per 10e6 cells) of GD2Bi exhibited significant specific killing of NB cell lines and
secreted gh levels of Thl cytokines.

Methods: In a phase | study (NCT02173093, opened 11/2013), patients withdsi2e tumors including
recurrent NB, osteosarcoma and desmoplastic small round cell tumor (DSRCT) received 8 biweekly infusion:
of GD2BATSs + dailow-dose 12 and biweekly GMCSF. ATC were produced as described in Lum LG et al.

Biol Blood Marrow Transplant 2013;19:288. The study followed the standard 3+3 design with dose levels

of 40, 80, and 160 x 10e6 cells/kg/infusion. Immune monitoring pexformed at pre and post GD2BATs
infusions for antNB responses by IFNgamma EliSpots and direct cytotoxicity in peripheral blood
lymphocytes.

Results: Eleven children and young patients with NB (6), osteosarcoma (3), DSRCT (2) were enrolled and 9
patients treated up to date. Infusions were given in outpatient settings and no unexpected toxicities were
observed across all dose levels. Almospatients developed relatively mild and manageable form of

cytokine release syndrome with grades Zevers/chills, headaches and occasional hypotension for up to 48
hours after infusion. No patients developed pain. MTD has not been reached. Out of Gi&iBspaine

patient failed to grow cells, 3 patients completed infusions, and 2 patients are still on therapy. One patient
with NB had complete clearance of bone marrow disease and had remained progression free for 2.5 years
after completion of infusions.

Conclusions: Large numbers of GD2BATs were feasible to obtain and grow in heavily pretreated patients
and infusions of GD2BATSs were well tolerated with manageable toxicities. Ongoing phase Il portion of the
trial will focus on evaluation of clinical adtivof GD2BATSs in patients with NB.
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Efficacy of MIBG131 and&&zaC in Patients with 4 Stage Neuroblastoma
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Background: &zaC is an inhibitor of DNA methylation used for chemotherapy ofrisgheukemias and
MDS. Therefore, we tested a combination edZaC with MIBG131 and higlose chemotherapy as a
consolidatiorregimen for stage 4 NB.

Methods: From November 2014 to April 2017, 7 pts MIBG positive (M/F 4/3) with stage 4 NB with bone
involvement, older than 2 years of age at the time of diagnosis were included in our pilot study. The median
age was 4,5 (29). Acourse of highdose MIBG131 at 440 MBk/kg was followed by higke

chemotherapy (HDCT) with autologous PBSC rescue. HDCT schedule was asfatla@$958,-7,-6,-5

(total dose 375 mg/m2); Treosulfanr@)5,-4 (total dose 30000 mg/m2); Melphalan3)}2 (total dose 140
mg/m2).

Results: No unexpected toxicities were observed. Four pts achieved CR and 2 VGPR, and 1 SR prior to
receiving HDCT. Two pts 2 pts relapsed at 7 and 24 months (1 died, 1 alive). All others showed disease of
MIBG uptake during #hof observation (median 20 months}y2ar EFS5,4%, O85%.

Conclusions: Combination of MIBG131 aralzZ&C with HDCT is an effective consolidation regimen in
patients with stage 4 NB pts.

Supported by Charity foundation Podari Life

Keywords: MIBG13B-azaC, neuroblastoma, HD chemotherapy
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PUMA Mediates the BDNF/TrkB Protection of Neuroblastoma Cells from
Etoposidelnduced Cell Death
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Expressions of braiderived neurotrophic factor (BDNF) and its tyrosine kinase receptor TrkB in the tumor
tissues often indicate a poor prognosis in neuroblastgMB) patients. We previously identified that
BDNF/TrkB induced chenresistance in NB cells through activation of phosphoinosiBiééhase

(PISK)/AKT pathway. In this study, we investigated the role of P53 and its downstream targets, proteins of
BCL2 (Bell ymphoma gene 2) family, in the protective effect of BDNF/TrkB in etopoideed NB cells
death. TB3 and TBS, two tetracycliregulated TrkBexpressing NB cell lines, were utilized. Our results
showed that the expression of P53 was significanly time-dependently increased in NB cells after
treatment with etoposide. Pretreatment with BDNF (100ng/ml) blocked the etopeisidieced expression

of P53, as well as the etoposiifeduced cell death. Knockdown of P53 expression by siRNA could also block
the etoposideinduced cell death. We examined the expressions e2Bamily members (both anti

apoptotic members and prapoptotic members) and found that etoposide treatment increased the
PUMA(p53 upegulated modulator of apoptosis) expression at bptbtein and RNA levels, and

pretreatment with BDNF blocked the etopositteluced increase of PUMA. Knockdown of PUMA by siRNA
could also protected NB cells from etoposideuced cell death. Overexpression of PUMA induced NB cell
death that could be attenated by BDNF pretreatment. This data indicated that BDNF/TrkB protected NB
cells from etoposidénduced cell death through the dowmregulation of P53/PUMA, which provides new
insights on the function of BDNF/TrkB.
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DNA Vaccine Conjugatedth Polyethylenimine Induces More Effective
Immune Response Against Neuroblastoma

Maryia Stsiohantsayiaveronika ShinkevighAlexander Meleshko
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Introduction: DNA vaccination is a promising immunotherapeutic approach for solid tumors including
neuroblastoma. The effectiveness of given method is limited by low transfection efficiency of plasmid DNA.
Therefore, additional physical means or chemical carriers ayeired to enhance the delivery of DNA

vaccine into cells. Polyethylenimine (PEI) is a cationic polymer which can bind negatively charged plasmid
DNA. DNAPEI nanoparticles facilitate the delivery of DNA through the membrane into the nucleus and
enhance expession of the antigen.

F'AYY ¢2 O2YLINB GKS AYYdzy23aSyAoOoAaide 2F GKS Wyl 1SR
neuroblastoma animal model.

Materials and Methods: A/J mice were used as an animal model (n=45), males (n=12) and females-(n=33), &
10weeld | ASR® aAOS 6ylocoyv 6SNB SyaNrFGSR 6AGK mnc &
DNA encoding the fragment of tyrosine hydroxylase as the antigen and PVXCP as the-enhameng

gene based on the pING vector was used for immunization. Yewgator pING was used as a control.
Intramuscular injection with 50 pg of DNA vaccine was performed three times (day 5, 10, 15 after tumor
engraftment). Mice were sacrificed after one month of monitoring or according to indications.

Results: It was faud that the tumor progressed much more slowly, or it did not form at all in the group of
YAO0S NBOSAGAYy3a @I O0OAyS 02YLX SESR 6AGK t9L O2YLI N
6h 'rnodnovd | OO2NRAY3I G2 G K&iliRglactivity i T:1 iatio effebtars] @inog E A O
cells) of splenocytes from mice vaccinated with DNA+PEI conjugate was in 1.6 times higher than in a group
with DNA alone (mediano y ® 0’2 @4 HOoOO®M:0 O6h f ndnp O @ t NP Rhighar A 2 y
than in the other two groups (p<0.05).

Conclusion: Conjugation of plasmid DNA with PEI helps to overcome the insufficient transfection and
protect DNA from degradation in intracellular matrix thereby increasing the level of immune response and
the effectiveness of the vaccination.
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Impact of Different Intensity Induction Chemotherapy Protocols on
Outcome of High Risk Neuroblastoma

Mohamed FawZy, Emad MoussZ, Salma El MenatyiMaged Elshafté
Ipediatric Oncology Department, Children Cancer Hospital, , Hatmnal Cancer Institute, Cairo University, , Egypt,
3Clinical Research Department, Children Cancer Hospital, ,"Ggygery Department, Children Cancer Hospital, , Egypt

Background: Neuroblastoma high risk {NB) patients are known to have poor grwsis. Higluose
intensity induction chemotherapy might improve outcome.

Aim: The following is a retrospective study that aimed to determine difference in response and survival
outcome of HRNB patients, at Children Cancer Hospital Egypt 57357 (CCe#t)ing different induction
regimens.

Methods: HRNB patients presenting to CCHE from 2007 till 2016 were included. Patients were treated with
high dose induction chemotherapy followed by BMT, radiotherapy and Roaccutane. Induction 1 (Ind1)
patients receied 8 cycles of systemic chemotherapy, in the form of etoposide (200 mg/m2/day, days 1 to 3)
and carboplatin (450 mg/m2/day, day 1 only) alternating with cyclophosphamide (300 mg/m2/day, days 1
to 5), doxorubicin (60 mg/m2/day, day 5 only) and vincris{th® mg/m2/day, days 1 and 5), VP16
Carbo/CAdO.

Induction 2 (Ind2) patients received 2 cycles of etoposide (200 mg/m2/day, days 1 to 3) and cisplatin (50
mg/m2/day, days 1 to 4) and 4 cycles of cyclophosphamide (2100 mg/m2/day, day 1 and 2), dox{®Gbicin
mg/m2/day, days 1 to 3) and vincristine (2 mg/m2/day, day 1 only), CiE/CDV.

Cycles, for both groups, were administered av&ek intervals. Other than induction, both groups were
matching in allocation for inclusion and treatment. Target was compleiery good partial response after
induction.

Results: Study included 764 B patients; 241 on Ind1, 523 on Ind2 chemotherapy. Among Ind2 patients
31.1% reached targeted response, while only 9.6% of Ind1 patients did.

3-year overall survival (OS) ggimen was 49.7+£2.6% for Ind2 vs. 41.6+3.3% for Ind1 patieyear3
eventfree survival (EFS) of Ind2 and Ind1 were 24.9+2.3% and 25.6£2.9%, respectively.

Multivariate Cox regression analysis of OS and regimen, after accounting for age, gender, patN&1Qy

MYCN, stage, surgery, BMT and induction response, showed significantly better OS for Ind2 compared to
LYRM LI GASYyda ol FT FNR wlhiA2IMdoc 0T YSIEYSgKAE ST y2
During induction, 25 deaths (4.8%) ocadramong Ind2 patients and 11 deaths (4.6%) among Ind1

patients.

Conclusion: Results show that using the more intensive Ind2 regimen fNBHRJuction improves OS, but
not EFS compared to the less intensive Ind1 regimen.
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InflammatoryResponse and Treatment Tolerance of l-dlegm Infusion
of The AntiGD2 Antibody Ch14.18/CHO in Combination with Interle@kin
in HighRisk Neuroblastoma

Kiraz CeyldnLuciana JahhBjoern Lodg Karoline Ehlett Sascha Troschideurer!, Nikolai Siebée,
Holger Lode
IUniversity Medicine Greifswald, Greifswald, Germany

Background: The monoclonal asi@D2 antibody (Ab) ch14.18/CHO in combination with ik active and
effective in highrisk NB patients. Here, we investigated the inflammatory responskti@atment tolerance
of longterm infusion (LTI) of ch14.18/CHO (10 x 10 mg/m2; 24h) in combination with-3.in #L.single
center program.

Methods: Fiftythree NB patients received up to 6 cycles of 100 mg/m2 ch14.18/CH@8jjdss LTI
combined with6x10E6 1U/m2 s.c.-2.(d15; 812) and 160 mg/m2 oral RA (d:B2). Side effects of
ch14.18/CHO and- treatment require hospitalization of patients on d8. Treatment tolerance was
evaluated daily with clinical parameters (body temperature, vital sigassky performance status,
requirement of i.v. concomitant medication) to define an outpatient candidate statu2-Rland CRP
values were determined to assess the inflammatory response.

Results: LTI of ch14.18/CHO(8) in combination with s.c42 (d8-12) showed an acceptable treatment
tolerance that allowed all patients to receive part of the treatment as an outpatient (median time point of
discharge: d15 for all cycles). The treatment tolerance improved from cycle to cycle and the time to become
anoutpatient candidate decreased from d15 to d13 in subsequent cycles.

Clinical and laboratory parameters indicate a maximum inflammatory response at d11 of each cycle.
Interestingly, the si2R remained increased at bakee of the next cycle indicatinghimune activation over

the entire treatment period of 6 months.

Conclusions: LTI of ch14.18/CHO combined with £2sHows an improving tolerance in subsequent cycles
allowing outpatient treatment.
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Inhibition of A Novel Long NoncodiRINA In Neuroblastoma Causes
Complete Tumor Regression
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IChildren's Cancer Institute Australia, Randwick, Sydney, Audbafiartment of Pharmacy and Biotechnology,
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Research, Darlinghurst, Sydney, Australia

Background: Neuroblastoma is the most common solid tumor in early childhebty.c\yene amplification
occurs in a quarter of human neuroblastoma tissues and is a marker for poor patient prognogis. Lon
noncoding RNAs (IncRNAs) play important roles in cancer development.

Aim: To identify novel IncRNAs and study their functional rolesMy®8linduced oncogenesis.

Methods: RNA sequencing was performed to identify novel IncRNAs that are differesijaifssed in N

Myc amplified and N\Myc noramplified neuroblastoma cell lines. Genes modulated by the novel IncRNA
were examined by Affymetrix microarray. Modulation of gene promoter activity was examined by

chromatin immunoprecipitation. Neuroblastoma tptoliferation and colony formation were determined

by Alamar blue and Clonogenic assays. siRNAs or doxyandirndble shRNAs were utilized to knesdwn

RP1X and DEPDC1B gene expression. RP1X in neuroblastoma progression was determined in mice
xenogrdted with doxycyclindnducible RP1X shRNAs. Correlation of RP1X and DEPDC1B gene expression ir
neuroblastoma patients was examined using the publically available gene expression databases
(http://r2.amc.nl).

Results: Five novel IncRNAs, including RP1X mvest differentially expressed betweernMyc gene

amplified and noramplified human neuroblastoma cell lines. DEPDC1B was one of the few genes
considerably dowsregulated in neuroblastoma cells after RP1X depletion. Knedkath RP1X expression
reduced listone H3 lysiné trimethylation at the DEPDC1B gene promoter and decreased its activity.
Depletion of RP1X or DEPDC1B in neuroblastoma cells significantly reduced ERK protein phosphorylation, |
Myc protein phosphorylation at Serine 62\NlN/c protein staldization, cell proliferation and abolished

colony formation capacity. Importantly, treatment with doxycycline in mice xenografted with

neuroblastoma cells stably transfected with doxycyclimducible RP1X shRNA led to tumor regression or
eradication. 1498 human neuroblastoma patients, high levels of RP1X gene expression correlated with
DEPDC1B gene expression and poor patient prognosis.

Conclusion: This study identifies the novel IncRNA RP1X as an important regulatdyoflkbtein stability
and nauroblastoma tumorigenesis.
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Targeting Copper Homeostasis as A Therapeutic Strategy for
Neuroblastoma

Orazio Vittorié? Eugene Yéé, Florida Vol?, Giuseppe CirifpKathleen KimptdnArvind Parmér
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Background: Neuroblastoma is an aggressive childhood cancer. Despite ithtersg®y, survival rates are

poor, and survivors experience long term side effects from the treatment. Targeted therapies are therefore
urgently required. We demonstrated that intracellular copper levels are ~50% higher in neuroblastoma cell
lines comparedo normal astrocytes, and this is associated with high expression of the major copper
transporter (CTR1). Given clinical evidence that copper is elevated in many tumours, copper homeostasis is
considered an emerging target for anticancer drug design. Weldped a polyphenol sugar conjugate

called DextrarCatechin that exerts its anticancer properties by targeting copper in neuroblastoma.

Material and Methods: Cell viability was tested in neuroblastoma cell lineéSY&Y, IMR2, BE(2)C, and
doxorubicinresistant BE(2X¥BDR using the Alamar Blue assay and apoptosis was assessed via PARP
cleavage. Gene and protein expression of CTR1 was determined usiPC&RAnd western blotting,
respectively. Intracellular copper was measured by spectrophotometrigysisaNADH/NAD+ ratio was
used to determine induction of oxidative stress. Cellular levels of GSH was examined using colorimetric
assay. PET imaging with 64Cu was performed in a xenograft neuroblastoma model to monitor copper
uptake in tumors. In vivo ar@ncer activity was assessed in a neuroblastoma xenograft model.

Results: Neuroblastoma cell lines-SM5Y, IMR2, BE(2)C, and BE(AOR were sensitive to Dextran

Catechin (IC50 9.7ug/ml, 17.83ug/ml, 16ug/ml and 18.2ug/ml, respectively) at concengratibitoxic to

normal astrocytes. A direct correlation was observed between higher intracellular copper levels and
sensitivity to DextrarCatechin. We demonstrated that Dextr&atechin reacts with copper generating

reactive oxygen species and inducingaarcell death. Dextrafatechin treatment caused a decrease of
NADH/NAD+ ratio and GSH levels, confirming oxidative stress. PET imaging analysis of the neuroblastoma
xenograft model revealed high accumulation of copper in the tumor mass. The high lewefsper were
maintained in the tumor mass, while 64Cu was cleared by the other organs. Importantly, we showed that
DextranCatechin significantly reduced Cu uptake and tumor growth in human neuroblastoma xenografts.

Conclusion: Dextrafatechin targetsieuroblastoma cells containing high levels of copper and inhibits
tumour growth. This study has revealed a potential therapeutic strategy for targeting coependent
cancers such as neuroblastoma.
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Children's Hospital, University of California at San Francisco School of Medicine, San Francisco, United States

Background: Metastatic neuroblastoma contiisu® be a therapeutic challenge. 131l

metaiodobenzylguanidine (13MIBG) is highly effective in relapsed neuroblastoma, but rarely tested in
ySgfte RAFIY2ASR LI GASyGad ¢KS / KAf RNBY Qadiagngsé f 2 3
high-riskneuroblastoma to assess the tolerability and feasibility of induction chemotherapy ending with a
block of 131MIBG, followed by consolidation with busulfan/melphalan (Bu/Mel) and autologous stem cell
rescue (ASCR).

Methods: Patients with stage 4 neuralstoma and MIBG avid tumors were diagnosed at one of 23
participating institutions (12 had 13MIBG administration capability). The first two patients to receive
131FMIBG and Bu/Mel developed Grade 4/5 toxicity with sinusoidal obstruction syndrome {B@Sjial
was suspended and 1@esigned to treat cohorts at 12, 15, and 18 mCi/kg A3IBG with ASCR and a
required minimum 10 weeks rest before Bu/Mel. Patients who completed induction chemotherapy were
evaluable for the feasibility of 13MIBG; thosevho completed 13tMIBG therapy were evaluable for the
feasibility of administering 13MIBG and Bu/Mel. Tolerability was based on-gedined unacceptable
Grade 4/5 toxicities.

Results: Fiftynine of 68 subjects (87%) who completed the induction thgnagzeived 13tMIBG. Thirty

seven of 45 subjects (82.2%) were evaluable for-MBIG plus Bu/Mel feasibility. Of the 35 subjects

enrolled postsuspension who received Bu/Mel after 12 mCi/kg (n=6), 15 mCi/kg (n=17), or 18 mCi/kg
(n=12) of 13:MIBG, 3 de#loped unacceptable severe SOS; one at each dose level. Overall rates of SOS
occurrence at 12 mCi/kg, 15 mCi/kg, and 18 mCi/kg doses were 33%, 23.5%, and 25%, respectively. No
other unacceptable toxicities occurred. The E3BG and 133MIBG plus Bu/Meleasibility rates at the

dose level of 15 mCi/kg slated for further study on ANBL1531 were 96.7% (29/30) [95% CI: (83.3%, 99.4%)]
and 81% (17/21) [95% CI: (60%, 92.3%)].

Conclusion: This trial demonstrated the feasibility of administering-BBIG theapy during induction
chemotherapy followed by myeloablative therapy in a cooperative group setting. While stopping rules
outlined in the protocol were not met, the potential for SOS with #g1BG in close proximity to Bu/Mel
led to selection of 15 mCi/kg31FMIBG administered earlier during induction for investigation in an
upcoming Phase 3 COG clinical trial.
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Combination of Ch14.18/CHO and GPOH Induction Chemotherapy Cycles
in Refractory Relapsed or Progressing High Risk Neuroblastatieats
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Background: Since a response rate (RR) of 53% (9/17patients) was reported in relapsed/refractory
neuroblastoma when combining ch14.18/SP@/@#h irinotecantemozolomide, we explored the GPOH
induction (N5/N6 cycles) in combination with continuous infusion of ch14.18/CHO (dinutuximab beta; DB)
for future use in frordline treatments. Here we report feasibility, toxicity and RR of this compessaise
program.

Patients: 16 high risk NB patients (15 refractory relapsed/progressing: 5 patients 1 event; 5 patients 2
events, 5 patients 3 events; 1 refractory frontline patient) were treated (median age at diagnosis: 3.4y;
initial stage: 14 M, 1 MR L2 MYCN amplified (MNA), 18.7% MNA, median time from diagnosis to
relapse/progression: 1.8y (range, 0.88.89y), type of relapse/progression: 92% disseminated; 8% local).
All patients failed at least one second line therapy and 10/16 previouslywest&i5/N6 cycles.

Patients were treated with alternating cycles of N5 (cisplatin, etoposid, vindest) add N6 (vincristine,
dacarbacine, ifosfamide, doxorubicine;-@dLcombined with ch14.18/CHO continuous infusion (50 mg/m2

over 5 days) (start: d5+fi N5; d6+7 of N6). Grade 3/4 toxicity was evaluated (CTCAEv4.3) and response was
determined after 2 (mid evaluation) and after 4 cycles (end evaluation) (bone marrow smears)|BZ3I

SPECT, CT/MRI, urine catecholamine metabolites).

Results: 43 cycles were applied (21xN5/DB 22xN6/DB). Response assessments revealed a best overall RR
rate of 50% (2/16 CR, 6/16 PR). The end of treatment RR was 38% (2/16 CR, 4/16 PR). Frequencies of gra
3/4 toxicity were 100% hematological (any kire§% renal function, 25% pain, 12% fever, 12% central
neurotoxicity (somnolence, dizziness, disorientation) 8% cardiac function (decreased fraction shortening),
6% capillary leak. No grade 3/4 cytokine release or allergy/hypersensitivity was observegathet

related death occurred. The median cumulative morphine doses in cycle 1, 2, 3 and 4 were 1.45, 0.56, 0.68
and 0.43 mg/kg/cycle, indicating a steady decrease in pain intensity from cycle to cycle comparable to
previous experience.

Conclusions: Theombination of dinutuximab beta on day 5 or later of N5/N6 chemotherapy cycles is
feasible leading to an encouraging response rate in refractory relapsed patients who failed at least one
second line therapy.
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Blinding the CYCLOPSeurdblastoma Vulnerabilities Unveiled by
Genomic Loss
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Heterozygous deletions within distal 1p are observed in 30% of neuroblastomas. So far, several potential 1p
tumor suppessor genes have been identified. However, in this study we are focusing on 1p genes whose
inactivation is not necessarily linked to tumor development, but which mediatesséintial functions,

rendering cells with copy number loss vulnerable to furtingpairment. These genes are candidate

therapeutic targets according to the concept of CYCLOPS (copy number alterations yielding cancer liabilities
owing to partial loss).

To identify genes for which heterozygous loss may be tolerated but further reduetals to cell death, we
performed siRNA screens mediating the systematic kiglmskn of distal 1p genes in five Ijeleted versus

five nonlp-deleted neuroblastoma cell lines. Forward liquid transfections were done using three
independent siRNAs per gentdoechst stained cell nuclei were count 96h post transfection. Target gene
validation was done by viability and colony formation assays, cell cycle analysis and rescue experiments witt
cDNA over expression.

We identified many potential CYCLOPS candgjaong them EphB2 which is required for embryonic and
neuronal development. Knoallown of EphB2 reduced cell viability and colony formation hudleted cell
lines but did not in 1mon-deleted cells. G1/G0 phase arrest with corresponding S phase decnass
observed in both lpleleted and 1pon-deleted cells. Additionally, neuritiéke outgrowth was shown in
1p-non-deleted cells indicating an induction of differentiation.

This study identified EphB2 as candidate CYCLOPS gene in neuroblastomaygtaisrdeletions of
chromosome arm 1p are also frequently observed in other cancers including melanoma, colorectal and
breast cancer. We hypothesize that this pradfprinciple opens a new therapeutic window for tumors
harboring a heterozygous deletion BphB2 or other cell essential genes on chromosome arm 1p.
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Polcolike Kinase 4 Mediates Epithelidliesenchymal Transition in
Neuroblastoma Via PI3K/Akt Signaling Pathway

Qiang Zhab Yan Jih
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Neuroblastoma (NB) is the most common malignant tumor in infancy and most common extracranial solid
tumor in childhood. With the improvement of diagnosis and treatment, the survival rate of patients with
low-risk and intermediataisk NB can reach up to 90%. In contrast, for fiigk NBs, the lonterm survival

rate is still less than 40% because of heterogeneity of this tumor. The pathogenesis of NB is still not explicit;
therefore, it is of great significance to explore the hagism of NB tumorigenesis and discover new
therapeutic targets for NB. Pclike kinase 4 (PLK4), one of the pbke kinase family members, is an

important regulator of centriole replication. The aberrant expression of PLK4 was found in several cancers
and a recent study has unraveled a novel function of PLK4 as a mediator of invasion and metastasis in Hela
and U20S cells. However, the function of PLK4 in NB development and progression remains to be
elucidated. The study showed the expression level 8#4Hh NB tissues was remarkablyregulated and

high expression of PLK4 was negatively correlated with clinical features and survival, which suggested that
PLK4 could be a potential tumor promoting factor of NB. Functional studies indicatedrdgulation of

PLK4 suppressed migration and invasion and promoted apoptosis in NB cells. Further experiments showed
that downregulation of PLK4 in NB cells inhibited EMT through the PI3K/Akt signaling pathway. Animal
experiments demonstrated that the dowregulaton of PLK4 in S-BE(2) cells dramatically suppressed
tumorigenesis and metastasis. PLK4 may be a promising therapeutic target for NB.
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Combined ISNE and ARACNE Analyses ldentify Core Regulatory
Circuitries Underlying Subgroupsiéuroblastoma
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Many mRNA profiling studies have highlighted the strong expression differences betweearndwighrisk
neuroblastoma. Nonetheless, both disease entities are histopathologically very similar and are both thought
to arise from the sympathadrenergic lineage. Wtherefore analyzed neuroblastoma mRNA profiles not

only for differences, but also for commonalities between both-land highrisk tumours to identify key
transcriptional networks underlying different molecular subtypes of neuroblastoma. To achieyeghis
performed genebased TSNE dimension reduction analysis in combination with gene regulatory network
reconstruction (ARACNE) on mRNA profiling datasets of NB. Interestingly, we identify 3 key dimensions of
the disease, consisting of genetworks reguiting epithelial to mesenchymal transition (EMT), immune
cell/inflammatory response and finally cell cycle/MYCN. These core networks were validated and remained
stable across 3 independent NB datasets consisting of over 900 tumours. Interestingly, ttresdksievere
identifiable independent of patient stage, riskatus or MY Chdmplification. Clustering of patients based on
these 3 core networks identified sudivision of patients within the each of the clinically relevant NB
subgroups (lowrisk, highriskand MY Champlified). This suggests underlying biological subtypes of NB that
differ based on root biological networks independent of the aggressiveness of the disease. In addition, by
combining corenetwork description with higithroughput transcription éctor binding site data generated

both in house and available through ENCODE we identify transcription factors that are enriched and bind
targets within the underlying core networks of NB. These findings may provide insight into identifying key
therapeuticnetworks and targets within both hightisk and MY Cmplified patients that may have been
previously overlooked.
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The R2 Platform as Epigenome Resource for Neuroblastoma Core
Transcriptional Regulatory Circuitry (CRC) Analysis andi¥agioad
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Over the past decade, the R2 platform has proven to be a useful anegpanding esource for the
Neuroblastoma community. As science progresses, so does the development of the R2 platform.

Methods: The R2 program, rooted in neuroblastoma research, has driesaly interface enabling a wide
range of interconnected analyses, whicindze harnessed by users with limited or no bioinformatics
training. The weklbased genomics analysis and visualization platform has been greatly extended over the
past period. Novel analyses, easier workflows, and new types of omics data have been irdroduce

Results: Aside from mRNA expression, aCGH, SNP, Exome and whole genome sequencing data we have
greatly extended R2 with intuitive tools for the analysis of epigenome and ChiPseq analyses. Various
different technologies can be combined in integrativealyses and visualizations.

We have added many histone modification profiles of neuroblastoma cell lines and tumor samples. On
these profiles peak calling has been performed as well as super enhancer analyses if applicable. Interactive
plots, like ROSEESisualizations, genome browser views and heatmaps of aligned peaks provide accessible
entry points for further exploration of one, or a series of profiles. In addition, integration with other

genomic features, such as chromatin states, transcriptiotofaainding sites, gene expression patterns help

to test hypotheses. Genome reconstruction has also been added to the repertoire. Finally, Tools to work
with core regulatory circuitries (CRC) are now being implemented.

Other additions: The popular tSNEminsionality reduction algorithm has been added and allows for
interactive definition of patient subgroups on the basis of the underlying genomics data. Improved
expression signature generation, coupled to various downstream analyses now allows theougera t
better understanding of their cohorts or experiments. The introduction of data scopes, creates easier
workflows and allows for more focused analyses within R2.

Conclusions: R2 remains a valuable resource for high throughput data of Neurobla$tma2 program

and database has been used in more than 630 PubMed listed publications and is publicly accessible at
http://r2.amc.nl. R2 assists researchers in the identification of important genes and biological processes in
neuroblastoma.
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Plasticity of Transcriptional and Epigenetic Cellular States in
Neuroblastoma Is Driven by Core Lineage Transcription Factors
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Background: Core Regulatory Circuitries (CRCs) of lineage transcription factors associated with super
enhancers are the central drivers of lineage identity and differentiation stage of cells. We recentdshow
that most neuroblastomas include two types of tumor cells with divergent gene expression profiles.
Undifferentiated mesenchymal (MES) cells and lineagamitted adrenergic (ADRN) cells resemble cells
from developmental differentiation stages. MES ai2RN cells of isogenic origin were found to
spontaneously interconvert. For each cell type, we identified the unique saipieancer landscape using
H3K27ac Chifequencing. Supe¥nhancers associated with lineage transcription factors identified the Core
Regulatory Circuitries (CRC) for MES and ADRN cells. Clinically important, MES cells were resistant to
chemotherapy.

Results: We studied plasticity of the MES and ADRN CRCs in cellular transdifferentiation. The MES
transcription factors PRRX1 or NOTCH weemessed as transgenes in ADRN cells. Each gene induced a
stepwise reprogramming of the ADRN transcriptome towards a MES state. The transcriptional switch was
accompanied by genom&ide remodeling of the epigenome to a MES enhancer state. Both transgenes
repressed supeenhancers of ADRN core transcription factors, leading to transcriptional downregulation of
the ADRN CRC. This process was associated with Polycomb repression. The transdifferentiation was initially
reversible but became stabilized over @irExpression of NOTCH induced an endogenousfteerd loop

at the epigenetic, transcriptional and signaling levels and included ligands, receptors-famtioze from

the NOTCH signaling route. This endogenous N@a€tdde maintained a transgeirelependent MES

state. Consistently, NOTCH receptors andaabors in stable MES cell lines were associated with super
enhancers. Both NOT@htluced MES cells and ADRN cells were tumorigenic in vivo. Finally, we validated
expression of CRC transcription fastdm pre and postchemotherapy tumor pairs of nine patients and
identified a strong expression of MES transcription factors in-gestment biopsies.

Conclusions: Our results demonstrate that single transcription factors from the MES CRC impose
transdiferentiation via remodeling of the epigenetic and transcriptional landscape of ADRN cells, mimicking
spontaneous interconversion. Plasticity of CRCs and lineage identity may have profound implications for
treatment strategies in neuroblastoma.
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Neurocan, A Chondroitin Sulfate Proteoglycan, Is A Crucial Extracellular
Component in Neuroblastoma Tissues, Which Promotes Malignant
Phenotypes
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Neurocan (NCAN), an extracellular chondroitin sulfate proteoglycan, is known as the major inhibitor of axon
regeneration in nervous injyr Here we investigated its involvement in neuroblastoma (NB). Firstly, we
found that NCAN was highly expressed in the NB patients with unfavorable outcome. We also examined its
expression in TIYCN mice, a NB model, and found that NCAN protein was 8trpasitive at the

extracellular regions in both early lesions and terminal tumor tissues. The results of in situ hybridization,
which detected the expression of NCAN mRNA, indicated that the NB cells expressed and secreted NCAN
protein. Interestingly, exgenous NCAN including overexpression, recombinant protein and conditioned
medium transformed adherent NB cells into spheres. Those N@#RNed sphere cells showed the higher
malignancies both in vitro (anchorag@dependent colony formation and chemoresisce against cisplatin)

and in vivo (xenograft tumor formation) compared with parental adherent ones. We showed that both
chondroitin sulfate sugar chains and core protein of NCAN were essential for the induction of sphere
formation. Among the core protej the CSG3 domain was revealed to be essential for its function. Next, we
comprehensively compared the mRNA expression patterns between aded sphere cells and

parental adherent ones. As a result, it was suggested that NCAN promoted cell divisionaiatained the
undifferentiated state of NB cells. Finally, the knockdown of NCAN in tumor sphere cells cultured from TH
MYCN mice suppressed their growth both in vitro and in vivo. Taken together, these results suggest that
NCAN should be a crucial cpament of extracellular matrix in NB tissues, which provides growth

advantage.
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The invasive naturef surgical biopsies prevent sequential application for patient monitoring, and single
biopsies often fail to reflect changing tumor dynamics, intratumor heterogeneity and drug sensitivities
occurring during tumor evolution and treatment. Implementing nwllar characterization of cefitee
neuroblastomaderived DNA isolated from blood and bone marrow plasma could improve outcome
prediction, patient monitoring and treatment selection for highk patients. We established droplet digital
PCR (ddPCR) protésdor MYCN and ALK copy number status as well as ALKF1174L and ALKR1275Q hotsp
mutations from patient plasma samples. We collected 137 samples from 24 patients (>2 samples from 16
patients, 20 per patient maximally) with neuroblastoma. @relé DNA (dDNA) was isolated from blood and
bone marrow plasma and analyzed for MYCN and ALK status using ddPCR. Longitudinal monitoring reveale
a highly individual course for each patient. For a patient with metastasizeeribligheuroblastoma, we
identified MY CNamplification and wildtype ALK in blood plasma collected at second biopsy, while the initial
biopsy indicated an ALKF1174L mutation and diploid MYCN. The tumor, resected 250 days after second
biopsy, harbored a MYCN amplification and the ALKF1174L mytetiile the corresponding plasma

sample indicated diploid MYCN status and ALK mutation, underlining the potential of cfDNA analysis for
detecting subclonal populations and tumor heterogeneity. ALK gains or ALKR1275Q mutations were
detected in the plasma tloughout or almost throughout complete treatment course (8 plasma samples
from 2 patients receiving different treatment blocks), indicating that at least some tumor cells are not
sufficiently targeted. Blood plasma and tumor biopsy at diagnosis of anp#i&nt agreed for MYCN
amplification and an ALKR1275Q mutation, and the total cfDNA concentration in the plasma was high.
Plasma samples taken after each of the 9 treatment blocks indicated diploid MYCN, wildtype ALK and
decreasing total cfDNA concentraiti, which likely reflects treatment success. This patient is currently alive,
which is in concordance with our liquid biopsy data. Taken together, these data indicate that molecular
disease characterization using cfDNA from blood and bone marrow plasmeaftegt tumor dynamics,
intratumor heterogeneity and therapy success or failure in high neuroblastoma patients.
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Background: To evaluate whether levels of neuroblastoma AsRNbone marrow and peripheral blood
FNRY aiF3S a AyFlryida oO6Xwmu Y2yGKa 2F 3S G RAF3AY
months, any MYCN status) predict evére survival (EFS).

Methods: Bone marrow aspirates and peripheral bloathples from 97 infantoddlers enrolled in the HR

NBeMk { Lht 9b GNAIFE gSNB O2ff SOGSR |G RAFIAy2ara Ay
RTgPCR according to standardized procedures.

Results: Bone marrow TH or PHOX2B levels in the highBkt sssociated with worse EFS; hazard ratios,
adjusted for age and MYCN status, were 1.5 and 1.8 respectively. Expression of both TH and PHOX2B in th
highest tertile predicted for worse outcome (p=0.015), identifying 20 (23%) idaiaiers with 5yearEFS

of 20% (95%CI: 49%4%). Prognostic significance was maintained after adjusting forfitiieg bias

(p=0.038), age and MYCN status. In peripheral blood, PHOX2B levels in the highest tertile predicted a two
fold increased risk of an event (p=0.038gritifying 23 (34%) infartbddlers with 5year EFS of 29%

(95%ClI: 12¢48%). Timalependent ROC analysis confirmed the prognostic value of combined TH and
PHOX2B in bone marrow and of PHOX2B in peripheral blood during the first year oifollow

Conclufns: High levels of bone marrow TH and PHOX2B and of peripheral blood PHOX2B at diagnosis allo
early identification of a group of higtisk infant and toddlers with neuroblastoma who may be candidates

for alternative treatments. Integration with additiahbiomarkers, as well as validation in additional
international trials is warranted.
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Background: Several studies support the notion that the kinase inhibitor Imatinib mesylate exargetf
effects on cell®f the immune system. After our first report of continuous daily oral administration in
subjects with relapsed/refractory neuroblastoma (NB, EudraCT:-20837863), we report additional
information on potential surrogate markers for prediction of effigan these subjects.

Subjects and Methods: Peripheral blood (PB) samples collected at study entry and after the second cycle of
Imatinib mesylate treatment were tested for IPNZ -t B Gi¢ B-T0L. §XCL12 and soluble (s)HEY

plasma levels, whereasped PB and bone marrow (BM) samples were evaluated for CXCL12, CXCR4 and
NKp30 isoform mRNA levels. Correlation between level of each parameter and response/outcome was then
evaluated.

Results: Out of the six subjects still alive at the time of ths faport, three are presently alive ten years
after the last Imatinib cycle. One of the three subjects achieved complete response (CR) during Imatinib
treatment and never relapsed, whereas the other two subjects underwent additional treatments and are
presently in CR. Response to Imatinib was confirmed to be associated with low Imatinib exposure.
Moreover, a significant increase in NKp30 isoform mRNA levels occurred in BM samples after Imatinib
treatment, indicating the oftarget effect of Imatinib mesyta on NK cells in vivo.

Conclusions: Imatinib mesylate efficacy in relapsed/refractory NB has been confirmed at a longeufollow
Therefore, a Phase Il study should be performed, envisaging the collection of samples at study entry and
after two cycledo evaluate in a large cohort of subjects the predictive value of potential surrogate markers
of efficacy.



71

Helper and Regulatory T Cells Adversely Affect Survival of Neuroblastoma
Patients Treated with Lona§ierm Infusion of ch14.18/@HCombined with
interleukin-2
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Background: Treatment of higlisk neuroblastoma patients (pts) with lotgrm infusion (LTI) of the anti
GD2 antibody (Ab) ch14.18/CHO in combination with interle@kil-2) is effective against neuroblastoma.
Here, we report results of immunophenotyping and impact of effector cells on functional inrande
survivalparameters.

Methods: 53 pts received 5 cycles (35 days (d)) of 6x106 IU/m2 subcutaneb(adh; 812), LTbf 100

mg/m2 ch14.18/CHO (d88) and 160 mg/m2/d oral 18is RA (d235) in a closed single center program
(APN311303). The counts of cytotoxic NK cells (CD16++/CD56dim), helper T cells (CD3+/CD4+), cytotoxic T
cells (CD3+/CD8+), regulatory T cells (Te&y}+/CD25+/CD127and granulocytes (CD64+) were

determined by flow cytometry (cycle 1; d1, 8 and 15)d&pendent cellular cytotoxicity (ADCC) was

determined by a cytotoxicity assay. Correlation between cell counts and progrdes@survival (PFS) wa
analyzed.

Results: Compared to the baseline (d13 lireatment resulted in a strong increase of cytotoxic NK cells,
cytotoxic and helper T cells and Treg on d8 {239, 2.6 and 15.6fold increase, respectively).

Interestingly, subsequent comhed treatment with 1E2 and ch14.18/CHO did not further increase
lymphocyte count on d15. In contrast, elevation of granulocytes occurred during the combined treatment.
Unexpectedly, we did not observe any correlation between cell counts and ADCC ornvellbassbetween
cytotoxic NK and cytotoxic T cells and PFS. Similar observations were made for granulocytes.

Ly O2y iGN ads L& 6AGK 26 ¢NB3I o0X Moy OSftfakxfov
(n=31) (P =0.072). The/Bar PF®/as 44% (95% CI [0.13, 0.74]) and 19% (95% CI [0.05, 0.33]) for low and
KAIK ¢NB3I O2dzy iz NBALISOGAQ®Sted hy RmpI LA gA0K
improved PFS compared to those who had high helper T cells (n = 31; B} DH@l5/ear PFS was 53%

(95% CI [0.23, 0.83]) and 16% (95% CI [0.03, 0.29]) for low and high helper T cell count, respectively.

Conclusions: t2-dependent helper T and Treg cells negatively affect efficacy of a combined treatment with
ch14.18/CHO ant-2.
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The dynamics of central metabolic pathways are altered in malignant cells in comparison to nontransformed
cells. Malignant cells meet the increased energy demandsezhby rapid proliferation and invasion into
surrounding tissue by increasing aerobic glycolysis, known as the Warburg effect, and sustained
mitochondrial activity. Oncogenic MYC influences the metabolism in many human cancers making them
sensitive for bat glucose and glutamine utilization to fuel their central metabolic pathways.-@YCN
driven tumors show enhanced glycolysis by activating the transcription of glycolytic genes. Since MYCN
resides in macromolecular complexes and induces or reprelsesanscription of multiple genes involved

in fundamental cellular processes including proliferation and differentiation, we hypothesized that MYCN
has a regulatory effect on the cellular metabolism in neuroblastoma cells. We analyzed different
neuroblasbma cell lines with high and low MYCN expression levels as well as the SHEP cell line and its
genetically engineered clone SHEE21/N with adjustable MYCN levels to investigate the relationship
between metabolism and MYCN expression. Individual modearbbn usage were tracked within the TCA
cycle and glycolysis, pentephosphate, glutaminolysis and amino acid synthesis pathways for 2, 5, 10, 20
and 40 min using pulsed stable isotepesolved metabolomics (pSIRM) and absolute quantitativéiSC
analyss. We integrated further parameters such as cell growth and the expression of key enzymes in the
central carbon metabolism obtained by mass spectrombtiged proteomics coupled to liquid
chromatography (L&S/MS) to produce an overview of metabolic perf@ance in the analyzed
neuroblastoma cell lines and cell models with adjustable MYCN levels. In total for each cell type, absolute
guantification was carried out on ~Z&0 metabolites within central carbon metabolism and ~2@000
proteins identified withthe LEMS/MS approach. Current data analysis is focused on identifying predictive
markers for MYCN activity and druggable nodes to bypass MYCN overfunction.
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Suppression of TERT Expression in Neuroblastoma Is A Coordinated
Regulation of RID1A Coccupancy with SIN3ZA/HDAC
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Although highrisk neuroblastoma (NB) clinically associates with induction and rearrangement of hTERT, the
regulation of hnTERT remains poorly understood. Here our-§dgRnalysis show that Aich Interaction

Domain 1A (ARID1A), a subunit of SWI/SNF catiomemodelers, occupies and restructures chromatin in

the hTERT promoter region. We further demonstrate that ARID1A is essential for the recruitment of
SIN3A/HDAC complex to suppress telomerase activity and expression. This mechanism is inactivated by
truncation of its ARID domain or siRNA targeted silencing. Moreover, mutatid24€>T in hnTERT

promoter enhances the ARID4Bound by in vitro luciferase activities. Finally, our NB cohorts that show

loss or low expression of ARID1A are relatively linkexdevated expression of TERT, an eminent feature of
aggressive NB. These results indicate ARID1A plays a tumor suppressive role for TERT expression by
recruiting SIN3A/HDAC complex via its modifying chromatin access.
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Neuroblastoma is associated with stalling of normal differentiation, resulting in excessive ptalifesf
neuroblastic precursors. Here we show that @f2iiendent phosphorylation of the transcriptional master
regulator ASCL1 plays a critical role in controlling the balance between cell proliferation and differentiation
and can be modulated to reactiteadifferentiation of neuroblastoma cells.

We show that ASCL1 is phosphorylated by Giddipendent Kinases and that phospA8CL1 supports the
pro-proliferative programme in neuroblastoma cells. However, preventingd&pkndent phosphorylation

of ASCL results in changes in the genomde transcriptional programme of neuroblastoma cells, leading

to suppression of prgroliferative targets and simultaneous activation of genes that drive cell cycle exit and
differentiation. Mechanistically, ASCL1 CkiPf&veals enhanced binding of un(der)phosphorylated ASCL1
at sites associated with prdifferentiation targets. Moreover, PHOX protein binding at key downstream
regulatory elements is also modulated by ASCL1 phosphorylation. Finally, we also shdwrtiaatCDK
inhibition is sufficient to drive differentiation of neuroblastoma cells in a manner dependent on endogenous
ASCL1.

Therefore, we conclude that CRI¢pendent phosphorylation of ASCL1 acts as a critical fulcrum controlling
the balance betweeproliferation and differentiation and thus offers a novel therapeutic opportunity for
neuroblastoma.
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Low Protein Content of Ketogenic Diet is Not Responsible for The Effect or
Neuroblastoma Growth

Sepideh AminzadeBohart, Rene Feichtigert? Silvia Viddli Felix Lockér Tricia Rutherfortl Maura

h Q5 2 ¥ Andda StogeKleibe?, A. Johannes MayWolfgang SpéiiBarbara Koflér

IResearch Program for Receptor Biochemistry and Tumor Metabolism, Department of Pediatrics, Régdizmbus
University, Salzburg, AustriiBepartment of Pediatrics, Paracelsus Medical University, Salzburg, AQbtrizal
Nutrition Vitaflo International, Liverpool, United Kingdom

Neuroblastoma (NB) is a pediatric malignancy characterized by altesatithe OXPHOS system and high
dependency on glucose and glutamine metabolism. The metabolic phenotype of NB provides opportunities
to target NB cells specifically by dietary intervention. Our previous preclinical studies showed that a high
fat, low-carlohydrate/protein, ketogenic diet (KD), enhances the qumiiliferative effect of low dose
chemotherapy in NB xenograft models. In the present study, we investigated whether dietary protein
restriction per se can sensitize NB xenografts to low dose of ctierapy to a similar extend as a KD.

We established NB xenografts with-SM5Y (MY Ghbn- amplified) and SKNBE(2) (M¥@mplified) cell
lines in CEL nu/nu mice. The NBearing mice were treated with low doses of cyclophosphamide in
combination with a sindard diet matching the low protein content of the KD (8% protein) (SDLP) or a
standard diet containing essential amino acids only {8%protein) (SDEA), a KD and standard diet (16%
protein) (SD). The effect of low dose cyclophosphamide in combinaitbrdifferent diets on tumor

growth, survival, body weight and plasma amino acid levels was evaluated.

