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2021 Virtual Neurofibromatosis (NF) Conference

June 14-16, 2021

This accredited continuing education (CE) activity is jointly provided by Medical Learning Institute, Inc. and
Children’s Tumor Foundation.

Target Audience
This accredited CE activity is directed towards oncologists, pediatric neuro-oncologists, pediatricians, genetic
counselors, nurses/nurse practitioners, and researchers exploring tumor pathways.

Educational Objectives
After completing this accredited CE activity, the participant should be better able to:

Clinical Research
1. Review gaps between theoretical and actual care delivery and how this can be addressed
2. Evaluate unmet needs and guideline-driven medical care for NF patients in European nations

including France, England, Spain, Portugal, Norway, Sweden, and Italy, including the possibilities for
an international approach to raising the level of care in these countries and eventually across
additional nations

3. Outline how to approach planning for the transition from pediatric to adult care settings
4. Summarize barriers to prescribing novel medication for manifestations of neurofibromatosis and

schwannomatosis to patients
5. Compare and contrast different approaches to complicated cases of NF in which multiple issues must

be address in a coordinated way

Basic Research
6. Review the latest scientific breakthroughs related to the biology of NF
7. Describe the major outstanding questions related to the molecular and cellular biology of NF
8. Summarize how basic science relates to the development of NF tumors and other NF-associated

conditions

Translational Research
9. Show how molecular advances have allowed targeted therapy for NF complications
10. Review how new potential treatments could translate to clinical effect

Program Agenda
Please see Agenda tab
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Physician Continuing Medical Education
This activity has been planned and implemented in accordance with the accreditation
requirements and policies of the Accreditation Council for Continuing Medical Education
(ACCME) through the joint providership of Medical Learning Institute, Inc. and Children’s
Tumor Foundation. Medical Learning Institute, Inc. is accredited by the ACCME to provide
continuing medical education for physicians.

Medical Learning Institute, Inc. (MLI) designates this live activity for a maximum of 16.25 AMA PRA Category 1
Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the
activity.

Commercial Support Statement
This activity is supported by an independent educational grant from AstraZeneca.

Physician Assistants
PAs may claim a maximum of 16.25 Category 1 credits for completing this activity. NCCPA accepts AMA PRA
Category 1 Credit™ from organizations accredited by ACCME or a recognized state medical society.

Nursing Continuing Professional Development
Medical Learning Institute, Inc. is accredited as a provider of nursing continuing professional
development by the American Nurses Credentialing Center’s Commission on Accreditation.
Successful completion of this nursing continuing professional development activity will be
awarded 15.25 contact hour(s). and 10.25 contact hour(s) in the area of pharmacology.

Disclosures

Disclosure & Conflict of Interest Policy
Medical Learning Institute, Inc., is committed to providing high quality accredited continuing education to
healthcare professionals, as individuals and teams, with a protected space to learn, teach, and engage in
scientific discourse free from influence from ineligible companies that may have an incentive to insert
commercial bias into education.  To that end, MLI requires faculty, presenters, planners, staff, and other
individuals who are in a position to control the content of this accredited CE activity to disclose all financial
relationships they have had in the past 24 months with ineligible companies as defined by the ACCME, as
related to the content of this accredited CE activity, regardless of the amount or their view of the relevance to
the accredited education. All identified COI will be thoroughly vetted and mitigated according to MLI policy.
These disclosures will be provided to learners prior to the start of the accredited CE activity. 

Faculty

The following have no relevant financial relationship(s) with ineligible companies to disclose for
this educational activity.

Speaker:
Allen, Taryn, PhD
National Institutes of Health (NIH), US
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Speaker:
Askenazi, Naomi
McGill University/Massachusetts General Hospital, US

Speaker:
Bouley, Stephanie, PhD
Massachusetts General Hospital , US

Speaker (Patient):
Lilly Ann Brooks

Speaker:
Buono, Frank, PhD
Yale University, US

Speaker:
Burns, Rebecca, MS
MGH Institute of Health Professionals

Planner:
Castellanos, Elisabeth, PhD
IDIBELL, Spain

Speaker:
Catasus, Nuria
Germans Trias i Pujol Research Institute, Barcelona, ESP

Speaker:
Chinoy, Amish, MBBS
Manchester University Hospitals NHS Foundation Trust, Manchester, UK

Speaker:
Da, Jennifer L.W.,  BA
Massachusetts General Hospital

Planner:
De Raedt, Thomas, PhD
Children’s Hospital of Philadelphia

Speaker:
Dhaenens, Britt, MD, Erasmus University, Netherlands

Speaker (Patient):
Alwyn Dias

Planner:
Dodd, Rebecca, PhD
University of Iowa, US
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Speaker:
Drouyer, Matthieu, PhD
Children’s Medical Research Institute,  The University of Sydney, Westmead, Australia

Speaker:
Gross, Andrea, MD
National Cancer Institute, National Institutes of Health (NIH) US

Planner/Speaker:
Gutmann, David, MD, PhD, Washington University, St. Louis, US

Speaker:
Hardin, Haley
University of Central Florida

Speaker (Patient):
Cole Harrell

Speaker:
Hou, Yang, PhD
University of Kentucky

Speaker:
Kotch, Chelsea, MD
Children’s Hospital of Philadelphia

Speaker:
Laraba, Liyam, PhD
University of Plymouth, UK

Planner:
Martin, Staci, PhD
National Institutes of Health (NIH), US

Speaker:
Martinelli, Maria, MSc
University of Central Florida , US

Speaker:
Mazuelas, Helena, PhD
Germans Trias i Pujol Research Institute, ESP

Speaker:
Merker, Vanessa, PhD
Massachusetts General Hospital

Planner:
Morrison, Helen, PhD
Friedrich Schiller University, Jena, Germany
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Speaker:
Ostrow, Kimberly, PhD
Johns Hopkins University, US

Speaker:
Pacot, Laurence, PhD Student
Hopital Cochin, Universite de Paris, France

Speaker:
Pan, Yuan, PhD
Stanford University, US

Planner:
Papi, Laura, MD, University of Florence, Italy

Speaker:
Pardej, Sara, MS
University of Wisconsin-Milwaukee, US

Planner:
Pasmant, Eric, PhD, Universite de Paris, France

Planner:
Payne, Jonathan, PsyD, Murdoch Children’s Hospital, Australia

Speaker:
Perrino, Melissa, MD
Cincinnati Children’s Hospital Medical Center, US

Speaker:
Pundavela, Jay, PhD
Cincinnati Children’s Hospital Medical Center, US

Planner:
Ruggieri, Martino, MD, PhD
University of Catania, Italy

Speaker:
Rhodes, Steven, MD, PhD, Indiana University School of Medicine, US

Speaker (Patient):
William Riter

Speaker:
Rivera Polo, Barbara, PhD, IDIBELL, Spain

Speaker:
Sablina, Anna, PhD, KU Leuven, Belgium

Speaker:
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Phadnis, Sheetal, MD, University of Alabama at Birmingham, US

Speaker:
Silber, Sara
Children’s National Hospital, Franklin and Marshall College, US

Planner/Speaker:
Smith, Miriam, PhD
University of Manchester, UK

Speaker:
Struemph, Kari, PhD
University of Kansas School of Medicine, US

Speaker:
Sundby, R. Taylor, MD
National Cancer Institute, National Institutes of