In contrast to KD, reduction of dietary protein to 8% in SDLP did not affect growth®¥SHand SKNBE(2)
xenografts. Interestingly, SDEA causedyaiicant growth reduction only of SBIY5Y xenografts. All mice
were able to tolerate the modified diets. Surprisingly, plasma amino acid levels of certagssential

amino acids, like glutamine, serine, proline and alanine were elevated in thef8@®&#ce compared to

the SD group.

Our data indicate that a lower protein content in KD is not the reason for NB growth inhibition.
Furthermore, the metabolic stress induced by a diet containing only essential amino acid containing diet but
no protein seemso sensitize MYCNon- amplified to low dose chemotherapy.



76

The Genetic Basis of Favorable Outcome and Fatal Tumor Progression in
Neuroblastoma

Sandra AckermafhnMaria Cartolant Barbara Her) Andrea RoderwieserChristoph BartenhagénCarolina
Rosswoy Falk Hertwity Thorsten Simohn Angelika EggértFrank SpeleméanReinhard Biittnéy Roderick

h Q{ dzf, Rommé&nhl Tiomé&sFrank Berthofl Jo VandesompeéleAlexander SchramirFrank Westermarin
Johannes SchufteMartin Peifet, Mathias Fischér

BSLINLIYSY(d 2F 9ELISNAYSYydlf tSRAFGNRAO hyOz2zft2z23&z ! yABSN
’Department of Translational Genomics, University of Cologne, Cologne, GéDapagtment of Pediatric Oncology

and Hematology, WA @SNBR A (G& / KAf RNBy Qa | 2 atDépartment & Fediatrz OcdogySahd / 2 f
Hematology, CharitéUniversitatsmedizin Berlin, Berlin, Germa@gnter for Medical Genetics, Ghent University, Ghent,
Belgium®Department of Pharmacologyd Chemical Biology, University of Pittsburgh , Pittsburgh, United States,
"Department of Medical Oncology, University of DuisEsegn, Essen, Germdiiyision Neuroblastoma Genomics

(B087), German Cancer Research Center Heidelberg, Heidelberg, Gerepanyment of Pathology, University of

Cologne, Cologne, Germany

Background: Recent genomic and transcriptomic profiling studies of neuroblastomahwal/tight on

cancer gene mutations frequencies, structural genomic rearrangements and copy number alterations in this
tumor type. However, none of these had been able to convert the data into a coherent model that explains
the pathogenesis of the divergesubtypes and can separate those cases in which spontaneous regression
occurs from those whose disease progresses.

Methods: To determine the molecular basis of favorable and adverse disease courses, we performed
massively parallel sequencing of 416 unteshneuroblastomas (wholgenome or wholeexome
sequencing, n=218; targeted sequencing, n=198).

Results: We found that clinical higisk and norhightrisk tumors differed in their mutation numbers, rates,

and signatures. Furthermore, we detected genoalterations of 17 genes related to the RAS and p53
pathways in 74/416 patients. The presence of these mutations was strongly associated with dismal outcome
in the entire cohort, as well as in the higisk and norhighrisk subgroups. We noticed, howevérat the
prognostic effect of RAS/p53 pathway mutations was strictly dependent on the occurrence of telomere
maintenance mechanisms. Survival of patients whose tumors were telomere maintepasitive was
dramatically inferior when additional RAS/p53 jpay mutations were present as compared to those

without such alterations. By contrast, patients whose tumors lacked telomere maintenance mechanisms
had excellent outcome, and spontaneous regression or differentiation occurred both in the presence and
absence of RAS/p53 pathway mutations.

Conclusions: Together, our data suggest a precise mechanistic definition of clinical neuroblastoma
phenotypes that is based on the presence or absence of telomere maintenance and RAS or p53 pathway
mutations and provide starting point for improving diagnostic and therapeutic management of
neuroblastoma patients.
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We recently identified the DNA recombinase, PGBD5, which promotespgtafic genomic rearrangements

in human cells and is active in the majority of pediatric solid tumors including neuroblastoma. Murine and
human cells deficient in nehomologous end joining (NHEJ) DNA repair cannot tolerate the expression of
PGBDS5, suggesting a synthetic lethal relationship. In a chemical screen of DNA damage signaling inhibitors,
we identified the ATR inhibitor, AZD6738, as a specific sensitizeBidRi&pendent DNA damage and
apoptosis. Expression of PGBDS5, but not a mutant deficient in nuclease activity, was sufficient to induce
hypersensitivity to AZD6738 treatment in untransformed human cells. Depletion of endogenous PGBD5
using shRNA conferredsistance to AZD6738 in neuroblastoma cell lines. P&Rp&ssing

neuroblastoma cells accumulated unrepaired DNA damage induced by AZD6738 treatment, and underwent
apoptosis predominantly in G1 phase in the absence of immediate DNA replication stre88382ZD

exhibited nanomolar potency in vitro against the majority of neuroblastoma cell lines tested, while sparing
non-transformed human and mouse embryonic fibroblasts. AZD6738 treatment of mice harboring
subcutaneous xenografts derived from neuroblastoralh lines caused tumor regression and induced
apoptosis and DNA damage in the xenograft tumor cells. Thiguantr effect was (i) potentiated by

combining AZD6738 treatment with cisplatin in mice harboring patitmived neuroblastoma xenografts
derivedfrom two primary highkrisk neuroblastomas, (ii) independent of MYCN status and (iii) correlated

with PGBD5 expression levels. Our findings delineate a therapeutically actionable synthetic dependency
induced by PGBD?5 in neuroblastomas.



78

CDX1 Regulates Neuroblastoma Stemness Through MYC Pathway
Modulation and Reprogramming Gene Activation

Hisanori TakenoBuMiki Ohirad, Ryuichi P. Sugihdoji Chikaraist, Kyosuke MukageNobuhiro Akitj
Masayuki Haruta Akira NakagawataManabuNakayamg Haruhiko KosekiTakehiko Kamijo

IResearch Institute For Saitama Cancer Centemécdi, Kitaadachigun, Japar?Department of Pediatrics, Graduate
School of Medicine, Chiba Universit§;1lInohana, Chuku, Chibashi, JaparDivision oPediatrics, National Hospital
Organization Nagoya Medical Cented,, ISannomaru-6home, Nak&u, Nagoya, JapafSaga Medical Center
KOSEIKAN, 400, Nakabaru, Kase, Japapartment of Human Gene Research, Kazusa DNA Research In&ifute, 2
Kazusekamatari, Kisarazu, Japai,aboratory for Developmental Genetics, RIKEN Center for Integrative Medical
Sciences,-I-22 Suehiraeho, Tsururdku, Yokohama, Japan

Background: Cancer stem cells (CSCs) are regarded as essential for tumor maintenance, remgrence

distant metastasis. However, CSCortushoy AGA I GAy 3 OSftfa 6SNB y2iG ARSYy!
have the capacity for sefenewal and cell differentiation. The regulation mechanism to maintaixCISB
populations in NB tissues are still usa.

Methods: Gene expression profiling of CBXpressing or sphefforming CDX1 knockdown and over

expression were performed by lentiviral system. Cells were subjected to proliferation, nude mice
tumorigenic and sphere formation assays. Chromatin imogpueacipitation (ChlP) was used to determine

direct binding of CDX1 on transcriptional targets. NB cell lines as well as primary NB cells were conducted by
Agilent microarray. Gene set enrichment pathway analysis was conducted with WikiPathway and MSigDB.

Results: We previously reported that stem cell related gene CD133 was expressed in neuroblastoma (NB)
spheres (Takenobu et al., Oncogene, 2010). To identify the responsible transcription factors for CD133
transcription, we analyzed the promoter region lySilico and welab analysis and identified CDX1
expressed specifically in sphei@ming NB cells. CDX1 regulates sphere formation efficiency in NB cells as
well as CD133. In NB sample analysis by expression microarray, CDX1 high expression redated to th
unfavorable prognosis. We conducted microartmsed expression analysis of NBs; Pathway analysis of
microarray data indicated that genes in transcriptional regulation of pluripotent stem cells pathway
(WP2821) such as OCT4 and NANOG, were inducedbGi{dexpressing NB cells and NB spheres.
Intriguingly, cell proliferation related gene set, MYC module (Kim et al., Cell, 2010) was significantly
downregulated. MYC downstream cell cycle regulator genes such as CDK4aMiGMeplication licensing
factors were suppressed in CD¥gpressing or spherforming NB cells. These results indicate that CDX1
plays an important role in NB stemness by suppression of M¥@téd cell cycle progression and makes
CSCs dormant having undifferentiated properties.
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Background: Relapggone, poor prognosis neuroblastoma is frequently characterized by deletion of
OKNRBY2&a2YlFf NBIA2Yy wMLIoc HKSNB {dzy2 NI & gzZpR6eNGIva 2 NJ 3
LI 6ASyGa FLAESR (G2 SELINB&a&d YLCm.i LNRGSAYyD {AyOS
involved in tumor suppression and protein modification, we investigated the potential relationship between
reactive oxygen species (ROSY R YLCwm. i @

aSiK2R&Y h @S NS E LINGpé & apppfoticdcsf-unc@®mmutantsand kRockdown of
YLCm.]I Ay KdzYty ySdzNBoflFadz2yl OStf tAySa gAGK RA
were achieved by transient transfecti@md lentiviral ShRNA transduction respectively. Cells were subjected

to treatment with ROS scavengers/inhibitors or compounds that alter ROS, followed by immunoblot
FylFf@aArazr Ay idaNF OSt f dz | NI a dzHiSshdchemiRiSineschnegsay, RS G SO0 A
proteasome activity assay, flow cytometric analysis of intracellular ROS using DCFDA, and cell death assays
via Annexin V/PI staining, detection of caspase cleavage and colony formation. PC12 cells were used to

assess the role of ROS during NGRavawalA y R dzO S Rmetlidte@ apoptosis.

Results: Here, we showed that wifdé LIS YL Cm. i LINRPGSAY SELINB&aaAiAzy LI:
ROS levels in neuroblastoma cells, unlike apoptotiedé3sdzy OG A2y YL Cwm. | Ydzii F Yy & o
KCwm. i FLRLIW2GA0 R2YFAY QI NARFyGa AYyONBFrasSa Gz2al f
SYyR23Sy2dza YLCwm. | RSONBSIFasSa wh{ I'yYyR hub® LYGSNBa
independent of the proteasomal degradation pathway. ScavengingO 2 NJ wh{ RSONXKI 4Sa
expression and subsequent apoptosis. Moreover, treatment with investigational redox compound Gliotoxin

AYONBlI 284 hubX YLCmM.i LINRGSAY SELNBaaizys | LJ]LI2

Conclusion: Overall, our findidag 4 dz33Sad GKIFG wh{ YR hub Yl & 0SS A
YLCHNSRAIFGSR FLRLIG2aAA&ADP {dzoaSldzSyidfes hub LINRRdAzOS
L2 AAGADS FSSRoOoFO] YSOKFIYAaYd ¢KSNBET2NBNR whi Y LYQRE
mediated apoptosis and its protein expression in heuroblastoma.
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New Synthetic Lethal Genes In M¥&MNplified Neuroblastoma Cells and
Their Potential for New Therapeutic Approaches

Shinichi KiyonatiKenji Kadomatsu
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MYCN gene amplification clearly correlates with poor prognosis in patients with neuroblastoma and some
types of cancer. Basically, transcriptional factors, includiag®\O X I NB { K ddgyKaif $i&2 6 S
targets, and therefore, alternative approaches are required to develop new therapies of -EiviglNied
neuroblastoma. For instance, synthetic lethal (SL) approaches are emerging as a promising strategy for
cancer therapy. Previous studies have reedahat aurora kinases and some cyalgpendent kinases are

SL genes in MY @&hnplified neuroblastoma cells. In order to identify new SL genes, we performed a
genomewide shRNA library screening. The commercial library that consists of over 80,000 shRNA
constructs targeting about 16,000 human genes was used-3RIBells (MYCldmplified) and SEBY5Y cells
(MYCN single copy) were transduced with lentiviruses carrying the shRNA sequences. The relative
abundance of shRNA constructs in each cell line is thantdied by nextgeneration sequencing. ShRNA
sequences with a false discovery rate <0.1 from an exact test analysis in edgeR software were selected. In
addition to already known SL genes (e.g. SMC2, CSNK1E), about 130 genes were identified as new
candidaes. Based on our experimental validations using siRNA and chemical compounds, some mitotic
kinases and enzymes involved in nucleic acid metabolism were proposed to be new SL targets. In
accordance with the previous reports, the importance of mitotic kisasas further confirmed by our

results. Elucidation of the molecular mechanisms underlying the lethality and development of molecularly
targeted drugs will be required. On the contrary, chemotherapeutic agents targeting nucleic acid
metabolism are widely sed in the treatment of various types of cancer; however, their potential use in
patients with MYCMmplified neuroblastoma has not been well examined. Repositioning of existing agents
should be worth considering as a new therapeutic strategy.
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Inhibition of Phosphoglycerate Dehydrogenase Inhibits Neuroblastoma
Growth and Arginine Deiminase Reinforces the Effect by Altering Tumor
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Background: In recent years, tumor metabolism has been received great attenrigpataginase for acute
lymphoblastic leukemia is one of the successkaraples. However, tumor metabolism in neuroblastoma
(NBL) is not fully understood.

Methods: To extract candidate therapeutic targets in NBL, we performed RNA sequencing and DNA
YSGKetlrOGAz2y FtylLfteara Ay on b.[ aelOoBnY[Syad &yl i RR
Since phosphoglycerate dehydrogenase (PHGDH) showed significantly high expression in NBL with worse
prognosis and has been shown to be involved in caapecific metabolism, functional analyses were

further conducted. The effestof SiRNA mediated knock down of PHGDH and its inhibitor;58B&

combined with cisplatin on NBL cell lines were assessed. We also analyzed the effect of arginine depletion
by recombinant arginine deiminase (rADI) to the sensitivity to-H4.

Resuls: In both TARGET cohort and our cohort, high expression with hypermethylation of gene body
regions of PHGDH were observed in all samples with MYCN amplification and around half of samples with
11q deletion. Intriguingly, cases with 11qg deletion showgadificant association with high PHGDH

expression and worse prognosis.

Inhibition of PHGDH on NBL cells with high PHGDH expressieRIA shediated knock down or GB884
exhibited significant suppression of cell growth. It also significantly enhantesatsbf cisplatin.

NBL cells with low PHGDH expression were less affected by knock down of PHGDH884CBR

Administration of rADI reinforced the expression of PHGDH and enhanced the cytotoxic effect5d82BR
on the NBL cells with low expressiohPHGDH.

Discussion: PHGDH is the essential enzyme in serine biosynthesis, and low expression of PHGDH has beer
reported as the key to trigger p5@ediated apoptosis. Thus, high expression of PHGDH would be involved

in the aggressiveness, and thus, itulbe the promising target for higtisk NBL. Serine biosynthesis has

been reported to be reinforced by ADI in several tumors. ADI might induce the addiction to PHGDH and
serine metabolism in the NBL cells with low expression of PHGDH and resolvedstancesagainst CBR

5884. Our results showed that tumor metabolism is a promising therapeutic target in NBL.
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Manufacture of Neuroblastomapecific CAR Cells from Mobilized
Cyropreserved Peripheral Blood Stem Cell Units Depends ondwiteno
Depletion
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Cytotoxic chemotherapy and radiation cender lymphocyte repertoires qualitatively and quantitatively
defective. Thus, heavily treated patients are often poor candidates for the manufacture of autologodls CAR
cell products. In the USA and Europe, children with-higkneuroblastoma underggoheresis early in the
course of their treatment to collect peripheral blood stem cells (PBSCs) for cryopreservation in preparation
for high-dose chemotherapy followed by autologous stem cell rescue. Here, we investigated whether these
cryopreserved chemottrapy and GCSF mobilized PBSCs can be utilized as the starting material for CAR
cell manufacture. We evaluated T cell precursor subsets in cryopreserved PBSC units from 8 patients with
neuroblastoma using FA@3sed analysis. Every cryopreserved unlitected early in treatment contained

both CD4 and CD8 precursors with significant numbers of naive and central memory precursors. Significant
numbers of Ki67+/PDCD1+ T cells were also detected that presumably resulted from lymphopenia and
subsequent homedatic proliferation induced by early chemotherapy. Cryopreserved PBSC units containing
at least 56112x106 T cells were amenable to immunomagnetic selection, CD3x28 bead activation, lentiviral
transduction and cytokinglriven expansion, provided that CDdvnocytes were depleted prior to the

initiation of cultures. CD1#CAR+ CD8 effector cells derived from cryopreserved units displayed anti
neuroblastoma lytic potency and cytokine secretion comparable to those derived from healthy donors.
These CD1Hargeting CART cells also mediated the regression of xenograft tumors grown intracranially
from the human S#N-DZ neuroblastoma cell line in NSG mice. Cryopreserved PBSCs procured during
standard early neuroblastoma treatment can serve as an alternativeragastiurce for CAR cell

manufacturing, extending the options for heavily treated patients with relapsed neuroblastoma.
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A HighThroughput Drug Screen Identifies Compounds Selectively
Targeting Neuroblastoma
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Translational Cancer Research, Lund University, Lund, Stestéate for Molecular Medicine Finland, University of
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We have previously established nebtastoma orthotopic patientlerived xenografts (PDXs) from higsk
patient tumors. The PDXs retain the histological hallmarks and genomic aberrations of their original patient
tumors and they have the ability to metastasize to distant organs (Braekesteddit 2015 & 2016). Further,

we have showed that PBdérived cells can be grown under serdiree conditions, where they maintain
tumorigenic and metastatic capacities, and more accurately represent the disease as compared to
conventional cell lines (Pexsn et al, 2017). Here, we use the RPi¥Xived cells in a higthroughput drug

screen to identify novel compounds targeting aggressive neuroblastoma.

The FIMM set of clinically approved and emerging investigational oncology compounds was used. PDX cells
were seeded in 384vell plates preplated with drugs in 5 concentrations in-idld dilutions. PDX cells from

three highrisk MYCN amplified patient tumors were tested at both 21 and 5% O2. After 72 hours, cell
viability was measured using the CellTi@&bluminescent assay. For analysis, each plate was normalized to
negative and positive controls and desesponse curves were calculated for each compound. The curve

was subsequently used to determine a drug sensitivity score (DSS), defined as the ard¢heiddse

response curve compared to the total graph area, above a 10% threshold.

The screen identified drugs with potent effect in all three PDX models, under both high and low oxygen
tensions. Neuroblastonmaelective compounds were identified by compayithe DSS of each drug to the
results from a counter screen with normal bone marrderived cells. Among the selectively active
compounds, we found conventional chemotherapies, apoptotic modulators, metabolic modifiers and
various kinase inhibitors. Marof these compounds are already tested in neuroblastoma while several
others are not previously investigated and may thus serve as novel therapeutic strategies.
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The Mesenchymal Differentiation State of Neuroblastoma: Consequences
for Norepinephrine Transporter Expression and MIBG Uptake

Thomas Blom Jalenka van WfjkMichelle Mullet, Robin van AmersfodrtRené Leeh Rutger Meinsnia
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Background: Metaodobenzylguanidine (MIBG) is used as imaging agent and targeted radiotherapeutic in
neuroblastoma. Approximately 10% of neuroblastomas are-awvd at diagnosis, meaning that these

tumors do na accumulate or retain MIBG, leading to falsegative imaging interpretations. The
Norepinephrine Transporter (NET) is involved in the uptake and retention of MIBG in neuroblastoma cells.
However, the biological mechanism underlying MIBG avid anebn@tumors remains as yet unkown.
Recently, the existence of two types of neuroblastoma cells with highly diverging gene expression profiles
was demonstrated. In addition to classic neuroblastoma cells with an adrenergic lineage identity,
undifferentiated mesnchymal cells exist, leading to intratumoral heterogeneity. These mesenchymal cells
are enriched in postherapy and relapsed tumors. The aim of our study was to investigate whether these
mesenchymal neuroblastoma cells show differences in NET expresglaonsequently in MIBG uptake.

Methods: Using Redime quantitative PCR, 13 human neuroblastoma cell lined\(BE(2)C, SK-SH, LAN

6, GIMEN, NGP, N206, IMR32, SINRIN), including two isogenic cell line pairs {S¥6Y/SHEP2, and
691-B/691-T) were analyzed for NET mRNA expression. NET protein expression was determined in human
neuroblastoma cell lines using Western Blotting. Two transgenic adrenergic cell lines were generated
containing an inducible regulator of mesenchymal transformatioANE€(2)C with inducible PRRX1, and
SHSYS5Y with inducible NOTCHS3. In a time series, NET mRNA expression was measured using RT gPCR al
induction of mesenchymal transformation.

Results: NET mRNA expression in mesenchymal cell line$,(6HEP2, GIMENgither very low or
undetectable in comparison with the classic adrenergic cell lines. The mesenchymal cell lines showed no
protein expression in our Western Blot analysis. Inducible expression of PRRX1 and NOTCH3 in the
adrenergic cell lines SKBE(2)Crd SHSY5Y, respectively, resulted in a motile and mesenchymal
phenotype, accompanied by a dramatic decrease in NET mRNA expression over time.

Conclusion: The mesenchymal differentiation state of neuroblastoma seems to be accompanied by the
absence of NEd@xpression. [128odine}abeled MIBG internalization studies and immunohistochemistry on
patient tumor material to further elucidate the relation between the mesenchymal differentiation state and
NET expression and MIBG avidity are in progress.
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To Excrete or Not to Excreté Catecholamine Phenotypic Duality in
Neuroblastoma
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Introduction: Urinary catecholamines can be used to diagnose patients with neuroblastoma. However, even
when a panel of 8 catecholamine metabolites is used (Verly et al. Eur J Cancer 2017), 5% of the patients
haveno elevated catecholamines at diagnosis (catecholamine negative). Recently, two cell types, the
adrenergic (ADRN) and mesenchymal (MES), were identified in neuroblastoma. Each type with its unique se
of superenhancers associated transcription factorsg)T$uch as TFAP2B and PRRX1, respectively. This cell
type duality might affect catecholamine excretion. In this study we investigated the biology of

catecholamine excretion in vitro and in vivo.

Material and Methods: Catecholamine metabolites were meadun culture medium of 26 neuroblastoma

cell lines. The presence of the catecholamine enzymes in neuroblastoma cell lines and primary tumors was
examined with qRPCR, western blot and immunohistochemistry (IHC), respectively. Finally, catecholamine
excrdion in 3 matched ADRMNd MES neuroblastoma cell lines was examined. Furthermore,
catecholamine excretion was tested after overexpressing PRRX1 and TFAP2B.

Results: Catecholamine metabolites were detected in the medium of 8/26 of the tested cellimels,was
related to the presence of the enzyme tyrosine hydroxylase (TH). TH protein was present in all the excreting
and absent in all the neaxcreting cell lines. IHC staining for TH in primary tumors showed an identical
pattern with all catecholamingositive patients being TH positive (n = 70), whereas all catecholamine
negative patients were TH negative (n = 3). Finally, catecholamine excretion was observed in all ADRN cell
lines (3/3), but absent in all MES cell lines (0/3). Overexpression of RRRXAd mesenchymal transition

and stopped catecholamine excretion. TFAP2B overexpression restored catecholamine excretion in ADRN
non-excreting cell line, but not in a MES cell line.

Conclusion: In patients with neuroblastoma, catecholamine excresiaietermined by the presence of TH

protein in the tumor. Only ADRN cells can excrete catecholamines, which seems to depend on TFAP2B
expression. MES cells do not excrete catecholamines, probably due to downregulation of ADRN TFs such ac
TFAP2B as well aatecholamine enzymes. Acknowledgements: this study was supported by a grant from

the Villa Joep Foundation and SKOCA.
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Results of A Prospective Clinical Trial-IN Using IDRBased Surgical
Decision for Children with LeRisk Neuroblstoma Disease in Japan
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Background: In our previous studies on {dgk neuroblastoma (#9405 and #9805), 9.1% to 16.7% of
patients had surgical complicatis. It is desirable to reduce the incidence of surgical complications while
maintaining a good prognosis.

Purpose: We aim to reduce the incidence of treatment complications and improve the outcomesrigidow
neuroblastoma patients.

Patients and Methos: We conducted the 3N10 clinical trial from 2010 to 2013, with the aim of reducing
the incidence of surgical complications in loisk neuroblastoma patients. The eligible patients had-fsk
neuroblastoma without MYCN amplification; these patientduded children (<18 years of age) who had
INSS stage 1 or 2 disease, children (<365 days of age) who had stage 3 tumors, and infants who had stage
disease with hyperdiploidy or a favorable histology. Patients underwent tumor resection based on the
Image Defined Risk Factors (IDRF) determination. In-tiBB&tive cases, treatment was completed with
surgical resection alone. In IDR®&sitive cases, the timing of surgery was determined based on IDRF and
low-dose chemotherapy consisting of which regimeryifcristine/cyclophosphamide), regimen B
(vincristine/cyclophosphamide/pirarubicin) or regimen C (vincristine/cyclophosphamide/carboplatin) was
administered. The endpoints were overall survival, progresBiem survival, adverse events and surgical
compications.

Results: A total of 58 eligible patients were eligible in this trial. The median age was 0.5 yearsqtdnge 0
years). Thirtytwo patients were identified as IDRIegative at the onset of disease and underwent primary
surgical resection, 26 pants who were identified as IDR¥gsitive and underwent induction

chemotherapy. The-$ear overall and progressioiffiree survival rates of the 58 patients were 100%, and

82.8% (95%CI: 70.3), respectively. Neutropenia was the most frequently repogeatle 3 or 4
chemotherapyrelated toxicity (41.7%). With regard to surgical complications, 2.5% of all patients developed
pleural effusion and ascites as early complications after surgery, while only 2.5% developed renal atrophy as
a longterm complicationof surgery. There were no fatal toxicities.

Conclusion: Our treatment strategy using IEBfaBed surgical decisiemaking for the lowrisk
neuroblastoma achieved a good prognosis and reduced the incidence etelongomplications.
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Prognostic and Therapeutic Implications of TERT Activation in
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Background: TER€arrangements have been recently discovered in fiigk neuroblastoma. Both TERT
rearrangements and MY Giinplification lead to massive telomerase activation. We thamefavestigated
the potential prognostic and therapeutic relevance of telomerase activation in neuroblastoma.

Methods: The genomic status of the TERT locus was assessed in 454 primary neuroblastomasapatireak
FISH analysis. Alternative lengtheningeddmeres (ALT) was examined by detection of-A¢Sociated PML
bodies in 264/454 tumor samples, and TERT expression was analyzed in 214/264 samples by microarrays.
Viable cell count upon treatment with the telomerasgeracting compounds BIBES32, costinolide or 6

thio- H -@eoxyguanosine was assessed in neuroblastoma cell lines in vitro, and tumor growth was examined
in neuroblastoma xenografts treated withtbio-H -@eoxyguanosine.

Results: We detected TERSarrangements in 47/454 cases (10.4%hkigk, n=42, nothighrisk, n=5) and

ALT activation in 47/264 cases (17.8%; gk, n=32, nofhigh-risk, n=15). MY CGlimplification was found

in 91/454 cases (20.0%) All three alterations were associated with unfavorable prognostic markers but
occurredin nearly mutually exclusive fashion. Additionally, we identified a small subgroup of tumors (9/214;
noew:>20 YFEAYyf&@ RSNAGSR FNRY LI GASydGa xmy Y2yOGKa gaA
without harboring a TEREarrangement or MYCGlmplification. Patients whose tumors were positive for
telomerase activation (i.e., TERJarrangement, MY Cldmplification or elevated TERT expression) had
significantly worse overall survival than patients positive for ALT activation or patients whose tankes
telomere maintenance (OS at 5 years, 0.491+0.068 vs. 0.750+£0.083 vs. 1.0, p=0.027 and p<0.001,
respectively). In multivariable analyses, telomerase activation predicted both EFS and OS independently of
established clinical variables (p<0.001 eabhyitro analysis showed that treatment of neuroblastoma cell
lines bearing TEREarrangements or MY Gamplification with 6 thieH -@eoxyguanosine, costunolide or
BIBR1532 inhibited cell growth at significantly lower concentrations than in cell lindsAlT activation
(p<0.001, p=0.016, p=0.004, respectively). In addition, treatment withidtH -@eoxyguanosine impaired

tumor growth of neuroblastoma xenografts bearing TE&rrangements or MY Gaimplification resulting

in significantly improved overiadurvival compared to vehicleeated controls.

Conclusion: We here demonstrate that telomerase activation defines a clinical neuroblastoma subgroup of
poor outcome, and that telomerase may represent a promising therapeutic target in these patients.
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Aim: From 2013 the HRNBL1.5/SIOPEN trial tested the hypothesis that-M&KISC induction (Kushner, J
Clin Oncol.2004;22(24):48&2) would inprove the metastatic complete response (MCR) or event free
survival (EFS) rate as compared to Rapid COJEC (Ladenstein, J Clin Oncol.201240;3516

Methods: Eligible patients all had stage 4(4s) wigh neuroblastoma with MYCN amplification (MNA) any
age <21 years or without MNA in age groupl®months with proven segmental chromosomal alterations
and >18 months with any genomic profile. Randomisation was stratified according to national group and
metastatic sites. Further treatments included adaiitiof 2 TVD if <mCR, attempted gross resection of
primary tumour, BuMel/SCT, 21Gy radiotherapy to the primary site and ch14.18/CHO antibody + IL2 in
addition to 13cisRA. Two primary endpoints were investigated: improving EFS by 12.5 % wWwitBRGC
(2-years EFS: 52.5%) and the mCR rate to 45% (33% for Rapid COJEC).

Results: 630 patients were randomised (313 Rapid COJEC/317 N5; 56% male; 99% stage 4; medipn follow
1.7years). The median age was 3.2years20.2), only 16 were infants (3%) and 56 (®%jveen 12

18mo. No primary endpoint differences were observed:2yS was 53% *4 for Rapid COJEC vs 51%z4 for
N5-MSKCC and the mCR rate after induction was 33% for COJEC and 374 $&tQ& There was no

difference in secondary endpoints: Overall Suakivas 72%z=3 for Rapid COJEC vs 69%+3 fdiSKEC,
non-relapse mortality (2NRM) was 8%z=2 with Rapid COJEC vs 612 WAIYECC and the cumulative
incidence of relapse/progression (BIR) was 39%z+3 for Rapid COJEC and 43%+4KBIKGC. A

comparison 6CTC Grade 3&4 toxicities showed the following significant differences favouring Rapid COJEC
over N5SMSKCC: nehaematological 47% vs. 68% (p=0.000), general condition 12% vs 19% (p=0.055); WBC
94% vs 98% (p=0.020); platelets 91% vs96% (p=0.031)jant&t¥% vs35% (p=0.005); stomatitis 3% vs 26%
(p=0.000); nausea/vomiting 7% vs 16% (p=0.001); diarrhoea 3% vs 7% (p=0.033); hypertension 10% vs 6%
(p=0.050); central neurotoxicity 0% vs 1% (p=0.049).

Conclusion: No differences in primary or secondary autes were identified between the two arms. Rapid
COJEC is the preferred SIOPEN standard induction due to significantly higher toxicities observed with N5
MSKCC.
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Maximal therapeutic benefit from thaeuroblastomatargeting radiopharmaceutical 13MIBG may be
obtained by its combination with chemotherapy. Aberrant mitochondrial metabolism is a common trait
among cancers. The synthetic glucose analogdedkyglucose (DG) and the antiliabetic drug

metformin both target mitochondrial metabolism following inhibition of glycolysis and the electron
transport chain, respectively. Both2G and metformin have shown potential as radiod
chemosensitisers. Our purpose was to investigate the potentiall@G2and metformin to enhance the
efficacy of experimental therapy of neuroblastoma.

Clonogenic assay was used to determine the cytotoxicityldG2and metformin on SK-BE(2c)
neuroblastoma cells and UVW glioma cells transfected with the noradrenalingpivaier, NAT (UVW/NAT
cells). NAT facilitates the intracellular transport of the noradrenaline analogueMIBIG. Flow cytometry
was used to determine the effect 0fl2G and metformin on cell cycle redistribution.

2-DG acted as a radiosensitiser whemanistered at 10 mM. This was exemplified by the significant

reduction in radiation dose required to sterilise 50% oNBBE(2c) clonogens (from 2.23 Gy to 1.32 Gy;

p<0.01) or UVW/NAT clonogens (from 2.66 Gy to 1.69 Gy; p<0.01). Metformin failed seraitice SH-
.90HO0O0 2NJ ! +2kb! ¢ OStfa 6KSY IRYAYAAGSNBR i Oz2y
consisting of metformin, G and Arradiation enhanced the cell kill achieved by either single agent

modality administered alone to UVW/NATIlse Furthermore, we observed that irradiating cells 6 h prior to
treatment with 2DG and metformin was the most effective treatment regimen. This schedule produced the
greatest G2/M cell cycle arrest and also killed the greatest number of UVYW/NAT clenogen

The glycolytic inhibitor-DG sensitised neuroblastoma and glioma cells to external beam ionising radiation.
Moreover, the efficacy of-©G was further enhanced by its combination with the -aliibetic drug,

metformin. We hypothesise that the mecham of 2DG radiosensitisation entails the onset of apoptosis
following the prolonged accumulation of cells in G2/M of the cell cycle. Disruption of cancer cell metabolism
using glycolytic inhibitors is expected to improve the treatment of neuroblastonmg is31iMIBG targeted
radiotherapy.
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Success of the HRBL1/SIOPEN Trial Local Control Strategy inRigh
Neuroblastoma Patients Receiving HIgbse Therapy and Stem Cell
Transplantation
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Aim: Investigation of the local relapse rate (LRR) and outcomes imisiigheuroblastoma.

Methods:HRNBL1/SIOPEN treatments included Rapid COJECMEKEC induction, plus two TVD courses

if unsatisfactory metastatic response, attempted primary tumour gross resection, HDT/SCT (BuMel or CEM)
and 21Gy radiotherapy to the primary site followed bycl8RA with addition of ch14.18/CHO antibody

after 2009. Analysis included patients starting treatment prior to 2016, with HDT/SCT, alive without event
30 days after SCT and information on radiotherapy. The cumulative incidence of local relapse/progression
(CLR/P) either isolated or combined with other sites was calculated considering competing risks from other
causes including isolated distant relapse/progression (R/P), R/P at unknown sites, death or secondary
malignancy without prior R/P.

Results: Raditierapy data was available in 1210/1297 (93%) of eligible patients (median4atiow

4.9years): 807/888 (91%) were in local CR (LCR) and 290/334 (90%) had <LCR. For LCR patients the isolat
CILR (29/807) was 0.03+£0.01 whilst the combined (local and digtéRtwas (77/807) 0.13+0.01 at 5 years.

LCR patients without radiotherapy had an isolated CILR (6/81) of 0.08+0.03 whilst the combined CIR (10/81)
was 0.22+0.05. Patients with <LCR receiving radiotherapy had an isolated CILR (17/290) of 0.06+0.02 whilst
the combined CIR (39/290) was 0.21+0.03. In patients without radiotherapy and <LCR, the isolated CILR/P
(3/32) was 0.09£0.05 whilst the combined CIR/P was (9/32) 0.38+0.09-yidar Bventfree survival (5w

EFS) was 0.55+0.02 in LCR patient receivingthadapy but was only 0.38+0.06 for those without. The-5yr

EFS was 0.47+0.03 for <LCR patients receiving radiotherapy but was only 0.10£0.06 for those without.
Decision not to irradiate, was primarily related to large radiotherapy fields based eoperetive volumes

and/or very young age, in 112 patients. In stage4>1.5yrs {ieEF-S pr2009 was 0.36+0.03 in LCR and
2620.05 in <LCR patients but p@§t09 was 0.46+0.03 in LCR and 0.36+0.02 in <LCR.

Conclusion: Local radiotherapy with 21Gy is an impart@mponent lowering the local relapse rate in LCR
and <LCR patients compared with European historical data of a 40% LRR. Further research to optimise the



use of radiotherapy is needed. Most importantly both, local radiotherapy and immunotherapy coetibut
to improved outcomes.
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Cotreatment with MYCN Inhibitors Can Partially Overcome the Negative
Influence of High.evel MYCN on CDZdirected CAR Cell Therapy In
Vitro
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Current treatment protocols have only limited success in patients with neuroblastomas hagbori
amplifications of the central oncogenic driver, MYCN. The success achieved by immunotherapies against
lymphomas and leukemias have not yet been reached for solid tumors, but immunotherapy has great
potential to improve cure rates in higlisk patientsWe aimed to investigate the influence of MYCN
amplification on tumor cell response to neuroblastosecific CAH cell therapy. As a starting point, we
used the neuroblastoma cell line, 8KAS, with the normal diploid MYCN complement (MYCMNarap) and
overexpressed MYCN (MYCNamp) in these cells using a tetradpdirogble system. Neuroblastoma cells
with the different MYCN backgrounds were-@atured with seconejeneration CD1*argeting CAR cells
harboring either CD28 or-#BB as a costimulatoryochain. CD174CART cell function was assessed in

assays for activation/inhibitory receptor expression, cytokine release and cytotoxicity. To investigate
whether indirect MYCN inhibition could enhance the efficacy of-TA&I therapy, we ctreated our ce

culture model with the AURKA inhibitor, MLN8237, or the bromodomain inhibitor, TENOXQItGe with
MYCNamp SK-AS cells reduced expression of activation markers (CD25 by 38% and CD137 by 28%
compared to parental cell eoulture) on CD17CART cellsExpression of the inhibitory Tim3 receptor was
increased by almost twdpld on CD174CART cells in ceeulture with MYCNamp SK-AS cells in

comparison to the parental cell line. CDICART cells released upto 2 f R f Sa R duriglee | Y R
culture with the MYCNamp SKAS cells and demonstrated 33% less killing potential against the MYCNamp
SKN-AS cells (in comparison to the parental cell line). All effects were observed for-CBRI1cells

harboring the CD28, but not4BB, costimulatory domiai Cotreatment with targeted MYCN inhibitors
increased CD17#CART celldirected neuroblastoma cell killing by up to 40%, regardless of MYCN
background. MLN8237 yielded a superior synergistic response with &DNR cells to TENO010. Hidgwvel
MYCN exmssion in neuroblastoma cells negatively influences Cllirétted CAR cell therapy in vitro.

This negative influence can be partially overcome by combination of immunotherapy with inhibitors of
MYCN function, with AURKA inhibition achieving a stronffjectehan bromodomain inhibition.
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The p53 Activator PRIMBMET Induces Apoptotic Cell Death in
Neuroblastoma and Synergizes with Etoposide and Cisplatin
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Introduction: Neuroblastomg@NB) is the most common extracranial solid tumor in infants and children with
low survival for highriisk patients despite dosmtensive multimodal therapy. In contrast to other cancers,
NB has low frequency of TP53 mutations and its downstream pathwesyaly intact. In this study, we
assessed the efficacy of the p53 activator, PRINKET (PLM) in inducing NB cell death and investigated
possible synergies with currently used chemotherapeutics.

Methods: LD50 was used to study susceptibility sapelcificity of eight NB cell lines (3 with TP53 mutation)

to P-1M and to test for synergistic effects with cisplatin and etoposide.-R@al PCR and inell western

blot were used to assess gene and protein expression of the most common p53 transattiaagits. Flow
cytometry was used to analyze cell cycle phase and induction of apoptosis, reactive oxygen species, collaps
of mitochondrial membrane potential, and autophagy.

Results: NB cell lines are at least 4 times more susceptible than primdigetb PIM. R1M induces cell

death rapidly and in all phases of the cell cycle, independent of the p53/ATM axis. Noxa is consistently
upregulated in the seven susceptible NB cell lines and its induction correlates well with LD50. Whole exome
sequencig of the resistant BEC cell line identified the homozygous TP53 mutation C135F. This mutation
could be important in the development of resistancel® significantly impacts the intracellular

concentration of glutathione and synergizes with the glutatigénhibitor BSO. The effect oflM is not

altered by thioredoxin inhibition, and in most case$M does not induce oxidative stress. In addition, we
observed clinically important synergy ofl® with cisplatin and etoposide, as well as induction of

autophagy and collapse of mitochondrial membrane potential.

Conclusions: M could be a promising new agent used to treat NB tumors. It has good antitumor action

and synergizes well with the currenthged chemotherapeutics cisplatin and etoposide by helfng
2PSNO2YS NBaAadlyOSe Ly FTRRAGAZ2Y T AdGQa Frad | OGA
augmentation of its efficacy after glutathione depletion, and its inhibition of thioredoxin reductase could
present additional opportunitiesof P1M utility.
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N-Myc Interactome Assay ldentified KAT2A As A Novel Druggable Target
In HighRisk Neuroblastoma
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N-Myc, a transcription factor encoded by MYCN gene is a nheuroblastoma oncogenic driver, however,
pharmacological strategies that directly suppresMit activity in cancer remain limited. To identify
druggable NMyc protein partners that are esseatifor NMyc transcriptional and oncogenic activity, we
performed ceimmunoprecipitation and masspectrometry assays. By using two different axvlyc

antibodies to pull down MMyc in IMR32 cells, we identified >300 common novéliy¢ partners. DAVID
andysis revealed Myc partners are significantly enriched in transcription regulation, DNA repair, DNA
replication, spliceosome and chromatin remodeling, such as the components of the STAGA, SWI/SNF and
NuRD complex. STAGA (SPABII3IGCNSL acetylase)dshromatinacetylating transcriptional

coactivator and recent studies show that KAT2A (GCN5L) acetylates and stabilizes a number of proteins.
Thus, KAT2A could potentially modulate botiVic stability and NMyc mediated chromatin modification.
Cotransfection of KAT2A and MYCN constructs in 293T cells, resulted in incredégdddetylation and

protein halflife. Na @ 0Qa AYONBIF aSR adloAfAdGe A& LRAISYGAlLffe
degradation since decreased HERC2 and FBXW?7 (ubiquitin digésies) binding was found in acetylated

vs nonacetylated NMyc colP products. Genetic knockdown of KAT2A in neuroblastoma cells led to a 2.5
fold decrease of Nyc protein levels. Pharmaceutical inhibition of KAT2A using KAT2A inhibitors (MB3 and
CTPHpRalso led to a decrease inMyc protein (2~Zold). Moreover, pharmacologic and genetic KAT2A
inhibition reduced expression of-Myc target genes and cell viability. We further treated nine
neuroblastoma cell lines differing in MYCN dviyc status withMB3. Western blots show inhibition of

KAT2A destabilizesMyc or eéMyc. Growth rate inhibition (GR) assay showed thaiiy«/c-Myc high
neuroblastoma cells are more sensitive to the pharmaceutical inhibition of KAT2A thieAstMyc low

cell lines and immrtalized normal cell line (~®ld lower GR50, p<0.05). The inhibition of KAT2A led to
elevated cleavage of caspase3 and PARP IMiydic-Myc-high cell lines, indicating that inhibition of KAT2A
preferentially induces apoptosis infMyc or éMyc-high cellines. Taken together, this is the first study to
show that the inhibition of KAT2A destabilize$/Mc or eMyc proteins, making KAT2A a promising
therapeutic target in highiisk neuroblastoma as well as other Mgven cancers.
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Combined Immunotherapy with ARRDLE1/PD-1 and AntiCD4 Antibodies
Cures Syngeneic Disseminated Neuroblastoma
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Background: AmiPD1 or anttPDL1 blocking monoclonal antibodies (mAbs) havevan potent antitumor

effects in adult cancer patients and clinical studies have recently been started in pediatric cancers, including
high-risk/relapsing Neuroblastoma (NB)-2L, an immune enhancing cytokine produced by T helper cells,
showed promisingesults in preclinical and clinical cancer immunotherapy. We previously observed that

the administration of antiCD4 celtlepleting antibody strongly enhanced the ahiimor effects of

recombinant (r)Il2limmunotherapy in a syngeneic model of dissemidatB. The removal of prexisting

and NBinduced CD4+CD25high Treg cells by the@bd mAb synergized with 2L in the induction of

anti-NB CD8+ T cell responses.

Methods: We studied the effects of arRiD1/PDL1 mAbs in two syngeneic models of disseated NB

generated by the injection of either Neuro2a or NXS2 cells in A/J mice. Both murine NB cell lines express PL
L1. In addition, we tested the combination of these agents with the imramte@ncing cytokine 21, the
EctoNTPDase inhibitor PO, ananti-CD25 mAb targeting Treg cells, or an-&iii4 mADb.

Results: Here we show that motieerapy with anttPD1/PD-L1 mAbs had no effect on systemic NB
progression in vivo, and also their combination witi21l, POM1 or antitCD25 mAb was ineffective.dh
combined use of anfPD1 with an antiCD4 mAb mediated a very potent, G@spendent, synergistic effect
leading to significant elongation of tumdéree survival of mice, complete tumor regression and durable
anti-NB immunity. Similar results were obtathby combining antPDL1 and antiCD4 mAbs.

Conclusion: These findings indicate that bothPBD-L1 and CD4+ T cedlated immuneregulatory
mechanisms must be simultaneously blocked to mediate therapeutic effects in these models.

Supported by Fonddone Italiana per la Lotta al Neuroblastoma



97

NKT Cells Control Tumor Associated Macrophages and Metastatic Growth
in Neuroblastoma
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+ h Hinvariant NKT cells (NKTs) control tumor growth via poorly understood interactions withpoBifide
tumor-associated macrophages (TAMs). TAMs comprisealld M2like subsets, but only CD163high M2

like TAMSs are associated with poor outcome in ndlastoma (NB) patients. Here, we demonstrate that

NKTs selectively target Mike TAMs via contaatependent and independent mechanisms. Upon direct
contact with antigerpulsed M1 or M2, NKTs selectively kill the latter. Additionally, we found that antigen
activated NKTs could reprogram M2 into functional-Nk& macrophages via GESF production.

Furthermore, adoptive transfer of human NKTs resulted inlikH polarization of TAMs in metastatic NB
xenografts in humanized NSG mice. To further explore tleeabNKTTAM axis in tumor immune

surveillance, we examined the effect of NKT deficiency on tumor progression and TAM accumulation in NB
¢F3 GNIyaaSyaAo Y2RSt 27T b/-NBTag) brQISCOMNB Tah)WHRTs Sakl i K S NJ
shortened surwial compared with NBag mice (P < 0.0002). At four month of age we observed an increase
of CD11b+Ly6Gy6CF4/80+ TAMs in primary tumors of NKT deficient groups compared wihagBnice.
Despite no difference in the size of primary adrenal tumors betwgrenps, the increase of TAM frequency
coincided with metastatic spread in NKT deficient groups as detected by CT imaging and confirmed by
pathological analysis. By five months, nearly all mice in NKT deficient groups had distant metastases in liver
and Iuings but none of the NKT replete mice had detectable distant metastases. Thus, our results reveal a
novel mechanism of immune regulation, in which NKTs selectively contrik®1ZAMs and suppress

tumor metastasis.
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MGMT Inhibitor O8enzylguanine Enhanced Temozolomide + Irinotecan
Activity Against In Vitro And In Vivo Models of Progressive Disease High
Risk Neuroblastoma
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Introduction: Patients with highisk neuroblastoma (NB) treated with DMlAmaging chemotherapy often
relapse with treatmentrefractory disease. Temozolomide (TMZ; BiNéthylating agent) and irinotecan
(IRN; topoisomerase | inhibitor) aneell-tolerated and have clinical activity in relapse/refractory NB. We
hypothesized that DNA repair genes with increased expression in alkygsistant NB models would
provide potential therapeutic targets for enhancing chemotherapy.

Methods: TagMan Lw Density Arrays (TLDA) were used to screen mRNA expression of 62 DNA repair genes
in 9 alkylatofresistant and 4 alkylatesensitive cell lines. Differential gene expression was validated in an
expanded NB cell line panel (n=26) by 4FR. Gene overexms&on was by lentiviral transduction of pLenti
plasmid constructs. In vitro cytotoxicity was assayed using a digital imaging microscopy system (DIMSCAN).
DNA doublestrand breaks, apoptosis, and DNA fragmentation were assessed using ghstpe H2AX,

cleaved caspas8, and TUNEL, respectively. In vitro testing used the SN38 active metabolite of IRN.
Subcutaneous patierderived xenografts (PDXs) in nu/nu mice were treated with TMZ, IRRG+/

benzylguanine (O6BG).

Results: Relative to dregensitive B cell lines, alkylateresistant NB cell lines showed increased mRNA
expression of O#nethylguanineDNA methyltransferase (MGMT), glutamatgsteine ligase modifier
subunit (GCLM), proliferating cell nuclear antigen (PCNA), and-singihelselective moofunctional uracH
DNA glycosylase 1 (SMUG1) (p<0.05) by TLDA screen. MGMT, GCLM, and SMUG1 were expressed
significantly higher in alkylatenesistant compared to alkylatesensitive models (n=26, p<0.05) by ¢RIR.
MGMT was selected for further focus dtteexistence of a clinicatage inhibitor and relevance to
TMZ+IRN. MGMT expression positively correlated with in vitro TMZ+SN38 IC50 (n=14, p<0.05).
Overexpression of MGMT in n@xpressing progressive disease NB cell lines significantly decreased
TMZ+8I38 cytotoxicity (p<0.05). In MGMKkpressing cell lines O6BG enhanced TMZ+SN38 cytotoxicity,
H2AX phosphorylation, caspa3eleavage, and apoptosis by TUNEL. TMZ+IRN+O6BG increased median
eventfree survival (p<0.05) relative to TMZ+IRN in 2 of 5 M@§bfessing progressive disease PDX
models.

Conclusions: High MGMT expression is associated with in vitro drug resistance. The MGMT inhibitor O6BG
synergistically enhanced the activity of TMZ+IRN in a subset of M@M&ssing NB models both in vitro

and invivo at clinically achievable drug concentrations. Further studies evaluating MGMT as a therapeutic
target in recurrent higkrisk neuroblastoma are warranted.
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CNS Relapses of Hiffisk Neuroblastoma: Analysis of Risk Factors and
Clinicd Outcomes
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Background: CNS relapses in patients with ‘g neuroblastoma are an extremely unfavorable clinical
event. The aim of the study was to analyze the frequency of occurrence andctbesfpredisposing to the
development of the CNS involvement in patients with high neuroblastoma at the time of the first
relapse.

Materials and Methods: Patients with higlsk neuroblastoma who received treatment for the period
01.2012- 12.2015 vere included in the analysis. Patients were stratified to risk groups and treated
according to German NB2004 protocol. Hagse preparative regimens included
melphalan/etoposid/carboplatin (MEC) (till June 2013) and treosulfan/melphalan (TreoMel) (siyice J
2013).

Results: 111 patients were analyzed. 58/111 (52.3%) had progression/relapse, CNS involvement was
observed in 10/58 (17.2%). Isolated CNS involvement was noted in 7/10 (70%). Median age at the time of
the neuroblastoma diagnosis in patients WIENS involvement was 27.3 months (range4B&). Male:

female ratio was 1.5:1. The primary tumor located in the abdomen in 9/10 cases, unknown primary in 1/10.
All 10 patients had stage 4 disease. MYCN amplification was detected in 8/10 (80%). Meeliarti

diagnosis till progression/relapse was 15.2 months (range6.9). Comparison between two groups of
relapsed patients (CNS involvement/ lack of CNS involvement) by sex, age, site of the primary tumor, MYCN
gene status, skull metastases, bone noarinvolvement at the onset of the disease, the number of
metastatic compartments, response to induction therapy before ad®CT, type of preparative regimen

(CEM vs Treo/Mel) showed no statistically significant differengea? overall survival aftehe

development of CN&elapse in the study group was 13.1 + 12.1%.

Conclusions: CNS involvement at the time of relapse is a frequent event iridkigteuroblastoma. The
introduction of CNS MRI into the standard wan at the time of relapse/progressiaosill allow timely
detection of metastases to optimize the therapeutic strategy.
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Treatment of HigkRisk Neuroblastoma: Experience of Russian Federal
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Aim: The aim of the study was to analyze the results of therapy ofriggmeuroblastoma in three federal
centers in Russia.

Methods: 27Qpatients with NB were treated for the period 01.2008.2015 (42 months). Patients were
stratified and treated according to the German NB2004 protocol. 94 (34,8%) patients were stratified for the
hightrisk group. Higttlose preparative regimens included baplatin/etoposide/melphalan (CEM) (till June
2013) and treosulfan/melphalan (TreoMel) (since July 2013). Since July 2014 patients with clear MIBG
positive residual primary tumor and/or metastases prior to hematopoietic stem cell transplantation (HSCT)
received 1314MIBGtherapy. Database was locked on 01.09.2017.

Results: Male: female ratio wad.18:1. The median age at the diagnosis was 32.0 months (range 1.3

128.4). MYCN amplification was observed in 43 (45.7%). 82 (87.2%) patients had stage ddia@n Ind

therapy was completed in 90 (95.7%). Median number of chemotherapy cycles prior to transplantation was
6 (range 610). Surgery was done in 89 patients, resection was macroscopically complete in 39 (43.8%).
Complete, very good partial response andtjzd response were achieved in 80 (85.1%) cases. 9 (9.5%)
patients, all stage 4, progressed during the induction. 14/82 (17.0%) stage 4 patients with MIBG uptake after
the induction received 13WIBGtherapy. 78/94 (82.9%) received higlbse chemotherapy28- CEM, 50
TreoMel. Contraindications for HSCT included tumor progression (n=9), therapy complications (n=7).
Transplantrelated mortality was 3/78 (3.8%), all in CEM group. 26/94 (27.6%) patients received radiation
therapy to primary tumor and/or didary metastatic site.

Median followup time for all patients was 33.1 months (range-3017), for alive patients 42.9 months

(range 19.670.7). 3year and Syear EFS was 38.7+5.0% and 36.7+5.1%605+5.2% and 53.8+5.6%. Age,
MYCN status, extentff aurgery, type of preparative regimen didn't impact EFS in univariate analysis.

Patients with stages-3/4S had significantly better EFS (83.3% versus 29.6%, p=0.002) and OS (91.6% versu
48.6%, p= 0.01) than stage 4 patients.

Conclusion: Our results acensistent with other research groups. Intensive therapy allows achieving
satisfactory results of therapy in stageS/MS highrisk NB patients. The introduction of novel therapies are
urgently required to improve prognosis in stage 4 NB.



101

Association of ArfTumor Activity in Neuroblastoma PatieDerived
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Introduction: Maintenance therapy with a chimeric a@D2 antibody, ch14.18 (dinutuximab) combined

with cytokines and isotretinoin improves outcome for Mgk neuroblastoma (NB). A phase Il clinical trial
combining dinutuximab with tematomide + irinotecan (TMZ + IRN) showed promising activity in recurrent
NB (Lancet Oncol, 18(7): 9967, 2017), but a report that ~ 12% of NB patients have low or negative GD2
expression (Pediatr Blood Cancer 64(1}5862017) indicates the need to asseGD2 expression on NB and
to define expression levels necessary for activity.

Methods: Using dinutuximab and flow cytometry we quantified GD2 surface expression from patient
derived NB cell lines and xenografts (PDXs) established at diagnosis (I2¥,am at progressive disease

(PD, n = 19). Activity of dinutuximab in combination with TMZ + IRN was assessed in PDXs in hu/nu mice
established from latestage PD patients in terms of tumor response and mouse eveatsurvival (EFS).

Results: GD2expiiea A 2y ¢l & t2¢ 2N yS3aAFiABS 2y mce: 2F om b
fluorescence intensity) was seen in 5 of 19 (26%) PD NB cell lines but not in any of the 12 DX NB cell lines.
In a GDzositive PDX, dinutuximab enhanced mouse exerd survival (EFS) when combined with TMZ +

IRN. However, in a PDX with low GD2 expression, dinutuximab did not significantly increase EFS over TMZ
IRN alone. Using twoolor flow cytometry with directijyabeled dinutuximab + directiiabeled HSAN 1.2,
(neurobbstoma specific, marrow negative) we have demonstrated low GD2 expression on neuroblastoma in
blood and marrow.

Conclusion: Our data with patiewierived NB cell lines and PDXs are consistent with a prior report and
indicate that low GD2 expression caccur in NB and may be more frequent in PD patients. NB PDXs in
nu/nu mice provide a preclinical model to assess dinutuximab activity when combined with chemotherapy.
Dinutuximab enhanced activity of temozolomide + irinotecan in a-@&3&ive NB PDX bubha PDX with

low GD2 expression. Quantifying GD2 expression in NB is a potential biomarker of activity that warrants
evaluation in patients treated with dinutuximab combined with temozolomide + irinotecan.
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Intestinal Microbiota in Pediatric Neuroblastoma Treatment
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Malnutrition and illness atmearly age has been associated with disruptions in intestinal microbiota
maturation, resulting in an immature composition of gut commensals for age. Such microbiota immaturity
has been correlated with poor growth and abnormal immunity. Children undergrméagnent for

neuroblastoma often experience frequent infections, malnutrition and prolonged hospitalizations, all
conditions that have been associated with dysbiosis. Therefore, we have undertaken a study characterizing
the intestinal microbiota of chilen undergoing treatment for neuroblastoma.

Microbiota composition in stool samples from patients with neuroblastoma was analyzed using 16S
ribosomal RNA gene sequencing. Stool collection was undertaken during every phase of therapy including,
inductionchemotherapy, surgical resection, consolidation with antibody therapy andtpestment
immunization with antiGD2 vaccine. The microbiota composition in this cohort was compared to a
previously analyzed population of healthy twin pairs usiistributed Stochastic Neighbor Embedding

(tSNE) visualization. Diversity was analyzed using the Simpson's Diversity Index. Microbiota maturity was
determined using a Random Forest model approach previously described (1).

Twentythree patients, ages-O years, weréncluded in the study. Prereatment samples demonstrated no
significant dysbiosis, with predicted microbiota maturity falling within six months of chronologic age.
Dysbiosis developed in all patients receiving induction chemotherapy, with both lossosityi and

domination by Enterococcus faecium observed in 70% (7/10) of patients. Microbiota immaturity was
observed in all patient samples during induction and consolidation, with predicted microbiota age below 12
months, independent of chronologic ada.10 children analyzed after completion of standard therapy for
highrisk neuroblastoma, gut microbiota continued to be immature, despite overall improvement in
intestinal diversity. In this group, predicted microbiota age rangd® &onths, for chronolgic ages of ®

years. Therefore, treatment for intermediate and higék neuroblastoma in young children results in
intestinal dysbiosis and delayed microbiota maturation for age.

1. Planer JD, et al. Nature. 2016 Jun 9;53426®
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Recapitulating Neuroblastoma in An Avian Embryo: A Novel Model to
Decipher the Etiology and Dissemination Programs of The Disease
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Campus (GRCC)SIERM U1015, Villejuif, Frarfégboratory of Translational Research, Léon Bérard Centre, Lyon,
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Neuroblastoma (NBis a childhood cancer whose particularity is to arise from a transitory embryonic cell
population, neural crest cells (NCCs) of the sympaith@nal lineage. Disseminated forms have high
frequency of multiple tumoral foci at diagnosis whose etiology rEemmanknown. The latter fact is mainly

due to the NB embryonic origin that limits access to early tumorigenesis events in patients and current
models. Inspired by early intespecies grafting experimental paradigms in the avian embryo (LeDouarin and
Dieteden-Lievre, 2013), we developed a novel in vivo embryonic model, driving human NB tumorigenesis in
tissues homolog to those of patients (DelleBeurgeois et al, 2017). It consists in micrografting human NB
cells or patient samples in an avian embryo,tet place where their cells of origin, the sympaiwdrenal

NCCs, are generated. Our model allowed us to unambiguously show that aggressive NBs have a metastatic
dissemination mode, forming primary tumors first, and secondary disseminating at multiplégoci

peripheral nerves and dorsal aorta.

To characterize the gene programs specifically active in NB cells preparing for dissemination, we conducted
comparative transcriptomic analysis of primary tumors prior to metastatic onset and and of equivalent
ungrdted NB cells. This revealed a unique picture of gene activities in NB cells, reflecting the impact of the
embryonic sympath@drenal microenvironment. We exploited these data to uncover arpetastatic

switch engaging NB cells in the primary tumor tovgadissemination. This switch turned out to result from

the decline in NB cells of a Semaphorin3C / Neuropilin / PlexinA4 NCC signaling normally dedicated to the
regulation of collective migration and cekll cohesion.

Future projects conducted in theden aim at exploiting our new NB model to provide an extensive and
detailed view of the morphogenetic programs of the embryo that contribute to the NB metastatic disease,
and the nature of dysfunctional and intact molecular signaling acting in NB celipfiors their metastatic
dissemination and selection of secondary tumor foci. Deciphering NB interplays with the embryonic
environment in which they emerge should open new therapeutic perspectives taking into account the
pediatric status of the disease.
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Disrupted Endoplasmic Reticulddlitochondria Contact Sites Promote
Neuroblastoma Multidrug Resistance
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Background: Many neuroblastoma patients succumb to multidrug resistant disease. Resistance is attributed
to insensitivity to stresenduced apoptosis, however, its mechanisms remain obscure. Mitochondria (mito)
provide platforms for integrating stress saga to determine cell survival or death. Mito interact with
endoplasmic reticulum (ER) at contact sites that regulate calcium and lipid transfer to modulate apoptotic
sensitivity. These ubiquitous ERlto contacts are maintained by tethering complexes timafude MFN2

and PACS2. We show that disruption ofriil® tethering in therapy sensitive neuroblastomas, as seen in
resistant tumors, induces apoptotic insensitivity and multidrug resistance.

Methods and Results: We studied neuroblastomas from diagr(@X) and relapse (REL) from the same
patients treated with higkrisk therapy, and neuroblastoma cell lines with in vitro induced resistance from

the Resistant Cancer Cell Line Collection. The former show acquisition of multidrug resistance not correlated
with P-glycoprotein (in contrast to resistance modeled through selective pressure). Further, similar gamma
H2AX foci are induced following XRT in DX and REL cells, despite cell survival differences, implicating a
resistance mechanism downstream of genatotamage. Mitochondria isolated from REL tumors resist
apoptosis induction when directly exposed to the death effectors tBid and BimBH3 using mitochondrial
profiling in 7 of 7 tumor pairs, providing a functional biomarker that correlates with multidrsigtesnce.

No differences in mito biomass (CS activity) or mtDNA (Affymetrix Mito2.0) were seen, but electron
microscopy imaging show ERto contact number and gagistance reduced up to 70% at REL in multiple
pairs, confirmed by IB for organedpecificproteins. Disrupting ERiito contacts using shRNA against

MFN2 or PACS2, or Cyclospotmexposure (a cyclophilin D inhibitor that reduces tethering) attenuated
mitochondrial responses and phenocopied resistance. Calcium transfer measured by cytosolitoand

calcium reporters showed no changes, and shRNA of the mito calcium uniporter MCU showed only modest
changes, suggesting altered calcium transfer does not play a principal role.

Conclusions: Our data implicate interganelle ERnito contacts as physlogic regulators of apoptosis,
which are disrupted in therapy resistant neuroblastomas, providing a novel mechanism for multidrug
resistance. Studies to further assess calcium transfer, and to assess altered lipid transfer, as resistance
mechanisms dowrigeeam of detethering are ongoing.
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Molecular Profiling by Plasma CElee DNA Analysis in Higlisk
Relapsed Neuroblastoma
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Background: Neuroblastoma (NB) is the most common extracranial solid tumor in childyear urvival
rates for highrisk NBare < 50% despite intense multimodality treatment. There is often a higher
mutational burden at progression or relapse in NB tumors as a result of clonal evolution. However,
obtaining biopsy samples at relapse is often a challenge. Our study evalwatessibility of using cell
free DNA (cfDNA) to noninvasively characterize tumor profiles at relapse.

Methods: Tumor specimens (17/19 patients), plasma and matched control samples from 19 patients with
highrisk stage 4 NB were collected during treatme®amples were analyzed using targeted next
generation sequencing panels covering 322 to 468 genes. Tumor samples were collected at diagnosis,
disease progression, or relapse. Plasma samples were collected at a time of disease progression, at a
median 0f242.5 days (range ofB597 days) from tumor collection. Matched control samples were used to
filter germline variants.

Results: We detected somatic mutations and copy number alterations in tumor tissues and cfDNA of 15/17
(2 tumors unavailable) and 11/¥shtients, respectively. These included recurrent NB drivers such as MYCN
amplification, ALK and ATRX mutations. Of 4 patients with M¥i@ilified neuroblastoma, cfDNA analysis
revealed MYCN amplification in 3. In 7 patients, cfDNA analysis revealeticseaniants that were not

detected in the original tumor specimens, including potentially targetable mutations in NRAS, MLL2, CIC and
IDH2 as well as ARID1A and ARID1B mutations that are associated with poor prognosis. In a patient withou
available tumo for analysis, cfDNA analysis revealed two mutations, ERBB3 and CDKN2C.

Conclusions: This study suggests that it is feasible to noninvasively profile the dynamic genetic
heterogeneity of NB by plasma cfDNA analysis. Such analysis can potentiallynguppptenor profiling
especially in the relapse setting to guide treatment plans and monitor response to treatment. Our findings
call for incorporation of cfDNA analysis in clinical trials to further evaluate its utility for clinical management
of NB patiets.
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GD2 Bispecific Killer Cell Engager (BIKE) Induces Cytotoxicity of
Neuroblastoma Cells

Erika EscobedpSakunthala MuthugoundeiCham JurigJianping SinLong Hung Babak Moghinmii Hong
Wei WU, Robert Seeg&rShahab Asgharzadeh
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Background: Antilisialoganglioside (GD2) monoclonal antibodies have been successful in the treatment of
children with highrisk neuroblastoma by inducing tumor lysis via antibdépendentcelular- cytotoxicity
(ADCC). However, survival, despite improvement with-@it2, continues to be poor and novel therapeutic
strategies are needed. We describe the development of recombinant bispecific antibodies that direct
natural killer cells to kill GB+ neuroblastoma cells in vitro.

Methods: Recombinant bispecific killer cell engager (BiKE) antibodies were constructed by linking the short
chain variable fragments (scFv) of murine 14G2A-@b) with human NM3E2 (as@iD16). Mammalian
transient production using freestyle 293 cellaswcarried out. Binding specificity for GD2 and CD16 antigen
was demonstrated with flow cytometry and enzyme linked immunosorbent assay (ELISA). In vitro
cytotoxicity was demonstrated using DIMSCAN assay. The BiKE at varying concentratiorsurasedo

with GD2+ cell lines in the presence of NK cells at effector: target (E:T) ratios of 1:12yiémdLcell

viability was assessed at 2, 4, and 6 hours.

Results: There was successful production of the purified BIKE with an estimated moleculaof&ikDa.
The BIiKE showed increased binding to GD2+ cell line CHLA255 with increasing concentrations on flow
cytometry. As expected, there was no binding to Giafl line LAN6. On ELISA, the BiKE had a binding
affinity (Kd) of 279.6 nM to GD2 and 99@ o CD16. The BiKE demonstrated statistically significant
cytotoxicity against multiple GD2+ neuroblastoma cell lines in vitro at a concentration of 10 ug/ml at 4
hours.

Conclusions: We have successfully produced a novel GD2 x CD16 BIiKE whichratesbirading

specificity to both antigen targets. It induces ADCC in vitro against GD2+ neuroblastoma cell lines in the
presence of NK cells. Although its binding and cytotoxicity is lower than dinutuximab, its smaller size may
be more beneficial for sisue and CNS penetration. We are now constructing a new variant of this BiKE
which has a high affinity mutation to enhance its killing. The production of these recombinant BiKE
antibodies show promise for the development of a novel immunotherapy uatlittie innate immune

system in treating neuroblastoma.
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Longterm Survival of Immunocompetent Murine Model of
Neuroblastoma Post Chemotherapy and Immune Check Point Blockers
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Background: Children with high risk MYCN-aamplified Neuroblastoma (NBA) continue to have poor
survival rate. Considerirthe very immunogenic characteristic of NBA tumors, therapies that alter the
tumor microenvironment (TME) while enhancingdll response are an attractive option. In this project, we
assessed the efficacy of immune checkpoint blockers (ICB) with itmelivchemotherapy in an
immunocompetent murine model of neuroblastoma.

Methods: ICB against PD CTLAL, or their combination were used in subcutaneous and orthotopic-NBL
model (NBT3L cell line derived from-I8g mice; Hadjidaniel et. al. 201QBIs were tested in minimal

residual disease (MRD) setting and immune cell responses were evaluated from blood, spleen, and draining
lymph nodes (dLN). Survival studies were conducted in established tumor model with/without prior
chemotherapy.

Results: IMRD model where ICB treatment was started shortly after tumor cells inoculation, monotherapy
with anti-PD1, anttCTLA4, or their combination effectively prevented tumor formation and increased the
survival compared to the isotype treated controls (86.8%9%, 80% versus 23.8%; p=0.0005). Immune
composition of examined tissues in mice treated with & 1+CTLAl therapy revealed significantly
increased CD3+@ells in dLNs and increase in-Pband CD28+ subsets of CD4/CE@IE in dLNs and
spleen conpared to all other groups. While afRD1 therapy increased the number of circulating-PBCD4
cells, antiCTLA4 significantly increased the number of CD28+CD8 cells in blooeP Bfitireatment also
increased the number of circulating neutrophils, iehantFCTLA4 increased the number of NK cells in LNs.
In established tumor models, combination therapy of éb1+CTL-A significantly delayed tumor growth
and increased survival (p=0.04), however all mice eventually succumbed to their disease. Treatmen
established tumors with chemotherapy-(fay Cyclophosphamide+Topotecan) prior to ICB therapy
significantly improved survival in mice treated with aRD1 or antPD1+CTLA (70% v. 25% p=0.004, and
85% v. 25% p=0.0002 respectively).

Conclusion: Oustudies reveals activation of distinct subsets of immune cells in ICB treated animals with
significant delay in tumor growth observed in animals with established tumors treated wit? Bxitrant
CTLA4. Longrm survival benefits in animals with estabkshtumor were achieved with initiation of
chemotherapy prior to ICB treatment, with a#RD1, or antPD1+antCTLA4 providing best outcome.
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Treatment and Outcome of Aduldnset Neuroblastoma
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Background: Adubnset of neuroblastoma is rare, and little is known abits biology and clinical course.
There is no established therapy for adult neuroblastoma.-&RP immunotherapy is now standard therapy
in children with higkrisk neuroblastoma; however, its use has not been reported in adults.

Methods: After obtaining permission from the Institutional Review Board of Memorial Sloan Kettering
Cancer Center (MSKCC), medical records of adults with neuroblastoma treated between 1979 and 2015
were reviewed retrospectively. Progressifrae (PFS) andverall survival (OS) were measured from the
time of diagnosis. Prognostic factors were tested byrbok test. Coxegression was used for multivariate
analysis. Response was assessed by International Neuroblastoma Response Criteria.

Results: Fortyour patients with adukonset (1871 years old) neuroblastoma were identified (17 receiving
initial treatment at MSKCC). Five, 1, 5, and 33 patients had INSS stage 1, 2, 3, and 4 diseases respectively.
Genetic abnormalities included somatic ATRX (58%) akddriitations (42%) but not MY &xhplification.
Among 33 adults with stage 4 neuroblastoma, 7 (21%) achieved complete response (CR) after induction
chemotherapy +/surgery. Seven patients with primary refractory neuroblastoma (all with osteomedullary
but nosoft tissue disease) received a@D2 antibodies, mouse or humanized 3F8, with/without-GSF.
Adverse events of immunotherapy were similar to those in children; responses were noted in 5/7 (71.4%)
patients. In patients with stage 4 disease at diagndisis;year PFS was only 9.7+5.3% and most patients
who were alive with disease at 5 years died of neuroblastoma over the next 5 yegmsarlOS being only
19.0+8.2%. Patients who achieved CR after induction therapy (n=7) had superior PFS and OS (p=0.0086,
p=0.031 respectively). In the 11 patients with locoregional diseageabPFS and OS were 70.7+14.3% and
81.8+11.6% respectively. However, 4 patients relapsed >5 years after diagnosis, resultiygan RBS and
OS of 35.4+16.1% and 61.4+15.3% respelst

Conclusions: Adulbnset neuroblastoma appeared to have different biology from pediatric neuroblastoma.
Adults had worse outcomes regardless of stage compared to pediatric or adolescent patients. Complete
disease control appeared to improve letegm survival. AntiGD2 immunotherapy was well tolerated and
might be beneficial in adults with neuroblastoma.
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Novel T Cell Engaging Antibodies Against LICAM For Neuroblastoma
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Background: The L1 cell adhesion molecule (LLCAM) is a glycoprotein consistintkef @oigains and 5
fibronectinlike repeats in the ectodomain. LICAM is overexpressed on neuroblastoma (NB) (Bosse et al.,
Cancer Cell 2017), and stimulates tumor pesétion, migration, and metastasis (Valiente et all, Cell 2014).
Chimeric IgG1 antibody, chCE7, targeting the 6likégdomain of LLCAM, had high affinity (KD = 0.63 nM)

and when 13Habeled, had superior sensitivity and specificity over 13IBG in NBletection. However,

chCE7 lacked ADCC activity. Bispecific antibodies (BsAbs) that engage CD3 on T cells can exploit polyclons
cellmediated tumor cytotoxicity bypassing the classic dependence on MHC.

Methods: Humanized E71 (huE/B3Ab (specific fand Iglike domain) and huE72 (the humanized version

of CE7)BsAb were generated using the Ig&tlv BsAb platform (Xu et al, Can Immunol Res 2016), and

their functions were compared. Binding to LLCAM and CD3 was measured by SPR and by FAC®elh vitro T
activation and cytokine release were assessed by FACS and by ELISA, respectively. In vitro tumor cytotoxici
was measured by-Bour 51Cr release at an E:T ratio of 10:1. In vivo tumor targeting was performed by

using 89Ztabeled huE71 and huE72 Igi@Xxenografted nude mice. Artiimor effect was assessed in
Balb/cRag2/-IL-2Rc-KO (DKO) mice xenografted with s.c. NB patient derived xenografts (PDX).

Results: By SPR, huEB4Ab retained its parental affinity, while that of huEB2Ab decreased [8/old (KD

of 5.15nM and 5.28nM, respectively). Both BsAbs induced CD25 expression on T cells as well as Th1 cytokil
6S®3d ¢bChy NBESIFHaS FTNRY t.a/la Ay (GKS LINBaSyoOoS 2
on L1CAM(+) cell lines with pNC&Ds. In nude mice with s.c. LICAM(+) tumor, i.v. huE71 IgG1 showed

higher tumor targeting efficiency than huE72 IgG1. In DKO mice with s.c. LICAM(+) NB PDX and s.c. PBMC
i.v. huE71BsAb significantly suppressed tumor growth while huBZ2b had no antumor effect.

Conclusions: Despite near identical in vitro binding characteristics, BsAbs targeting different epitopes on the
same target have strikingly different asitimor properties in vivo. HUE7/BSAD is a potential T cell engaging
immunotherapeutidor NB.
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Targeting Anaplastic Lymphoma Kinase (ALK) Gene Alteration by Using at
Alkylating Pyrroldmidazole Polyamide in Neuroblastoma
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Background: Aberrant status of anaplastic lymphoma kinase (ALK) and MYCN are two major causes in the
development of aggressive neuroblastoma. Activating mutations and the overexpresgiiK often

associated with its gene amplification have been described in both familial and sporadic neuroblastoma
disease. Since MYCN and ALK have been important therapeutic targets in developing novel drugs against
aggressive neuroblastoma, we are antly developing CC@2 and CCGQ03, novel MYCMNind mutant
ALKtargeting DNAalkylating pyrroleémidazole (PI) polyamides, respectively.

Methods: CCO02 has been designed to bind to the minor groove of genomic DNA in the coding region of
MYCN in aequencespecific manner. In this study, we tested @03 and CGG02, which may

downregulate the ALK gene through potential binding sites of@2Cfor their antitumor effect in
neuroblastoma cells with ALK amplification.

Results: The IC50 of CA@® in ALKamplified NB39-nu cells was 13 nM, demonstrating potency over
conventional ALK inhibitors, such as crizotinib and alectinib, (21 and 16 nM, respectively). In addition to the
down-regulation of MYCN, C@0D2 treatment suppressed the phosphorylatiedm and total expression of

ALK in Alddmplified cells. We also tested CO@3 designed for a ALK F1174L mutant and identified
suppression of ALK expression and growth inhibition showing lower IC50 than crizotinib and alectinib in ALK
F1174L mutated Kglland SESY5Y cell lines.

Conclusion: Alkylating PI polyamide conjugates can be a promising and an innovative therapeutic drug
designed for Al4dmplified neuroblastoma.
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Diagnosis and Treatment of Childhood Neuroblastoma with @G
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Background: The CC@OIB-2015 program is formulated by the Pediatric Oncology Committee of China Anti
Cancer Association based on the CINB2009 program.

Objective: This study aimed to summarize the recent clinical status of the application ofNB20OG5 in
the treatment of neuroblastoma in multicenter.

Methods: The clinical data of children diagnosed and treated with neuroblastoma®@@ME2015 were
collected from January 2014 to August 2016 in our hospital.

Results: A total of 128 cases were identified, with 27 patients give up treatment, ultimately, 101 cases were
included in this study, of which only 89 cases received regulaintiexat. The risk group: 32 cases (31.7%) in

low 22 cases (21.8%) in median risk group, 47 cases (46.5%)-niskighoup. Histopathological type of
prognosis: 63 cases (62.4%) in the FH group and 38 cases (38.6%) in the UH group. Treatment: In 32 childre
of low risk group, a total of 30 cases underwent radical surgery, 2 cases of partial resection, CR or VGPR rat
was 96.9%, survival time 11 ~ 39 months (median 24.5 months), all survived. In 22 children of median risk
group, the CR or VGPR rate was 86 1%patients survived, 3 patients died, and the survival time wasg 9
months (median 26 months). As for the 47 cases of-higfhgroup, CR or VGPR rate 85.1%, 14 cases

accepted autologous peripheral blood stem cell transplantation (including two se@léatisplants in 7

cases), 19 cases received radiotherapy. Finally, 36 cases survived, and 14 cases relapsed, 1 case progress
11 patients died, the survival time range from 8 to 46 months (median 23 months). There were significant
differences (both P&001) between the mediarisk group and the highisk group; regular and irregular
treatment group. The higher the risk, the worse the prognosis (P = 0.04).

Conclusion: The results show that CENE=015 is reasonable in the risk sgloup assignment,rad risk

f S@St Aa Ofz2asSte NBfFGISR gA0GK LI GASYdaQ LINRPIY2EA
of children, indicating that the current treatment plan has great potential value, which still needs to be
further clinical validated.
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Bispecific Antibody Does Not Induc€e&ll Death Mediated by Chimeric
Antigen Receptor Against Disialoganglioside GD2
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Background: Immunotherapy using chimeric antigen receptors (CAR) and bispecific antibodies (BsAb) are
exciting strategies to exploit T cells in cancer therapy. Despite encouraging results from clinical trials in
hematologic malignancies, few solid tumom@vie shown significant response to such immunotherapy.
Understanding the immunobiology of such clinical failures should help improve the design and
implementation of more effective CAR and BsAb therapies. Disialoganglioside GD2 is expressed on solid
tumorsincluding neuroblastoma.

Method: We developed a secorgkneration CAR containing the scFv of humanized 3FR&&Riantibody,
the 4-1BB costimulatory domain and CD3z signaling moiety. The humanize€d2&CD3 BsAb using the
IgGscFv platform was desbed previously. CART cells and Be#directed T cells were compared in their
in vitro proliferation, viability, and cytotoxicity against GD2(+) neuroblastoma cells. THeiuati activity
of the two modalities against GD2(+) melanoma xenograft was atetdlin mouse.

Results: In vitro, higAR density T cells were depleted upon exposure to GDAdanttipe, or GD2(+)
target cells while the BsAtedirected T cells survived and proliferated. The-&nthor activity of the

surviving lowCAR density T tte was inferior compared to the BsAingaged T cells. In vivo, Bsé&tgaged
and CART cells penetrated established subcutanedniglgted tumor xenografts and provided potent anti
tumor effect; however, the higher number of tumanfiltrating lymphocytegTIL) in the BsAb group
translated to more rapid and complete tumor suppression. Furthermore, the CD4:CD8 ratio of TILs was
substantially lower in CAR treated tumors versus BsAb groups.

Conclusion: BsAb versus CAR mediated stronger in vitro and in vitaraoti effect against GD2(+) targets.
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Targeting the YeAssociated Protein in Neuroblastoma
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Background: Survival for relapsed higgk neuroblastoma (rNB) is < 5%, underscoring the critical need for
novel therapies. INBs have increased RAS/RAF/MAR&tions and increased Y-associated protein (YAP)
transcriptional activity. YAP is a transcriptionalaabivator that binds with TERomain (TEAD) transcription
factors to regulate cellular proliferation, seénewal, and survival. We found that shRiNAibition of YAP
decreases NB cell proliferation and sensitizes-RAtated NBs to MEK inhibitors, supporting YAP as a
tractable therapeutic target. Verteporfin (VP), a photodynamic drug used for macular degeneration, is the
only drug found to inhibit YA expression or YAP:TEAD binding to kill tudesived cells. Peptide 17 is a
17mer YAP peptidomimetic that also disrupts YAP:TEAD interactions. We sought to determine whether
these compounds are potent in NB via YAP direct effects.

Methods: YAP expresgj (NLF, SK-AS) or YAP null (NGP, LANSNS¥SshYAP) humaderived NBs were
incubated with VP, with and without direct light exposure, or with Peptide 17. CelGlieeand
Immunoblots were used to assess for cell death and-d@\ihstream protein expresion, respectively.

Results: Without direct light exposure, VP inhibits YAP expression at nM dosing, yet no NB cell death was
observed at equal or higher concentrations. EGFR and ERK1/2 were inhibited along with YAP, confirming
YAP/RAS pathway teguktion. When VP was exposed to direct incandescent light for 30 minutes, > 80%
NB cell death occurred in all NBs tested, even those lacking YAP. Peptide 17 caused no cell death or YAP
inhibition up to 75 uM.

Conclusions: Neuroblastomas are resistant tcaV&oses sufficient to inhibit YAP expression. In macular
degeneration, lightactivated VP produces reactive oxygen species, which we hypothesize is-theyeff
mechanism killing NBs independent of YAP. Given theugjét effects and the need for g activation, VP

is not an ideal preclinical or clinical YAP inhibitor. Accordingly, Peptide 17 has poor cell permeability and low
TEAD affinity, leading to its lack of efficacy. Given the relevance of YAP in rNB and other cancers, we are
chemically optinzing a YAP peptidomimetic with enhanced permeability, nuclear localization, and TEAD
affinity to create a bonafide YAP inhibitor for preclinical and clinical application.
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Investigating Impacts of Céllycle Dependent Interaction Betwe&-Myc
and TFIIIC On Chromatin Architecture
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Amplification of the transcription factor-Nyc is a major driver event of neuroblastoma. Understandiireg
molecular basis of fMyc on gene expression therefore providesdepth insight on neuroblastoma
tumorigenesis. Our group have reported thatMyc interacts with TFIIIC in a eejicle dependent manner
for regulating promoter escape and pause relea&NA polymerase Il. Intriguingly, TFIIC is an
architectural protein that governs genome three@mensional organization. Chromatin immunoprecipitation
(ChlIP¥eq experiment revealed joitinding sites of TFIIIC and\N/c downstream of transcription star

site (TSS). It also demonstrated TFIKE @O € AT F GA2y GAGK F NOKAGSOG dzNT €
posing an open question about howMyc/TFIIIC complex mediates spatial configuration of chromatin
(Buechel et al., 2017). This study aimslécipher the chromatin organization landscape of M¥tiXen
neuroblastoma. We hypothesized TFIIIC can media##YiC dependent transcriptional regulation by
altering chromatin architecture. Chromatin conformation captiv@sed methods were employed to
evalate changes in chromatin organization under-cgttle synchronized, TFIIIC depleted aAdy¢ over
expressed conditions. Histone marks Cédlg that identified enhancers (H3K4mel and H3K27ac) and
promoters (H3K4me3) were performed for further analysikoping between enhancer and promoter.
Initial data from 4C experiment showed an increase in loop formation iph@se in which N\Myc and

TFIIC interaction takes place. We have also established Hi@htreol to directly visualize three
dimensional intractions of NMYC and TFIIIC. This study will highlight the role of TFIIC in assistiy N
transcriptional regulation via chromatin interaction, contributing to more profound understanding of the
neuroblastoma pathogenesis.

Reference: Buechel, G., €@nsen, A., Mak, K. Y., Roeschert, I., Leen, E., Sumara, O., Hofstetter, J., Herold,
S., Kalb, J., Baluapuri, A., et al. (2017). Association with ArGamtrols NM'YGDependent Promoter
Escape and Pause Release of RNA Polymerase Il during the €eCé&liyodports 21, 3483497.
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Amplification ofMYCN proteoncogene occurs commonly in higek neuroblastoma and marks a
particularly aggressive and higisk form of the disease. Recent advances in therapy for neuroblastoma
have been mostly through toxic escalations in conventional cytotoxic chesregtli and radiation. Most
highrisk neuroblastoma patients will relapse with highly refractory disease. Therefore, new therapies for
neuroblastoma are focused on more targeted approaches, many of which involve MYCN regulation. Small
molecule inhibitors ophosphoinositide &kinase (PI13K) and histone deacetylase (HDAC), which regulates
MYCN expression, have shown some-gigical efficacy in neuroblastoma and several of these are in
clinical trials as montherapy in children with neuroblastoma. Howeversigance to targeted monro
therapies is common in cancers. One means of bypassing resistance is to target two or more pathways
simultaneously through combinations of novel drugs. We hypothesize that inhibitors of MYCN and
associated pathways each block dist aspects of MYCN biology, and when used in combination, will both
enhance efficacy and block emergent resistance.

For the first time, we show dual PI3K/HDAC inhibitor CBs able to reduce neuroblastoma cell growth
and is more effective againBtYCN amplified cell lines. CUB@ suppresses MYCN transcriptional
expression by regulating acetylated histone H3 and degrades MYCN protein by regulating the

LIK 2 & LIK 2 NB f | ( A 2907 i2hRghl\Deffe¢tve a®a mondshérapy, but like most monotherap
approaches, was not curative in our preclinical models. We hypothesized that resistance might be through
PI3K/HDAC modulation of apoptotic pathways. Using protein array assays, we determined that several
apoptotic pathways are altered, potentially pringimeuroblastoma cells for blockade of apoptotic
pathways. We screened targeted drug combinations with mechanistically distinct activities for efficacy
against neuroblastoma and MYCN protein usinglzasied assays. We identified synergy between GUDC
907 ard the BCH2 inhibitor venetoclax (ABTI99). Combination treatment with CUB07 and venetoclax
were able to significantly decrease neuroblastoma cell growth by preventing cells from entg@tieg&
during mitosis and thus inducing cell cycle arrest. Caoathlin treatment also induces cytochrome c release
and activation of caspasgleading to apoptosis.

Our research provides strong evidence demonstrating the efficacy of ©@UD&hd venetoclax as novel
targeted therapy for the treatment of neuroblastoma.
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Background: AmiGD2 antibodies mouse 3F8 and hu3F8 have proven survival benefit in patients with high
risk stage 4 neuroblastoma (HNB). Both antibodie induced de novo anGD2 antibody response. A Phase

| vaccine trial utilizing GB&yhole limpet hemocyanin (KLH)/GBE8H in 15 patients found no deBmiting
toxicities (Kushner et al., CCR 2014).

Methods: In this Phase Il trial, 7 doses of 60u@DRKLH/GD3LH conjugate vaccine mixed with 150ug of
adjuvant OPT821 were administered subcutaneously in outpatient setting over one year in 84 patients with
HRb. AY xXHYR NBYA ghidaraomdgkhdlay x 28nv8dksigimonih& 40 months was
included to enhance antibody mediated cytotoxicity. Progres$iea survival (PFS) and overall survival (OS)
were estimated by Kaplan Meier analyses.

Results: All 84 patients had prior relapse, 57 treated in 2nd remission, 18 in 3rd remission, argd the re

4th to 7th remission. All had prior exposure to either mouse 3F8 (63%), and/or hu3F8 (57%), and/or
dinutuximab (46%). Median followp was 16 months; PFS was 51%+7% and OS were 90%+5% at 2 years
gAGK y2 x3INI RS o-GORa adErailgGe antibodieS Wz Ynedsufeill Asing ELISA at
serial time points, integrated, and expressed as araderthe-curve per month. AntGD2 titer was

positive prevaccine in 14% of patients (median=39ng/ml), and positive-pastine in 78% (median=134
ng/mL/month). Developing amGD2 antibody titer did not result in any patient having pain or neuropathy.
There was no correlation between pyv@ccine and postaccine titer. AntiGD2 antibody titer
>134ng/ml/month was prognostic for improved PFS and OS (p=arix88.025, respectively). In contrast,
developing antGD3 response had no prognostic significance for survival. There was no impact on patient
outcome based on age at diagnosis, time from diagnosis, MYCN amplification, number of prior relapses, pre
vacche antiGD2 antibody therapy, as well as praccine antGD2 serum titer.

Conclusion: These results confirmed the safety of &Di2/GD3KLH vaccine and the potential influence of
anti-GD2 but not antiGD3 seroconversion on PFS and OS. If the 90%c@8iimed in a phase Ill
randomized trial, GD2 vaccine could provide a viable option to improve the outlook for patients with
relapsed HRNB.
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Background: Children diagnosed with higgk heuroblastoma face considerable clinical challenges. Despite
aggressive multimodal therapy, nearly half of all patients have treatmefnactory or recurrent disease,
ultimately dyingof the cancers. Novel therapeutics have been developed to target biological pathways in
neuroblastoma, including the BRD4 inhibitor, IBET, and the aurora kinase A (AURKA) inhibitor,
MLN8237. Both drugs were tolerated in clinical trials but lack effiedone. Our in vitro studies show that,
when used together, the drugs synergistically inhibit cell growth and viability of neuroblastoma cell lines.

Hypothesis: We hypothesized that IBEJ1 and MLN8237 act synergistically against neuroblastoma by
targeting common pathways, including MYC/MYCN, through different mechanisms.

Aims: We tested this hypothesis through two specific aims: 1) validation of the synergistic effects of the
drug combination against neuroblastoma tumor xenografts in immunodeficieog and 2) confirmation of
the pharmacodynamic effects of dual drug treatment on common biological targets through RNA and
protein analysis.

Results: Dual drug use significantly slowed xenograft growth in all models tested as compared to control
(p<0.03. The combination of IBEIb1 and MLN8237 significantly extended survival as compared to either
drug alone against tumor xenografts derived from two M¥tNamplified neuroblastoma cell lines,-8K

AS and SKI-SH (p<0.025). The two drugs were superidBBT151 alone against tumor xenografts of the
MYCNamplified NB1643 cell line, and the two drugs were more effective in maintaining tumor suppression
after drug washout than MLN8237 (p<0.05). MLN8237 use was associated with increased target gene
expressio, but concomitant use of IBEB1 repressed that increase. The use of both drugs was more
effective than either drug alone at repressing protein expression downstream targets, including MYC,
MYCN, MCL1, CDK4, and CDK®, as evaluated by western blot.

Conclision: Combined BRD4 and AURKA inhibition is effective against neuroblastoma. Assessment of the
drug combination with synergistic chemotherapy is ongoing. These data provide support for advancing the
drug combination towards clinical trial alone or in candiion with chemotherapy as a novel approach
against neuroblastoma.
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LIN28B Promotes Neuroblastoma Metastatic Dissemination
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Background: LIN28B is an RNA binding protein thasptay roles in normal development; mechanistically,

it blocks the processing of the {&tfamily of tumor suppressors and binds mRNAs directly. When

deregulated, LIN28B promotes tumorigenesis across diverse histotypes. We previously demonstrated that
LINBB induces neuroblastoma proliferation, in part by regulating the expression of RAN GTPase and Aurora
kinase A. However, in addition to increased proliferation, fiigk neuroblastoma exhibits a striking

proclivity for widespread metastases. Although l8RMas been shown to influence metastatic

dissemination in colon and esophageal cancer, adult and pediatric cancers differ significantly with respect to
mutational burden and outcomes, among other factors. Thus, in the present study, we investigated how
LIN28B influences neuroblastoma metastasis.

Methods: We used gain and loss of function approaches to genetically manipulate transcripts of interest in
neuroblastoma cells, and then measured effects orisiewal, proliferation, invasion, and downstream
signaling. To examine the impact of LIN28B on dissemination, we generatddcB&iase expressing
neuroblastoma cell line models in which LIN28B levels were manipulated, injected these lines into the tail
veins of NSG mice, and tracked disseminationgiamIVIS Spectrum system.

Results: Depletion of LIN28B significantly delayed the onset of tumor metastasis, reduced tumor burden,
and extended mouse survival (103 days versus 50 days, p<0.0001) compared with control cells expressing
scrambled shRNA. Moreover, although LIN28B didmpact anoikis resistance, it did increase both
tumorsphere number and size, linking sethewal to metastatic dissemination. Overexpression oflet

only partly mimicked LIN28B depletion, suggesting that the promotion of metastasis by LIN28B ily not ful
let-7 dependent. Interestingly, Gene Set Enrichment analysis showed that LIN28B signaling was most
strongly and positively correlated with BRCAL signaling (ranked 1/231 gene sets tested), in both MYCN and
non-MYCN amplified tumors.

Conclusions: LIN2§Bomotes selHrenewal and metastasis of neuroblastoma. Current investigations are
further delineating the effects of LIN28B/A&tsignaling on migration and invasion and studying whether
LIN28B directly promotes enhanced BRCA1 signaling/DNA damageodpaiease metastatic fithess in
neuroblastoma cells.
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Application of a Sustained Release Carrier Containing an Anticancer Drug
Which is Generated by Electrospinning
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Aim: The purpose of this study is to evaluate and apply a drug delivery system(DDS) for controlled release o
anticancer drugs. The material similar to this DDS, call&DR&IS is used in the healthcare setting and has
already got the authorization from FDA as a material for osteoplasty. We investigated the efficacy of the
newly-developed DDS on neuroblastoma.

Methods: We prepared the cotton wodike poly(DHactide-co-glycolide) (PLGA) as a DDS using the
electrospinning method, a fiber production method which uses electric force to draw charged threads. To
assess the DDS, we used an animal model of neuroblastorMYTIN mice. In the model, neuroblastoma
develops in hompygous mice at two weeks of age and the mice die at around seven or eight weeks of age.
Carboplatin conjugated with a copolymer(polyfRttide-co-glycolide); 30 times quantity (equaled 450 mg
carboplatin/body) was placed in the abdominal cavity of thefaeek-old homozygous mice. At the same
time, we also treated the mice with DDS without carboplatin as a control.

Results: T'MYCN homozygous mice died of tumor around eight weeks of age in our observation this time
(n=11). The mice which received carlaiji (quantity of LD50) without the copolymer died of serious side
effect in a few days (n=3). On the other hand, mice which received carboplatin with the copolymer (30 times
guantity) survived until more than ten weeks of age without any side effectsljn¥le did not observe
remaining tumor cells confirmed by histological assessment. But some mice which received carboplatin with
copolymer (60 times quantity (equaled 900 mg carboplatin/body)) died of side effect (n=5). The DDS which
did not contain carbojatin died within eight weeks of age (n=7).

Conclusions: Our DDS using electrospinning for carboplatin efficiently suppressed in situ tumor growth
without any serious side effects of the anticancer drug. This DDS may be useful for cancer treatment
includng neuroblastoma.



120

Non-Invasive Differential Diagnosis of Neuroblastoma with Other
Paediatric Solid Tumours Using Methylation Profiling of Circulating Cell
Free DNA

Ruben Van PaeméP* Anneleen Decotk Charlotte Vandepute, Tm Lammen&’, Genevieve Lauredfs
Frank Spelemar, Wim Van CriekingeNadine Van Ré$; Jo Vandesompélé Katleen De Pretéf, Bram De
Wildeh24

ICenter for Medical Genetics Ghent, Ghent University Hospital, Gent, Biégipantment of Paedidtr Haematology,
Oncology and Stem Cell Transplantation, Ghent University Hospital, Ghent, BelduRellowship of the Research
Foundation Flanders, , Belgiti@ancer Research Institute Ghent (CRIG), Ghent, B&Rjinion: Laboratory of
Bioinformatis and Computational Genomics, Department of Mathematical Modelling, Statistics-arfdrBiatics,
Ghent University, Ghent, Belgium

Introduction: Paediatric solid tumours are often difficult to biopsy because of the location or clinical
condition of the @tient. Furthermore, surgical biopsies are invasive causing anxiety and discomfort to the
patients. Although al lot can be learned from imaging studies, obtaining diagnostic certainty is rarely
possible. An affordable, fast and norvasive test to estalsh the pathological diagnosis of a paediatric
patient with a solid tumour will greatly improve the diagnostic process.

Methodology: As a proedf-concept, whole genome bisulfite sequencing (WGBS) was performed on 10 ng
of cellree circulating serum DNAdmM serum of two patients with neuroblastoma (MYCN amplified and
MYCN noramplified) at 16fold coverage. A workflow was developed to integrate the methylation calls
from our celifree WGBS data (after mapping with Bismark) with the public tissue datalliromina

Infinium 450K microarray output, available in the TARGET database.

Results: Unsupervised hierarchical clustering allowed to distinguish four paediatric tumours (osteosarcoma,
Wilms tumour, neuroblastoma and clear cell sarcoma of the kidia¢gl, n = 463) based on the epigenetic
profile. In addition, a support vector machine (SVM) was able to classify the four tumour types to their
corresponding group with an accuracy and recall of 98% usingeatidation. The two methylation profiles

of our two neuroblastoma cfDNA samples correctly clustered together within the neuroblastoma group and
the SVM classifier predicted both cases to be neuroblastoma. Interestingly, also MYCN status and copy
number profile analysis could be performed on the cfDM&BS data and showed a good concordance with
the arrayCGH profile.

Conclusion: The methylome of cfDNA yields potential for the tieftarigin assessment in the diagnostic
work-up of paediatric solid tumours. In future experiments, tumour types in wtiiehdifferential diagnosis

is more challenging (e.g. brain tumours) will be included. Our workflow is currently limited by the extremely
high cost of WGBS. Overcoming the cost of WGBS is necessary for the implementation in routine
diagnostics. This wilequire the development of more cosfffective methylatiorsensitive sequencing
technologies, which is a currently ongoing development in several laboratories.
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Proteomic Characterization of Human Neuroblastoma
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Neuroblastoma is a heterogeneous embryonic maliggasr@yinating from neural crest cells. The low
frequency of genomic mutations has made genomic characterization of neuroblastoma less success as that
in adult tumors. Only few genes have actually been shown to drive the disease at the molecular level. To
identify new signatures either for individualized diagnosis or therapeutic intervention, we performed
guantitative proteome profiling of 95 neuroblastoma tissue samples and 5 cell lines using chemicaldabeling
based quantitative mass spectrometry. Primaatadanalysis showed that approximately 7000 proteins

were identified from each sample and around 4000 proteins were identified and quantified across all the
samples. Statistical analysis highlighted the significantly expressed proteins inter the saoyegissd

analysis of the neuroblastoma (NB) ganglioneuroblastoma (GNB) and ganglioneuroma (GN) revealed
different signaling pathways overrepresented in three sample groups. Particularly, the cancer relevant
signaling pathway, i.e. Splicesome, DNA repticatMismatch repair, were significantly enriched in NB

group but not GNB and GN group. Unsupervised analysis could clearly separate the samples into four
subgroups either using the proteins with top standard deviations (SD) or proteins with top signgfican

values. Interestingly tow of the subgroups were clearly correlated to the clinical parameters, sughas 2
overall survival rates, age at diagnosis and so on. Supervised cluster analysis of the samples with or without
chemotherapy highlighted sevdreahemotherapy related proteins, including the known drug resistant

relevant proteins, i.e. TOP2A, also some unknown but potentially drug sensitivity correlated proteins, such
as MCM2, CTCF and so on. In conclusion, the straightforward proteome analygiggman alternative

strategy for molecular characterization of neuroblastoma and the primary findings highlighted the potential
of developing new diagnostic and therapeutic options for neuroblastoma patients.
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Question: We recently introduced the carbohydrdttimding protein Galectii (Gall) as a novel

tolerogeneic molecule in neuroblastoma (NBB-secreted Gal suppressed the maturation of dendritic

cells (DC) and inhibited T cell function. However, the mechanisms underlyiigsGapressive capacities on
effector cell compartments and the importance of tumor vs hostGial NB progression atenexplored. To
address these issues, we first needed to move to an immunocmpetent orthotopic mouse model in C57/BI6J
background to be able to employ transgenic mice.

Methods: C57Bl/6derived orthotopic growing NB cells (hamed NB975A) were used faulalle as well in

vivo experiments Gdl knockdown clones (GL) were generated by stable transfection of wt NB975A cells
(NBA) with the antisense Galexpression vector (NBAL), (kindly provided by Dr. Rabinovich). Blasticidine
NBaAaidl yi fegantsvidre ¥idnéd byiliNied dilution. Protein expression of Daks

determined by Western blot. Orthotopic NB tumors were generated in C57BI/6J wild type afek@adk

out (Lgald -) female mice by subcapsular tumor cell injection of NBAorwildi 8 LIS b. ! O MEMA bl 2
PBS) into the left kidney. Primary tumor growth was analyzed by using high frequency ultrasound
measurement. Mice were sacrificed 23 days after tumor inoculation and tumor tissue was harvested for
further analysis.

Results: NB&Lshowed 50% reduced protein expression of-Gabmpared to control wild type NBA cells.
In vitro viability and proliferation of the tumor cells was not affected by the transfection. Mice inoculated
with NBAGL cells had significantly smaller primary tumat all when compared with control animals that
received the NBA cells. Comparing-Galeficient mice as hosts for NB cells where-Ghdvels were
preserved, we found that only tumor but not host @alvas critical for promoting tumor growth.

Conclusio: Our data support the important role of tumor Ghahs tumofpromoting protein in a novel
immunocompetent orthotopic NB mouse model.
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ho2SOGABSY ¢KS WHLIY / KAtftRNBYyQa /I yOSNI DNRdzld o W/
L-10 for lowrisk patiens to minimize treatment complications using Imedgfined Risk Factors (IDRFs) as

the main factor for determining treatment. In this study, we analyzed the IDRF resultdihQité clarify

the usefulness of IDRFs in loisk neuroblastoma patients.

Patents and Methods: Sixty patients were enrolled inLIND, and the IDRF results were available in 58.

IDRFs were evaluated at the diagnosis and after every three courses of chemotherapy. Tkitesdow
chemotherapy protocols were included in this studyAL(VCR/CPA)-BI(VCR/CPA/THADR), and tT
(VCR/CPA/CBDCA). We analyzed the relationship between surgical complications and IDRFs as well as the
changes in IDRFs after chemotherapy.

Results: All 26 patients who had IDRFs at the onset of disease werdarisemotherapy. All IDRFs

disappeared in 3 of these 26 patients after 3, 5 and 6 courses of chemotherapy. Two of the 3 patients
underwent surgery. IDRFs remained after chemotherapy in the other 23 patients. Three patients underwent
surgery, and 20 patiga did not undergo any surgery after chemotherapy. Twegight of 32 patients with

no IDRFs at the onset of disease underwent surgery. One patient did not undergo any treatment. Three
patients underwent chemotherapy only. Overall, 34 patients underwergeny rather than a biopsy. IDRFs
were present in four patients at the time of surgery. In these four patients, surgery was performed after six
courses of chemotherapy in two patients and after nine courses of chemotherapy in the other two patients.
Major surgical complications were noted in 5 of 58 (8.6%) patients, including pleural effusion in one patient,
renal atrophy in one patient, vascular injury in three patients and intraoperative hemorrhaging (class 3, 4) in
two patients. Of these, only one patiehad IDRFs at the time of surgery.

Conclusions: IDRFs were present in 44.8% ofiskM\B patients at the diagnosis. Of these, all IDRFs
disappeared in only 3 (11.5%) patients after chemotherapy. Major surgical complications were observed in
8.6% of tle patients.
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Background: Potassium channels (denoted by KCNx e.g. KCNQ2) are a diverse family of ion channels which
are ubiquitously expressed in normal and malignant cells. They have been implicated in a number of
oncogenic processes including cell proliferation, apsj@oand angiogenesis. Resultantly, modulation of
potassium channel activity has been proposed as a therapeutic target in cancer. The biological role of
potassium channels in neuroblastoma is currently unclear. We sought to examine the expression efi select
potassium channels in neuroblastoma cell lines and assess the effect of specific channel modulation on cell
viability, proliferation and differentiation.

Methods: Potassium channel expression was investigated by quantitative PCR and Western Biotting in
human neuroblastoma cell lines representative of high risk diseasi;EHK2)C (MYCN amplified) and-SK

N-AS (11q deletion). SBE(2)C and SIN-AS cells were treated with different concentrations of a KCNQ2
channel inhibitor (XE991) and activafL213) and tested for cell viability (MTT assay), proliferation (Ki67
fluorescence assay) and differentiation (fluorescence microscopy). Fluorescence activated cell sorting (FACS
was used to determine the effect of KCNQ2 modulation on mitotic progression

Results: The expression of KCNQ2, KCNB1 and KCNG1 was 101.51 + 17.52 (p<0.001), 71.91 + 46.85 (p<O.
and 5.31 £ 2.41 (p<0.05) fold greater irM$BE(2)C relative to SII-AS. The KCNQ2 channel was selected

for further investigation. A reduction imé number of viable cells after treatment with XE991 was observed

in both SKN-BE(2)C (10.10 + 1.49%, p>0.05) andN\6KS (11.97 + 1.06%, p>0.05). Treatment eNBE(2)

/| OSftfta 6A0GK m >a YR mMn >a - 9ddpm Ol (uaEGRedlctiomo ®o o
in SKN-BE(2)C cell proliferation. XE991 was found to induce morphological changes, akin to neuronal
differentiation, in SKN-BE(2)C cells. Treating-BMBE(2)C cells with XE991 had no effect on mitotic

progression.

Conclusion: We heae demonstrated differential expression of potassium channels between two
heterogeneous neuroblastoma cell lines. Our findings suggest inhibition of KCNQ2 activity influences
neuroblastoma cell viability, proliferation and differentiation. Variations itapsium channel expression

may contribute to the biological heterogeneity observed in neuroblastoma cell lines and primary tumours.
Potassium channels may be an interesting novel therapeutic target in neuroblastoma.
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Neuroblastoma (NBL) is one of the most common cause of death in pediatric oncology patients. In stage 3
NBL without MYCN amplification, although prognosis is better than in stage 4 or in MYliiedriumors,
still about 30% of patients die of disease.

From 2001, 33 patients with stage 3, MYCN-aomplified NBL were treated in single pediatric oncology and
hematology center. Tumor tissue was stored either embedded in parafine (FFPE) othes/deepirozen
tumors. In the pilot study, we evaluated the comparative genomic hybridization (CGH) results in 7 patients,
whose tumors were available both as frozen tissue and FFPE.

¢KS LI GASYydQa 5b! g1 a SEGNI OGS Rsuds dnd BFPE sarhples dsihgg T N
al 3/ 2NBt ! dzi2zYlFiSR bdzOt SAO ! OAR 9EGNI Oli2NE | O02N
New Taipei City, Taiwan). It was used 350 ng of genome DNA for further analysis. The Agilent SurePrint G3
CGH ISCA v2 Microayriit 8x60K array platform was used for genome evaluation, according to the

YI ydzFlF OGdzNENDa AyadNHzOGAz2ya oA0GK Syl eyrdiaAdo RA3ISA
for aCGH evaluation was established on 150 kb. Frozen and FFPE afi€&Hym@ matched for each

patient to confirm and validate results.

In 4/7 (57%) patients the results of CGH obtained from frozen tumors and FFPE samples were identical (in 3
cases numerical aberrations only). Quality of DNA was better in frozen tubweso the poor quality of

DNA, in 1 patient analysis of FFPE was not possible and in the other one we found lower number but
concordant aberration in FFPE. In 1 patient, we found segmental and numerical aberrations in the FFPE
which were not found in dgefrozen tumor, but it was the only patient with analyzed material taken in
different time points. This case will be further analyzed.

The study will be continued with evaluation of both type of samples, with fresh tumor as reference, to
correlate resultswith the clinical course of disease. DNA obtained from the both type of material can be
used for analysis, although the quality of DNA from frozen tumor is better.
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Ototoxicity is a common late side effect of cisplatin therapy, which is one of the main drugs used in
neuroblastoma therapy. As most of the neuroblastoma patiemesyoung children, during the process of
speech development, it may be a severe problem in communication and learning. Moreover, in the
ototoxicity typical for cisplatin is observed in frequencies typical for many sounds used in Polish language.
We evalated ototoxicity in 24 patients after the end of high risk neuroblastoma treatment in-2015.

There were 14 girls and 10 boys, aged&®years (mean 3,8 years). All children had hearing evaluation

done by tympanometry and distortieproduct otoacoust emission test (DPOAE). At the same time

children had speech evaluation performed by the psychologist and the logopedists with the employment of
objective tests adjusted to the age of the patients. The parents of patients were also asked about their
subjective feelings of hear impairment and speech development in their children.

We found hear impairment in 10 among 24 evaluated patients, gra@l@dcording to Brock scale. In 25% of
evaluated children the results of verbal tests evaluated by psycholagists below average. The results
were not correlated with the degree of hearing impairment. In articulation tests done by logopedists in
37,7% of patients the results were below average and only in-E%ve average. Only patients in whom
standardized tets could be used are evaluated.

The observed disturbances in both tests in the speech development were not clearly correlated with
ototoxicity. Moreover, parents did not observe neither problems with hearing nor with speech in children
with objectivehear impairment.

Ototoxicity was observed in 42% of patients at the end of therapy and probably the incidence will grow with
time. At the early stages, it is not necessarily correlated with speech impairment, although increased
frequency of lateral lispipat sibilitanst (typical in Polish, high frequency sounds) was observed. As usually
ototoxicity is not noticed by parents, especially in lower stages, these patients must be carefully followed.
Early support of psychologist and logopedist may influenaeld@ment and learning abilities, especially in
younger children.
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Background: We recently identified GaleelifGalm U Z-galactosidebinding lectin, as a novel immune
regulator in neuroblastoma (NB) capable of impairing T cell and dendritic cell function and blunting host
immune responses. Here, we ewated the impact of Gal expression by primary NB tumors on the
function of CD8+ T cells. Secondly, we generated minigene DNA vaccines encodimgtiGtie ultimate

goal of breaking immune tolerance and inducing immune response against NB.

Methods: AJ mice were challenged with lethal dosesof MiXSb. OStf & 6H E mMnb &a®0
cells was performed by i. p. injections with a@D8 antibodies. Vaccination was performed in a

prophylactic setting by oral gavage of attenuated SL7207 (A&roAM 13  LISNJ Y2 dza S0 O NNE
control plasmids. The minigenes encode for-Gderived peptides with superior MHC class | binding

affinities.

Results: We were able to abrogate the reduced primary tumor growth by serial injections-Qfl28iiAb.

Next, we carried out epitope screening with online syfpeithi database and computer docking experiments.
GC5v!5[¢Lé 6C5v0X aD5CYLY/ ¢ 6D5C0O | yR -#Kahdd5! b ¢ L
GYCt bw[ baé¢ O6YCtOXZ &5D5 CY LOK)withd supeBoDHDA bindiggRaiffiratiesD Y 5 { b b
Minigenes encoding for FBRDFAHG (GXKK), KFRBPGDLGK (GDD) or a triplet of highest affinity G1

epitopes FDEDFKFP (GH) were generated by overlapping PCR and cloned into a ubiquitin containing
plasmid (pY. Mice receiving the pUGHK or pU&.H presented up to 80% reduction in s.c. tumor volume

and weight in contrast to control and were associated with increased cytotoxicity of isolated splenocytes.
Vaccination with pUGDD plasmid showed less suppressiapabilities on primary tumor progression.

Conclusion: Gdl expression by NB negatively regulates CD8+ T cells. Vaccination withr@ading DNA
plasmids may be effective against NB.
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Neuroblastoma is the most common extracranial childhood tumor of the sympathetic nervous system.

Some genetic alterations habeen shown to be prognostic of higtsk clinical courses, such as the

amplification of ¥myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN),
which was found in approximately 20% of neuroblastomas. The patients with advancexdblastoma are

still hard to cure, andyear survival could only be improved to 50% under the current therapeutic regimen.
Here, through a gene expressibased integrative analysis, we uncovered several genes including
phosphoglycerate dehydrogenase (A associated with the aggressive biology by MYCN amplification in
hightrisk neuroblastoma. PHGDH is the first enzyme in serine biosynthesis and also essential in downstream
glycine synthesis. Recently, a large body of work has demonstrated that repmgrgmmetabolism in

cancer is a promising therapeutic strategy. In the study, silencing PHGDH reduces thampfiGéd
neuroblastoma cell survival and tumor formation. Additionally, using a myriad of perturbation profiles

across multiple cell lines frombary of Integrated Networkbased Cellular Signatures (LINCS), we inferred
NEOJZNNBY i WLISNIdzZNb | GA2Yy L FFSOGSR Dé&sgddherape®id | G A2y a
RAAO20OSNE aidNFXGS3e o0& aSINOKAyYy3A FvenNudisehsdzrdile.G K G O
Interesting, homoharringtonine (HHT) is screened out as one of the potential new PHGDH inhibitors and
reduces PHGDH mRNA but not protein expression level. Isothermal titration calorimetry (ITC) displayed HHT
inhibited PHGDH enzymetavity via competing with its substrate NAD+. We confirmed HHT cytotoxicity at

a nanomolar concentration in MY &hplified neuroblastoma cell lines. To test the therapeutic efficacy in

vivo, we used the xenograft mouse model via subcutaneous injectitredflY CNamplified neuroblastoma

cell line SKN-BE (2)C. Consistently, we found that HHT significantly reduced tumor volume and increased
survival in this neuroblastoma mouse model but has no significant changes in weights of total body and the
organs inalding liver, spleen, and kidney as well as no observable toxicity to these organs. Metabolite
profiling reveals that HHT causes a reduction in serine/glycine biosynthesis but a promotion in tricarboxylic
acid (TCA) cycle. These findings suggest that regmuging serine/glycine metabolism by a new PHGDH
inhibitor HHT is a powerful therapeutic strategy for higgk neuroblastoma.
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Background: Induction chemotherapy is important in the management of patients witkrisigh
neuroblastoma. Predtors of response to Induction therapy itself are largely lacking. We sought to describe
clinical and biological features associated with differential response to Induction.

Patients and Methods: Patients from the following COG -higlhtrials with ateast one disease evaluation

during Induction were included: A3973; ANBLO2P1; ANBL0532; and ANBL12P1. Responrsel attiom

was evaluated by the 1993 International Neuroblastoma Response Criteria. The primary endpoint was
partial response (PR) or betteéSecondary analyses evaluated complete response (CR) and progressive
disease (PD). A series of univariate analyses (Fisher's exaciquahéd tests) were performed to compare
response as a function of clinical or biologic predictor variables. Forgradictor variable, the Holm
.2YTFSNNBYA YSGK2R gl a dzaSR G2 O2NNBOG F2NJ vydz AL
regression model using significant predictors from univariate analyses was constructed to model PR or
better.

Results: The analytic cohort included 1,242 patients (79.8% with PR or better; 20.8% with CR; 9.1% with PD)
Baseline factors significantly associated with a PR or better included age <18 months (87.4% with PR or
better vs. 78.7% if older; p=0.0103), ageyears (82.0% vs. 70.6% if older; p<0.0001), INSS <Stage 4 (89.0%
vs. 78.4% if Stage 4; p=0.0016), MYCN amplification (85.5% vs. 77.1%rifpiified; p=0.0006), 1p loss of
heterozygosity (LOH; 85.6% vs. 76.0% if no LOH; p=0.0085), no 11q LOH (820&8%0\is11q LOH;

p=0.0004), and high mitosiaryorrhexis index (MKI); 84.5% vs. 77.5% ifiltermediate MKI; p=0.0098).

Factors significantly associated with CR included INSS <Stage 4 (p<0.0001), MYCN amplification (p<0.0001
no 11q LOH (p=0.0196)gh MKI (p=0.0066), and MIBG rawid tumor (p<0.0001). The only baseline factor
significantly associated with PD was 11g LOH (p=0.0491). On multivariate analysis (n=407), the absence of
119 LOH was the only factor that remained significantly associathdRK or better (odds ratio: 1.962

compared to 11q LOH; 95% confidence interval 1-3.@87; p=0.0216).

Conclusions: Clinical and biological factors are associated with differential response to Induction
chemotherapy. These findings may further improwe ability to predict treatment response.
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Background: Separase, a chromosomal cohemagnlving enzyme during cell division, is an oncogene
overexpressed in multiple tumors, including neuroblastoma. Over 80% of neuroblastoma tumors
overexpress Separasatrscripts. In mouse models, Separase overexpression has been shown to induce
aneuploidy, genomic instability, mammary and osteogenic tumorigenesis, and intratumoral heterogeneity.
Using a high throughput screen, we identified a small molecule Separabeganfbepinl) that nor
competitively inhibits Separase. Sefinnhibits the growth of leukemia and breast tumor cell lines, as well
as Separaseverexpressing human triple negative breast cancer xenografts in mice in a Separase
dependent manner. This ike first description of Sepith in neuroblastoma.

Methods: We tested the effect of Sepihon neuroblastoma cell growth in tissue culture and mouse
xenografts. To test Sepihin mouse xenograft model, we transduced SKNSH cells with construct exgressi
GFP and fly luciferase using lentivirus. The derived cells were implanted in adrenal glands of NCr nude mice
The mice were treated with 15mg/kg daily Monday to Friday for 3 weeks via oral gavage. We also
investigated the synergistic artimor effect d Sepinl and 13cis retinoic acid (:8RA), vincristine or

topotecan using SKNSH cells. Cells were cultured at 0.7 X105 cells/mL overnight and treated in the presenc
or absence of Sepih with the second drug at varying concentrations for 72 hrs.

Resuls: The IC50 of Sepinin inhibiting the growth of 9 NB cell lines ranging from 4.8 to 62.5 uM. In
neuroblastoma mouse xenograft models, compared to the PBS control -Espnificantly inhibited the
tumor growth as determined by both fluorescence intégpsnd tumor mass. MTT cell viability assay
showed Sepifl plus 13cRA or Vincristine has synergistic effect at IC75 drug concentrations on inhibiting
SKNSH cell growth with combination indices of 0,5 and 0.32, respectively. However, no synergy was
obsewred when cells were treated with Seginand topotecan.

Conclusion: These results suggest that inhibition of Separase represents a new line of therapy to treat
neuroblastoma and other tumors addicted to Separase overexpression. Blocking overexpressadesep
activity can potentially be used both to both kill neuoroblastoma cells, as well as to sensitize resistant cells
to chemotherapy.
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AVEN inhibits apoptosis by bind APAF1. Here we explored AVEN expression in heuroblastoma in relation
to clinical characteristics, exploited its control mechanisms as potential therapeutic targets and functionally
analyzed the phenotypic consequences of modifying AVEN expressiomrablastoma cells. Higlevel

AVEN expression from mR¥&q data in 649 primary neuroblastomas positively correlated with

established clinical and molecular markers for unfavorable tumor biology and negatively correlated with
patient survival. Correlationsere confirmed in microarray expression data from an independent 122

tumor cohort and in technical replicates from 498 neuroblastomas. Multivariate analyses with the 649
tumor cohort revealed that the prognostic value of AVEN expression provides addjprekctive power

over the established prognostic markers, stage, age, MYCN and 1p. AVEN immunohistochemistry in 17
selected tumor samples demonstrated that the differential pattern of AVEN expression is translated to the
protein level in neuroblastomasalwing the most divergent tumor biologies. Correlating AVEN copy number
alterations assessed by WGS, WES and/or aCGH with AVEN expression in correspondigqruRbA

from 256 neuroblastomas showed hardly any correlation, suggesting epigenetic reguladitepth time-
resolved mRN#&eqg combined with microRNA profiling of a neuroblastoma differentiation model using the
clinically approved histone deacetylase inhibitor, panobinostat, showed that AVEN was strongly down
regulated by miF630, which was the mosiramatically induced microRNA in the model. Stably enforcing
AVEN expression in BE-@}ells markedly promoted growth in subcutaneous xenografts of these cells in
female NMRFoxnlnu/nu mice, while CRISP/Cas8diated AVEN knockout in BE-@REells shistantially
mitigated subcutaneous xenograft growth and sensitized the tumors to systemic doxorubicin treatment.
FAC%ased cell cycle analyses of BEG2nd IMR5/75 cells and matched CRISP/Cas9 knockout or enforced
expression clones revealed that AVENdkout caused GO/G1 arrest and apoptosis {&ibfraction

increase), while enforcing AVEN expression increased the proportion of cepgas&cells and reduced

the apoptotic fraction. Colony forming assays with all BEE(a8hd IMR5/75 clones mirrordithdings in
xenografts. SILAC experiments revealed that AVEN knockout caused the differential expression of 33
proteins in BE (2 cells, mostly involved in RNA/DHNiAding, transcriptional regulation, cell cycle control
and differentiation. AVEN is aitizal and indirectly druggable mediator of neuroblastoma cell

tumorigenicity and chemotherapy resistance.
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Background: Antjanglioside (GD2) antibody immunotherapy improves outcome feBRut 35% of
patients (pts) will still recur. LCAM (CD171) is expressed by neuroblastoma, offering an atiezn
immunotherapy target for HRIB.

Methods: Pts with recurrent/refractory HRB were enrolled to examine the safety and feasibility of
administering autologous, peripheral blookgrived T cells genetically modified using a SIN lentiviral vector

to express either scFigG4hingeCD28tm4-1BBzeta (second generation, Arm A) or CD&pécific sckv
IgG4hingeCD28tm/cyte4-1BBzeta (Arm B) CD171 (L1CAdpEcific chimeric antigen receptor (CAR) and

the selection/tracking/suicide construct EGFRt. All patieeteived lymphodepleting chemotherapy after

which cryopreserved CD4 and CD8 CARs were administered at a 1:1 ratio at the prescribed dose level. Dost
range is 1x10"6/kgt EMn wy K 1 3@ ¢ KS a ¢ 5 -ik-aNPRESSABHINA déSgR ondzich of 3 |
2 study arms, enhanced with additional safety rules.

Results: From 11/20142/2017, 24 pts have enrolled with CAR manufacturing successful in 22 pts. Sixteen
pts (median age 7.5 yrs; rangel8 yrs) have been treated at dose level (DL) 1{=®d n=1B), DLZn=2

A and n=8B), DL3 (n=A and n=1B), DL4 (n=3\) and DL5 (n=A). Dose limiting hyponatremia attributable

to CAR T was seen in 2 patients at DL 3A and DL 5Bm&etf skin rash occurred in 5 patients (DL 2B, 3B,

4A and 5A), skin biopsy performad2/5 pts demonstrated EGFRt+ CAR infiltration. CAR T persistence
documented by EGFRtow improved with both increasing dose levels and CAR generation (3rd>2nd). Two
patients exhibited tumor pseudoprogression with documented T cell tumor infiltratidnpatient who

consented to tumor biopsy (DL 3B). There were no objective responses, 2 pts with early progressive disease
are alive without subsequent treatment 15 (D26) and 30 months (DL3IG) post CAR infusion,

respectively.

Conclusions: It is fedde to manufacture CAR T cells from heavilytipeated pts with HRNB. The initially
planned T cell infusion doses were insufficient to generate persistence in HR NB patients; however,
increased T cell dose and 3G CAR constructs may improve persisddsesved toxicities may represent
on-target-off-tumor cytotoxicity. Expansion of the current dose cohorts is underway to further evaluate
safety and efficacy.
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MYCN amplification is present in almost 30% of Neuroblastoma (NB) and is assediattumor
aggressiveness and poor prognosis. Moreover, in some Mivi@Mplified NB, increase ofMyc protein by
altered degradation is also associated with poor prognosis. MYCN is highly expressed in fetus and tumoral
mass, while it shows a very rested pattern of expression in healthy tissues after birth; consequently, a
MYCNdirected targeted therapy for MY Gainplified/expressing NB is not expected to result in adverse
effects. We previously showed in MY-€Rpressing Rhabdomyosarcoma that the getie oligonucleotide
strategy to inhibit MYCN transcription, results in improved efficacy compared to inhibition of MYCN
translation by antisense oligonucleotide strategy. We present thétin and irvivo preclinical anttumor

activity of BGA0O2 (an sigene PNA oligonucleotide, specific for the inhibition of the MYCN transcription,
that granted orphan drug designation by FDA and EMA for NB treatment).

BGAO0O02 caused a dedependent MYCN transcription inhibition, in both MY&hplified/overexpressing
and MYCMNunamplified/expressing NB cdihes. BGA002 was also effective in MYCN
amplified/overexpressing and p&58utated (therapyrelated) NB cellines. BGA002 showed a dese
dependent NMyc protein reduction. Potent, MY G#pecific and dosdependent celigrowth inhibition was
observed in MYChlxpressing NB cell lines after treatment with BGA002, that correlated with the level of
MYCN mRNA expression. The highest activity was observed in-aMivi@liled/overexpressing NB cdilhes,
followed by apoptosis. B&02 caused gene expression modificationsdogd downregulation) in

previously related and unrelated MX&rget genes.

In-vivo antitumor effect after systemic administration of BGA002 performed in Ma@plified NB

Xenograft mousenodel showed potentlosedependent antitumor activity. The irvivo pharmacodynamic
response was demonstrated by reduction eMyc protein amount in immunohistochemical analysis from
extracted tumours. lrvivo pharmacokinetic profile was characterized in rodents and rabbite invivo
toxicological and safety pharmacology regulatory profile showed that BGA002 was well tolerated.

In summary, the irvitro and invivo preclinical studies of BGA002 showed potent and specifi¢uanor

activity for MYChamplified/expressingNB. Further analysis is under evaluation to characterize the

molecular pathways underlying the specific activity in this highly aggressive subtype of NB. Considering the
consistent efficacy and well tolerated safety profile, BGA0O2 is progressing tacal@imasd evaluation in
patients affected by NB with MY @Mpression.
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Accurate disease modeling creates a lmidck against effective translation of novel neuroblastoma
therapies and therapy combinations into the clinic. The intratumoral genetic heterogeneity of
neuroblastoma has recently been described and calls for preclinical models that reflect this chstiacteri
Flexibility in a testing platform is also desirable to support assessment of different endpoints and tumor cell
characteristics, including automated in vitro testing, modelingaalland cetmatrix interactions and
assessing responses in a 3Dmgaivironment. We present the novel neuroblastoma model eNB1,

which was propagated from a bone marrow metastasis from a patient with INRG stage M;aviipGiied
neuroblastoma at first diagnosis. To model different aspects of disease, several preaiimieds were
developed from the single bone marrow aspirate: a tissue plastierent cell line, a-8imensional (3D)
spheroid culture, tumor organoids growing in matrigel and a patdarived xenograft (PDX) serially
subcutaneously passaged in miceo@th characteristics, immunophenotypes, expression of key proteins
and the molecular genetic background (using whateme sequencing) were examined to characterize this
neuroblastoma model set. Immunophenotyping revealed surface expression of the GIDZAdil
neuroblastoma markers by cells in plasiitherent monolayer and spheroid cultures. Xenograft tumors
expressed the neuroblastoma markers, synaptophysin and NB84. Immunohistochemical target screening
detected HDACS5, HDAC9 and EGFR overexpressic@HBNB1 model fulfills typical aspects of MY-CN
amplified neuroblastoma, with MYCN amplification in double minutes, 1p deletion, 179 gain, diploid
karyotype and no evidence of either TERT rearrangement or ATRX mutation, but with TERT overexpression.
ALK wagsot mutated. Wholeexome sequencing revealed intratumoral heterogeneity in the bone marrow
metastasis and genetic heterogeneity in the culture models. Cells maintained in all culture types harbored
the same 1p deletion, 17qg gain and MYCN amplificaticdhegrimary metastasis. Smaller copy number
variations accumulated as xenografts were passaged (passage 4 compared with passage 1xdeaifiple
singlenucleotide variants not present in the bone marrow metastasis were detected in all culture models,
egoecially in the monolayer culture. The set of different @REL culture systems and the genetically
heterogeneous MY CGhlimplified neuroblastoma background provide a flexible preclinical testing system
that recapitulates important characteristics of metastabheuroblastoma.
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Despite the remarkable potency of CBHegeting CAR' cells against heatological malignancies, similar
results have not yet been achieved for CABell therapy of solid tumors. Programmed debgiand 1 (P
L1) is thought to help create the immunosuppressive microenvironment in solid tumors and to impair CAR
cell efficacy We evaluated the PI/PDL1 pathway in CD17dpecific CAH cells cecultured with
neuroblastoma cells and assessed the influence et Ribibition on immunotherapy efficacy. The
neuroblastomaspecific CD1Aargeting CAR cells were cultured separayebr cacultured with SKN-

BE(2) neuroblastoma cells, and FA@Sed expression analysis assessed RDBd PEL1 in CAR cells and
PDL1 in neuroblastoma cells before and afteradture. We generated the SBE(2)PEL1+
neuroblastoma cell model, whigtably expresses P from a lentiviral vector, to assess the impact of
high PBL1 expression by tumor cells in our in vitreadture system. FACS analyses, luciferase reporter
assays and cytokine release assays were used to assegsdeARctivationexhaustion and neuroblastoma
cell killing after ceculture with SKN-BE(2) or SKI-BE(2)PEL1+ cells. Goulture with CD17LCART cells
upregulated PEL1 expression in S¥BE(2) cells from 6.6% to up to 47.8%. Nivolumab increased €D171
CART celldirected killing of both SKI-BE(2)PEL1+ and SKI-BE(2) cells in eculture experiments, even
though this benefit was not reflected in altered GARell activation, exhaustion or cytokine release.
Interestingly, Nivolumaienhanced CD17CART cell killing dishot correlate with PEL1 expression in
neuroblastoma cells. Expression of both-P[®. 9% to 39.2%) and R (3.3% to 29.7%) was significantly
increased on CD17CART cells after caulture with neuroblastoma cells. CDXCART cells were
manufactured fom T cells isolated from donor blood, and PDHPDexpression varied on CD1CART

cells from different donors. Nivolumab enhancement of CBCART cell killing was positively correlated
with PD1/PDL1 expression on the CDXZIART cells. Thus, PDinhibition by Nivolumab depended on PD
1/PDL1 expression levels in T cells not tumor cells. The upregulation®FEEL1 caused only by
interaction between neuroblastoma and CDICZART cells emphasizes the importance of the FBD-L1
pathway in suppresing CAR cell efficacy in patients. Screening donor T cells fet/PD-L1 expression
could help determine when to combine CDICART cell therapy with checkpoint inhibitors to improve
treatment efficacy.
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In Vitro and In Vivo Valitian of Combination Strategies with Venetoclax
For Relapsed Neuroblastoma

Lindy Vernodij Laurel Bat&ya, Thomas EleveldBianca Koopmahd.indy All€'s Linda SchilgdJan
Molenaat, Emmy Dolman
Princess Maxima Center for Pediatric Oncology, Utrdetiterlands

Background: The majority of all neuroblastoma patients overexpress thejpaitotic protein B cell
lymphoma/leukaemia 2 (BE2). We previously showed that the B€inhibitor Venetoclax causes
programmed cell death in B&dependent neurokastoma, which contributed to the initiation of a phase |
trial to study the safety and pharmacokinetics of Venetoclax in children with relapsed or refractory
neuroblastoma. In the current study, we aim at the identification and validation of targeted icatin
strategies to prevent or overcome neuroblastoma resistance to Venetoclax.

Results: To identify effective combination treatment options for relapsed neuroblastoma patients we
subdivided our model systems in subgroups with specific genomic bacldgofibK mutated, RABAPK
pathway mutated and p53 wiltype. Cells were screened using concentration series of libraries of targeted
compounds in combination with concentration series of Venetoclax. Surprisingh2-@pendent
neuroblastoma cell lines hiaoring an additional ALK mutation did not yield ALK inhibitors as most effective
or synergistic drugs in combination with Venetoclax. Instead, PARP inhibitor Talazoparib, PISK/HDAC
inhibitor CUDE@07 and CHK1 inhibitor Prexasertib were the most promisitsgfor combination therapy
with Venetoclax in the AkKutated subgroup. The same hits were found for the p53yifte subgroup. In
RASMAPKmutated neuroblastoma cells, the MEK inhibitor Trametinib showed synergistic responses with
Venetoclax. This waslated to MEKmediated phosphorylation of BIM. This synergistic combination could
be confirmed in vivo.

Strategies to overcome Venetoclax resistance have also been studied. In previous preclinical studies, we
demonstrated that Venetoclax resistanoecurs due to upregulation of the argpoptotic protein MCLL. In
vitro combination studies confirmed a strong synergistic interaction between Venetoclax and the novel
MCI:1 inhibitor S63845. Higtinroughput screening of neresistant versus Venetoclagsistant BC2-
dependent cell lines with wiltype p53 uncovered the MDM2 inhibitor Idasanutlin as one of the strongest
re-sensitizers to overcome resistance. In vivo combination of Venetoclax with Idasanutlin resulted in a
remarkably improved anticancerfett compared to single agent therapy, with very good partial and
complete responses in BRldependent neuroblastoma xenografts.

Conclusion: We identified various targeted combination strategies that might improve the clinical use of
Venetoclax for thereatment of children with BG2-dependent neuroblastoma.
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Association of ImagBefined Risk Factors with Clinical Features,
Histopathology, and Outcomes in Neuroblastoma

William C. TempleKieuhoa T. \fpKatherine K. MatthdyAndrewPhelp$, Spencer BehrMatthew A.
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Background: Clinical and histopathologic features guide treatment for neuroblastoma but obtaining tumor
tissue may cause complications and is subject to potential sampling erraodusnior heterogeneity. The
association of specific imaging characteristics of neuroblastoma with clinical features, histopathology, and
outcomes is unclear.

Methods: We performed a retrospective cohort study of patients with neuroblastoma or

ganglioneug 6 f  aG2Yl SyNRffSR 2y (KS / KAfRNBYyQa hy-02ft 2
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stage, primary tumor site, surgical complications); histplbogy (MYCN status, ploidy, mito&iaryorrhexis

index [MKI]); detailed radiographic review of diagnostic CT scans for idedijed risk factors (IDRFs); and
eventfree survival (EFS). IDRFs were evaluated in five separate binary variable categernsmrewithin
multiple body compartments, vascular encasement, airway compression, infiltration of adjacent
organs/structures, and intraspinal extension.

Results: Our analytic cohort included 36 patients. THikty patients (89%) had tumors with IDRE$ the

clinical and histopathologic features, only the proportion of patients who had surgical complications
differed statistically when compared between those with and without IDRFs (62% vs. 0%, p=0.02). Using a
stepwise regression model, the presencd@RFs was significantly correlated with the presence of surgical
complications (p=0.03), abdominal/retroperitoneal primary site (p=0.04), and hypodiploid/diploid tumors
(p=0.02). Additional multivariable stepwise regression analyses were performed stigate the

correlation of histopathology with the five separate categories of IDRFs. MYCN amplification (p=0.01) and
high MKI (p=0.01) were significantly correlated with tumor infiltration to adjacent organs/structures.
Hypodiploid/diploid tumors were sigficantly correlated with tumor extension within multiple body
compartments (p=0.05). Theyear EFS was 100% in patients who had neuroblastic tumors without IDRFs
compared to 71.2% (95% Cl, 48385%; p=0.25) for those patients with tumors with IDRFs.

Conclusions: There is significant correlation between the presence of IDRFs with primary tumor site, DNA
ploidy, and surgical complications. MYCN status, MKI, and ploidy were correlated with tumor infiltration to
adjacent organs/structures and tumor exton within multiple body compartments. These findings

suggest that specific imaging characteristics may be associated with important clinical and histopathologic
features in neuroblastoma. Analysis in a larger cohort of patients is ongoing.
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Induction Chemotherapy with An ArBD2 Monoclonal Antibody
(Dinutuximab) and Cytokines in Children with Newly DiagnosedRigih
Neuroblastoma: A Case Series

Jessica Gartréllwayne Furma Barry Shulkin Alberto Pappb Sara M. Federiéo
1St.Jude Children's Research Hospital, Memphis, United States

Background: Recent studies conducted in patients with relapsed/refractory neuroblastoma demonstrated
that treatment regimens with chemotherapy plus an a@iD2 monoclonal antibody (mAb) and cytoldne
were welltolerated and had a positive clinical response. A current phase Il trial (NB2012) for patients with
newly diagnosed highisk neuroblastoma (HRNB) evaluating an-&1i2 mAb, hul4.18K322A, combined
with Induction chemotherapy and cytokines denstrated a significantly improved early response rate. We
report the results of three patients with newly diagnosed HRNB treated with combined Induction
chemotherapy, dinutuximab, GI@SF and 2.

Methods: Children with newlgdiagnosed HRNB receivedy&les of Induction chemotherapy combined with
dinutuximab (17.5mg/m2/dose IV, days$?, GMCSF (250mcg/m2/day subcutaneous (sc), dayadir) and
IL-2 (1 million units/m2/dose sc, every other day for 6 doses). Chemotherapy regimens included
cyclophospharige/topotecan (cycles 1,2), cisplatin/etoposide (cycles 3,5) and cyclophosphamide,
doxorubicin and vincristine (cycles 4,6). Surgical resection of the primary tumor was performed when
feasible. Following Induction therapy patients received Consolidatiosu{fan and melphalan with
peripheral blood stem cell rescue and radiation therapy) and-Bostsolidation (dinutuximab, GK&SF, i

and cisretinoic acid). Response was evaluated using the revised International Neuroblastoma Response
Criteria (INRC).

Results: Three patients with newtijagnosed HRNB (2 females, median age 4 years; rabyears)

completed Induction and Consolidation therapy. All three patients had stage 4, MY Gixhptiied HRNB.
Curie scores at diagnosis were 1, 14 and 21. Thenrdeeation of admission for chemotherapy was 7.9

days. During Induction, dinutuximab was infused over 10 hours with no respiratory complications or
hypotension. Common toxicities included grade 4 myelosuppression (3/3 patients), grade 3 anorexia (3/3
patients) grade 34 fever with neutropenia (3/3 patients), grade 3 mucositis (2/3 patients), grade 2 pain (3/3
patients), grade 2 urinary retention (2/3 patients) and grade 4 sepsis (1/3 patients). All three patients
achieved greater than 85% primary tumor regen. At the end of Induction, Curie scores were 0 and 3/3
patients had a complete response. All 3 patients are receiving@assolidation therapy.

Conclusions: Administration of Induction chemotherapy with dinutuximab;@3® and 42 in patients wih
newly-diagnosed HRNB is feasible and demonstrated clinical response. Further studies using this approach
are warranted.
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Modulators of Multidrug Resistance Protein 1 Show Promising In Vitro and
In Vivo Activity in Neuroblastoma

Chrisine Gana Jayne Murray Kimberley Hanss&rClaudia FlemmihgGeorgina EdénMurray Norrig
Michelle Habér Denise Y Jamie Fletchér
IChildren's Cancer Institute, Sydney, Australia

Multidrug resistance protein 1 (MRP1) is frequently overexpressé&amors where it effluxes
chemotherapeutic agents, protecting tumor cells from chemotherapy. This is strongly illustrated in
neuroblastoma, where MRP1 expression is highly prognostic of clinical outcome and contributes to
chemoresistance in vivo. Furthraore, MRP1 also effluxes low levels of glutathione (GSH), a major
antioxidant linked with resistance to chemotherapy and radiotherapy. Based on our previously identified
MRP1 inhibitor Reversan, we have developed small molecule MRP1 inhibitors, whichrssowsly block
drug transport and enhance GSH efflux We are investigating the utility ofalugtion MRP1 modulators

for neuroblastoma treatment, with a view to identifying a candidate molecule suitable for clinical use.

Methods: In vitro activity andelectivity were determined in cells overexpressing drug transporters (MRP1,
P-glycoprotein, ABCG2, MRP2 and MRP3), treated with established drug substrates in combination with
MRP1 modulators, using cytotoxicity assays. GSH levels were determined Hyighgtaecycling assay. In
Vivo activity was assessed in the transgenidMCN and human xenograft mouse models of
neuroblastoma, in combination with the MRP1 substrate drug etoposide. Specificity for MRP1 was tested
using MRPHeficient TAMYCN mice.

Results: Our modulators demonstrated excellent selectivity for MRP1 oggyddprotein, ABCG2, MRP2

and MRP3, and sensitized neuroblastoma and other cancer cell lines at leastdltré® the substrate

drugs etoposide, vincristine and arsenic trioxideiino (P<0.001). The modulators showed promising on
target activity in the TRMYCN and Kelly xenograft models treated with etoposide, doubling median survival
over etoposide alone (11 days to@B days; P<0.001) in TWYCN mice, and extending median suali

over etoposide alone (15 to 21 days) in the xenograft mice. No impact was observed on etoposide
pharmacokinetics. Our MRP1 modulator depleted intracellular GSH in an-#pR@dent manner and

worked synergistically with GSH synthesis inhibitbuthionine sulfoximine (BSO), to deplete GSH, abolish
clonogenic capacity, and sensitize cells to chemotherapy (C1<0.01, P<0.05).

Conclusion: Our modulators show strong selectivity for MRP1 and may increase the therapeutic window for
standardof-care drugs in NP1 overexpressing cancers. Current studies examine the ability of MRP1
modulators to deplete intracellular GSH and whether this would increase survival in our animal model.
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Novel Method for Minimal Residual Disease Detection by Kexteration
Flow Cytometry, Discriminating Neuroblastoma from CD56+ Mesenchymal
Bone Marrow Cells

Georgios Paterakiy/assilios Papadakigles Vicha loannis TheodorakysPavla JencovaGeorgios
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Oncology, Charles University, 2nd Faculty ofidied] Prague, Czech Republic

Background: Detection of minimal residual disease (MRD) in neuroblastoma (NBL) by multiparameter flow
cytometry (FC) is limited by low sensitivity with false negative and false positive results. Recent advances in
deep MRD dection by next generation FC (NGF) in multiple myeloma, prompted us to apply similar
methodology for NBL. Recent description of CD56+ human bone marrow (BM) derived mesenchymal
stromal cells (CD56+BMSCs), led us to investigate their possible interfeesincNBEMRD detection by

MFC.

Aim: This study was to formulate a N@BIRD method for NBL and propose a éanbe multicolour assay,
based on antigens, discriminating CD56+BMCs from NBL cells.

Patients and Methods As negative biologic controls in-MBD detection were assessed 9 BM childhood

ALL samples during treatment. As positive control served 6 NBL patient BMs at diagnosis and 2 NBL cell
cultures. The NBL associated antigens assessed @B&6, CD45, GD2, CD81, CD24, CD200, CD9, NG2,
CD117, CD99; BMSCs associated were: CD56, CD73, CD90, CD146, CD13, CD10. Nuclear stain Syto16 w:
used to avoid debris and apoptotic cells. Ammonium chloride bulkyysie of BM volumes 0-8.5ml was
alsoconducted. Initial Ecolour combinations were used with: Syto16/CD45/CD56 in every tube, leaving 2
positions to assess another 2 antigens per tube. Samples were analysed by Navios Bealdtaan

apparatus, acquiring 2x106 events per tube. Discriminantyaisof NBL and CD56+BAEC was

conducted.

Results: Two discrete CDABgative subpopulations of CD56+BHECs were detected in negative ALL
controls with different CD56 intensity, CD56wddCs and CD56brightSCs. Their BM frequencies and %
antigen expessions, median value (range) were: a)CD56Wd8Ks: 10g103.7(-4.4 t0-3.1), CD81=86(54
100), CD24=3¢Q1), CD200=83(387), CD73=74(206), CD90=58(183), CD146=40¢34), NG2=8(®1),
CD13=69(5@8), CD9=13(50), CD117=2¢R9), CD99=67(04), CD10=887-93), GD2=27(82)
b)CD56brightMSCs: log104.2(-4.5 to-3.9), CD81=99(9000), CD24=18{b8), CD200=94(8D00),
CD73=91(3®8), CD90=30¢88), CD146=18{500), NG2=39(1B6), CD13=88(7?600), CD9=88(694),
CD117=1(3), CD99=69¢200), CD10=78(1800), GD2=34(35).

Conclusion: Deep NGF MRD detection with bulky prelysis, acquiring 2x106 events, revealed GIASE&sBM

with NBL antigen expressions, overlapping in given negative ALL controls. Discriminant analysis showed tha
CD24, GD2 and CD13 antigawvere the ones actually dissecting between NBL and CD56ABG4 cells. A
7-colour combination SYTO16/GIPE/CD24£CD/CD1-PerCP5.5/CD4BC7/CD8APC/CD5&PC700 is

proposed for further evaluation for fast, accurate and precise measurement of NBL MRD in BM
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KIRligand Incompatible Allogeneic Cord Blood Transplantation Reduces
Relapse and Improves Survival in Children with Primary-RigjhStage 4
Neuroblastoma

Nobuhiro Nishi®? Shinsuke Kataokaviotoharu Hamada Daisuke IchikawaReko Taniguchi Norihiro
Murakamt, Daiei Kojima Kyogo SuzukiNozomu KawashirhaEri Nishikawa Yusuke Okunid, Atsushi
Narita, Hideki Muramatsiy Asahito Hamfa Seiji Kojinta Yoshiyuki Takahashi

1Department of Pediatrics, Nagoya University Gatel&chool of Medicine, Nagoya, Jag@enter for Advanced
Medicine and Clinical Research, Nagoya University Hospital, Nagoya, Japan

Introduction: Killer cell immunoglobuliike receptor (KIR) / HLA genotypes predictive of missingjddids

are reportal to have a better outcome after autologous hematopoietic stem cell transplantation in patients
with high risk neuroblastoma (Venstrom JM et al. Clin Cancer Res. 2009). We conducted a prospective study
of KIRligand incompatible allogeneic cord blood trafemtation (CBT) in 20 consecutive primary patients

with highrisk neuroblastoma (NB).

Methods: The eligibility criteria were newly diagnosed International Neuroblastoma Staging System (INSS)
stage 4 and International Neuroblastoma Risk Group (INRG}isigNB patients aged <18 years with one of

the following factors: chem&BE F NI OG2NE oalL. D LRAAGAGS RA&ASIAS 7T
old at diagnosis, or MYCN amplification. We scheduledi¢g@dRd incompatible CBT with a redueedensty
conditioning regimen 3 months after higltose chemotherapy followed by autologous stem cell
transplantation. Natural killer (NK) cells expressing single inhibitory KIR were monitored by flow cytometry
before and after CBT up to 1 year.

Results: Twentgonsecutive patients who met the eligibility criteria underwent CBT (17 chefnactory

patients, 9 patients with MYCN amplification, and one >10 years old patient). The median age at diagnosis
was 2.4 years (range: @X0.5 years). The median follewp period from CBT was 43 months (range¢ 24

104 months). Thregear event free survival and overall survival was 85.0% and 90.0%, respectively. No
patients relapsed in bone marrow but only one patient developed isolated central nervous system relapse
307 daysafter CBT, and he achieved the 2nd complete remission without further bone marrow relapse after
salvage craniospinal irradiation. Thrgear cumulative incidence of relapse was 5.3%. Three patients
developed grade dlV acute grafiversushost disease (G\MP) while no patients developed chronic GVHD.

No patients died of relapse or progression of neuroblastoma in this cohort. NK cells expressing single
inhibitory KIR that were considered as alloreactive NK cells significantly expanded after CBT and reached to
donor CB level (p = 0.0009) in vivo.

Conclusions: These results suggest thatligdtd incompatible allogeneic CBT reduces bone marrow
relapse and improves survival in children with higk NB.
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SingleCell Transcriptomic Analy$teveals the Early Separation of
Neuroblastoma Fate in TMYCN Mice
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neuroblastoma. To this end, we performed singédl transcriptomic analysis to reveal the early fate
determination of reuroblastoma observed in TMYCN mice.

Methods: We investigated the eartage tumor tissue in TRIYCN mice individually and performed
droplettype singleOSt £ wb! aSljdzSyOAy3a o6& OKNRYAdzy aAy3atsS O
analysis, wearried out singlenolecule fluorescence in situ hybridization (SmFISH).

Results: Firstly, survival analysis showed that 80%-MY&N hemizygous mice died of tumor by 10 to 20
weeks of age while 20% of them never developed neuroblastoma. Secondlyywehastologically

investigated tumor origin of the mice, all of them had clusters of neuroblastoma cells until 3 weeks of age.
Therefore, although neuroblastoma cells appeared in all cases, the fate to either develop tumor further or
disappear was likelyedermined during early ages. We assumed the latter fate as spontaneous regression
like phenomena in TMYCN mice. Thirdly, to understand the observed fate determination, we obtained
singlecell transcriptome of early neuroblastoma cells from tissues oéis@wweekold and one éveekold
(tumor-developing) THAMYCN mice. The analysis revealed distinct cell types in the tissues, including MYCN+
neuroblastoma cells, ganglion cells, glial cells and so on. Within MYCN+ neuroblastoma cells, there were
distinct sub-populations and the proportion of cells was different individually, suggesting that different fates
were captured at single cell level. The qadpulations were characterized by the differential expressions of
target genes regulated by certain transcigt factors. Lastly, SmFISH analysis validated the results of
singlecell analysis.

Conclusion: Singleell transcriptomic analysis captured the separation of neuroblastoma fate observed in
early ages of TMYCN mice. Earlstage subpopulation of MYCN-+ureblastoma cells can be discriminated
by the differential expressions of several genes, which possibly explains the mechanisms of fate
determination, i.e. spontaneous regression, in neuroblastoma.
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Results of Myeloablative Therapy aRdripheral Blood Stem Cell Rescue
in Patients with HigtRisk Neuroblastoma

Natalia KhranovskaGrigory KlymnydkElen ShaidaSergy PavlykOksana Skachkdy#ariia Inomistova
Aleksandr Gorbaéh
INational Cancer Institute of Ukraine, Kyiv, Ukraine

Introduction: Despite the development of new treatment options, the prognosis of-fighneuroblastoma
patients still remains poor. Intensification of consolidation therapy with autologous stem cell rescue (PBSCR)
after myeloablative doses of chemotherapguld contribute to the improved survival of children with high

risk neuroblastoma.

Aim: To investigate the-gear overall survival of patients with higsk neuroblastoma treated with
myeloablative therapy and PBSCR in the National Cancer lastitlitkraine.

Methods: One hundred fortyhree patients with neuroblastoma were enrolled into the study: 74 standard
risk (SR) patients and 69 highk (HR) patients. The risk group of patients was determined on the basis of
the most common prognosti@ttors include the child's age, stage, genetic markers (MYCN amplification,
DNA ploidy) and some additional molecu¢gmetic markers: 1p36, 17p deletions, MDM2 gene expression.
All enrolled patients received treatment according to-RE4 and HRIBL-1/ESDP protocols. At the late
stage of treatment, 54 highisk patients received higtlose chemotherapy (HDHT) with PBSCR, of these, 13
patients were cured with tandem HDHT.

Results: Our previous study has been shown that higher MDM2 expression level aGiatadswith

unfavorable clinical neuroblastoma features, indicating a link between MDM2 overexpression and the HR
phenotype as well as significant decrease in exfesd survival of neuroblastoma patients (p < 0.001). The
5-year OS was 67 % for SR patesmid 30.4% for HR patients. Depending on the child's age: the OS was
58.8 % for patients less than 1 year of age, while the OS was 19.2 % for patients aged 1 year or over. We
also analyzed the survival rate of HR patients based on MYCN gene statu§ Wwhs 9.8 % for-Myc

negative patients and 24.3% for MYCN positive patients. Currently, OS is 69.2 % for HR patients who were
treated with tandem HDHT with PBSCR.

Conclusion: The obtained results show that the OS of HR patients aged 1 year or owez foodidYCN was
g2NEG INBFridte GKFry Ay LI GASYyda sAdGK y2NXIf a,/b
treatment who received tandem HDHT with autologous steam cell support are encouraging.
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A DoubleConditioning Regimen withhiotepa and Melphalan is Effective
for MYCNAmplified HighRisk Neuroblastoma
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Background/Objectives: Appropriate higlose chemotherapy (HDC) for highkneuroblastoma remains
unestablished. We reported previously a doubtenditioning regimen with two cycles of thiotepa (total 800
mg/m2) and melphalan (total 280 mg/m2) for higkk neuroblastoma. In this report, we analyzed
retrospectively the outcomes dhe doubleconditioning regimen for patients with INSS stage4
neuroblastoma in three Japanese institutions.

Patients/Methods: The medical records of consecutive 40 patients with INSS stage4 neuroblastoma who
received the doubleonditioning regimen follewed by autologous peripheral blood stem cell rescue (PBSCT)
between 2002 and 2012 were reviewed retrospectively.

Results: The median patient age at diagnosis was 35 months (raqfg, 8 YChamplified tumors were
observed in 20 patients. All patientsderwent surgical resection of the primary tumor and radiotherapy to
the residual lesion. The regimen of induction chemotherapy and timing of surgery varied depending on the
institutions. None of the patients received a®D2 immunotherapy. The median l¢hgf follow-up for
censored cases was 9.1 years (range;131B). The eventree survival (EFS) rate and the overall survival
(OS) rate at 5 years from PBSCT was 47.5% + 7.7% and 57.0% £7.7%, respectively. Three patients died frol
regimenrelated toxiciy (infection (2) and microangiopathy (1)). The fp&ar EFS of patients with MYCN
amplified tumors were 65.0% * 10.7%, which was significantly superior to those with-Mehplified

tumors (24.0% + 9.8%; P=0.001). The-yiwar EFS of patients with CR3PR at HDC (n=12, 75.0 £12.5%)

was significantly better than that with PR+NR (n=28, 32.1 +8.8%; P=0.004). Notably -yleafizES of

patients with MYCMmplified tumors and CR+VGPR at HDC (n=9) was 88.9% + 10.5%. In a multivariate
analysis, increasedbability of EFS was demonstrated in patients with Mé@iglified tumor (HR=2.85;
P=0.026) and good remission status before HDC (HR=3.57; P=0.049).

Conclusions: The doubtmnditioning regimen of thiotepa and melphalan could improve survival in MYCN
amplified highrisk neuroblastoma. On the contrary, we might need to treat MYiGNamplified patients
with an alternative approach other than intensified chemotherapies.
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Targeting Prohibitin to Inhibit MAP Kinase Pathway Activation in
Neuoblastoma
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Whole-genome sequencing efforts in the last few years have revealed activating mutations in components
of the MAP kinase pathway as common features of relapsed neuroblastomas. As achieduitsiting the

MAP kinase pathway in neuroblastoma cells, we chose to target the plasma membrane scaffold factor
prohibitin (PHB), a protein required for RAF1 activation by Ras family members. PHB is located in the 17921
17qter region of chromosome 1#He most commonly gained genomic region in neuroblastomas. Gain of

this region is a cytogenetic hallmark of poor prognosis. Combining vgesieme and RNA sequencing data
from primary neuroblastomas identified PHB as frequently present in 17q gains anedlthat high PHB
expression is associated with adverse patient outcome. Western blot analysis of 8 neuroblastoma cell lines
detected PHB phosphorylated at threonine 258, a modification associated with plasma membrane
localization. PHB knockdown using BR reduced viability of 4 neuroblastoma cell lines and viability was
partially restored by ectopic expression of recombinant PHB, suggesting that PHB is required for
neuroblastoma cell survival. PHB knockdown was sufficient to reduce phosphorylatiok G2 ER

activating residues. Neuroblastoma cells were sensitive to rocaglamide, a drug previously demonstrated to
disrupt the interaction between PHB and RAF1, at nanomolar concentrations. Rocaglamide treatment
recapitulated the effects of ShRNA knockdoamcell viability and ERK1/2 phosphorylation. High

throughput RNA sequencing revealed that PHB knockdown increased expression of NTRK1, known to be a
marker of favorable outcome, as well as other genes involved in neurotrophic signaling. Our results presen
PHB as a molecular target for inhibiting MAP kinase signaling in neuroblastoma cells in-@dmase
independent manner, suggesting it is a therapeutic option for patients with-tiédfdisease exhibiting

aberrant MAPK pathway activation.
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Identification of Novel Compounds Which Compromise the Cytoskeleton
of Neuroblastoma

Peter Gunning Nicole Bryce John Lock Timothy Cripg Edna Hardeman
IUNSW Australia, Randwick, Austr&iationwide Children's Hospital, ColursbUnited States

The actin cytoskeleton mediates a range of cancer cell functions including cell migration, intracellular
transport, cell structure and proliferation; functions which are altered in all cancers. Compounds which
compromise the organisatioand function of the actin cytoskeleton in nheuroblastoma are therefore
candidates for development as amteuroblastoma agents. We have screened an 115¢a@0pound

library to identify candidates which impact the actin cytoskeleton eNSH neuroblastomeells. SKN-SH
cells were chosen because they have a very well organised actin cytoskeleton which is readily quantified in
terms of its organisation. Eight hundred and eigbtye compounds resulted in an altered actin cytoskeleton
and they could be grougkinto a set of 29 phenotypes. Examination of the phenotypes allowed us to
identify novel compounds which have characteristics of-anpomyosin, anROCK, Latrunculin and
Jasplakinolide activities. In addition, one set of compounds inhibits the aifilitye cells to move because

of increased attachment to the substratum and another set of compounds promotes the morphological
differentiation of SKN-SH cells. A subset of compounds which impact substratum attachment also
compromise neuroblastoma vialyliwith low micromolar IC50s. Representative members of each group
and subgroup are being tested for synergy with currently used neuroblastoma therapeutics. These new
families of antiactin cytoskeleton compounds provide new potential approaches to comigethe growth
and metastasis of neuroblastoma.
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Molecular genomics analyses aim to identify the sub$gtadients harbouring actionable mutations as a
pathway to better targeted treatment selection. Low mutation rates and the paucity of clinical data linking
targeted treatments with mutations in paediatric cancer suggests genomic analysis alone haslimiiati
translation into clinical benefit.

Zero Childhood Cancer aims to assess the feasibility of a comprehensive precision medicine platform to
identify targeted therapeutic agents for higrsk (HR) paediatric malignancies (expected survival <30%). Th
program combines molecular genomic analysis (WGS of tumour and germline DNA, deep sequencing of a
panel of cancer associated genes, and whole transcriptome (RNASeq), with in vittorbigihput drug
screening, and patienaterived xenograft (PDX) druffieacy testing followed by recommendations by a
National Multidisciplinary Tumour Board (MTB).

The Pilot Feasibility Study enrolled 59 patients with a range of tumour types (47% central nervous system
tumours, 20% sarcoma, 12% leukaemia, 9% neuroblastd2pb other) over 28 months (49% at diagnosis;
51% at relapse). In 54 curated cases, the complete molecular platform identified reportable somatic SNVSs,
fusions, and CNVs in 56%, 24% and 40% of patients, respectively. 5 patients had a reportable germline
cancer predisposition variant and in 3 patients, the genomic findings changed the primary diagnosis. Fresh
tissue collection permitted in vitro higthroughput drug screening (112 compound library single agent) in
31% of cases to date. Patietierived xengraft model engraftment was successful in 55% of cases. Final in
vitro drug screens, and in vivo drug efficacy studies testing actionable mutations or in vitro drug hits are
ongoing. Overall, 57% of patients received a personalised medicine recommendaémpy, change in
diagnosis, germline mutation referral) and 36% of patients with a therapy recommendation have currently
received that therapy.

A national, multicentre prospective study (PRISM) testing the implementation of the platform opened in
Septanber 2017 for Australian children with HR cancer. 27 patients have been registered from 6 paediatric
oncology hospitals, with 20 fully enrolled on the study to date and 14 patients discussed in an MTB meeting
(December 2017). Zero Childhood Cancer dematestrthe potential of the program to enhance clinical
outcomes for HR childhood cancers.
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Therapeutic Effect of Novel Chelators DpC on Neuroblastoma
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Background: High risk neuroblastoma still has poor prognosis despite current therapeutic approaches.
Chelator such as-@pyridylketone4,4-dimethyt3-thiosemicarbazone (Dp44mT) has been trdaschovel
anti-cancer agent but sideffects of methemoglobin formation and hypoxia hindered its clinical application.
Synthesized e2-pyridylketone4-cyclohexyld-methyl3-thiosemicarbazone (DpC) has less toxicity profile
than Dp44mT. We investigated tiigerapeutic effectiveness and safety of DPC & DP44MT on
neuroblastoma by in vitro and in vivo orthotopic models.

Methods: The cytotoxic effect of DpC/Dp44mT/L1 on a panel of neuroblastormé(BKSKN-

AS/Be(2)C/SI3Y5Y) and normal cell lines [cardid®(2), hepatocyte (MIHA), kidney (HK2) and

mesenchymal stem cell (MSC)] were assessed by flow cytometry and XTT test. Ortheidpic SK

[t k[ dZOAFSNFrasS ydzRS YAOS 4SNB dzaSR lFa Ay @A@2 Y2R
Hematoxylineosin (HE) staning were used to assess the cytoxicity of DPC. Reactive oxygen species (ROS)
and neuroglobin & cytoglobin expression p@®PC/DP44MT treatment were monitored in vitro & in vivo.

Results: DpC has more potent cytotoxic effect than Dp44mT or deferipronpfofldoth neuroblastoma and
normal cells in vitro. For in vivo study, aftem2eks treatment, tumor significantly decreased in DpC group
compared with control (P<0.05) but all mice (4/4) died within 2 days after DP44MT treatment. In DPC
treatment group tissues of heart, liver and lung did not show any significant changes. We found
AAIYAFTAOLYy Gt e KAIKSNI /&Ll asS o FyR ¢bCh SELINBaaa
expression increased while DCF (indicator of ROS) decreased in tonmasdissue (P<0.05).

Conclusion: The new generation of thiosemicarbazone, DpC has better cytotoxic profile than Dp44mT for
neuroblastoma in vivo despite relatively higher in vitro toxicity in normal cells. Compensatory mechanisms
such as increase exgssion of neuroglobin and cytoglobin may be involved in the protective mechanism for
normal tissues in vivo.
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High level MycN protein expression is a key driver of neuroblastoma tumorigenesis. MycN is a member of
the Myc oncoprotein family which are overexpressed or activated in the majority of human cancer. Myc
proteins affect diverse cellular functienn disease through proteijprotein interaction sites which are

potential therapeutic targets in cancer cells. The development of Myc inhibitors has proven challenging, as
Myc is a largely unstructured protein with no deep pockets for drug design. Wephewvieusly reported

that the proliferation associated gene 2G4 (PA2G4) was a poor prognostic factor in primary human
neuroblastoma tissues, which bound MycN in neuroblastoma cells and increased its protein stability.
Knockdown of PA2G4 in neuroblastom#sin vitro or in xenografts reduced the malignant phenotype.

Here we used molecular modelling, surface plasmon resonance (SPR), differential scanning fluorimetry and
mutant studies, to map the MycRA2G4 interaction site to a thirteen amino acid seqresim MycN Box

llib, and a surface crevice in PA2G4. Competitive chemical inhibition of the RA2G4 proteirprotein
interface with a small molecule known to bind PA2G4, WS6, reduced MycN and PA2G4 levels, and
neuroblastoma tumorigenesis. SPR gave daeaeresponse binding to immobilised PA2G4 with a KD of
24.8 + 0.61 pM (n=5). SPR competition experiments showed repression of MycN oligopeptide dose
response binding to PA2G4 when 10 uM WS6 wasnuubated with peptide. GHP showed that

transiently transfected MycN point mutants, at the PA2GYcN binding site, disrupted PA2G4 binding.
Overexpression of PA2G4 partially blocked the cytopathic effects of WS6. WS6 (IGM) D

comparable single agent potency with the USP7 inhibitor, P22077, the RiAiiTor, CBL0137, and the
allosteric AurA inhibitor, CD532, but not the AurA kinase inhibitor, MLN8232 (IC5@RI)04£xamination

of the Cancer Genome Atlas (TCGA) revealed that Myietdn human neuroendocrine prostate cancer
(NEPC) and Mydriven uterihe carcinosarcoma both exhibited a high incidence of PA2G4 amplification,
indicating PA2G4 may be also be a driver in these malignancies. Together, these data strongly support
PA2G4 as an oncogenic cofactor in Mywd MycNdriven cancer and for the firsime a novel chemotype

for the MycN oncogenic signal.
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Background: Despite the use of aggressive therapy, survival rates amorgskigburoblastoma (NB)
patients remain poor. Cancer stem cells (CSCs) are considered to dalgiitivolved in the recurrence and
metastasis of NB and are isolated as NB spheres.

Methods: The gene expression profiling of adherent (control) and sploeneing primary NB cells was
conducted using a gene expression microarray. CFC1, which furictitvesdevelopment of embryos and
decides the lefright axis, was strongly expressed in sphinening cells only and was related to the
unfavorable prognosis of NB patients. The knockdown and overexpression of CFC1 were performed using a
lentiviral systen in NB cell lines. Sphere formation, cell proliferation, colony formation in soft agar, and
xenograft tumor formation were analyzed. Gene expression microarray of CFC1 overexpressing cells was
performed and the relation between CFC1 and Activin A wasestud

Results: The overexpression of CFC1 increased sphere formation, cell growth, and colony formation. These
phenotypes, particularly sphere formation, and xenograft tumor formation were significantly suppressed by
the knockdown of CFC1. The genes bellmgpé\ctivin A signaling pathway were differentially expressed in
CFCdoverexpressing cells. CFC1linhibited Activinddced NB cell differentiation and Smad2

phosphorylation in NB cell lines, and Activin receptor inhibitor SB431542 induced NB cell sphet@®h

similar to CFC1 overexpression, indicating its involvement in tumorigenesis related-@HEG@eceptor

family molecule pathways. Collectively, these results indicate that CFC1 is a candidate molecule for the
development of CStargeted therapyfor NB.
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Neuroblastoma (NB) is a highly malignant pediatric cancer derived from the sympathoadrenal lineage of the
neural crest during development. Our previous studies suggested that the expression level of aryl
hydrocarbon receptor (AHR), a receptor for diekke compounds, correlated well with histological stages

of NB tumors. Positive expression of AHR also predicted a favorable prognosis of NB patients. In addition,
overexpression or activation of AHR promotes neural differentiation of NB cells. Thesecegideggested

that AHR is an important regulator for the tumorigenesis of NB. However, the roles of AHR in the neural
development and the mechanism by which AHR affects NB tumorigenesis remained elusive. In the current
study, we aim to investigate the radef AHR in neural development. By an ultrasensitive bioassay for
dioxinlike compounds, a novel endogenous AHR ligand X was identified. We further confirmed that ligand X
effectively promotes AHR translocation into nucleus and activates CYP1A1l expiesadiition, the

expression levels of neural differentiation markers including NSE and GAP43, were upregulated by ligand X
treatment in SKN-DZ NB cells. In zebrafish model, ligand X treatment significantly promotes the expression
of neural development a®ciated proteins, and the induction effects were abolished by zZAHR2 morpholino
(MO) treatment. Moreover, ligand X treatment improves the mobility of zebrafish larvae in zZAHR2 knock
downed zebrafish. These results suggest that ligand X is an endogeamasdfgAHR and plays critical roles
during neuronal differentiation and oligodendrocyte development. Our results may contribute to the
development of future treatment for NB patients.
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We have developed compounds which destabilise the actin cytoskeleton of neuroblastoma. The compounds
target one of the major components of the actin cytoskeleton, the tropomyosin isofiggm3.1. We have
previously shown that tropomyosins control the functional capabilities of actin filaments in an isoform
dependent manner by determining which motors and binding proteins can interact with the actin filament.
The isoform Tpm3.1 is enrich@dneuroblastoma and also in a range of other paediatric and adult cancers.
Anti-Tpm3.1 compounds show activity against neuroblastoma cells in culture where they cause the
disassembly of the actin cytoskeleton and induce intrinsic apoptosis. We testedbilitg of antiTpm3.1
compounds to synergise with drugs currently used to treat solid tumours in children. Only two classes of
drugs consistently displayed synergy with afpm3.1 compounds, vinca alkaloids and taxanes. The extent

of synergy varies bet@en neuroblastoma lines and shows up tefa synergy in the most sensitive lines.
Synergy is also observed in vivo. Mice inoculated with CHLAZ20 cells were treated with each agent alone or il
combination after tumours reached 400mma3. Only the combinat&sulted in reduction of the size of the
tumour and in some cases, disappearance. The mechanism of synergy does not involve collapse of both the
actin cytoskeleton and the microtubules. Rather, synergy results in failure of mitosis, similar to the
mechansm of antimicrotubule agents. However, unlike anticrotubule agents alone, the drug

combination causes a defect in assembling the metaphase plate with accumulation of cells in
prometaphase. The drug combination also causes a substantial increase ipotaunlspindles which likely
accounts for the ability of cells to assemble a symmetrical metaphase plate. We conclude that anti
tropomyosin compounds enhance the antitotic activity of antimicrotubule drugs and may allow for dose
reduction of these agds without compromising efficacy.
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We previously showed that the CpG island methylator phenotype (CIMP) of neuroblastoma (NBL) was
strongly associated with poor prognosis, and also suggested that CIMP may be a target for DNA
demethylation therapy. At the same time, differentiation therapymwit3-cisretinoic acid has been

established as a standard maintenance therapy for gk NBLs in the USA. In this study, we conducted a
preclinical study of an "epigenetic drlbgised differentiation therapy" using a combination of a DNA
demethylating agnt (decitabine: DAC) and a differentiation agent (tamibarotene: TBT), a new synthetic
retinoid developed in Japan. Treatment with DAC suppressed the growth of 12 NBL cell lines by increasing
the number of cells in the-Bhase. Genom&ide DNA methylatiomnalysis revealed that DAC treatment
induced global DNA hypomethylation, and that the genes related to cell death and neurological processes
were enriched among the genes whose promoter CpG islands were hypomethylated. TBT induced neural
extension and uprgulation of differentiation markers, such as HOXD4, NGFR, and NTRK1, in five NBL cell
lines. Pretreatment of the five cell lines with DAC enhanced the upregulation levels of differentiation
markers, indicating that DAC enhanced diluced differentiationFinally, the tumor suppression effect of
DAC and TBT in vivo was investigated using a mouse xenograft model aeNBne. Monotherapy with

DAC or TBT could induce significant tumor regression without severeftats although their synergistic
effect was not apparent. From these data, an epigenetic draged differentiation therapy is a promising
therapeutic strategy for refractory NBLs. Now, an investigatitiated phase | trial of TBT as a single agent
has been completed, and a phase I/ll tbda combination of DAC and TBT is planned.
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Despite improvements in therapy, higisk neuroblastoma patients have a survival rate of less than 50%
due in part to intrinsic or acquired resistance to chemotherapy. ABGgl§d®protein (Rgp), an efflux
membrane transporter of the ATP binding cassette (ABC) family is a contributor torogiltésistance

(MDR) in several human cancers and can efflux a range of conventional and targeted agents, including
doxorubicin, vincristine and the ALK inhibitor crizotinib [1]. However, in neuroblastoma, some controversy
exists regarding the importancd B-gp in MDR [2,3]. While some studies have shown a correlation
between high Ryp expression and chemotherapy failure [3], others have dismisggda? a predictor of
treatment outcome [2]. We investigated whethergp contributes to the resistance of nmblastoma cells

to standardof-care conventional chemotherapies and to newer targeted agents, including alisertib,
dasatinib and the ALK inhibitors ceritinib, crizotinib and alectinib.

Using RPPCR and western blot fordp on a panel of neuroblastonpatient derived xenografts and cell

lines, we demonstrated that hightdp expression is common in higek neuroblastoma. Furthermore,
analysis of BJp mRNA levels in large patient cohorts indicates that high Expression is associated with
poorer out®me in highrisk disease. The selectivegp inhibitor tariquidar sensitized highdp expressing
neuroblastoma cells to the-§p substrates vincristine and doxorubicin in vitro, indicating thgpfevels

were sufficient to confer chemoresistance. In t@ast, no chemosensitization was observed when
tariquidar was combined with the nelg-gp substrate cisplatin, or with irinotecan (8SH), temozolomide,
cyclophosphamide (mafosfamide), topotecan, etoposide, alisertib, or dasatinib. Surprisingly given recent
reports (ALKi#p [1]), tariquidar did not sensitize ALK mutant or amplified cells to ALK inhibitors.

P-gp expression is known to correlate with resistance to a number of chemotherapies; however, the use of
P-gp inhibitors has shown limited clinical sess [4,5]. Our findings suggest that tumotgpglevels might

help indicate where particular agents may be less effective and wherdgmsubstrate chemotherapies
might be substituted.

1. Katayama,R., et al., EBioMedicine,2016. 3:p&4

2. Haber,Mgt al., J ClinOncol, 2006.24(10):p.158

3. Chan,H.S..et al., N Engl J Med, 1991.325(23):p1408
4. Chung,F.S., et al., Am J Cancer Res,2016.6(8):128583
5. Pusztai,L., et al., Cancer, 2005.104(4):p%B2
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The Zero Childhood Cancer program aims to assess the feasibility of a compreher@sierpneedicine
platform to identify targeted therapeutic agents for higisk paediatric malignancies. The platform

combines molecular profiling, including WGS of tumour and germline DNA, deep sequencing of a panel of
cancer associated genes, and whokrscriptome (RNASeq) with sensitivity testing based on ex vive high
throughput drug screening, and patiederived xenograft (PDX) drug efficacy testing.

Five relapsed highisk neuroblastoma patients were enrolled on the Pilot Feasibility Study. Foipasieht,

the complete molecular profiling platform was applied, and for three of five patients, a potentially

actionable molecular aberration was identified (NF1 mutation/loss, ALK amplification, 11q loss including
ATM). PDX models were successfully gateer for all five patients, with time to model establishmembl

months. Ex vivo drug sensitivity screening (>120 approved oncology drugs) was conducted for each patient,
either directly on patient material or on PDX material. For one patient where maleptdfiling did not

identify a targetable aberration, ex vivo screening identified high sensitivity to the Bcl2 inhibitor venetoclax
6L/ me P yavd 9FFAOFOE (SadAy3a gl a O2yRdzOGSR Ay
amplification and exivo venetoclax sensitivity were validated by in vivo sensitivity of the PDX models to

the ALK inhibitor ceritinib and venetoclax respectively. The PDX model with NF1 mutation/loss responded
only minimally to the MEK inhibitor trametinib, or to trametinibcombination with isotretinoin. The PDX

model with ATM loss is currently being assessed for sensitivity to the PARP inhibitor olaparib in combination
with temozolomide and irinotecan.

Based on our Pilot Feasibility Study, we conclude that PDX modele @stablished for highisk
neuroblastoma patients at relapse with an excellent success rate, and that ex vivo drug sensitivity screening
can identify therapeutic options in the absence of actionable aberrations identified by molecular profiling.
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Amplification ofMYCN confers poor prognosis in neuroblastoma. When dysregulated, transcription factors
of the MY C family upegulate protein synthesis to drive cancer progression. Since inhibiting protein
synthesis is detrimental to the progression @iy C driven cancertargeting this process may also offer
therapeutic benefit for MYCHriven neuroblastoma. ABCEL is a MYC target gene and encodes-an ATP
binding cassette protein that plays a key role in mRNA translation by powering thdef€Rdent
dissociation of ribosmes into their small and large subunits. This process allows translatioitiegion and
continued protein synthesis to provide essential building blocks for cancer growth and metastasis.
Furthermore, high tumor ABCE1 expression is correlated with reblsigerival of neuroblastoma patients.
ABCEL1 is thus a putative therapeutic target in Md@Men neuroblastoma. To investigate this possibility
further, we conducted experiments to test whether targeting AB@Etiated translation can block
neuroblastoma pogression.

ABCEL1 suppression by short interfering RNAs (siRNAs) severely impaired the proliferation of three MYCN
amplified neuroblastoma cell lines, and a patient derived xenograft (PDX) cultured ex vivo cell line
(P<0.001). ABCEL1 knockdown also inkibthe migration of these lines (P<0.0001). In contrast, ABCE1
knockdown did not affect these malignant characteristics in neuroblastoma or fibroblast cell lines lacking
MYCN amplification. Polysome profiling showed that ABCE1 knockdown inafvdliNed &-N-BE(2)
neuroblastoma cells reduced the proportion of translating ribosomes (P<0.001) and slowed the rate of
translation (P<0.0001). Similar decreases in translation were observed in all otherdviilified cell lines
tested, but not in neuroblastoma tidines lacking MYCN amplification. Induction of MYCN overexpression in
the SHEP Tet21N neuroblastoma cell line substantially increased translation; however, ABCE1 knockdown
completely abolished this increase, returning translation to basal levels. Ta¢géndicate that ABCEL is
required for the elevated translation driven by MYCN dysregulation. Notably, in mice xenografted with

MY CNamplified neuroblastoma cells, ABCE1 suppression delayed tumor growth at both subcutaneous and
orthotopic (bone marrow}ites (P<0.001), prolonging the survival of turearing mice. Our study shows

that targeting ABCEfhediated translation is a promising approach to selectively impair the progression of
MY CNamplified neuroblastoma.
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MYCN amplification occurs in 20% of neuroblastoma patients and correlates with poor prognosis. The
oncogenic function of MYCN has been demonstrated in a transgenic mouse model overexprassing h
MYCN in the sympathetic ganglia and develops neuroblastomg @tvdeeks of age. Single cell technology
has the potential to study the cellular heterogeneity in premalignant tissue to elucidate key tumourigenic
components.

Single cell PCR of 158lIs derived from 2veek old THMYCN sympathetic ganglia identified a mitotic gene
signature (MGS) that was ovekpressed in a subpopulation of premalignant cells. This MGS was also found
to be overexpressed in single cells derived frorAVIACN tumours &m 6-week old mice. Furthermore,
prophylactic treatment using selective antimitotic agents significantly delayed the onset of tumour
formation and prolonged survival in MY CN mice. These data suggest that mitotic deregulation is a key
feature of early tmour initiation that drives subsequent tumourigenesis.

In a large neuroblastoma patient cohort, we found that cegpression of the MGS correlated with MYCN
amplification and poor prognosis among 649 neuroblastoma patients. MGS genes that were involved i
different stages of mitosis (BUB1B, BUB1, KIFC1, ASPM) were subjected to sSiRNA mediated gene silencing
human neuroblastoma cell lines. This revealed an underlying requirement of these genes in maintaining cell
viability and clonogenicity. To exploreet therapeutic potential of targeting MGS members in the context of
MYCN driven apoptosis, several targeted antimitotic agents were used in combination with the BCL2
inhibitor, ABT263. Synergy was observed in all four human neuroblastoma cells lines K&s@iH

amplified cell lines were more sensitive to the combination treatment, which supported the hypothesis that
targeting mitotic deregulation can reactivate apoptotic pathways in Mré@dlified neuroblastoma.

In summary, we have identified mitotic deyelation as a feature of early MY@HNven tumour initiation,
and a potential therapeutic vulnerability in MY@hhplified neuroblastoma.
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Neuroblastoma is pediatric cancer of the sympathetic nervous system. MYCN amplification is a key
indicator of poor prognosis for the disease, however, mechanisms by which MYCN promotes neuroblastoma
tumorigenesis are not fully understood. In this study, we analyzed giolBEINA and mRNA expression
profiles of tissues at different stages of tumorigenesis frorVIYCN transgenic mice, a model of MYCN
driven neuroblastoma. Based on a Bayesian learning network model in which we compatathpre
ganglia from THMYCN+/+ mice tagematched wildtype controls, we devised a predicted miRMRNA
interaction network. Among the miRNARNA interactions operating during human neuroblastoma
tumorigenesis, we identified that miB04 is a tumor suppressor miRNA that inhibits a subnetwbrk
oncogenes strongly associated with MY&hplified neuroblastoma and poor patient outcome. We found
that MYCN was bound to the mi®4 promoter and repressed mi4 transcription and similarly, miZ4
directly bound MYCN mRNA and repressed MYCN expmess support of a tumor suppressor role, miR
204 overexpression significantly inhibited neuroblastoma cell proliferation in vitro and tumorigenesis in
vivo. Together these findings identify novel tumorigenic miRNA gene networks ar@2Dahigs a tumor
suwppressor that regulates MYCN expression in neuroblastoma tumorigenesis.
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and In Vivo

Katharina BatzReGabriet Blichel, Alexander Schranmim
IUniversity Hospital EsseMolecular Oncology, Essen, Germadwijversity of WuerzburgdMU Biocenter, Wiirzburg,
Germany

The multifunctional protein Galectih (Gall) has been described to promote tumor growth by inducing
angiogenesis and to contribute to both, the tumor immune escape and resistance to radiotherapy. We had
previously identified Gal as a downstream target of the neurotrophin receptor TrkB in preclinical models
of aggressive neuroblastoma (NB). However,dlirdcal and biological relevance of @aih this tumor

entity remains unclear.-Ray irradiation of different murine and human neuroblastoma cell lines revealed
an upregulation of Gal expression as deduced from Western Blot and sgumantitative RTPQR analysis.
Knockdown of Gall by shRNA sensitized murine NHO2A cells towards ionizing radiation (IR). However,
colony formation assays and cell cycle analysis revealed no differences in long term survival or induction of
apoptosis, respectively, for irdgated cells with or without Gél expression. In vivo, targeted Gafene
disruption (Gafl-/-) in tumors of THMYCN mice correlated with impaired tumor angiogenesis, and

impaired T cell infiltration, while tumor incidence was unaltered. Howeverl@aficient mice displayed
splenomegalies consistent with the finding that migratory activity of CD4+ T cells requitesTBake

results are in line with a paracrine rather than an autocrine role oflGalmodulating responses to
radiotherapy. Interferig with Gall functions in vivo will inform about the role of the TrkB/Gadxis in
response to radiation and contribute to a better understanding of the complex tthmset interaction

during chemeand radiotherapy of neuroblastoma.
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Multi-Region Sequencing Dissects Intratumor Heterogeneity in
Neuroblastoma

Karin SchmelZ, Joern Toedlirlg, Jutta Probi Patrick Hundsdoerfetf, Angelika Eggért3 Johannes H.

Schulté?3
ICharite- University Medicine Berlin, Berlin, Germ&fye German Cancer Consortium (DKTK), Berlin, GefBariiy,
Institute of Health (BIH), Berlin, Germany

Intratumor heterogeneity (ITH) has been described as a major cause for disease progression and treatment
failure for several tumor entities. While proof-concept studies have demonstrated its presence in
neuroblastoma, the extent of ITH has not yet been explored. To investigate ITH and to understand tumor
evolution in neuroblastoma, we performed a meiigion wholeexome sequencing (WES) on 56 spatiall
separated tumor samples derived from 9 primary neuroblastomas (Zikky 1 intermediateisk, 6 high

risk) and 1 relapsed neuroblastoma treated in the NB2004 trial. Samples included 3 metastatic sites
collected at the time of seconlbok resection of Jighrisk primary tumors. We also assessed the impact of
chemotherapy on clonal expansion by WES of 19 separate tumor regions from 1 interrréeskiated 1

high-risk tumor with matched samples at diagnosis and after 4 cycles of chemotherapy accortiag to
NB2004 trial protocol. To increase detection sensitivity for less abundant genetic aberrations, we
macrodissected areas with high tumor cell purity (>70%) from cryosections. WES data were generated for
tumor regions and matched germline control sampés mean exome coverage of 300x. We identified a
wide range of somatic singleucleotide variations ranging from 20 to a few hundred per tumor region. We
classified each mutation as ubiquitous (present in all tumor regions), partial (>1 region, butigoitaus)

or specific (only 1 tumor region). A high rate of spatial heterogeneity was detected in these 10 patients, with
30 to 90% of mutations being classified as specific. Importantly, spatial genetic heterogeneity was also
apparent for mutations of kmwn cancerelated genes in highisk tumors, whereas such mutations were
absent from all samples derived from patients in complete remission. Our-regltn deep sequencing
approach also defined the clonal composition of 1 kigk and 1 intermediateisk tumor before and after
chemotherapy, dissecting out potentially relevant driver mutations and eapyiber aberrations. Our data
provide the first evidence for extensive spatial ITH in primary neuroblastomas and clonal selection under
chemotherapy, bottof which could have important implications for the clinical interpretation of molecular
diagnostic results and the use of experimental drugs in setioedreatment approaches.
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Combined Inhibition of Histone Deacetylases and The kitis@haperone
FACT Leads to Complete Neuroblastoma RegressioaNtYTN
Transgenic Mice
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CBL0137, the lead curaxin compound, is a sefesDNA damaging smatholecule inhibitor currently in

phase 1 clinical trials for advanced adult cancer. It acts as a chromatin destabilizer by interfering with the
binding of the histone chaperone protein FACT to DNA. In neuroblastoma, high risk aegbaggtumors

are frequently characterized by elevated MYCN expression, which we have previously shown to be
maintained by FACT in a femtward manner (Carter et al, Science Translational Medicine 7(312):
312ral76). Using the highly penetrant-MYCN trasgenic mouse model, where neuroblastomas develop
spontaneously by 7 weeks of age, we have found that CBL0137, alone or combined with conventional
chemotherapy, suppressed MYCN expression and significantly extended survival rates. To explore targeted
therapeutic agents that potentiate CBL0137 efficacy, we tested a range of compounds in vitro and found
that the FDAapproved histone deacetylase (HDAC) inhibitor panobinostat worked synergistically with
CBL0137 to reduce cell viability and tumor clonogenidityumsnan MYCN amplified neuroblastoma cell

lines. More strikingly, combination treatment of CBL0137 and panobinostat eradicated tumors in tumor
bearing THIMYCN mice, leading to complete regression in theeng. Mechanistic studies have shown

that panobnostat markedly enhances chromatin destabilization induced by CBL0137, resulting in increased
loss of histone subunit H1 from chromatin. Moreover, CBL0137 suppresses repair of DNA damage induced
by panobinostat, thereby activating apoptosis. We have atsnahstrated the in vivo synergy between
CBL0137 and panobinostat in preclinical models of two other pediatric tumor types with dismal outcome,
namely, patiertderived xenografts of diffuse intrinsic pontine glioma (DIPG) and mixed lineage leukemia
(MLL}rearranged leukemia. Our studies have identified a highly effective drug combination for
neuroblastoma and other poeprognosis pediatric malignancies and have provided insights into the
mechanisms of interaction of CBL0137 and panobinostat, which willlgifeatlitate clinical development of
effective and nortoxic therapies for childhood cancer.
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Genetic Alterations of ALK In Higfisk Neuroblastoma Patients; A SIOPEN
Study
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Background: In neuroblastoma (NB), the ALK receptor tyrosine kinase can be constitutiveled either
through genomic amplification or activating point mutations. We studied ALK genetic alterations-hiskigh
NB patients to determine their frequency and prognostic impact.

Methods: Diagnostic NB samples from 1039 patients enrolledarSIOPERIRNBL1 trial were studied to
determine the ALK amplification status (copy number analysis; n=337), the ALK mutational profile (Sanger
and/or NGS including deep sequencing covering hotspots in exes,28-203) or both (n=499).

Results: High il genomic ALK amplifications were detected in 4.4% of cases (37/836); all but 2 showed
MYCN amplification. As for MYCN amplification, ALK amplification was more frequently observed in children
aged<18 months at diagnosis (p=0.01). No correlation wittpthreary tumor site was observed. ALK

mutations were detected at a clonal level (>10% mutated allele fraction, MAF) in 9.8% of cases (69/702)
(F1174 n= 25, R1275 n=32, both F1174 and R1275 n=1, F1245 n=6, others n=5). Additionally, 3.7% of
patients (22/58@y NGS) harbored ALK mutations at a subclonal level (MA@ (F1174 n=11, R1275

n=6, both F1174 and R1275 or F1174 and F1245 n=3, other n=2). Although not statistically significant, ALK
mutations were observed slightly more frequently in raarenalcompared to adrenal primary tumors

(p=0.08). Whereas no statistically significant difference in survival was observed between patients with and
without ALK mutations, patients with ALK amplification had a significantly poorer event free (EFS) and
overall sirvival compared to those without ALK amplification (logrank, p<0.0001). A multivariate analysis
was performed to determine which parameters independently predicted EFSin thisiskgiopulation.

Among 450 patients with complete datasets, a Cox propodidazards procedure retained stage 4 disease

(as opposed to nostage 4) and ALK amplification as factors with a higher hazard of relapse/progression
(hazard 2.3 and 2.2, respectively), whereas ALK mutation, MYCN amplification and age>18 months were no!
retained.

Conclusion: Taking into account amplifications, clonal and subclonal mutations, genetic alterations of ALK
were observed in 17% of tumor samples in kigtk NB patients, of importance when considering ALK
targeted therapies. Among the differegenetic alterations, only ALK amplification predicted poorer

survival.
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Combined Loss of 1p36 Gene KIF1Bbeta and NF1 Causes Neuroblastome
Pheochromocytoma and Composite Tumors in Mice
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Hemizygous loss of the distal part of human chromosome 1 (1p36) is strongly correlated to poor prognosis
in neuroblastoma. We recently identified pathogenicmaff & Ay G KS wmLloc 3ISYyS YLC
in developmental apoptosis and sympathoblast differentiation in developing neuroblasts. We
deletedYLCm. I Ay (GKSI RERBEMSt aex¥YBKHEE YR 20aSNIBSR (KI
maturatonandfu®@ i A 2y Ay (GKS a@dYLI GKSGAO ySNP2dza aeadasSyo
nerve growth factor (NGF)ependent neuronal differentiation through anterograde transport of the NGF
receptor TRKA. Moreover, pathogeiid. Cm . i Y dzd I ( A 2 yoBlastorfaSmpairAT KA Fahspary” v
Clustering norMYCNamplified tumors according to expression of genes damagulated inY L Cm .

deficient sympathetic ganglia was prognostically relevant in regard to risk classification, disease stage, and
survival. Our angsis of neuroblastoma tumors indicates that specific losé bf C M . | O2y (i NRAodzi S
differentiated and more aggressive disease independem¥CNamplification and the loss of genes
neighboringKkIF1Bn 1p36.

LYLRNIIFyYyGf &z f 2 atanwattflosyof NFu delvelop nyalighedit Yiéurolylastoma (NB) and
LIKS2OKNRYO&d2YIl 6t/ /00X RSY2yaidNXGAy3d G4KFG YLCwm. |
gene. Interestingly, two tumors were diagnosed as composite tumors, consisting of both PCC and NB
componetts, provoking the question if NB and PCC might have a common progenitor. Tumors are now
analysed by single cell transcriptomics to validate the cells of origin and mechanisms of tumor formation
initiation. We hope to identify gene expression clusters thia prominent in specific embryonic sympatho
adrenal developmental stages.
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Clinical Significance of MYCN Amplification in Patients with-Riigi
Neuroblastoma

Ji Won Lele Meong Hi SdnHee Won CHoYoungeun MaKeon Hee YéoKiWoong Sunty Hong Hoe Kdo
Department of Pediatrics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, South Kore:

Purpose: We investigated the clinical significance of MYCN amplification withirigkgieuroblastoma
(NB).

Materials and Methods: Medical records of 135 patients who were diagnosed witkrisigNIB from 2004
to 2016 were reviewed.

Results: Fiftyone (37.8%) patients had MYCN amplified tumors and the remaining 84 (62.2%) had MYCN
non-amplified tumors. MYCN amfiiation was associated with abdominal primary site, less differentiated
pathology, higher level of LDH and NSE, lower VMA level, and larger primary tumor volume at diagnosis.
MYCN amplification was associated with a better early response (faster redo€twimary tumor volume

and NSE level after three cycles of chemotherapy). The proportion of patients in CR or VGPR after induction
treatment was relatively higher in MYCN amplified tumors than in-amplified tumors; however, all
progressions during indgttion treatment occurred only in MYCN amplified tumors (p=0.006). There was no
difference in the frequency of treatmeselated mortality or second malignancy according to the MYCN
amplification. The time to relapse/progression was shorter (1.5 yeatk ¥years, p=0.037) and OS after
relapse/progression was worse in MYCN amplified tumoge€d OS: 7.7 = 7.4% vs. 20.5 + 8.8%, p=0.046).
As results, there was no difference in EFS and OS between MYCN amplified -andptiiad tumors.

Conclusion: MY Camplification was associated with more aggressive clinical features at diagnosis, a better
early response, but a higher progression rate during induction treatment and a worse survival after
relapse/progression. As results, there is no difference in salrvaites according to MYCN amplification in
patients with highrisk NB.
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Characterization of Neuroblastoma Vulnerability to CDK13 Knockdown

Mona Friedrich Sina GogollnEmma Béll Gerhard SiemeisterChunxuan Shdorhomas Hoféy Frank
Westermanh
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Background: Highisk neuroblastoma patients with amplified MYCN frequently suffer from relapses after
chemotherapy and acquire resistances to the applied drugs. In cell culture, a subset ofdieRNells is

able to overcome cell cycle arreatiuced by doxorubicin. At the time of treatment, these cells are newly
02NY YR NBaARS Ay a 2NJSINIeé Ds LKI&A&S® bSs GNBI
resister cells. This study characterizes the effect of CDK13 knockdown, a top MiY&N synthetic lethal

screen in neuroblastoma cells.

Methods: The expression level of CDK13 in the course of the cell cycle was examined in synchronized
IMR5/75 cells. CDK13 expression was knocked down by siRNA in 8 neuroblastoma cell lines abititgell vi
was analyzed. For further characterization, we generated a stable IMR5/75 cell line with CRISPR
interferencebased inducible knockdown. Cell viability and colony formation capacity were evaluated by
Giemsa staining, cell death was detected by paaph iodide (PI) staining and cell cycle was analyzed by
flow cytometry.

wSadzZ Gay ¢KS SELINBaairzy 2F /5Ymo LISI1SR Ay YAdza
strong and another 2 as intermediate responders to knockdown of CDK1Xd¢wat with CRISPRI

reduced the protein level by 500%, which led to a reduced viability of the cells§096). The ability to

form clones was almost completely abolished upon knockdown. 90% of the cells stajesitie,

indicating high cell death. TlH@ St t O& O0f S RAAGNRAOdziA2Yy 6l a aKAFGSR

Conclusion: CDK13 inhibition may represent a promising new treatment option in-SrEN
neuroblastoma. In combination therapies, it might allow to target resister cells which eshap®therapy.
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Validation of the Paediatric Solid Tumour Clinical Next Generation
Sequencing (NGS) Panel for the Detection of TERT Rearrangements in
Neuroblastoma

Eleni Koutroumaniddu
The Institute of Cancer Research, London, Uniitgddn

Background: Whole genome sequencing studies have recently identified a group of neuroblastoma patients
with genomic rearrangements proximal to the telomerase reverse transcriptase (TERT) gene, associated
with increased TERT expression and poor auto-urthermore, TERT rearrangements are mutually

exclusive to other poor outcome groups defined by MYCN amplification and ATRX mutations. It is essential
that methodologies allowing routine detection of TERT rearrangements are integrated into upcoming
clinical trials in order to better characterise these distinct groups within clinical trial datasets.

Methods: We have been offering NGS panel sequencing with clinical reporting to children with solid
tumours since March 2016. In 2017 the panel was updateiddlude the intronic region 50 kb upstream to
the TERT promoter in order to capture TERT rearrangements. We have sequenced the TERT rearranged
CLGBA cell line with the updated panel and analysed results using bioinformatics tools. For further
validationwe are currently sequencing retrospective samples with TERT status determined byABasbk
FISH and samples from patients treated on the SIGHENRisk 1 study. Results from the SIOPEN samples
will be further crossvalidated with results from a SIOPEidlogy group retrospective NGS panel.

Results: We have successfully NGS panel sequenced and clinically reported 140 samples from children with
solid tumours in the UK, of which 20 had a diagnosis of neuroblastoma. MYCN amplification was detected in
20% d cases, ALK mutations in 15% and ATRX mutations in 5%. Sequencing of the CLBGA cell line confirmi
the presence of a 5:21 chimera with a break in the UTR of TERT. We are currently validating the ability to
detect TERT rearrangements in patient samples.

Gonclusions and Discussion: Incorporating prospective molecular data collection into upcoming clinical trial
datasets will enable a greater understanding of genotppenotype correlation, leading to more accurate

risk stratification and better, more tailed therapies in the future. We demonstrate that clinical NGS panel
sequencing is feasible, can detect complex rearrangements in addition to other genetic alterations and can
be tailored to the needs of the study population.
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GeneticPredisposition Responsible for Variable Treatment Outcome in
Patients with Neuroblastoma
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Purpose: We performed this study to discover genetic polymorphism responsible for variable treatment
outcome among patients with neuroblastoma (NB).

Methods: Firstly, we invéigiated whether the degree of neutropenia, absolute neutrophil count (ANC) at
nadir, after first cycle of chemotherapy is associated with the treatment outcome in 264 NB patients who
received same induction chemotherapy. And then, we performed genaide association study (GWAS)

to discover genetic polymorphism responsible for the variable degree of neutropenia and variable
treatment outcome among patients.

wSadzZ Gay tC{ o6+a KAIKSNIAY LI GASydGa oA0K aeSOSNB
(ANC2avnnk>[ 0 2NJ YAfR &6!'b/ B mMnannk>[ 0 V S-odaedBriod@liyA I 0t
(TRM) was more frequent in patients with severe neutropenia than in those with moderate or mild
neutropenia (P = 0.015). Among the most signific&3 common SNPs associated with the degree of
neutropenia in GWAS, AA genotype at rs2818421 of DPYSL4 was associated with a higher PFS (P = 0.042)
and AA genotype at rs11786984 of CSMD1 was associated with a higher frequencypojgression event
including TRM and second malignancy (P = 0.008). When the patients were stratified into low and high
geneticrisk groups according to the prediction score incorporating the most significant 33 common SNPs,
there was significant difference in survival ratesvieegn genetic risk groups (dear PFS: 89.6 + 3.0% vs.

67.9 + 4.8%, P <0.001;-§8ar EFS: 82.1 + 4.2% vs. 52.8 £ 5.5%, P < 0.001). In the multivariate analysis, high
genetic risk was an independent poor prognostic factor for survival (HR for PFSE 3.0802; HR for EFS

3.07, P <0.001). When the analysis was confined to only clinicaliigbatients, findings described above
became more prominent.

Conclusion: The degree of neutropenia after chemotherapy can be used as a surrogate marké& ¢f ipad &
genetic characteristics predicting the treatment outcome. Our study suggests that treatment outcome is
affected by genetic factor of patients and, therefore, future treatment needs to be tailored based on not

only clinical or somatic factors but algenetic characteristics of the patients.
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The Core Regulatory Circuit Component TBX2 Is Implicated in Cell Cycle
Control and Proliferation in Neuroblastoma
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Introduction: Neuroblastoma (B) is a mutational silent childhood tumor but exhibits frequent recurrent
DNA copy number alterations including 17q gain in most high risk MYCN amplified aathplifired cases.
The finding of gains for this syntenic human 17q region in MYCN driven N muooiors further suggests a
crucial role for dosage sensitive genes during tumor initiation and/or progression. We hypothesized that
one or more dosage sensitive sugathancer marked lineage transcription factors are present on 17q.

Material and methodsWe performed a combined supenhancers (SE) analysis in 26 NB cell lines,
followed by selection of supegnhancer driven genes for impact on patient prognosis and dosage
sensitivity, based on extensive copy number and gene expression analysis ing@ilaegg tumor cohort.
The selected top candidate TBX2 was further investigated by genomic and functional analysis.

Results: We identified TBX2 as the strongest 17q dosage sensitive SE marked transcription factor. In further
support, in 1 NB patient weedected a 1 Mb focal amplification encompassing the TBX2 locus. 4C

sequencing demonstrated physical interaction of the TBX2 locus with its nearby SE. TB&2)@iBing

and further integration of available CRC gene ChIP binding profiles strongly stig¥@sbeing part of the

CRC consisting of, amongst others, GATA3, HAND2, PHOX2B and MYCN. Transcriptome analysis followin
TBX2 knockdown revealed enrichment for gene sets involved in cell cycle such as G2/M checkpoint and
FOXM1/E2F targets. PhenotypicallBX2 knockdown caused reduced proliferation and induction of G1 cell
cycle arrest. Interestingly, combined TBX2 and MYCN knockdown in NB cells yielded synergistic effect on
viability and cell cycle. Given that CRC genes driven by SEs are highly deppodesitong sustained high
expression levels, we combined the CDK?7 inhibitor THZ1 with the bdomain inhibitor JQ1 and observed
synergistic effects on TBX2 downregulation and cell viability and apoptosis.

Conclusion: We propose the SE driven 17@dessensitive TBX2 transcription factor as an important
component of the NB CRC and provide evidence suggesting that targeting one or more CRC components
represents a therapeutic vulnerability for epigenetic drugging of high risk NB.
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A Molecularly Driven Pharmacological Approach for Neuroblastoma:
Targeting TERT and CKS1b
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Neurobhstoma is the most common extracrainal solid tumour in childhood. The high risk, metastatic form
of neuroblastoma has very poor prognosis, and the survival rate after 5 years is of only about 50% in the
face of aggressive treatments. The protooncogene taaascription factor MYCN is a direct cause of the
disease when activated by amplification in a fraction (30%) oftsfimeuroblastomas. Using a genome

wide shRNA screen, we have recently unveiled a network of druggable MYCN synthetic lethal geoés. One
the synthetic lethal interactors identified in the screen is CKS1b, inhibited by the small molecule fluoxetine,
also known as Prozac. Fluoxetine is an antipsychotic drug and due to its relatively low toxicity profile is also
used in the context of chiltbod behavioural control. Another important genomic rearrangement present in
about a third of high risk neuroblastomas occurs in the chromosomal 5p15.33 region, proximal to the
telomerase reverse transcriptase gene (TERT). Notably, an oligonucleotideombid ERT activity

developed by the biotech company Janssen, Imetelstat, has been recently used in multiple clinical trials for
human solid and haematological malignancies.

In vitro, both Fluoxetine and Imetelstat reduced neuroblastoma cell prolifemaind caused apotosis of

MY CNamplified neuroblastoma cell lines. The effect was much more pronounced when the drugs were
used in combination. In vivo, the combination of Fluoxetine and Imetelstat significantly reduced the growth
of small but not largeumour masses. Interestingly, Fluoxetine alone showed antitumour activity if
treatments were started shortly after subcutaneous tumour cells inoculations.

In conclusion, Fluoxetine and Imetelstat could represent potential candidates for second line threrapy
relapsing neuroblastoma.
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Introduction: Core regulatory circuits (CRC) compose a complex network of transcription factors (TF)
implicated in the NB phenotype. CRC component MYCN is commonly amplified in high risk cases whereas
LIN28B was shown to be affected by rare copy humber gainamapdfications. We report on SOX11 as a
novel copy number affected TF in NB.

Methodology: DNA copy number analysis was performed in 384 NB. In vitro functional assays were
performed following SOX11 knockdown in NB cells.-€bdi@encing and RNAseq werafoemed to
identify direct SOX11 targets.-NPS was performed to identify SOX11 interacting proteins.

Results: A 400kb region of overlapping gains/amplification was identified on chromosome 2p containing
SOX11 as only protetoding gene. This TF hashige dependency characteristics including high expression

in adrenergic NB tumors and cell lines and developing sympathetic nervous system. SOX11 also shows
dynamic upregulation in FTMYCN driven mouse hyperplasia and NB as well as in NB tumors derived fro
MYCN transformed mouse neural crest cells. Knockdown of SOX11 reduced colony formation, increased
DNA damage and & cell cycle arrest. Further, MYCN and several other CRC components bind to a SOX11
upstream enhancer as determined by-4€quencing. ChiBeq revealed significant overlap of SOX11

binding sites with binding sites for MYCN and other adrenergic CRC components. SOX11 regulates multiple
SWI/SNF components including ARID1A, ARID1B, SMARCE1 and SMARCC1, suggesting a critical role in
chromatin renodeling, in keeping with its involvement in Cof8iris syndrome caused by mutations in
SWI/SNF complex components including SMARCEL and SOX11. Given the recent discovery that ARID1A
targets SWI/SNF complexes to enhancers, SOX11 may facilitate CR@ecogdmd activation. SOX11 also
regulates other epigenetic regulatory components including EZH2, genes involved in DNA repair, DNA
replication and cell cycle. Analysis of the SOX11 interactome provided evidence for MYCN as well as cell
cycle control proteis WHDH1 and WEEL as physical interactors.

Conclusion: Our data suggest that SOX11 is a CRC interconnected dosage sensitive lineage dependency TF
with a putative role in regulating essential epigenetic components of the major SWI/SNF and PRC2
epigenetic egulatory protein complexes.
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The Clinical Significance of the Expression of B7H3 ahd HD
Neuroblastoma
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Background: We investigated the clinical significance of the expression level of B7H3lahihPD
neuroblastoma.

Methods: Clinical data and tumor paraffin tissues of NB were collected from Si&eNainiversitfCancer
Center between January 2004 to December 2015. The expression of B7H3-ahdve2 detected by
immunohistochemical technology. The relationship between the B7H3 arddLRRpression and the clinical
prognosis of NB patients was analyzed.

ResultsA total of 100 patients with NB, of which, the low risk, intermediate risk andisgHNB were

15%,18% and 67% respectively. 79% of the patients were H7H3 positive, 58% were low expression and 45%
were high expression. The B7H3 high expression wasv@dgitelated with risk stratifications, stage, MYCN
status. 4year EFS of patients with low and high expression of B7TH3 was 41.8% and 27.1%, respectively,
P=0.051; 4ear OS was 58.6% and 63.8%, respectively, P=0.739. For the-Bigjinosk patients, 4year

EFS of patients with low and high expression of B7H3 was 94.7% and 44.2%, respectively, Py€ad03; 4
OS was 100.0% and 90.9%, respectively, P=0.157. For the @&kightients, 4/ear EFS of patients with

low and high expression of B7H3 was 22.4nd 13.9%, respectively, P=0.80yegdr OS was 57.7% and

36.3%, respectively, P=0.151. The positive rate et PId NB tumor tissue was 57.0%, 98% of patients were
low expression. The expression of-BDin NB was not significantly correlated with tunsizes, age, gender,
stage, MYCN status, risk stratifications and survival. 45 cases had B7H3lahdd&ble positive and 10
patients had PEL1 and B7H3 double negativeydar EFS of the patients with f2I and B7H3 double

positive and double negatiweas 16.4% and 90.0%, respectively, P<0.0§kat OS was 48.7% and 100.0%
for the patients with PEL1 and B7H3 double positive and double negative, respectively, P=0.001.
Multivariate analysis showed that B7H3 positive, MYCN amplification were indepeadiegrse prognostic
factors for OS. B7H3 positive and advanced stage were independent prognostic factors for EFS (P <0.05).

Conclusions: This study showed B7H3 may be used as a new prognostic indicator in NB in the future.
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Outcome of Teatment Using antiGD2 in Maintenance Phase for Children
with High Risk Neuroblastoma at the National University Hospital
Singapore

Miriam Kimpé, Poh Lin TanMariflor Villegas Krista Lea Francisg&rances Yeaprhuan Chong Quagh
Chetan Anil Dhampe
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Introduction: The outcome of treatment for children with high risk neuroblastoma with standard treatment
has been dismal. The addition of immunotherapy targeting the GD2 antigen present on the nstmoiala

cells has improved event free survival rate to 66% and overall survival at 86% (Yu A et al, NEJM, 2010). We
recently treated patients with Dinutixumab beta and report their outcome.

Methods: Children with INRG high risk neuroblastoma received fimfuchemotherapy following the

MSKCC or Siopen HR neuroblastoma protocol, surgery, myeloablative chemotherapy using BUMEL regimer
followed by autologous peripheral blood stem cell rescue and radiation. Maintenance began within 100

days from transplant mvided the absolute neutrophil counts are at least 1.0 and platelet counts were

stable without transfusion. Maintenance consisted of five cycles of Dinutuximab beta at 10 mg /m2/day for
10 days given without IL2, followed by oral cis retinoic acid atig®n2/day for 14 days.

Results: Ten children with high risk neuroblastoma received immunotherapy. Their ages range from 3 to 10
years (median 3 years). Nine children presented with metastatic disease and one L2 with Nmyc
amplification. Two patients withNmyc amplification. One patient relapsed at the metastatic site two years
posttransplant and was in second remission. Nine patients were in complete remission and one partial
remission posttransplant. Six patients completed five cycles. Reasons for nplietioigy were persistent

disease (1) and new onset lesions (3). All patients developed CRS grade 2 with fever, chills and pain during
the first two cycles. One patient with high grade fevers and maculopapular rash had Influenzae B infection.
Six patients e alive and in complete remission-24 months posttransplant. Three patients relapsed

during immunotherapy, two deceased and one alive with disease at 9 months follow up. One patient
relapsed in the bone marrow 2 months posttreatment but went into remissvith chemotherapy.

Conclusion: Dinutuximab beta given over 10 days without IL2 is well tolerated. However, relapse rate
remains significant in our group of patients. Further review into biology of lesions is needed to determine
which patients will Bnefit from additional treatment aside from immunotherapy.
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PanGenomic Analysis of Neuroblastoma by Array Comparative Genomic
Hybridization and Correlation with Pathology
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Background: The aim of the prospective biological study IGROFHRCNBO7 (ClinicalTrials.org,
NCT02864563) is to obtain genomic profiles (GP) using a@diistopathologic characterization of tumor
samples obtained at diagnosis of all patients with neuroblastic tumors treated in the centers of the SFCE
6{20ASUGS CNIye AaS RSa /+FyOSNE RS fQoyFryidoo

Methods: For patients enrolled in the study, central bisgy review of diagnostic samples (obtained by
surgical resection, surgical biopsy or fimeedle biopsy) was performed according to the International
Neuroblastoma Pathology Committee (INPC). Neuroblastic tumor samples with >60% tumor cells were
analyzedoy aCGH in three reference platforms. Genomic profiles (GP) were classified into three groups:
numericalchromosomealterations (NCA) only, segmentdiromosomealterations (SCA) without or with
additional numerical alterations, and MYCN amplification A)IN

Results: Among 512 enrolled patients (INRG stages L1+L2/M/MS 28%, 71%, 1% respectively, age: >18
months 63%), GP was analyzed for 365 cases: 103 NCA, 172 SCA, 61 MNA aud2@ilmative profiles.

SCA were more frequent (74%, p<0.0001) in patieh& months and in INRG stage M (78%, p<0.0001).
Histopathological review was obtained for 358 cases (INPC favorable n=105, unfavorable n=103, non
evaluable n=150), with GP data available in 281 cases. Among ganglioneuroblastoma (4 GNB intermixed, 6
GNB nodlar), GP revealed: 5 silent, 2 NCA, 3 SCA, 0 MNA profiles. In neuroblastoma, different GP were
observed according to degree of differentiation: differentiating NB (3 silent, 0 NCA, 6 SCA, and 0 MNA),
poorly differentiated (9 silent, 70 NCA, 99 SCA, 30 Mid undifferentiated NB (0 silent, 0 NCA, 1 SCA, 5
MNA). A strong correlation between INPC histoprognosis classification and GP was documented (INPC
favorable: 7 silent, 43 NCA, 26 SCA, 1 MNA; unfavorable: 6 silent, 13 NCA, 49 SCA, 16 MNA; p<0.0001). In
addition, among 150 samples for whom no INPC histoprognosis could be established due to sample size or
technical issues, 120 GP could be analyzed: 11 silent, 27 NCA, 52 SCA, and 30 MNA.



Conclusion: Finaeeedle biopsies allowed histoprognosis characteitmatccording to INPC in 58%. In
absence of a reliable or possible histoprognosis classification, GP was informative with a success rate of 919
(109/120).
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Identification of Novel Fusion Transcripts Occurring at High Frequency in
High-Rsk Neuroblastoma
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The paucity of recurrent mutations has hampered efforts to understand the pathogenesis of several
pediatric cancers. Highsk neuroblastoma is characterized by MYCN amplification and large structural
chromosomal rearrangements but few recurraarnino acid changing mutations. Through bioinformatic
analysis of sequenced neuroblastoma tumors, we have identified primarilytheadgh fusion transcripts

of adjacent genes. The high frequency of these intrachromosomal fusion events implies thatphesent

an overlooked mechanism that could provide higgk neuroblastoma with oncogenic properties. We

validated several candidate fusion transcripts as tumor specific. To investigate altered functional properties
of fusion gene products we focused dretZNF45BAG2 chimeric transcript. This fusion generated a

G NHzy OF GSR . ! DH LINRGSAYS pinducBdngurosakdiff@datiatiof iK A 6 A G a NI
YySdzZNRPof | AaG2YF®d ¢KdAX p.!Du O0GA&A Fa | R2YAYlLyld yS
maturation, potentially leading to a less differentiated and more aggressive tumor.
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Purpose: Neuroblastoma (NB) cells in the bone marrow are a hallmark efisiigiisease in children over
the age of 1 year, identifying children for more intensive treatment and a frequent site osel@pe
elimination of these cells remains one of the greatest challenges for cure of some children.

Methods: NB cells were isolated from bone marrow aspirates (BM) from children with stage ¥ishigNB
using immunemagnetic bead selection for the cslirface disialoganglioside GD2. Setiewal was

assessed by seeding single cells in low and substrate adherent plates, and in soft agar. Migration was
analysed using a 3D gelatiased assay. Cells were characterised using total RNAseq, immunocytalogy a
microscopy. Paired primary tumour, neuroblastoma cells from BM and NBeselving clones were
compared (n=7).

Results : Median infiltration of BM with GD2 positive NB cells at diagnosis was 7% (@@ 0n=100).
Expression of the neuroblastoma markers tyrosine hydroxylase, nestin, NCAM and PHOX2B and the drug
resistance protein MRR was heterogeneous. NB Istlid not express the haematopoietic markers CD45 or
CD57. High infiltration of BM with NB cells was predictive of a worse event free survival (p=0.017), as was
cellular expression of PHOX2B protein (p=0.023). Migratory cells were identified in altiN&sctie

migration index (MI) was highly heterogeneous (median M| 106; rart881=71). Median spheroid

forming efficiency from a single cell was 5% (range20%; n=114) and colony formation efficiency in soft
agar 1.3% (range 0.68%6 n=70). Substratadherent single cell clones were established from 74% of
propagated primary cells; in these cells median clone forming efficiency was 12% (radfe 10-85).
Hierarchical clustering of RNAseq data revealed that the primary tumours and neuroblastésrisotated

from the BM clustered independently from the NB single celtsgliéwing clones.

Conclusion: NB cells from the BM of children with stage M-hfhdisease are heterogeneous. A
subpopulation of cells produce single cell clones which halifexent RNA profile to parental NB cells
derived from BM and the paired primary tumour. Therapeutic strategies targeting this biological diversity
are needed to improve outcomes.
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Very Good Partial Response to Ceritinib TreatmentRatzent with
Relapsed Al-Klutated Neuroblastoma, Hepatopathy and Prolonged QTc
Interval
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Treatment of relapsed neuroblastoma has remained a challenge tap®doncologists and may be

hampered by londerm sequelae of firstine therapy. Small molecule ALK inhibitors represent a promising
therapeutic option in patients with Akiutated neuroblastoma; however, currently available inhibitors

bear the risk ohepatotoxicity and QT interval prolongation. Here, we report on a girl who was diagnosed at
the age of 22 months with stage 4 abdominal neuroblastoma and metastases in the bone marrow, lung and
liver. Genomic profiling revealed witgpe ALK at diagnosis addition, a prolonged QTc interval was

noticed with a maximum of 480 ms, suspicious of i@gsyndrome. Firdine therapy was performed
according to the NB2004 higisk trial protocol. After myeloablative chemotherapy and autologous stem

cell rescuethe girl developed temporary renal failure, respiratory failure, invasive pulmonary aspergillosis
and secondary sclerosing cholangitis with consecutive ascites, partial liver failure and cholestasis (grade 4
increase of bilirubin and GGT, and grade 3dase of AP and transaminases). Liver function and laboratory
findings improved over the following months but did not normalize. Twemy months after stem cell

rescue, local progression of a pulmonary lesion was observed. Neuroblastoma was confirntgubipydnd

a de novo ALKR1275Q mutation was detected in the tumor cells. The patient was then treated with
temozolomide accompanied by local radiotherapy, however, metastatic progression with bone marrow
infiltration and increasing urinary catecholaminescarred after six months. We therefore switched to oral
ceritinib monotherapy. At this time, liver impairment had improved to grade 1 to 2. The therapy was
tolerated very well: We recorded a maximum of grade 2 liver toxicity, no change of QTc intedviaty an

other relevant adverse events. Furthermore, we observed a good response to ceritinib treatment; the
pulmonary tumor lesion decreased in size, urinary catecholamines normalized and bone marrow metastases
disappeared completely. The patient was on treant for 10 months at last followp and was in excellent
clinical condition throughout the entire period. In conclusion, our data suggest that ceritinib treatment may
represent a valuable treatment option in patients with Ahlftated neuroblastoma, evemithe presence

of hepatopathy and prolonged QTc interval.
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Genomic Profiling in Low and Intermediate Risk Neuroblastoma to Refine
Treatment Stratification and Improve Patient Outcome; LINES: A SIOPEN
Trial
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Background: Neuroblastomas (N&jh segmental chromosome alterations genomic profiling are

associated with poorer outcome. For low risk (LR) patients, the SIOPEN LINES trial (Low and Intermediate
Neuroblastoma European Study, ClinicalTrials.org:NCT01728155) aims to maintain or itmgexaellent
outcome, whilst diminishing overall treatment burden whenever possible, by applying treatment
stratification according to genomic profiling (GP) and clinical parameters. In intermediate risk (IR) patients,
GP is studied retrospectively.

Methods: MYCN ncamplified NB samples with >60% tumor cells are analyzed using pangenomic
techniques, with central review, data registration into the SIOIRENET database, and release of clinically
relevant conclusions to clinicians within six weeks follgndiagnosis. Tumors were classified into two
groups: numericathromosomealterations (NCA) only, versus segmetiatomosomealterations (SCA)
>3Mb known to occur recurrently in NB, without or with numerical alterations.

Among 441 screened patients, GBsaperformed in 349 cases (250 LR, 99 IR) using pangenomic technigues
(aCGH, SN&rrays, other). In 73 cases, only absence of MYCN amplification was taken into account, either
because no other copy number changes were seen (n=11), or because-e$tabished prognostic

relevance alterations identification (n=13), including small interstitial deletions of chromosomes 8p or 3p,
deletions of 5q, 11p, 17p, 199 and 22(q, 2 cases with focal amplification of 12g14 encompassing
CDK4/MDM2, amplification of 1p34 @, a gain of 18p. For 49 other cases, no GP was obtained due to
insufficient material, technical issues or raine in real time (IR patients).

A clinically decisiomakingGP was determined in 276 cases (209 LR: 159 NCA, 50 SCA,; 67 IR: 24 NCA, 43
SCA)The frequency of SCA varied between different patient groups : LR L2<18months 19.8% (126 pts; 101
NCA, 25 SCA); Ms<12 months 30% (83 pts, 58 NCA, 25 SCA); IR L2>18months 70% (40 pts, 12 NCA, 28 S
M<12months 52% (25 pts, 12 NCA, 13 SCA).The most friegjtenations were 17q gain (62 cases), 11q

deletion (33 cases), 2p gain (28 cases) and 1p deletion (26 cases).

Conclusion: Redime genomic profiling for patient group allocation and treatment stratification in the
SIOPEN's LINES Study is feasiblh,ansuiccess rate of 79% of analyzed cases.
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The Effectiveness of IDRF In Predicting Surgical Complications in
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Background: Recently, laparoscopic surgery for abdominal neuroblastomas (NBs) has been reported, even i
the advanced cases. Although image defined risk factor (IDRF) are widely used to predict surgical
complications in patients with localized NBs, the efficacy of IDRF as a predictor of complications in patients
undergoing laparoscopic surgery is still unclean.ti@ other hand, we previously reported that contact

with the renal vessels (an ID¥Bsitive component) was not associated with surgical complications in
laparotomy. The aim of this study was to describe our experience with laparoscopic surgery fat fdB a
examine the association between IDRF, especially contact with the renal vessels, and surgical complications
in NB patients treated with laparoscopic surgery.

Methods: We performed laparoscopic surgery to treatl5 patients with abdominal NBs whdreated at
Kyushu university from April 2010 to December 2017. We examined the clinical features and surgical
outcomes of these NBs cases retrospectively.

Results: Six of the 15 patients were male (mean age, 35.7+48.9 months). The histological diagreses
neuroblastoma (n=10), ganglioneuroblastoma (n=2) and ganglioneuroma (n=3). The mean tumor size was
4.7+2.7 cm (1.41.0 cm). Only one patient exhibited MYCN amplification. The INSS stages were as follows:
stage 1 (n=10), stage 2A (n=1), stage d)nand stage 4 (n=3). Ten cases were Jdyative and 5 cases

were IDR#positive. Total extirpation was performed for all 10 IBRBative cases. For the 5 IDpUsitive

cases, total extirpation was performed for 3 cases and tumor biopsy was perfdongatases. Among the

5 IDRFpositive cases, the two biopsy cases showed the encasement of renal vessels and other vessels. The
3 totally extirpated cases only showed the contact with the renal vessels and did not show other any IDRF
positive components No cases exhibited surgical complications, including renal atrophy and conversion to
laparotomy. There were no episodes of recurrence.

Conclusions: Laparoscopic surgery was found to be a safe and effective modality which showed a good
surgical outcomén IDRFegative cases. Our findings suggest that total extirpation by laparoscopic surgery
could be safely performed in IDiRBsitive cases when the only IDR#Ssitive component was the contact

with the renal vessels.



182

CRISPRas9 Geomic Editing and High Throughput Compound Screening
Identifies Druggable Networks for the Treatment of ATRX Mutated
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Background: In neuroblastoma, mutations/deletions in ATRX (Alpha Thalassemia/Mental Retardation
Syndrane XLinked) define a distinct patient subgroup with a clear phenotype: older age at diagnosis,
conventional therapy resistance and poor survival. There are no novel therapies for this group despite
urgent need.

Methods: We performed higthroughput commund screening, comparing overall sensitivity in 8
neuroblastoma cell lines versus 112 other cancer subtypes. In theSKcell line, we then generated

stable ATRX deleted clones, utilising a CRCZ2B construct targeting the helicase domain (subsegizen
CRISPRas9 TP53 deletion) then subjected parentliedls and 3 stable ATRX deleted clones to compound
screening. Linear mixed effects models were used to test for differences in compound sensitivity according
to subtype and ATRX status. Signifiaasults were further validated.

Results: We identified preferential sensitivity in the neuroblastoma cell lines for three different Poly(ADP
Ribose) Polymerase (PARP) inhibitors (Olaparib, Rucaparib, and Talazoparib). Additionally, loss of ATRX
further snsitised cells to inhibition of key DNA damage repair (DDR) proteins including all three PARP
inhibitors and the Ataxia Telangiectasia Mutated (ATM) inhibitor KU60019.

We specifically focused on PARP inhibition due to the magnitude of effect, and guetdatial for rapid

clinical translation. ATRX deleted clones are unable #ocalise RAD51 with BRCA1 in response to DNA
damage, resulting in a homologous recombination repair (HRR) deficiency, and thus a reliance on PARP for
DDR.

We also identified an increase in genomic instability and double stranded DNA breaks as a consequence of
ATRX deletion and demonstrated sensitisation to Irinotecan (but not Temozolomide) with ATRX loss.
Furthermore, Irinotecan sensitivity is significarftiyther enhanced with the addition of Olaparib.

Finally, we have validated these results in the ATRX deleted neuroblastoma cell lirR@@CWhih has the

same HRR deficiency and clear Irinotecan sensitisation with the addition of Olaparib. We aréycurren
validating our results kvivo in xenograft and PDX models.

Conclusions: We show increased sensitivity to pharmacological ATM and PARP inhifgitroninATRX
mutated neuroblastoma. Furthermore, we show that ATRX loss results in HRR deficienpyovitles a
rationale for combination of PARP inhibitors with conventional chemotherapy for patients with ATRX
mutated neuroblastoma
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Purpose: To validate the prognostic power of pailigd homeobox 2b (PHOX2B) and tyrosine hydroxylase
(TH) mRNA levels in bone marrow aspirates (BM) from children witkrisightage M neuroblastoma at the
end of induction and during treatment for minimal residual disease (MRD)-NB1R/SIOPEN
(Wwww.SOPENR-NET.org).

Methods: Bone marrow aspirates (BM; n=770) were analysed by RTqPCR for PHOX2B and TH mRNAs as
previously described.! The log10 mRNA levels were transformed to generate a high or low PCR score, where
a high PCR score is above the pullisbutpoints for TH and PHOX2B mRNA levels in BM at the end of
induction and low is below the cyfoints.?

Results: High levels of TH and PHOX2B mRNA in BM (n=144) at the end of induction treatment
independently predict a poor EFSy&ar EFS for childnewith a high PCR score was 13% compared to 32%

for children with a low score (chi2=10, HR= 1.8, p=0.002). This observation was validated in a second cohort
(n=223); Byear EFS in children with a high PCR score was 26% compared to 48% for childreowvith a |

score (chiz=11, HR= 1.8, p=0.001). Using the samgoduit, in BM taken prdreatment for minimal disease
(n=235) children with a high PCR score had a 5 year EFS of 17% compared to 41% for those with a low scor
(chi2=7.4, HR= 2.0, p=0.006) and in BMtgreatment for MRD (n=168) children with a high PCR score had a

5 year EFS of 6% compared to 54% (chi?=27.1, HR= 3.9, p<0.0001)}fdlinp&rcent (17/18) of children

with high levels of TH and PHOX2B mRNAs in BM post treatment for MRD rapidlyggogres

Conclusion: High levels of TH and PHOX2B mRNA in BM at the end of induction treatment independently
identifies children with an increased risk of an event. Using the sampaints, we report for the first time

that high levels of these neuroblasha mMRNAs in BM in the MRD setting strongly predicts for a worse EFS.
This test could be used to select children after induction treatment for alternative clinical management.

Viprey et al,2014, Journal of Clinical Oncology,32;B374
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While recurring mutations in proteinoding genes are relatively rare in neuroblastomas, massive genomic
alterations are common. Even though recurrent gains and losses in certain chromosome regions have been
observed in highiisk neuroblastomas, the oncogie nature of such alterations is, thus far, only understood

for cases involving MYCN amplification or TERT rearrangements. To explore how other recurrent regional
changes, contribute to oncogenicity in neuroblastoma, we generated-‘sggke matched pa®MICS

datasets from 60 primary neuroblastomas representing the entire clinical risk spectrum. \géwene
sequencing was performed with an average base coverage of 60x on tumors and matched control DNA from
patient blood. Sequencing depth was very highppmarting identification of subclonal genomic events.

Somatic genomic events at single baér resolution were called using EBCall and lsgae genomic
copynumber variations were determined using CorHFRREEC. We detected previously described

alterations in the 60 neuroblastomas, such as MYCN amplification, ALK mutation, and TERT rearrangements
Each total (coding and nezpding) tumor transcriptome was profiled by sequencing the complete RNA
compartment following rRNA depletion. On average, 100aniltiairedend reads were generated per

tumor. Observed effects on the expression levels or sequence composition of MRNAscodimmRNAS

were linked to genomic events. Whefgznome bisulfite sequencing at 60x base coverage was used to

assess DNA methyian in 24 of the 60 tumor samples. Hypand hypemethylated regions were detected

in specific tumor groups of tumors and correlated with RNA expression changes. Overlapping genome
annotations derived from public databases and a statistical raetysisapproach were used to integrate

Fff wW2YA0aQ RFOGFaAaSGa F2NJ SIFOK GdzY2NE |yR GKS Ay
We detected genomic/transcriptomic events previously associated with neuroblastoragroigk

stratification as w# as novel events. Importantly, intermediatisk tumors, which were undeepresented

in previous datasets, could be distinguished from-tisk tumors using genomic and transcriptomic events.

Our comprehensive integrative analysis of utieep panrOMIG data characterized 60 primary

neuroblastomas in unprecedented detail. The high sequencing depth and inclusion of the previousty under
represented intermediateisk tumors allowed detection of known and novel genomic and transcriptomic
events pertinent toneuroblastoma development and/or progression.
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Despite intensive multimodal therapy, more than 50% of patients with-liglhneuroblastoma relapse,

which nearly always results in a fatal outcome. Therefore, development of new treatment options for high
risk NB patients is an urgent clinical need. Activating mutations of the Anaplastic Lymphoma Kinase (ALK)
are present in pprox. 15% of highisk neuroblastoma. Others and we previously demonstrated that

mutated ALK is a driving oncogene in neuroblastoma and suggested ALK inhibition (ALKi) as a potential
targeted therapeutic approach in those higlk cases. Most recently peediatric phase /1l trial with the

ALK inhibitor Ceritinib revealed a safe tolerable Ceritinib dose in children. While some patients with
relapsed neuroblastoma even went into complete or strong partial remission under Ceritinib monotherapy,
most of themeventually relapsed during Ceritinib treatment due to ALKIi resistance. We subjected tumor
biopsy material of two highisk NB patients collected before Ceritinib therapy and after the time of relapse
to targeted sequencing. We identified acquired genoaiferations inactivating NF1 in the relapse samples,
suggesting that secondary genomic events activate RAS signaling as a mechanism to evade ALKIi. For furthe
analyses, we used patiederived xenograft (PDX) models as a platform to model and recapitiate

acquired resistance. We were able to establish PDX from both patient neuroblastomas before and after
relapse. First, we analyzed the transcriptional response, in particular the activation of cellular salvage
pathways, to Ceritinib treatment in PDX aults as well as in AlrKutated Ceritinibresponsive

neuroblastoma cell lines. We especially focused on the identification and functional evaluation of
convergent targets, such as MAPK pathway activation. Our results provide a rationale for clinicdhbtrials
investigate those targets and Ceritinib in combinatorial treatments to tackle ALKi resistance mechanisms.
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Introduction: In highkrisk neuroblastoma, mutations within the kinase domain of anaplastic lymphoma
kinase (ALK), esegregate with amplification of the MYCN gene. Transcription of MYCN is directly
upregulated by ALK, and also by BRD4, a bromodopratein member of the BET family of transcriptional
co-regulators. We generated dual ALK/BRD4 inhibitors, which target both oncogenic mutations of ALK and
transcription of BRD4, as an effective treatment for these patients. The oncogenic activityisftéigiéted

via inhibition of the kinase domain, and transcription of MYCN via BRD4 inhibition. We aimed to test the
hypothesis that a dual ALK/BRD4 inhibitor would have superior efficacy as compared to single inhibitors of
ALK and BRD4, avoiding the néedcombinatorial treatment.

Methods: We chose a known dual PLIBRD4 inhibitor with modest potency at ALK, as our starting point.
We designed and prepared analogues with the aims of increasing ALK activity, decreadirag®lity and
maintaining ativity against BRD4. Compounds underwent in vitro assessment for activity against ALK and
ALKmut, BRD4 and PLK, prior to testing in a panel of model systems of neuroblastoma. We utilized our in
house immunoassay for the quantification of activity agaifsigphorylated ALK, immunoblotting of
downstream ALK signaling pathways and-f&R to assess the effect upon MYCN and MYCN transcriptional
targets.

Results: Initial data provide insights on how ALK potency can be enhanced, whilst decreadimpfebky

and maintaining potent engagement with BRD4. Our leading candidate compounds demonstrated good
activity against ALK/BRD4 in in vitro assays and were further evaluated against clinical compounds in cellula
assays, including lines with induced resistancelitucally available compounds. Our work highlights the
challenges of designing and developing dual inhibitors, particularly in balancing dual inhibition with the
physicochemical properties of these compounds, while maintaining selectivity against otineodlomains

and kinases.
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Characterization and impact of the ODZ receptor family on neuroblastoma
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Neuritogenesis is the process during embryonic development when neural crest cells migrate and
differentiate into multiple cell types. Neuroblastoma originates from neural crest progenitor cells of the
sympathoadrenal lineage. Werformed whole genome sequencing of 40 neuroblastoma tumor samples.

We found that three (7.5%) of the patient samples contained a somatic mutation in the receptor family
called the teneurins (ODZ). The ODZ proteins are not fully characterized, howthay are highly

expressed during the development and differentiation of the central nervous system in the drosophila fly.
Evidence suggests a function for dysregulated expression of the ODZs in human tumors, but investigations
of a deeper cellular and metular understanding in neuroblastoma are missing. The aim of this study is to
investigate the ODZ receptors to determine the role and function of these proteins in neuroblastoma tumor
development, progression and metastasis. When investigated in pualiailable and validated

neuroblastoma cohorts, low expression levels of ODZ1, ODZ2 and ODZ3 were associated with poor overall
survival, while low ODZ4 expression correlated with high overall survival. Our data demonstrated that the
ODZ receptors were diffently expressed in neuroblastoma cell lines. Preliminary results also showed that
siRNA knockdown of ODZ4 in a neuroblastoma cell line led to a 50% decrease in cell viability compared to
control, together with morphological changes such as more neuritensions, suggesting that an inhibition

of ODZ4 may result in differentiation. Knockdown of the four different ODZ transcripts also showed that the
ODZ receptors might have compensatory mechanisms for each other. Activity of the ODZ receptors may be
of importance for neuroblastoma development and manipulation could offer a possible therapy for
neuroblastoma.
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Resection and Surgical Exposure Techniques Used in Long Term Survivor
of Abdominal Stage 4 HigRisk Neuroblastoma
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Background: Data on the surgical exposure techniques and the correlation of surgical and postoperative
extent of resection for children with abdomihlaighrisk neuroblastoma (AIRNB) are limited. We
retrospectively analyzed a homogeneously treated subgroup of patients surviving 5 years or longer without
event (EFS) in order to minimize the potential impact of biologic factors.

Methods: All childreraged>18 months with (1) newly diagnosed disease, (2) INSS stagelBRMNB\+
eventfree survival, (3) treatment according to the GPOH NB97 trial, (4) available surgical reports of first
abdominal resection, (5) available information on initial and postafive topographic tumor distribution
were included.

Six topographic regions were defined by location relative to inferior vena cava, aorta and renal vein.
Resection was classified as complete when no macroscopic tumor rests were documented intraelyerati
(SMR) or at postoperative staging-PR). The surgical exposure was scored as extendeB)(BBore than
unilateral colon mobilization was performed and if renal artery exposure (RAE) was documented for tumors
in contact with renal vessels, and rettended (SENE) otherwise.

wSadzZ Gay pmktn dcyddz0 OKAf RNBY 6SNB AyOf dzZRSR® L
tumor in 70.6% and MYCN was amplified in 25.5%E®as done in 66.7%,-ER&vas done in 33.3% of

patients. IN13.7% pdiy it a> o (2L AN LIKAOFf NB3IA2Yya 6SNB aidA
did not correlate with higher rate of-BR (p=1.000) and-RIR (p=.377). For tumors located in both upper
abdominal regions bilateral colonic mobilization was documente®f29 (10.3%) cases. For tumors in

contact with renal vessels RAE was documented in 16/28 cases (57-R)WwW8s documented in 80.4% but

only 65.9% of them were confirmed asviR (P=.013).-BIR (P=.011) but not SE(P=.293) correlated with a
lower numbe of affected tumor regions at postoperative staging.

Conclusion: Among long term survivors withtHRNB, more than half of patients have tumors initially
FFFSOUGAYI xo0 (2LRIANILIIKAO NBIA2ya |yR || dzctdh SNJ L.
rather than surgical exposure alone correlates with tumor extent at postoperative staging. Current exposure
and resection techniques need to be improved in order to enhance respectability.
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Background: Cancer predisposition syndromes (CPSs) are increasingly implicated in tumor development in
childhood. CPS recognition is essential as early identification can impact treatment strategies, inform
surveillance protocols and @ict family counselling. Extensive research into the molecular and genetic
determinants of neuroblastic tumors (NBL) has led to the identification of pathogenic variants in several
cancer susceptibility genes. The McGill Interactive Pediatric OncoGenetaliGes (MIPOGG) prediction

tool was developed to identify children at increased likelihood of having an underlying CPS. A clinical
decisional algorithm for NBL is incorporated within this tool.

Methods: A systematic literature review identified all kmo CPSs associated with NBL and characterised

the predominant phenotypic features. We formulated a decisional algorithm consisting of Yes/No questions
incorporating 4 tumoispecific and 7 tumemdependent questions, with a recommendation for genetic
evaluation in those at increased risk of a CPS, as assessed by the tool. Through retrospective chart review,
S aaSaasSR GKS Ift3I2NAIGKYQa LISNF2NXIYyOS Ay HnH O
Children, Toronto. Diagnostic data, personal antify history details and genetic information were

reviewed.

Results: 178/242 patients had sufficient data to permit evaluation using the MIPOGG tool. 47/178 patients
had clinical genetic evaluation/testing, of whom 6 had a confirmed CPS (PHOX2b, Bédiedi#imann (2),
Fanconi Anemia, RB1, 2p partial trisomy). Four patients had a known CPS prior to NBL development. 15/47
had congenital anomalies (5/6 with CPS, 10/41 without confirmed CPS). Significant family history was
recognised in 3/6 (50%) patientsttviCPS and 10/41 (24%) without confirmed CPS. 8/178 patients had
multifocal or bilateral disease, one of whom had a PHOX2B alteration. Using this algorithm, 46/178 patients
were recommended for genetic evaluation, and all 6 patients with confirmed CPSp@priately
ARSY(GAFASRYE YSSiidpgtiiccokamia.a Lt hDD (i dzY 2 NJ

Conclusion: The MIPOGG decisional algorithm is a simple and effective screening tool to identify children
with NBL at increased risk of having an underlying CPS, appropriately identifying all children with a
confirmed CPS in our cohort, with several carmesceptibility genes beyond ALK and PHOX2B implicated.
Further validation of the MIPOGG tool in other cohorts and tumor types is ongoing.
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Neuroblastomasvith MYCN amplification (MNA) are classified ashigh aggressive tumors, posing hard
therapeutic challenges to paediatric oncologists. As MYCN is an undruggable target, great efforts are being
devoted to uncover MYCBhssociated vulnerabilities in drggble essential pathways recruited by this

oncogene. We and others have shown that MYCN induces replication stress (RS), a condition potentially
leading to DNA damage and cell death or genomic instability. However, it is becoming increasingly clear that
MYCN orchestrates a complex gene expression program recruiting DNA repair and signaling proteins
required to restrain the deleterious effects of oncogenduced RS, allowing cancer cell survival and
progression. In principle, pharmacological inhibition afltiple targets along these pathways might

represent a novel approach for the therapy of this tumor subset.

High expression of R&sociated proteins, such as PARP1, PARP2 and CHK1, is a previously unrecognized
prognostic factor for human neuroblastomia. vitro, PARP1/2 and CHK1 are abundant in MNA and MYCN
2OSNBELINBaaAy3d OSttad LyGSNBadGAyItes t!wt AYKAOA
talazoparib, yield R8ependent DNA damage and cell death, in MNA cells. Notwithstandingathgient

activation of a CHkdependent RS checkpoint, PARRibited MYCN overexpressing cells fail to sustain a
prolonged $phase arrest, progress through mitosis with damaged DNA, eventually undergoing mitotic
catastrophe. CHKtargeted inhibition ofthe RS checkpoint exacerbated this phenotype, suggesting that
PARP inhibitors further enhance the reliance of M¥&&texpressing cells on a CHitghendent

checkpoint, prompting us to test the efficacy of combined CHK1 and PARP inhibition in neuroblastoma
preclinical models.

As expected, CHK1 inhibitors {736 and M776) reduced cell viability with a certain degree of

specificity for MNA cells. Their combination with PARP inhibitors (olaparib and talazoparib) strongly reduced
their IC50s, in a panef neuroblastoma cell lines. Indeed, olaparib and-8#6 showed a potent

synergistic effect, in the lower concentration range. Most importantly, in MNA neuroblastoma xenograft,
combination with olaparib strongly enhances the activity of-8#6 in reducig tumor growth at very low
non-toxic doses, sharply increasing the therapeutic index of the CHK1 inhibitor. These data support the
introduction of a combined PARP and CHKZ1 inhibition for the therapy of MNA neuroblastoma.
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Background: Treatment for neuroblastoma (NB) is still suboptimal. Genetic polymorphisms in drug
transporters and metabolizing enzymes could play a role in the-intkvidual variability in terms of
efficacy and toxicity of chemotherapeutic agentseim of this study was to identify genetic variants
influencing response to treatment and outcome in NB.

Patients and methods: A pharmacogenetic study of 96 simgédeotide polymorphisms (SNPs) was

performed in 60 key genes relevant to drugs used¢at NB. Samples from 104 NB patients were analyzed
by MassArray (Agena Bioscience). The association of genotypes withfimee(EFS) and overall survival

(OS) was evaluated using a Cox Elticmodel, including MYCN, age and stage as covariables. The
influence of genotypes on response to induction therapy (RIT) was assessed in a cohort of 41stage M high
risk (HR) NB patients treated with COJEC chemotherapeutic regimen.

Results: The strongest association with poorer OS was observed with rs15444afidaA(HR=1.39) while
rs7186128 GG (HR=0.83) and rs1801133 TC (HR=0.65) were associated with better outcome. We also
identified associations with lower EFS for rs45511401 GT (HR=1.79), rs1544410 GA (HR=1.75) and rs6539¢
GG (HR=1.61) variants. On thaetside rs4880 TC (HR=0.72), rs3814058 TT (HR=0.62) and rs2032582 GA
(HR=0.48) variants were associated with better EFS. Remarkably, rs1544410 GA is associated with both OS
and EFS. Regarding RIT, AG variant in rs726501 (OR= 2.87), GG variant in reQR40068) or rs2010963
(OR=1.23) and TT variant in rs1143684 TT (OR=1.143) were associated with metastatic complete response.
However, GG variant in rs8133052 (OR=0.53), TC variant in rs4149056 (OR=0.64), TT variant in rs1027603
(OR=0.67) and GA vartan rs1544410 (OR=0.68) were associated to incomplete metastatic response to
COJEC induction regimen.

Conclusions: We identified polymorphisms in VDR, MTHFR, ABCC1, NR1I2 and ABCB1 genes associated w
EFS and OS as well as in MAP3K1, VEGFA, CBRBISVOB, ABCB1 and ABCC2 genes influencing on HR
LI GASYyGaQ wLed ¢KSasS aaz20AlGA2ya Ydzad o06S NBLX AO
multicenter studies. Our results highlight the potential utility of pharmacogenetic analysis for idegtifyi

new prognostic markers and signatures as well as poor responders.
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Long norcoding RNAs (IncRNASs) form a novel class AfrRdlecules that are often characterized by an
exquisite tissuespecificity, making them extremely attractive as targets for therapeutic intervention.

By reprocessing RN#equencing data from 900 cancer cell lines, we identified several neuroblastoma

specific INcCRNAs including NESPR (NEuroblastoma Specific Phox2B Regulatory rna). NESPR is located in tt
superenhancer region upstream of the familial neuroblastoma gene PHOX2B. Unlike many IncRNAs, NESPI
is abundantly expressed, efficiently spliced and liglonserved in mammals. NESPR expression specificity
was confirmed in a cohort of 10,000 tumor samples representing 35 cancer types. In neuroblastoma, high
NESPR expression is associated with high stage disease, MYCN amplification and poor patiént surviva
suggesting NESPR may function as a lineage survival oncogene. To assess the function of NESPR in
neuroblastoma, antisense oligonucleotides (ASOs) and siRNA pools (siPOOLSs) were used to knock down its
expression. While ASOs were capable of reducing thetimuclear and cytoplasmic fraction of NESPR,

siPOOLs only reduced the cytoplasmic fraction. Notably, knockdown of the nuclear fraction, but not the
cytoplasmic fraction, resulted in a significant decrease in colony formation and cell growth, as evidgnced

cell viability assays and ret@éine cell monitoring. These effects were accompanied by an increase in

apoptosis and were validated using independent ASO sequencessdRpNAncing of AS@eated

neuroblastoma cell lines revealed a significant reductibeeveral neuroblastoma master regulators

including PHOX2B, PHOX2A, DACH11 and ZNF536 while expression of CHD5 was significantly induced. Us
4Gsequencing we could demonstrate a lerange interaction between the NESPR locus and the PHOX2B
promoter, sygesting that the nuclear fraction of NESPR acts asragtitator of PHOX2B expression.

Silencing of NESPR transcription using CRi&&Frence verified this interaction. NESPR pulldown

followed by masspectrometry (ChIRRIS) revealed several chroniatmodifiers interacting with NESPR,
suggesting NESPR may recruit these factors to regulate PHOX2B expression.

Our results uncover NESPR as a key component in the transcriptional circuit defining neuroblastoma cell
identity and suggest that AS@ediated argeting of NESPR may present a novel neuroblastpraific
treatment option. In vivo validation of the observed phenotype is currently ongoing.
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Amplified MYCN is found in 25% of neuroblastoma cases and is associated witskijisease and poor
outcome. DNA methylation baserlustering identifies patient subgroups strongly associated with
neuroblastoma key clinical and biological features. MPé@idlified neuroblastomas are characterized by
aberrant methylation of regulatorl)NA elements being in line with an impact of MYCN on DNA methylation
patterns, partly via PRC2 modulation, leading to pronounced transcriptomic and chromatin landscape
changes that mediate tumor deifferentiation. Recent data employing DNMT triple knockmouse ESCs
suggest MYCHinding to be highly responsive to DNA methylation where methylation of the central CpG
within the MYCN Box motif seems to hinder MYé&ifihding.

To elucidate whether MYCN may shape the frigk neuroblastoma epigenome via detdgting DNA
methylation and thereby guiding its own binding profile, we used dnagliated demethylation in
neuroblastoma cell lines and globally assessed MbidNing via ChH3equencing analysis. High resolution
DNA methylation changes were assessed bglergenome bisulfite sequencing. The consequences of DNA
methylationrassociated MYCN redistribution were monitored by Rfdduencing and chromatin mark ChiP
sequencing. With this integrated approach we plan to considerably contribute to understanding of
epigenetic patterns in highisk neuroblastoma and potentially identify candidate genes deregulated by
aberrant MYCN-Box methylation. Preliminary data identified demethylated regions with increased MYCN
binding. We established a system for targeted epg&janediting using CRISPR/Ca$9r1 fusion proteins in
order to validate candidate regulatory elements controlled by M¥i@&diated silencing.

Restoring MYCHRinding by targeted demethylation might allow-tlepression of predifferentiation
programs or tunor suppressive targets. Thus, approaches targeting the neuroblastoma methylome may
have significant clinical relevance for higék neuroblastoma patients.



195

Substrate Channeling as a Mechanism for AHCY and MAT2A Synthetic
Lethal Interation with High MYCN

Selina JanskySina GogoltnMatthias Fischér Carl Herrmani Frank Westermarin

IDivision of Neuroblastoma Genomics, German Cancer Research Center (DKFZ) and Hopp Children's Cancer Center a
NCT (KiTZ), Heidelberg, Germabgpartment of Pediatric Oncology and Hematology, University Children's Hospital of
Cologne, Medical Faculty, University of Cologne, Cologne, Geiiaision of Theoretical Bioinformatics, German

Cancer Research Center (DKFZ), Heidelberg, Germany

Amplification of the oncogene MYCN is present in 50% of-hghneuroblastomas (NBs) and is associated

with advanced stages of the disease and poor overall survival. To identify vulnerabilities of this aggressive
subset, a MYCN synthetic letteRNA screen hdeeen performed. The screen identified S
Adenosylhomocysteine Hydrolase (AHCY) and Methionine Adenosyltransferase 2A (MAT2A), two enzymes
of the methionine cycle, as synthetic lethal interactions with high MYCN expression. To validate these MYCN
syntheticlethal candidates, effects of their stable knockdown on viability of Mai@plified neuroblastoma

cells were assessed. Secondly, this study aimed at elucidating the mechanism underlying MYCN synthetic
lethality of MAT2A and AHCY. Therefore, transcriptiandl histone modification changes after treatment

of MYCNamplified NB cells with the AHCY inhibitor D9 were analyzed.

Stable MAT2A and AHCY knockdown significantly reduced fd¥i@iNied NB cell viability, colony

formation and anchoragindependent growh, confirming the synthetic lethal interaction between MAT2A
or AHCY and high MYCN. Knockdown of MYCN significantly inhibited MAT2A and AHCY expression and
MYCN protein was bound to their promoters, identifying them as direct MYCN target genes. Morégiver, h
MAT2A and AHCY mRNA expression was associated with reduced overall survival in NB patients.

In this study, the set of genes differentially expressed upon AHCY inhibition using D9 showed a high overlap
with genes differentially expressed after MYCNdktmwn. Expression of these D9 signature genes

specifically identified highisk neuroblastomas with high MYCN transcriptional activity in a set of 498

primary neuroblastomas. Epigenetically, D9 treatment globally reduced the abundance of all histone marks
However, these epigenetic changes correlated with changes in gene expression. Genes showing a decrease
in expression after AHCY inhibition lost activating histone marks, while genes whose expression was induce
upon AHCY inhibition showed a reductiomapressive histone marks.

Together our data support the hypothesis that AHCY and MAT2A cooperate with MYCN in transcriptional
regulation of MYCN target genes by providing substrates for associated histone modifications. By
metabolizing the feedback inhibr SAH or synthesizing the metigrdoup donor SAM, AHCY or MAT2A,
respectively, may enable high levels of MYa&3Nociated oncogenic histone methylation reactions.
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Next generation sequencing of human neuroblastoma tumors has provided important information on single
nucleotide mutations, polymorphisms and chromosomal abnormalities. However, whether genes associated
with these mutations are passengers or drivers of tumorigenesis and the stage of development when these
mutations occur is unclear. Here, we describe a human pluripotent stem cellthRS#c) model of
neuroblastoma that can address these issues. We diffesgedinormal hPSCs toward trunk neural crest

cells (NCC), transduced established/candidate drivers of neuroblastoma, and implanted orthotopically into
renal capsules of mice. As preaffprinciple, we transduced trunk NCC with established drivers MYCN

and/or ALKF1174L. MYCN was sufficient to drive tumorigenesis, while ALKF1174L accelerated MYCN
mediated tumorigenesis. Next, we tested overexpression of EEF2K and KIF15, two candidate driver genes
correlated with amplification of MYCN and poor survival. EBfit2Kaot KIF15, cooperated with MYCN to
decrease the latency of tumorigenesis, suggesting EEF2K as a driver and KIF15 as a passenger gene. Usin
recently published protocol differentiating hPSC toward sympathoadrenal (SA) cells, we are now evaluating
whether MYCN, ALKF1174L and/or EEF2K can transform SA celledrivalysis of resulting tumors will

reveal whether cell of origin, trunk NCC or SA cells, influences transformation and/or alignment with human
neuroblastoma patient tumors. Thus, we presentRS&ased model of neuroblastoma that validates

novel candidate genetic drivers and enables personalized therapies.
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Subsets of higrrisk neuroblastoma accomplish telomere maintenance by telomerase activation as a
consequence of MYCN/MYC induction or FE&Tslocation and induction. A third subgroup of higék NB
tumors uses telomerasmdependent mechanisms referred to as alteriwatlengthening of telomeres (ALT)

to elongate telomeres. The focus of this project is to characterize this subgroup of high risk neuroblastoma
patients.

ALFpositive tumors were identified by screening an NB cohort of 749 specimens using the pres€nce of
Circles, which are a reliable marker for ALT activity. Subsequer@iycle positive tumors were analyzed

using high coverage whole genome sequencing, RNA sequencing, epigenetic analysis and whole proteome
analysis.

In total, 9% of the patients welidentified as ALT positive. The majority of those was stage 4 tumors and
was diagnosed in patients being older than 1.5 yeaiGir€le presence was found to be mutually exclusive

to amplified MYCN. Telomere content relative to blood control samples waghin CCircle positive

tumors. Furthermore, Al-positive tumors exhibited a high frequency of intrachromosomal telomeric
insertions. Hotspots regions for recurrent telomeric insertions were found on chromosome 1q, 18q and 19q.
1942 telomere insertionsaincided with a loss of chrlq, whereas the telomeric insertion site overlapped
with the chromosomal breakpoint. Mutations in the chromatin remodeler ATRX were the only recurrent
events in AL-positive tumors. However, only 55% of theC@cle positive tumis showed an alteration in

ATRX. Using a IMSMS based whole proteome analysis approach, 6891 proteins could be quantified in our
primary neuroblastoma cohort. When comparing the proteomes ofgdsitive tumors with those of other
subgroups (TERTanslacated, MYCMmplified, lowrisk), we identified 470 proteins to be significantlyup

or downregulated (p<0.01; fold change>2). ATRX was among the top candidates to exhibit a lower protein
expression in Al:positive tumors.

The combined analysis of highvesage whole genome sequencing data, whole protein expression analysis
and epigenetic profiling deepens the knowledge about the general mechanisms of ALT activation and
reveals unknown vulnerabilities and potential therapy targets for this subgroup ofrisigiNB patients as

well as for AL-positive tumors form other entities.
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Heterogeneity of cell identity in neuroblastoma has been recently documented by our team (Boeva et al,
2017) and others (van Groningen et al, 2017). We previously showed that cells with different identities can
coexist in a same neuroblastoma cell line hagells expressing noradrenergic factors and cells displaying
mesenchymal features. These studies highlighted the opportunity to consider neuroblastoma intratumoral
heterogeneity to develop new therapeutic strategies.

In this work we identified a membramaarker distinguishing both identities in different neuroblastoma cell
lines. By sorting the two different cell types within the same cell line we highlighted the properties of
spontaneous plasticity of neuroblastoma cells by showing that they can trégrsdifiate from one identity

to the other with time. We also documented this plasticity upon commonly used chemotherapy treatment
in vitro. Mesenchymal cells are more resistant to chemotherapy than noradrenergic cells and are selected
during treatment in alose and timedependent manner. After treatment withdrawal, the initial

heterogeneity is reestablished. On the other side, we discovered that cells with a mesenchymal identity are
more sensitive to Epithelial to Mesenchymal Transition (EMT) inhibitaigrm

To further unravel cell identity heterogeneity, we performed single cell RNA sequencing of two
KSGSNR3ASyS2dza ySdzaNRPoflFaaz2yYl OSftf fAySa dzaAy3a /[ KN
strategy allowed us to precisely inspect the hetarngity of cell identity and to sharply define several

groups of coordinated genes differentially expressed among the mesenchymal or noradrenergic cell types.
We expect that the analysis of these data will help us to identify the pathways involved in the
transdifferentiation from one state to the other one.

Altogether, this work provides new insights into the understanding of cell identity, heterogeneity and
plasticity in neuroblastoma suggesting new therapeutic strategies to eradicate both types of tellsdanc
neuroblastoma patients.
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Characterization of ALK Downstream Signaling Pathways in
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Activating mutations of the ALK receptor are observed in around 8% of neuroblastoma tumors at diagnosis
and can also occur at relapse. Whereas ALK is aarglearget for therapies with smatholecule inhibitors

in patients with ALK mutated tumors, its inhibition is more difficult to achieve compared to ALK fusion
proteins. The characterization of the ALK downstream signaling pathways may reveal noveltearfdida
targeted therapies. In this study, we used deep quantitative phosphoproteomic analysis to characterize the
signaling pathways triggered by activated ALK.

Two neuroblastoma cell lines carrying either the ALK R1275Q or F1174L mutation were latbetbd w

SILAC (Stable Isotope Labeling by Amino acids in Cell culture) approach in three conditions, i.e., untreated,
treated with the agonist monoclonal mAb46 antibody providing ALK activation or treated with the ALK
inhibitor NVPTAE684. Treatments weepplied for 30 minutes or 6 hours. Immunoprecipitations with anti
phosphotyrosine antibodies were performed to capture phosphotyrosine peptides and the resulting Flow
Throughs of these experiments were further subjected to titanium dioxide (TiO2) enrichmeapture

serine and threonine phosphpeptides. The obtained peptides were analysed usinyISOMS high

resolution mass spectrometry.

Many phosphosites were modulated upon ALK activation or inhibition. The ALK agonist mAb46 antibody
highly increaseghosphorylation of several tyrosine of the ALK receptor, including some localized in the
autophosphorylation loop. In contrast, NMRAE684 treatment resulted in decreased levels of ALK tyrosine
phosphorylation sites. These observations validated the quafibur experiments. For further analysis, we
considered phosphosites presenting with a fold change > 1.3 between the treated and untreated conditions.
In each cell line, ALK modulation resulted in a set of modified phosphosites that were common tothe tw
time points or specific to one of the two. Comparison of the different conditions in the two cell lines also
highlighted common and specific modulated residues. Interesting candidates will be selected for further
functional analysis.

Our study providesew insights into the ALK dependent phosphoproteome and will lead to a better
understanding of the pathways triggered by ALK activation in neuroblastoma.
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Impact of HDAC Inhibitors on Neuroblastoma Identity and Growth
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Through the characterizatioof the superenhancer landscape of heuroblastoma, we recently identified two
main types of identity: a sympathetic noradrenergic identity defined by a core regulatory circuitry (CRC)
module including the PHOX2B/HANDZ2/GATAS transcription factors (TFshandhbcrest cell (NCake

identity driven by a module containing APTFs (Boeva et al, 2017). We documented growth dependency of
neuroblastoma cells with a noradrenergic identity on PHOX2B as well as HAND2 and GATA3. We also
showed that NC@ke cellsvere more resistant to standard chemotherapy. Interestingly the HDAC inhibitor
(HDACI) curcumin has been shown to induce a decrease of PHOX2B protein and mRNA in IMR32 cells (Di
Zanni et al, 2015). Curcumin treatment also inducé®dS and-dUN expressivin these cells.

We therefore sought to investigate the effects of HDACi on neuroblastoma cell growth and identity in two
noradrenergic neuroblastoma cell lines, i.e., IMR32SSHY and in the NdiIke/mesenchymal SIEP cell

line. Treatment with the dierent HDACI resulted in a rapid cell death after 24/48h of treatment of all cell
lines. We validated the effect of the HDACi on H3K27ac levels and documented that they strongly decreasec
the expression of the PHOX2B/HAND2/GATAS3 TFs #32MRd SEEY5ells, at the mRNA and protein

levels after 6, 12 and 24 hours of treatment. Rd&4 analysis of SEYS5Y cells treated with the HDACI
panobinostat showed that PHOX2B was the most strongly donwregulated gene and confirmed the
decreased expression of HAND®IaGATAS. Panobinostat also induced a decrease of MYCN, DBH and TH
expression and an increase of FOS and JUNB expression among others. -Ebq Bhp&riment for the SH

EP cells treated with panobinostat is ongoing. Interestingly, long term panobinostdirtent has been

shown to induce prolonged survival of ‘M¥CN mice (Waldeck et al, 2016).

Our data show that the HDACI panobinostat targets the CRC of noradrenergic cells and causes apoptosis in
noradrenergic and NCGlike cells. Ongoing experiments anegrogress to define which TFs are impacted by
panobinostat in NCdike cells. Since panobinostat kills neuroblastoma cells of both identities, it appears as
an interesting molecule to consider for treatment of neuroblastoma patients.
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HippoYAP Pathway Activation Favors Neuroblastoma Progression
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Neuroblastomas have been suggested to consist of two distinct cellular phenotypes: the less aggressive
sympathetic adrenergic cell type (expressing PHOX2A/B, HAND2 and DBH) and the more aggressive
mesenchymal or neural crelke cell type (expressingAP1, AR and PRRX1). YAP1 is a transcriptional co
activator contributing to multiple processes, including proliferation, differentiation, migration, epithelial
mesenchymal transition and glucose metabolism. We had previously identified a ralagsificpattern of
Hippo YAP pathway activation in RMAquencing data from paired primary and relapse neuroblastoma
samples, which is consistent with reports that the mesenchymal phenotype is more prevalent in relapse
tumors. YAP1 may be a key regulator for metgymal transition in neuroblastoma cells to promote a
progressive and drug resistant cancer cell type. We here aimed to analyze the contribution of YAP1 to
oncogenic processes using neuroblastoma cell lines and models. YAP1 expression varied greattyeamong
19 neuroblastoma cell lines that we profiled using #@ale PCR and immunoblotting, emphasizing the idea
of distinct neuroblastoma cell types, inter alia characterized by different YAP1 levels. siRNA mediated YAP1
knockdown significantly reduced vidity in 5 of 9 cell lines as well as proliferation without altering the cell
death rate or proportion of apoptotic cells in 2 of 4 cell lines (investigated by cell countingERiI&A, ATP
based viability assay, Cell DedhlSA and FABG&sed cell cyclanalyses), suggesting that a threshold level
of YAPL1 is needed to maintain cell growth and viability. We stably transfectedP SBHN-AS and IMFS

with a TetON system harboring a constitutively active YAP1(S127A). Enforced expression of YAP1(S127A)
increased resistance of neuroblastoma cells to chemotherapy and serum starvation compared to control
cells (transfected with the empty vector only). Cell viability and proliferation were unaffected by
YAP1(S127A) expression under normal growth conditiorrayuinigly, supernatant analyses of
YAP1(S127Axpressing SEHP and IMP revealed increased glucose consumption rates and lactate
production. Our findings delineate a metabolic switch triggered by Ya&Eation, which might enable
mesenchymatype neurdlastoma cells to evade first line treatment and gain resistance against
chemotherapeutics and drugs leading to relapse development. Currently, we are investigating a possible
contribution of YAP1 to aerobic glycolysis (Warburg effect).



202

Identification of BRD3 as a Novel Therapeutic Target in MYGAN
Neuroblastoma Involved in Transcripti@oupled DNA Repair

Jolien De Wirt, Kaat Durindi, Anneleen BeckesSiebe LoontieAs, Suzanne Vanhauwagft Daniel

Cartef, Belamy ChuenrgGlenn Marshdll Katleen De Pretkf, Matthias Fishér Frank WestermaninFranki
Spelemah?

ICenter for Medical Genetics, Ghent University, Ghent, Bef@ianter Research Institute Ghent (CRIG), Ghent, Belgium,
3Children’'s Cancer Institute & Syd@éyidren's Hospital, Sydney, Austrdliay A S NAR A G& / KAt RNBy Qa |
Germany®Neuroblastoma Genomics, German Cancer Research Center (DKFZ), Heidelberg, Germany

Introduction: In many tumor types, BRD4 is ubiquitously active, predominantiypat-enhancer regions
serving as a target for epigenetic drugging with BET inhibitors such as JQ1. In solid tumors, sensitivity to
bromodomain inhibition was mainly observed in MYC(N) driven tumors, like neuroblastoma (NB). Although
the initial implementaton of JQ1 in clinical practice was successful, responses showed to be transient and
therapy resistance hampered in many instances its efficacy. The significance of the other members of the
BET subfamily in tumor development has not been extensively stulies far.

Methods: We performed an integrated cross species in silico analysis to identify candidate epigenetic
regulators as targets for novel therapies in neuroblastoma.

Results: By means of a tirnesolved transcriptome analysis of ‘M CN transgenimice, we first

confirmed dynamic regulation of established neuroblastoma oncogenes and tumor suppressor genes. Next,
we filtered within the highest upregulated genes for Cancer Gene Census (CGC) genes and identified 21
upregulated CGC genes mainly ineolin chromatin remodeling and DNA repair. Finally, after further
selection based on expression across multiple tumor types and survival in neuroblastoma patients, BRD3
was identified as the topanked candidate. In order to identify naverlapping functins for BRD3 versus

BRD4, we performed labélee mass spectrometry analysis-¥fS) in IMR32 NB cells. Pulldown of BRD4
delivered previously described interacting proteins such as several Mediator complex components as well as
various members of the SYBNF complex. Notably, for BRD3 we identified for the first time several
interacting partners involved in DNA repair. Next, we performed stable BRD3 knockdown resulting in
significant reduced NB cell viability and coldayming capacity. We propose that BB may have a

function in mediating transcription coupled DNA repair for highly transcribed genes, in particular in MYCN
amplified NB.

Conclusion: We identified BRD3 as a candidate novel dependency gene in neuroblastoma associating with
the DNA repair mehinery putatively involved in transcription coupled repair and suggesting BRD3 as a
putative specific drug target in NB cells.
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Background: MYC drives polyamine expansion to support its oncogenic functions. Ornithinexgesd
(Odc) is a direct MYC target that is ritaiting for polyamine synthesis and is itself amplified in a poor
outcome subset of neuroblastomas. Difluoromethylornithine (DFMO) is an Odc inhibitor with robust
preclinical activity via protein translath and immunomodulatory effects. We studied desscalated DFMO
added to celecoxib (polyamine export inducer), cyclophosphamide and topotecan.

Methods: Patients 80 years with relapsed/refractory higiisk neuroblastoma were eligible. DFMO was
studied atfour dose levels (DE3,000; DL2/2A4,500; DL3/,750; and DL48,000mg/m2/day po daily)
combined with celecoxib (500mg/m2/daily), cyclophosphamide (250mg/m2/day) and topotecan
(0.75mg/m2/day) IV for 5 days, for up to one year witltSF support. DFMO phzacokinetics and
biomarkers of ODC regulation (promoter SNP) and polyamine depletion were performed.

Results: Twentjour patients were accrued; median age 6.8 years. Seven tumors had MYCN amplification
(non-amplified=13; unknown=4); 12 had tummvolved bone marrow at entry. Patients received 124 total
cycles (range,-17). Dosdevels 1 and 2 used 21d cycles (DFMO given 14/21d). Due to delayed platelet
recovery, dosdevels 2A to 4A used 28d cycles (DFMO given 21/28d). Toxicities were predominantly
hematologic and feverelated. There were three cycle DLTs (hematologic; anorexia; transaminase
elevation) and two DLTs in later cycles (c&hematuria/BKvirus; cyclell transaminase elevation). There
were 23 SAESs, 78% fewetated. Eight patients stqeed therapy by choice (after25 cycles); two due to

DLT; 9 due to PD; 3 completed therapy (CR=1, PR=2; all dedekse>4500 mg/m2/day DFMO); and 2
remain on therapy. Median tim#&-progression was 19.8 months. Des&el 4A (9,000mg/m2/day)
exceededolerability (2/6 with DLT). Dodevel 3A (6,750mg/m2/day) is the RP2D. Stestdyge Cmin for

DFMO increased by dofeS @St A GK YSRALFY [/ YAY 2F wmup>a |G 5][c
achieved in preclinical murine studies with 1gm% DFMO in waitel above the exposure needed to inhibit
protein translation.

Conclusions: DFMO and celecoxib added to cyclophosphamide/topotecan is tolerable in heavily pretreated
neuroblastoma patients, with a RP2D of 6,750mg/m2/day. Achievable DFMO concentratibissdaise

have demonstrable bioactivity using in vitro and in vivo preclinical models. A randomized relapse trial of
DFMO, irinotecan, temozolomide and dinutuximab is planned within COG.
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Objective: To confirm that expectant observation of neonates/young infants <90 days with small adrenal
masses would result inxeellent everdfree and overall survival and to improve knowledge about the
natural history and biology of neuroblastoma during infancy.

Methods: A prospective suftudy of patients<90 days, with suprarenal masses<5 cm, no midline extension,
nor lymph noe/distant spreading was performed at participating SIOPEN institutions, within the LINES
protocol (Low and Intermediate Risk Neuroblastoma European Study ClinicalTrials.org:NCT01728155). Initia
evaluation included sonography, MRI, urinary catecholamineshNIBG scintigraphy. Sera were collected

for MYCN analysis. Observation with US and urine catecholamines (if elevated at diagnosis) during a 48
week period was suggested. Infants experiencing >40% volume increase, L2 progression or metastases wer
consideed events and were fully restaged for appropriate treatment. Surgical resection was performed for
patients with >40% volume increase remaining resectable or for patients with residual mass at week 48.

Results: 126 Infants were registered between 7/7/2@b2l 14/01/2017: median age 2 days (rang&n),

38.6% females. Masses were described as cystic (28. 0%), solid (36.8%) or mixed (35.2%). Antenatal
diagnosis was evident in 54 cases. Of 119 eligible patients 36 (28. 3%) underwent resection: 17 during
obsewation and 19 at the end of the observation period and 25 proved neuroblastomas (73. 5%). Two
surgical complications included hemorrhage and renal ischemia, without fatalities. Miety sera were
collected and analyzed, and all were negative for MY@plification, although one tumor at excision after
one-year observation was found MYCN amplified. The 1 ayelB EFS was 88.6% (89424, 95%Cl) and

86.2% (79.8D3.7, 95%CI), respectively and OS was 100%, with a median-fplon27 months. Sixteen

events were observed: progression to MS (n=6) or L1/L2 tumors (n=10). Five patients have been enrolled to
other LINES groups.

Conclusion: Expectant observation for infants<90 days with diagnosed localized suprarenal masses < 5cm
discovered antenatally orgstnatal proved safe. Most patients will avoid surgery. Considering that most
analyzed tumours were MYCN not amplified, the value of MYCN serum analyses is not definable in this
study. Close monitoring is effective, without jeopardizing overall outcome.
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Introduction: The response of Higkisk (HR) neuroblastoma (NB) patients to induetibemotherapy lacks
prognostic molecular indicators of sstivity/resistance. Circulating exosomes represent the bioprint of the
tumor cell of origin in liquid biopsies. We investigated the modulation of exosomal microRNA=si®x)p
expression in HRIB-patients in response to inductiechemotherapy.

Method: Exsomes were isolated from plasma samples of 53\BRpatients collected before and after
inductiontherapy. Flow cytometry was used to detect GD2 positive vesiclesniB®expression was
measured by RTgPCR on a 381 miRNA panel. Data analyses incliatedstdaction and pathway analysis.

Results: Exosomes isolated from plasma samples were GD2 positive, indicating that the vesicles are
specifically secreted by tumor cells. We analysed the whole exosome population and found that the
expression of 18 exmiRs (fold change > 1.5, P value < 0.05) was significantly modulated in response to
chemotherapy, providing evidence that ertiRs may serve as biomarkers of the inductioerapy. Cluster
analysis demonstrated that exniR profile can identify two groupsf patients potentially reflecting

different chemotherapy responses. Pathway analysis results showed that the majority of differentially
expressed exmiRs are predicted to regulate drug efficacy/resistance. Generalized linear models identified
three exomiRs that clearly differentiate poor and good responders. In silico analysis showed that these exo
miRs interact with chemotherapeutics employed in the inductieerapy (Cisplatin/Etoposide). The exo

miRs profile in the middle phase of the treatment is andhvestigation to identify exaiRs that are early
predictors of response and may allow a timely change in the induction protocol.

Conclusions: We demonstrated that B plasma samples contain GD2 positive exosomes released by
tumor cells. We obtainethe proof of principle that exaniRs can be biomarkers of induction

chemotherapy and indicators of susceptibility/resistance to specific drugs. These results pave the way for
the application of exaniRs in liquid biopsies as circulating biomarkers ofsasp and potentially
development of NB targeted treatment.
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Background and objetives: Neuroblastoma (NB) accounts for at least 15% of-telateat deathsn

children. Previous studies on several cancer types show that metabolomics provides a potentially useful
nor-invasive screening approach for cancer prognosis and response to treatment assessment. Although the
current riskbased treatment approaches in Ni&s resulted in improved outcome, survival for HR patients
remains poor. This study aims to evaluate the use of a metabolomic approach for improving patient’s risk
group classification.

Design and Methods: Plasma samples from 90 NB patients (5Zidlcand 38 HigkRisk) were collected at
diagnosis. Metabolomic analysis of plasma samples was carried out byetfoamance liquid
chromatographymass spectrometry (LKS). Pattern recognition and selection of discriminant metabolic
features between groupwas performed using supervised partial least squalissriminant analysis (PLS
DA).

Results: The classification performance of the model built using the selected discriminant features was
evaluated using the external validation set that included 19 ahdamples from high and low risk patients,
respectively. The metabolic model correctly classified 16 out of 19 patients as a high risk and 15 out of 16 as
a low risk validation samples, providing a sensitivity of 84.21% (60.42% to 96.62%, 95% CI) eifidity spe

of 93.75 % (69.77% to 99.84%, 95% CI). Plasma metabolomic profiles differentiated Low @Ridkdigh

patients at diagnosis.

Conclusions: To the best of our knowledge, this is the first study investigating the predictive power of
plasma metabolondi profile on a large cohort of patients with NB. The present results highlight the
potential of metabolomic profiling for improving NB Agkoup classification strategies.
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Introduction: Highintensity focused ultrasound (HIFU) therapy is used for the aplatf uterine fibroids

and in clinical trials for the treatment of prostate, rectal, renal, breast and head/neck cancers. HIFU
converges ultrasound energy under magnetic resonance (MR) or ultrasound guidance onto a small volume
of tissue to produce tempetares upwards of 57°C leading to tissue destruction. Our study aims to examine
the feasibility of MRyuided HIFU treatment of neuroblastoma tumors.

Methods: Given the common retroperitoneal anatomic location and perfusion characteristics of
neuroblastomathese analyses were undertaken in the retroperitoneal organs of Yorkshire pigguilieel
HIFU was applied at varying acoustic powers4®0 Wac) for 2@0s to the adrenal gland, renal vessels,
renal parenchyma, and retroperitoneal musculature of i§sgiaverage weight 27kg). After euthanizing the
pigs, organs were fixed and stained for gross and histologic evaluation.

Results: HIFU produced temperatures of &3C in vivo. In treated kidneys, lower intensities produced

lower temperatures and led toapillary dilatation and congestion. Higher intensities produced higher
temperatures and led to frank confluent necrosis and more pronounced tubular injury. Treated renal
arteries exhibited tunica intima and internal elastic lamina damage, including@blattithe intima and

elastin thickening and fragmentation. Treated adrenal glands were more hemorrhagic compared to controls
and showed thermally induced capsular adhesions. There was no evidence of bowel perforation or injury
while targeting nearby renglarenchyma or retroperitoneal muscle. Side effects consisted of mild skin
reddening and in a few cases, first degree skin burn adjacent to the ribs.

Conclusions: HIFU produces discrete focal tissue damage in retroperitoneal organs, which appears
proportional to the applied acoustic power and resultant temperature achieved. There was no evidence of
uncontrolled spread of tissue damage or bowel injury. HIFU appears safe and feasible for retroperitoneal
tumors. Phase 1 trials evaluating efficacy of HIFUgattnent of neuroblastoma will be guided by rigorous
safety margins to minimize damage to nearby organs and normal vasculature.
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Introduction: Human embryonal stem cells (hESCs) share similarities to (embryonal) tumors, including a
shortened G1/$hase. Highly proliferative cells undergo replicative stress (RS) which can cause premature
aging d ESCs and genomic instability and tumor initiation. MYC(N) overexpression also causes RS due to
increased use of replication origins and nucleotide depletion. Neuroblastoma (NB), adviv&iNpediatric

tumor arising from the sympathadrenergic progenito(SAP) cells, typically presents with a low mutation
burden but highly recurrent patterns of DNA copy number alterations including 1gq and 17q gain.
Chromosome 17q gains have also been reported to arise during in vitro culture in hESC lines, suggesting the
dosage effects for 179 gain render proliferative advantages to both ESCs and NB cells through a common
mechanism.

Material and methods: We analyzed DNA copy number effects in more than 300 NB transcriptomes and
identified multiple dosage sensitive genegplicated in homologous repair and replication fork fidelity.
SWGS was performed on hESC cells-$&§dencing was performed for differential gene expression
analysis.

Results: We present our progress towards a novel ESC derived NB model approacbhuphgpothesis for

the role of dosage sensitive 1-ggenes in ESCs and NB in acquiring a replicative stress resistor phenotype.
We obtained a hESC cell line with partial 1q and 17q gain (ESC1q17q) as shown by SWGS. Transcriptome
analysis confirmed 17q dage effects in these cells. In addition, targeted exome sequencing for 300 cancer
genes was done to exclude additional tumor driving events. Using the IncuCyte life imaging device, we
determined growth characteristics of both the parental and ESC1ql1 7% Teltest the effects of 1g/17q

gain on NB tumor formation, we first generated a protocol to differentiate hESC towards hSAP cells marked
by expression of PHOX2B and MASH2. Future work includes transduction of inducible MYCN overexpressio
and compare thdranscriptome of MYCIESC versus MY@E$C1q17q induced SAPs and perform further
analysis of molecular effects of 1g/17q gain on their RS response.

Conclusion: We report on a novel hESC cell line with 1g/17q gain, explored differential gene expression and
provide an update on a novel protocol for generating hESC derived NB tumors.



209

Mechanisms of Entrectinib Resistance in a Neuroblastoma Xenograft
Model

Suzanne Macfarlahdkomudi NaraparajuPeng GuadnVenkatadri KolaGe Wej Nicholas Caf Gang Bj
Zachary Hornlsy Kai Tah Yuxuan Hiy Garrett Brodeur?
The Children's Hospital of Philadelphia, Philadelphia, United 8taigta, Inc, San Diego, United States

Introduction: Activation of receptor tyrosine kinases is seequdiently in subsets of many cancer types,
including neuroblastoma (NB). Mutational activation of ALK is seerd@¥@of higkrisk NBs, and autocrine
activation of TrkB with its ligand (BDNF) is seen in the majority ofrlsigiNBs. Entrectinib is a ndyean

TRK, ALK, and ROSL1 inhibitor that has recently entered phase 1 trials in pediatric relapsed/refractory solid
tumors. It has also shown excellent preclinical efficacy in NB xenograft models.

Materials/Methods: Entrectinib resistant cell lines werevdiped from NB xenograft models that were
initially sensitive to entrectinib therapy but later developed resistance. Cell lines were established in
increasing concentrations of entrectinib and had >10X increase in IC50. Cell lines underwent genomic and
proteomic analysis using whole exome sequencing,-B&bA and proteomic expression profiling. Genomic
and proteomic changes noted in this comprehensive approach were confirmed wRICRTand Western

blot analysis.

Results: There was no evidence of NTRKIZB) receptor mutation in any resistant cell lines. Inhibition of

TrkB was maintained in all cell lines at increasing concentrations of entrectinib. PTEN pathway
downregulation and ERK/MAPK pathway upregulation were demonstrated in all resistanteselliin

individual cell lines, these changes resulted from increased IGF1R or P75 expression, leading to enhanced
signaling in individual resistant clones.

Conclusions: Entrectinib resistance in these clones developed from different mechanisms. Ahatbnes
similar patterns of gene expression that differed from the parental cell line and that preserved downstream
Trk signaling pathways. This was achieved through kinome reprograming using multiple mechanisms,
including an increased IGF1R and p75 exprasgidetter understanding of the mechanisms leading to
entrectinib resistance can be used to treat or prevent entrectinib resistance in future phase I/l trials.
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LDHA is Dispensable for The Warburg Effect in Neuroblastoma but is
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Background: Cancers depend on the Warleffgct (aerobic glycolysis) for growth. Lactate dehydrogenase
A (LDHA) is thought to be a pivotal component of the LDH tetramer that is crucial for the Warburg effect.
LDHA is induced byMYC but it is unknown whether it is a target gene of MYCN. Givgneisumed pivotal
role in the Warburg effect, we aimed to determine whether LDHA is associated with aggressive
neuroblastoma (NB) and constitutes a therapeutic target.

Methods: Expression of LDHA mRNA and protein were determined in 651 and 110 NB patient samples,
respectively, and correlated to known risk factors and survival. Expression of LDHA in relation to MYCN was
measured in NB cell lines and in theMIMCN NB moesmodel. LDHA was knocked out by CRISPR/Cas9 in
human NB cell lines and aerobic glycolysis, clonogenicity and tumorigenicity were determined.

Results: Increased mRNA and protein expression of LDHA and predominant cytoplasmic localization of LDH
protein were markedly associated with known risk factors and decreased patient survival. LDHA expression
in NB cell lines was not associated with MYCN copy number and was not induced in NBYoCNHhnice.
Complete knockout of LDHA in NB cell lines inhibited geniity, tumorigenicity and tumor growth.
Surprisingly, lactate dehydrogenase (LDH) activity was not ablated and aerobic glycolysis was not decreasec

Conclusions: Contrary to expectation, LDHA is dispensable for the Warburg effect in NB cells and it not
induced by MYCN. Nevertheless, LDHA is associated with aggressive disease in patient NB and targeting
LDHA shows preclinical therapeutic benefits. Thus, LDHA maintains NB by mechanisms other than aerobic
glycolysis and represents a novel therapeutic taigeNB.
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Introduction: lodine 123 {123) metaiodobenzylguanidine (mIBG) is the functional imaging technique used
for staging and response assessment of neuroblastoma.

Semiquantitative scoring systems are widely available and reproducible techniques for metastatic disease
assessment. Upke intensity is not part of these systems because it is a subjective evaluation and it may be
impossible if spot scans are obtained rather than a single whotly image. Although intensity
reduction/increase may be indicative of treatment response/disga®gression, this is not reflected in the
score.

The addition of SPECT/CT can quantitate radioisotope activity precisely. Standardized uptake values (SUV)
for I-123 mIBG can be reported in a similar manner as that for PET/CT imaging techniques. \Weherese
proof of concept of the feasibility of reporting SUV quantification of SPECT/CT imaging.

Methods: Patients with metastatic neuroblastoma were injected with a mean activity of 3001 |

mIBG and underwent planar whel®dy and SPECT/CT imagib@4 hours post injection. Height and

weight were measured at time of injection. Gamma camera system sensitivity was determined using a
known activity of4123. SUV in units of g/ml can be determined from these parameters alone, by manual or
automated meas. We used a commercial solution, Q.Metrix (GE Healthcare) that appliess&miatic

SPECT and CT segmentation tools to define regions of interest and computes volumes of interest for uptake
measurements.

Results: Six patients have been evaluatedestns were identified (6 soft tissue, 10 bone). Median
SUVmean was 4 g/ml (range 124.3) and median SUVmax was 8 g/ml (rang837). In one, disease
progression was documented by RECIST criteria although the SIOPEJaetitative score was
unchanged. SUVmean increase was 1.9 to 3.1 g/ml and SUVmax increase was 4.9 to 8.6 g/ml.

Conclusions: SPECT SUV values may be a more accurate measure of monitoring response to treatment
compared to current planar imaging scoring methods. This techniquertbiyvof further prospective
evaluation within clinical trials, with correlation of standard assessment technigues.
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Dissecting the Immune Heterogeneity of Neuroblastoma
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Introduction: The presence of tumanfiltrating T cells and the absenceinfmunosuppressive elements

have been associated with favourable prognosis of -higikneuroblastoma (NB) patients. Recently a

subset of intratumoral dendritic cells (iDC) has been found crucial for anthracymlineed anticancer

immune responses sugging that it might be exploited to improve NB therapy. Herein, we investigated the
modulation of immune infiltrate in NB murine models treated with chemotherapeutic drugs in combination
with immune checkpoint blocking antibodies.

Methods: NB cell linederived from spontaneous tumors arising in the-MIMCN transgenic mice were
engineered to express Irdaiciferase protein and then injected either subcutaneously or orthotopically into
the adrenal grand of syngeneic mice. Mice bearing established tumaessaerificed and tumeinfiltrating
immune cells analysed by flow cytometry.

Results: Tumor microenviroment in murine NBs was characterized by a consistent number of CD45+
immune cells, including T cells, NK cells, NKT cells, macrophages, neutroplili€anthe orthotopic

model showed a more aggressive phenotype than the subcutaneous model, resulting in the development of
a tumor characterized by an immunosuppressive microenvironment predominantly infiltrated by
macrophages, myeloiderived suppressaeells and T regulatory cells. Treatment with anthracyeline

derived drugs resulted in a reduced tumor growth and increase of teinfidtrating immune cells.

Experiments are currently underway to evaluate the turArgiltrating immune cells in tumebearingmice

treated with anthracyclinalerived drugs and immune checkpoint blocking antibodies.

Overall, we characterized a syngeneic murine model of NB suitable to study-iofiiteaiting immune cells
following treatments with combined drugs to provide indigfor the study of a novel immunotherapeutic
approach in NB.
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Introduction: NeuroblastomalNB) is a childhood malignancy with high clinical and genetic heterogeneity
with poor prognosis for highisk patients, half of which exhibit MYCN amplification. MYCN driven NBs have
been modeled in mouse with morphologic and genomic features closely rdisgnthose observed in

human MYCN amplified NBs and thus serve as valid tools forspesigs genomic analysis.

Material and Methods: We applied a previously validated dataing approach for master regulator
identification using murine and human trasriptome datasets for crosspecies computational analysis of
genomewide regulatory networks (interactomes) in the context of MY&ENen tumor formation.

Results: Using the ARACNE algorithm, we first established the interactome in human NB samples and
applied time course differential expression analysis to determine patterns of transcriptional changes during
murine MYCNiriven tumor development in an established MYCN neuroblastoma mouse model. In a further
step, we used the MARINA algorithm and identifflee DREAM complex components FOXM1, MYB and

EZH2 as important regulators of NB development. Based on these findings, we evaluated FOXM1 as a nove
vulnerable target in NB by pharmacological inhibition of MELK, an FOXM1 upstream regulatory kinase, using
the small molecule inhibitor MELKL. NB cell viability was significantly affected upon MELKeatment,

with prominent downregulation of key FOXM1 downstream targets such as BRIP1, BRCAL1 and RRM2. In
addition, we are also currently evaluating pharmacataftargeting of EZH2 by tazemetostat and the SAH
EZH2 peptide as well advtYB inhibition using celastrol and mebendazole as tool compounds.

Conclusion: We propose a model whereby MYCN cooperates with a FOXM1/DREAM complex regulatory
network that can srve as a novel vulnerable node for targeted therapy development for NB patients. In
addition, additional master regulators including EZH2 ailY@3 may act as additional targets for potential
synergistic drug combinations.
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Interphasefluorescence in situ hybridizationISH) is a robust and powerful method to detect
chromosomal aberrations and rearrangements at sirwggh resolution. In neuroblastomdagnostics, FISH

is widely used to detect the stratifying MYCN amplification (MNA). Recently, the alternative lengthening of
telomeres (ALT) detected by telomer€IISH has been attracting a lot of attention. While MNA is defined by
I -fold increased nurper of FISH spots over the reference probe, ALT detection is complicated by highly
varying spot sizes and strong intensity differences. The enormous powE&i®HIto resolve intraumor
heterogeneity (ITH) can be fully exploited by simultaneous quanéainalysis and visualization of spot
features in consecutive tissue sections, thereby ensuring efficient quantificatieRI8H spots for

diagnostic purposes and allowing insights into the spatial ITH and clonal evolution in neuroblastomas.

We develogd an automated tool forFISH spot analysis in consecutive sections of neuroblastoma tumors.
Multichannel fluorescence images of consecutive tissue sections were aligned using an image registration
algorithm. Deep learning algorithms served as the praigite for automated image segmentation, a

process outlining distinct nuclei and spots within the respective fluorescence images. Features of
segmented nuclei and spots were measured at single cell level and loaded into a tool called Image
Scatterplot, a pwerful method to visualize and further analyze image quantification results. Finally, user
defined regions were selected and nucleand spot features were used to obtain regibased statistics in
addition to total section information.

As proofof-principle we analyzed consecutive sections of a heterogeneously MYCN amplified tumor using
MYCN, telomere PNAand MDM2 I-FISH. The developed image analysis workflow allowed efficient
detection of single nuclei and the simultaneous measurement of nucleapimotogy features as well as

spot count, spot size, spot intensity and mean spot distance of all tHf&eH images at single cell level.
Comprehensive visualization in Image Scatterplots and hierarchical gating of genetically distinct regions
demonstratedspatial heterogeneity of MYCGldnd MDM2 copy-status and allowed robust ALT detection.

A semiautomated userdriven image analysis workflow was developed and validated on a use case. These
tools will improve diagnostics and allow a better understandingpatial ITH in neuroblastoma.
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Background: The-$ear overall survival rate after recurrence of stage 4 neurobtasthas been reported

to be only 3%, and there are few cases of logign survival. In the setting of autologous transplantation for
patients with highrisk neuroblastoma, it is reported that the survival rate was significantly higher in
patients with NK ells missing any KIR (Killer Immunogloblike Receptor) ligands than in patients with
matching all KIRgands (Venstrom JM et al. Clin Cancer Res. 2009). We conducted a multicenter clinical
study of KIRigand incompatible allogeneic cord blood trarephtion (CBT), which expected antitumor
effect by NK cells.

Methods: Sixteen patients with recurrent stage 4 neuroblastoma who underwenrtg@iti mismatched
allogeneic cord blood transplantation from 2010 to May 2017 were included. They were 12riab§gils,
and the median age at transplantation was 6.8 years (range:138 years). Twelve patients achieved the
second or third complete response before cord blood transplantation, the remaining 4 had residual
diseases. Conditioning regimen conisigtof fludarabin, melphalan and ledose total body irradiation was
mainly used for CBT.

Results: The median folleup period was 3.5 years after CBT, and tha8r overall survival rate was 56.4%

+ 26.7%. Nine patients were progressioee, one survigd with recurrence, and six died. Four deaths were
caused by progression of neuroblastoma, and two were transplantaitated mortality. In order to access

the disease status at CBT, we compared the second response group (n=11) who achieved the second
complete response at CBT and the residual disease group (n=5) who had residual disease or second
recurrence at CBT. The second response group had significantly lower rate (10.1%) in relapse as compared
with the residual disease group (100%), (p=0.005). FyeaB progressiofiree survival rate of the second
complete response group was 70.7% + 28.0%. There were twadaomgsurvivors more than 5 years after

CBT (7.1 and 6.4 years, respectively).

Conclusions: Kiigand incompatible allogeneic CBT as immbeoapy could be a salvage treatment option
for relapsed neuroblastoma. However, this treatment should be considered when the patient has achieved
complete response.
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Inhibiting multiple therapeutic targets is an established strategy to improve the durability of clinical
responses to targeted therapies. Resistance to intensive chemotherapy is common among patients with
relapsed neuroblastoma, and few molecular thaesphave been introduced into protocols for the initial
treatment of highrisk disease. Neuroblastoma cells in higtk disease are often dependent on oaative
MYCN. The bromodomain protein, BRD4, has been shown to be required for transcription oaMYiGN
target genes, and pharmacological inhibitors have-astiroblastoma activity in vitro and in mouse models.
Pololike Kinase 1 (PLK1) is frequently overexpressed in neuroblastomas and regulates MYCN protein
stability. Based on these previous obgations, we hypothesized that simultaneous inhibition of BRD4 and
PLK1 could synergistically target MYCN stability and activity, to enhandaranti activity. To assess this,

we evaluated cell viability in response to PLK1 and BRD4 inhibitors. Conttaitlirgingle agents
synergistically inhibited cell viability specifically in neuroblastoma cells overexpressing MYCN. Several kinas
inhibitors in clinical trials against other cancers have recently been demonstrated to also inhibit
bromodomains at therapedically relevant potencies and are best classified as dual kinase/bromodomain
inhibitors. Using structural activity relationship studies, we generated 49 molecules with dual nanomolar
inhibitory activity against BRD4 and PLK1. We screened these duaBRDK inhibitors to assess the

impact on cell viability of MY Gamplified neuroblastoma cells compared with untransformed mesenchymal
cells. We identified two dual inhibitors with strong and tursrecific activities against MY @ hplified
neuroblastoma buhot mesenchymal cells, suggesting a wide therapeutic window. To further investigate
their effects in MYCimplified neuroblastoma cell lines, we analyzed cell proliferation (measured by BrdU
incorporation) and cell death (measured by histone release). PU&iBRD4 inhibitors suppressed
proliferation and induced cell death at low hanomolar concentrations. In addition, we evaluated the toxicity
of the drugs in vivo. Neither dual inhibitor exerted relevant toxicities in mice. We present a new
pharmaceuticabtrategy to achieve dual synergistic targeting of BRD4 and PLK1 with a single agent.
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Neuroblastoma tumor cells originate from primitive neuroblasts giving rise to the sympatheticuservo
system. As these precursor cells are not detectable in postnatal life, transcriptome profiling for comparative
data mining analyses in neuroblastoma is challenging. In 2005, we reported on the isolation of neuroblasts
islets from human fetal adrenal gids using Arcturus laser capture microdissection and oligonucleotide
microarray based gene expression profiling. Upon initial search for genes differentially expressed in either
unfavorable or favorable neuroblastomas versus neuroblasts, MYCN emergedeeiypéagether with

other relevant genes such as ODC1, TOP2A, TWIST1, BIRC5, SOX11 and ALK. Here, we report the genera
of a new RNAequencing reference data set for human fetal neuroblasts obtained through PALM
microdissection followed by RNA ampéiiion, polyA+ RNAequencing on 6 neuroblast and 17 high risk
neuroblastoma samples. Data were validated using clustering analyses anda@nmgsarison with the

previous microarray expression data. We investigated the expression of recently reporteegol&ory

circuit transcription factors as well as other genes that emerged from reported studies after 2005, including
long noncoding RNAs. This data set will further serve as a reference for future studies including
transcriptome validation of human emjponic stem cell induced sympathetic progenitors or in vitro cultured
mouse neural crest cells (both used for transformation towards neuroblastoma). This fetal human
neuroblast RNAequencing reference data set is available for future genomic exploratioanoén fetal
neuroblasts including single cell analysis for transcriptome, open chromatin {F€EA@nd epigenetic

profiling.
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Background: The metronomic therapy uses low doses of continuously applied chemotherapeutic, anti
angiogenetic, and immunomodulating drugs. We have observed very promising result in relapsed
neuroblastoma patients on METRO 2012 protocol (Principal tige¢sr Prof. Dr. Frank Berthold, University
of Cologne, Germany) and therefore we decided to offer metronomic therapy to our patients with
refractory disease.

Methods: We used METRO 2012 protocol from February 2013 to December 2017 in 7 patients 43 boy

girls) with neuroblastoma. All patients had INSS stage 1V, INRG High Risk neuroblastoma. Average age at
diagnosis was 44 months (126 months), 3 patients were NMYC positive. Four patients experienced early
metastatic relapse of neuroblastoma withexage EFS 15 monthsZ2 months). Three patients had

NBFNI OG2NE RA&ASIFaAaS o0X tw FFGIGSNI GKS SyR 2F AyRdzO0
chemotherapy). All metronomically treated patients were pretreated by MTD based induction

chemotherapy and myeloablative therapy with stem cell support, 6 patients had also 1131MIBG therapy.
Metronomic protocol METRO 2012 utilize combination of skethwn drugs (celecoxib, vinblastine,
cyclophosphamide, propranolol and etoposide) in metronomic manner.

Results: Survival in relapsed or refractory neuroblastoma was historically very disappointing at our center.
During premetronomic time was 2 years OS in relapsed neuroblastoma patients only 5.6%, but from
beginning of metronomic era, 2 years OS inseshto 57.1%. Patients with refractory disease showed only
partial response to MTD based chemotherapy, and usually neither salvage MTD based regimes nor HDTx
consolidation could improve their response and almost all patients with refractory disease exgetie

disease progression in praetronomic time. Surprisingly, we could achieve complete remission in 2 out of 3
our refractory patients on METRO 2012 protocol and 1 long term disease stabilization. 2 years EFS/OS in
refractory patients in pranetronomic ime was 15.8/15.8%, compared to 2 years EFS/OS 63.5/85.7% in
METRO 2012 era.

Conclusion: We can prolong survival in relapsed neuroblastoma patients with metronomic protocol METRO
2012. We can also prevent relapses in refractory disease, if METRO 2012 is used as an €arly post
consolidation therapy.
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Background: Evidence accumulates that epigenetic deregulation, including abeNannBthylation in
highrisk disease or oncogene activation by enhancer hijacking, plays a prominent role in neuroblastoma
(NB). The present study applies a comprehensive approach integrating chromatin modification data with
genomic and expression data ttueidate NB subtype specific supamhancer (SE) landscapes and core
regulatory circuitries (CRCs).

Methods: Chromatin immunoprecipitation with subsequent sequencing (Sdfp of histone 3 lysine 27
acetylation (H3K27ac) was used to identify active esbaelements in 60 NB tumor samples. Additionally,

a validation cohort consisting of 24 NB cell lines and two human neural crest cell lines was applied. Circular
chromatin conformation capturing with subsequent sequencinggd€q) and HiChIP were used tgsay for
chromatin interactions. ATAS2q was used to analyze chromatin accessibility and for transcription factor
(TF) footprinting.

Results: Unsupervised clustering of 60 NB tumor samples according to H3K27ac signal intensity at the most
variable SEs émomewide) revealed distinct subgroups of mesenchymal, Mre@dlified and MYCN

singlecopy tumors with distinctive SE activity patterns. Calling of CRCs in the 60 NB tumor samples revealec
a core set of NB master TFs (CRC TFs), including establishepild®re like HAND2, PHOX2B and MYCN.

The gene ontology of the top 50 CRC TFs converges to biological processes like development of neural cres
cells, sympathetic and peripheral nervous system. Besides the common NB netwaldgsthiranalyses

further revealed differential NB CRC networks reflecting the aboeationed subgroups. RN#Aiediated
knockdown of corresponding CRC TFs identified subgroup specific responses in cell line models reflecting
the respective subtypes. Interactions between promoters &k of selected CRC TFs were confirmed via
HIiChIP, 468eq and ATA€eq.

Conclusion: Skased clustering and CRC analysis of neuroblastoma tumors reveals subgroups, which were
previously unresolved by genetic, expression or BiNghylation data. The studgeveals an association of
MYCN amplification with the global SE landscape of primary NBs and suggests a role for MYCN in
differentially controlling subsets of CRC TFs and their networks. Specific targeting oftdyeeBfent CRC
networks may open a thepeutic window for epigenetic drugs, including BET inhibitors, CDK7 or EZH2
inhibition, in NB.



220

Integrative Analysis of Wholéenome Bisulfite Sequence Data ldentifies
Epigenetic Regulatory Networks of Unfavorable Neuroblastoma

KaiOliva Henrich, Konstantin Okonechnikh\l.ea Wehrmari Moritz Gartlgrubéy Daniel DreidaxLukas
ChaveZ Stefan M Pfistér Frank Westermarin
IDKFZ German Cancer Research Center, Heidelberg, Germany

The clinical spectrum of neuroblastoma ranges fromnsaneous regression to rapid progression despite
intensive multimodal therapy. Known genetic aberrations only partially mirror this diversity, pointing
towards epigenetic involvement in neuroblastoma pathogenesis. Integrating-deayed methylome and
transcriptome profiles with Chigeq data, we previously identified a largely MY@&Nen deregulation of
DNA methylation at both proximal and distant regulatory elements.

To address the regulatory role of DNA methylation in neuroblastoma on an unbiasechg&nde scale,

we employed wholeggenome bisulfite sequencing (WGBS) in a cohort of 27 primary neuroblastomas
including MY Champlified, TERTearranged AL-positive and lowrisk tumors. An additional cohort of 340
neuroblastomas was analyzed using 450kmgkgtion arrays and expression was assessed in 184 of these
tumors via RNAseq. Chromatin mark CégBg was done in selected tumors and cell lines. In vitro
demethylation was done via DAC treatment and CRtERR9mediated TET1 targeting.

Unsupervised métylationbased clustering separated lesigk from highrisk tumors and MY Camplified

from nonramplified tumors. Differentially methylated regions, DNA methylation valleys and partially
methylated regions were identified for TERWMYCNand ALdriven sulgroups; and integration of RNA
expression and Chigeg data revealed regulatory DMéethylation patterns specific for subgroups or
common to all high riskumors, with the latter largely converging on inhibition of neuronal differentiation.
DEXseqand MétiSy S (22t aQ O2YO0AYSR lylrfeéaira ARSY(GATFTASR
methylation is significantly correlated with alternative exon usage in-hgktumors, indicating that DNA
methylation affects both quantity and alternative function of ggrreducts. Employing the Tracing

Enhancer Networks using Epigenetic Traits (TENET) approach on WGBS data, we detectedmebificCN
enhancer network that converged on a limited set of transcriptional activators/repressors and that was
largely confirmedn the extended cohort of 450k methylomes. Candidate regulatory sites could be validated
by DA@&riven global demethylation and a subset of these is currently evaluated by dEASI€riven

targeted demethylation.

Together, our analysis of DNA methylation at single nucleotide level, integrated with RNA expression and
chromatin modification data reveals previously unrecognized regulatory networks ifrigigh
neuroblastoma subgroups and pinpoints targets for therdjeintervention.
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Tailoring Epigenetic Precision Therapy in Neuroblastoma: SE0AS
A Potent and Selective Pharmacological Inhibitor of SETD8 That Rescues
P53 Functions
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Highrisk neuroblastoma (NB) is one of the shaggressive pediatric tumors accounting for 15% of all
pediatric oncology deaths, and less than 50% of patients experiencedaongsurvival, despite intense
multimodal treatment. The tumor suppressor p53 is rarely (2%) mutated in NB but its funatéons a
diminished. Multiple mechanisms have been identified that attenuate the activity of p53 in MkpNfied

NB cells, but few affect MYGNT NBs. Thus, a major challenge is to identify novel targeted therapies for
high-risk NB (HRIB) patients, specifidglfor the large fraction (70%) that present with MY@N. Recently

we identified SETDS, the H4K20mel methyltransferase, as a crucial epigenetic regulator of growth and
differentiation in NB. In addition to targeting other ndnistone proteins, SETD8 monethylates p53 on

lysine 382 (p53K382mel), attenuating its faoptotic and growth arrest functions. Genetic and
pharmacological (UNC0379) inhibition of SETD8 impairs NB growth in vivo. Moreover, SETD8 levels are
associated with poor prognosis only in MYGN Stage 4 NBs. In order to identify targeted therapy less
toxic for HRNB, we evaluated a more specific SETDS8 inhibitor with enhanced activity and selectivity,
SGSSOBIS3 (SG3). Our results indicated that in NB cells in vitro treatment with SG3 rdszgasdnical

p53 functions leading to increases in p53 protein levels and of its target p21 by decreasing p53K382mel,
impairing NB cell viability and inducing caspdspendent cell death at lower IC50 compared with

UNCO0379 (1uM). Gene expression proR&lfAseq analysis) confirmed that the most significantly
upregulated genes upon SG3 treatment were among the p53 pathway targets-ttimcal xenograft NB
models, pharmacological SETD8 inhibition by SG3 conferred a significant survival advantage\WW\IMYCN
NB. Our study provides further evidence for targeting SETD8 as a therapeutic strategy in NB, particularly in
MYCNWT subgroup.
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EnhancetHijacking Is a Common Mechanism of Oncogene Activation in
High-Risk Neuroblastoma
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Background: We have previously shown that genomic rearrangemeritatecprotc-oncogenic telomerase
by juxtaposing active enhancer elements to the TERT gene imisligheuroblastomas (NBs). Here, we
applied a global approach integrating structural variant data with expression profiles aspegBic
enhancer data to stematically identify sporadic or recurrent enhandgjacking events in NB.

Methods: Chromatin immunoprecipitation sequencing (G$gB) of histone 3 lysine 27 acetylation

(H3K27ac) was used to identify active enhancer elements in 60 NB tumors ancc24 IdBs. Whole

genome sequencing (WGS) profiles were analyzed for structural variants in 107 NB tumors and twelve NB
cell lines. Candidate genes were analyzed for outlier expression in matchesegwofiles. Circular

chromatin conformation capture sgiencing (46&eq) was used to assay for physical promeatehancer
interactions.

Results: WGS analyses revealed that chromosomal rearrangements are common events in NB and
frequently affect regions known to harbor pretincogenes and lineagepecific enlncers. Chieq

analyses confirmed that these rearrangements juxtapose active enhancer elements teopaatgenes
including ATOH1, IGF2BP1, MYC, MYCN and TERT which in turn are upregulated and harbor outlier
expression in the cohort as revealed by R\ Intriguingly, a lineage specific sugarhancer (SE)

element on chromosome 4, which is among the most active SEs in the cohort, was involved in hijacking
events with several different oncogenes (including all of the above listed except TERT) irefpem daht
samples. Finally, 462q analyses in candidate NB cell lines proofed physical interactions between
translocated enhancer elements and promoters of the respective oncogenes in all cases investigated.

Conclusions: The study shows that enhancerchijgg is a common event driving oncogenes in NB. Further
it exemplifies that strong, lineaggpecific SEs are recurrently involved in hijacking events. The common
mechanism of oncogene activation by enhanbgacking may open a therapeutic window for egrigtic

drugs including BET or CDK?7 inhibitors in-highNBs
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Immune Microenvironment in Neuroblastoma: Clinical and Therapeutic
Relevance
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Tumorinfiltrating immune cells play a key role in controlling tumor progression. The presence of distinct T
cellsubsets have been associated with favorable clinical outcome in a wide range of human cancers.
Recently, we have shown that tumnfiltrating T cells have a prognostic value greater than, and
independent of, the criteria currently used to stage neurotdasa. Lowrisk neuroblastoma are

characterized by a higher number of proliferating T cells and a more structeceli drganization, which is
gradually lost in tumors with poor prognosis. We defined an immunoscore based on the presence of
different T-cellsubsets that associates with favorable clinical outcome in Mai@plified neuroblastoma.

We also demonstrated that the combined 2D and HLA class | tumor cell density predicts the clinical
outcome in neuroblastoma patients.

To further dissect the immme heterogeneity of neuroblastoma microenvironment, we evaluated the

density of infiltrating dendritic cells (iDC), which are crucial for 4indgced anticancer immune response

and performed targeted gene expression profiling (Nanostring nCounter Immameal)dn the same cohort

of NB samples. Publically available datasets were used to validate primary samples analyses. As for T cells,
high density of iDCs was correlated with the presence of tdimidtrating T cells, expression of tumor HLA

class | andavorable clinical outcome, suggesting that iDCs may be critical for robust tumor control by
improving prediction of patient survival.
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Expression of TWIST1 and TWIST2 as Possible Predictive Markers in
Neuroblastoma

Audrey Petit Maria-Vittoria Sepportg JearYves Scoazgdnnick MuhlethaleMottet?, Herve Sartelét
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Introduction: The embryonic transcription factors TWIST1 and TWIST2 are frequently reexpressed in cancer
TWIST1 expression in neuroblastoma (NB) was previously shown to be associated with MYCN amplified anc
highMYC expressing tumors.

Material and Methods: A tissue microarray of 72 primary tumors (stage (st)1=12, st2=6, st3=13 st4=36,
st4s=5), 25 matched metastases and 44 matched control normal tissues were screened for TWIST1 and
TWIST2 expression by immunobighemistry using arKTWIST1(Millipore ABD29, rabbit polyclonal, 1/50)
and antiTWIST2 (R&D System&F6249 sheep polyclonal 1/200) specific antibodies. A sewilantitative
immunostaining score based on the percentage of positive cells was deterfioinedch tissue sample.

Results: TWIST1 had a nuclear expression in 72% of tumors but was moderately expressed only in
neuroblastic cells in with a median score (ms) of 0.84, while TWIST2 had a nuclear expression less frequent
in NB (41%) but with a highecore (ms=1.1). However, in normal control tissues, TWIST1 was never
expressed while TWIST2 was present in 46% of sympathetic ganglia but with moderate intensity (0.58).
Interestingly, TWIST1 expression was significantly higher in tumor associateduiithrpgnosis: stages 3,

4 versus stages 1, 2 (81% of tumors with TWIST1 expression, ms=1.05, vs 41%, ms=0.42, p<0.01); stage 4
versus stage 4S (83%, ms=1.1 vs 40%, ms=0.35, respectively, p=0.04); patients >18 months at diagnosis
versus less (73%, ms=08829%, ms=0.62, p=0.045), and tumors with MYCN amplification versus without
amplification (84%, ms=1.18 vs 23%, ms=0.60, p=0.02).

In contrast, TWIST2 expression was higher in tumor with better prognosis: stages 1, 2 versus stages 3, 4
(39%, ms=1.22, vd %, ms=0.4, p=0.045), and in tumor without MYCN amplification versus with

amplification (47%, ms=0.84 vs 23%, ms=0.17, p<0.01). However, no significant differences in TWIST2
expression was observed between stage 4s versus stage 4, and in relation wathdéggnosis. Moreover,

in metastases TWIST1 was frequently expressed (76%, ms=0.95), while TWIST2 expression was uncommot
(30%, ms=0.31).

Conclusions: These data highlight an association of TWIST1 expression with unfavorable clinical factors of
NB and vith metastases, while TWIST2 expression is correlated with tumors of better prognosis.
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The AntibodyDrug Conjugate DGPCZPBD Potently Eradicates
Neuroblastoma PatierDerived Xenografts
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Background: We developed an antibediyug conjugate (ADC; B3PCZPBD) for neurobldsma linking a
glypican 2 (GPC2) antibody (D3) to the potent DNA damaging pyrrolobenzodiazepine (PBD) dimers (Cancer
Cell, 2017).

Methods: To determine the in vivo efficacy of this ADC, we utilized highly annotated neuroblastoma-patient
derived xenogrtis (PDXs). Cohorts of mice (R+3) were stratified to treatment with either vehicle or B3
GPCZBD at doses of 0B mg/kg given once or 1 mg/kg given twice weekly x 2 weeks when mean tumor
volumes reached 20800 mm3. Cdreatment with excess D&PCAgG1, the efficacy of free PBD dimers,
re-treatment of the rare recurring ADC treated tumors, treatment of larger PDXs, and DNA damage and
apoptosis assessment by immunohistochemistry (IHC) were also explored.

Results: We first showed that BBPC2gG1 binls avidly to murine Gpc2 by flow cytometry and that D3
GPCZPBD is equally potent against murine and human GPC2 in vitro. To date,-GeC®BD ADC was

tested in four neuroblastoma PDXs with a range of GPC2 expression (Molecules of Equivalent Soluble
Fluorochrome [MESF]): CHLA79 (GPC2 MESF=825, MY-@hipldied, TP53 wildype), COGN-421x (GPC2
MESF=3301, MYCN amplified, TP53-tyjp@), SKNAS (GPC2 MESF=672, MY Ghhmalified, TP53

mutated) and NBL643 (GPC2 MESF=1665, MYCN amplified, TP58pé)d Treatment with DESPCZ2PBD
resulted in complete and sustained tumor regression in 61% (17/28) of mice treated with 1 mg/kg ADC, 96%
(27/28) of mice treated with 3 mg/kg ADC, and 96% (26/27) of mice treated with 1 mg/kg ADC given twice
weekly x 2 weeksncluding 100% (8/8) larger PDXs (tumor volumes of BIID mm3). Treatment with free

PBD dimers at equivalent molar concentrations had no effect on tumor growdtneabment with excess
D3-GPCZgG1 abrogated a significant amount of ADC induced cytdtypxémd ADC réreatment of PDXs

that began to regrow after 100 days (n=2) showed complete responses. ADC treated tumors exhibited
dzLINB 3 dz F A2y 2F 5b! RFEYF3IS o601 H! -0 FYR FLRLII24AA
treatment was well tolerated ¥th no discernible drugelated toxicities.

Conclusions: The BBPCZBD ADC is potently efficacious against a diverse panel of neuroblastoma PDXs.
These data support the clinical development of a PBD dimer containingdie€2d ADC.
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MYCN Regulates Exosome Protein Cargo in Neuroblastoma
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Despite the optimism raised by discoveries on the molecules and signaling pathways at the base of
neoplastic transformatiomeuroblastoma still presents a formidable challenge to scientists and clinicians.
Amplification of the proto oncogene MYCN is a key molecular aberration in-Higkhneuroblastoma and
predictive of poor outcome (Seeger et al, 1985). Although only 258tadfneuroblastomas show

amplification of MYCN, there is a prevalence of this aberration in therfsgtiorm of the cancer. MYCN
promotes tumour cell proliferation and metabolism via activation of target genes, by inducing the
expression of oncogeniciatoRNAs and by promoting ribosome biogenesis and protein translation (Eilers
and Eisenman, 2008). In this study, we investigated the role of MYCN in regulating the protein cargo of
exosomes, vesicles secreted by tumour cells that can be picked up benéciglls with important

functional consequences. Using a switchable MYCN system coupled to mass spectrometry analysis, we hav
verified that MYCN specifically regulates 152 proteins in the exosomes secreted by neuroblastoma cells.
Pathway analysis sugdedhat the MYCNregulated proteins belong to 3 main functional groups: a)
extracellular matrixcells interactions, b) glycolysis and c) ribosome biogenesis. In addition, we isolated
exosomes from MYCN amplified and ramplified cell lines, verified thepresence by staining with the
membrane binding dye PKH67 and visualising them with ImageStream flow cytometry. We analysed
neuroblastoma exosomes protein content by Western Blot analysis to validate the results obtained with the
mass spectrometry expenient. Proteins relevant to neuroblastoma biology, such as eukaryotic elongation
factor 2 and transferrin receptor 1, were confirmed as differentially expressed in exosomes according to the
MYCN status. Functional studies indicate that exosomes isolatedMP6CN or non MYCN expressing cells
confer different signaling, proliferation and metabolic characteristics to recipient cells. In conclusion, we
have assessed the presence of M¥@iducible exosomal proteins in the supernatant of cell lines that

couldd dzaS G O2YyRAGAZ2YAY3IE 2F NBOALASYydG OStfta Ay (KS
induced exosomes could lead to the identification of useful biomarkers and new opportunities to uncover
vulnerabilities in MYC addicted tumours such as neurobiaat
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Background: The receptor tyrosine kinase (RTK) Anaplastic lymphoma kinase (ALK) has a key role in
neuroblastoma development and is considered to be an important therapeutic target. ALK is mainly
expressed in central and peripheral nervous systems ammargmals; however, its physiological role

remains still unclear. The recent in vitro identification of ALKAL proteins (previously described as FAM150,
AUG) as potential ligands for human ALK and the related LTK RTKs has offered new clues and therefore ne
guestions regarding the role of ALKALs in combination ALK/LTK RTKs during development and
tumorigenesis.

Results: In this study we have investigated the role of zebrafish Alkal proteins for activation of the
endogenous LTK, which is similar to the humbK & sequence and domain structure. Zebrafish LTK (DrLtk)
controls the development of iridophores, neural crelsrived pigment cells, making Danio rerio an

excellent system to study ALK/LTK involvement in neural crest regulation in vivo. In additisedve

Drosophila eye patterning and cell cultdoased assays to corroborate our results.

Here we show that zebrafish Alkals potently activate both DrLtk and HSALK, and overexpression of DrAlkals
causes ectopic iridophore development, consistent with teslof iridophores observed in loss of function
alleles for DrAlkals.

Conclusions: This work shows in vivo evidence of activation of ALK/LTK receptors by ALKAL proteins, as we
as a conserved role for ALKAL proteins in activation of ALK RTKs féneilgenelopment of the neural
crest.



228

A Bicistronic DNA Vaccine Encoding for Tyrosine Hydroxylase-&hd IL
Reduces Tumor Progression and Spontaneous Metastasis in Mice
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Introduction: Tyrosine hydroxylase (TH) is involved in catecholamine biosynthesis and highly expressed in
NB and therefore a promising target for activemunotherapy approaches. Interleukitd (1-15)

represents an attractive adjuvant for DNA vaccination due to its ability to induce cytotoxic but not
regulatory T cells. Here, we report the generation and characterization of a bicistronigdziiAe

encodng for both TH and {15 and its enhanced efficacy to reduce tumor growth and spontaneous
metastasis in vivo.

Methods: DNA sequences encoding for human TH and murb® \Nere integrated into the bicistronic
mammalian expression vector pIRES, that eesbbtranslation of both genes. For optimized presentation

of THepitopes, the ubiquitin (Ub) DNA sequence was linked upstream to the DNA sequence of TH ensuring
enhanced proteasomal degradation and antigen processing. Next, CHO cells were transfdctbad wit
generated plasmid for in vitro characterization. TH expression of transfected CHO cells was investigated
using western blot analysis. To acces$Slsecretion and bioactivity, an-15-specific ELISA and

proliferation assay based on15-sensitiveCTLL2 cells were performed, respectively. To evaluate anti

tumor efficacy in vivo, A/J mice (n=12) were immunized with the bicistronic-IB#lased DNA vaccine,

using attenuated Salmonella typhimurium as oral delivery system, 3x prior and 3x aftealecteienge

with syngeneic NB cells. Plasmids encoding for either TH1&rdkerved as controls.

Results: H15-specific ELISA clearly showed a secretion-bb lin supernatants of CHO cells transfected with
the bicistronic plasmid (230 vs. 0 pg/ml fiontransfected cells). Furthermore, bioactivity of in vitro

secreted IEL5 could be confirmed by increased proliferation of CTLL2 cells. Cell lysates of transfected CHO
cells showed a specific Ub+TH expression (64 kDa). Importaniit,-THbased DNA/accination resulted

in a reduced tumor progression rate of 45.4% compared to controls (TH 83:3%100%). Moreover, we
observed reduced spontaneous metastasis in mice immunized with the bicistronivédsiie (30.0%)
compared to controls (TH 63.6%:15 70.0%), demonstrating efficacy of the new vaccine against NB.

Conclusion: Gtranslation of the stimulatory cytokine-{l5 augments reduction of tumor progression and
spontaneous metastasis of a tyrosine hydroxylase directed DNA vaccination &fRiimsinice.



229

A Morphometric Study of Lymphatics in Neuroblastoma
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Background: Lymphatic vasculature is a preretpifeir the maintenance of tissue fluid balance and
immunity in the body and is now known to play an integral role in the metastatic spread of tumor disease.
Nevertheless, its relationship with prognosis in neuroblastoma (NB) is unknown, wheredefiredtl pre-
treatment risk classification still remains unsuccessful in mosttigtpatients, thus calling for urgent
research on stratification factors and new therapeutic targets.

Aim: We aimed to relate different morphological and density features aseakigith NB lymph
Gl a0dzAf F NAT FGA2Y Ay 2NRSNJ G2 FAYR lyeé LRGSYyidAlrf N
factor to enhance the préreatment risk stratification or provide therapeutic targets.

Materials and methods: Two represenitat cylinders of 333 samples were included in tissue microarrays
and stained with D20 antibody to specifically detect lymph vessels, which were quantified used the
Angiopath® system. Density, as well as shape and size morphologic parameters weresddlmulat
microvascular (three segments:1%Bum, 1520 pm, 2050 um) and macrovascularizarion {800 pum, >200

pm).

Results: A high density of1%p um and 1820 um microvascular segments as well as an irregular shape of
macrovascular lymph vessel segmenweye associated with unfavorable histology and metastatic stage, and
the risk of belonging to the highsk pretreatment group. Additionally, abundant lymph

YAONR @I a0dzt  NAT FGA2y OYSRALY x yT dyfree@vivallFB)a K Y Y H
and overall survival (OS){@alue 0.021 and 0.073, respectively). Similar results were found for a subgroup

of samples with absent lymph vascularization (n=98)afoie 0.013 and 0.084 for EFS and OS, respectively).
Among 126 patients with completeathsets, Cox regression was carried out. Only for EFS, total density
YAONR @I a0dzAf  NRTFGA2Yy 61 & NBGFAYSR 6KIFTFNR NI GAZ2
and MYCN amplification variables (hazard ratio 4.703, 3.032 and 2.662, respgctively

Conclusions: The density of different lymph vessel segments and morphologic parameters of shape and size
should be taken into account to enhance the {preatment risk stratification. Research on drugs targeting
lymphatics must be considered.

Grants.FIS(P114/01008), CIBERONC(CB16/12/00484), Health Carlos Il Institute, Madrid/ERDF.
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Purpose: To evaluate the prognostic relevance of a combined analysis of genomic aberrations and minimal
residual disease (MRD) in the bone marrow (BM) of stage M neuroblastoma patients.

Patients and Methods: Accessibl®lBairs from diagnosis and pestduction and/or genomic data
originating from stage M patients previously enrolled in theMBR_1/SIOPEN higisk neuroblastoma trial
were compiled at our center. Disseminated tumor cell (DTC) quantification used an dictegsiem for
highly specific detection of GD2/CD56 positive cells. Information on somatiencmplyer aberrations
(SCNAs), MYCN amplification, aberrations in ATRX, TERT, and PTPRD genes was generateasity high
singlenucleotide polymorphism (SNPiyrays.

Results: 3/ear eventifree survival (EFS) of 184 available patients was 39+4% wiytear £umulative

incidence of relapse (CIR) of 56+6% (median observation time 55.5 months). BM of 83 patients matched for
BM-MRD analysis showed BMRD negativpatients had a 3ear EFS of 67£9% (CIR 39+7%), but only

27+7% (CIR 71+7%) for BWRD positive patients (p = 0.001). Although there was a correlation with DTC
numbers at diagnosis, only the pestduction BMMRD statusnaintained significance for EFS in

multivariate analysis (hazard ratio 2.27, p = 0.031). Genomic analysis found a higher relapse incidence in
patients whose tumors showed a gain or loss on chromosome 1q and aberrations in the TERT and PTPRD
genes. Patients with tumors lacking these genomickais and with BM clearing had the most favorable
outcome (3year EFS 92+7%) whilst those with the presence of two or more of the above mentioned
genomic markers and positive BMRD fell into an ultrdnigh-risk group (3year EFS 0%, p <0.001).

ConclusionBM-MRD detection after induction chemotherapy significantly correlated with a poor survival in
our cohort of stage M neuroblastoma patients. Furthermore, our results provide the first evidence that
early disease progression may be linked to certain geaonairkers. The combination of BMRD

monitoring and genomic profiling enables early risk assessment and merits further evaluation.
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Role of SSTR Imaging in Neuroblastomas for Possible PRRT
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Introduction: Neuroblastomas are known to express somatostatin receptorstese are potential targets

for future imaging with somatostatin receptor (SSTR) agents. Imaging can be used to assess the feasibility o
peptide receptor radionuclide therapy (PRRT) in refractory cases. The purpose of the study was to evaluate
and compae the SSTR expression by 99m Tc labelled hydrazinonietyiractreotide (HYNIC TOC),
Metaiodobenzylguanidine (MIBG) uptake by 13111 MIBG and the metabolic activity of a tumour by 18 F
Fluorodeoxyglucose positron emission tomogragbynputed tomographyFDG PET CT) in diagnosed
neuroblastoma cases

Materials and Methods: 99m Tc HYNIC TOC, 1311 MIBG and FDG PET CT scans performed in 29 patients
were reviewed and compared for concordance (or discordance) of findings. All scans were done within a 2
weektime period for each patient.

Results: A total of 23 children with a diagnosis of Neuroblastoma underwent 99m Tc HYNIC TOC, 1311 MIBC
and FDG PET CT scans. In the rest 6 patients, paired 99m Tc HYNIC TOC and 1311 MIBG scans were only
done. In 29 patientwvith paired 99m Tc HYNIC TOC and 1311 MIBG scans, 22 (76%) patients showed
concordant results. In 7 (24%) patients 99m Tc HYNIC TOC showed more lesions. In 2 patients with positive
99m Tc HYNIC TOC, 1311 MIBG was negative. In 23 patients with pairedl989MITTOC and FDG PET CT
scans, 19 (83%) patients showed concordant results. In 2 patients, FDG PET CT was positive while 99m Tc
HYNIC TOC was negative. In 2 patients with positive 99m Tc HYNIC TOC, FDG PET CT was negative. 1311
showed concordant resis in only 13 (57%) patients.

Conclusion: SSTR expression did not correlate with the expression of MIBG or GLUT receptor suggesting ar
independent expression. SSTR and FDG PET CT showed more concordance than SSTR and MIBG scans.
study demonstrateshtat most of the tumors (both primary and metastatic sites) showed a SSTR expression
and hence the feasibility of using this receptor for treatment.

SSTR imaging with a PET tracer like68 Ga DOTA Octreotate or SPECT tracer like 99mTc HYNIC TOC appe
promising.
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The RRMZPHF6 Complex Protects Neuroblastoma Cells from DNA
Damage Accumulation to Install a Replication Stress Resistance Phenotyp
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Introduction: MYCN amplified neuroblastoma (MINB) often present with 1p deletions, 2p gains in

addition to MYCN ampication (2p24.2) and 179 gain. Given recent work highlighting the importance of
non-mutated dependency genes in other tumor types, we decided to identify copy number driven genes in
NB.

Methods: We used a bioinformatics approach based on DNA copy nuanbdegene expression analysis and
ranking for prognostic power. Using in vitro functional assays, we tested tumor dependency of candidate
genes and responses to targeted drugs.

Results: We identified RRM2 (2p25.1), and CHD5 (1p36) amongst the highedtdaniige sensitive genes

in MNANB. For RRM2, we propose three additional levels of expression regulation through combined 1p
loss and 2p and 17q gain: (1) direct regulation by MYCN as shown bye@b#ncing, (2) CHDS5 loss driven
upregulation supported Y correlation analysis in NB transcriptomes highlighting the previously established
regulatory connection for CHD5 and WEE1 and for WEE1 and RRM2, and (3) BRCA1 (17g21.31) controlled
RRM2 upregulation as revealed by stable BRCA1 knockdown experimenies RiR&MP knockdown leads to
attenuated NB cell growth, colony formation capacity, increased apoptosis and induced a FOXM1 (down)
and TP53 (up) gene signature. NB cells were sensitive to the direct RRM2 inhibitor triapine-andvK

(WEE1 inhibitor) and eihited increased DNA damage as evidenced by increased yH2 AXRPAI32

f SpStad !aAy3ad YIlIaa aLISOGNRBYSINERI 6S ARSYUGAFTFASR w
K2YS2R2YFAY TAYyO FAYISNI cQ 6tl CcU LINRILSEsy d 2 KA S
genomically instable, we observed very high PHF6 expression levels and nucleolar staining in NB cells verst
other cancer types. Upon PHF6 knock down RRM2 levels were downregulated, while FOXM1 downstream
targets were enriched and a JQ1 sign&tur & dzNJF I O S RMYCN Zebrgfish modelRve &e currently

testing the in vivo effects of combined RRM2 overexpression in neuroblastoma tumor formation.

Conclusion: We identified RRM2 as a druggable copy nhumber driven dependency gene iaivliGdd
NB and propose that PHF6 acts as epigenetic adaptor molecule to facilitate RRM2 dependent DNA repair to
protect MNA NB cells from excessive replication stress.






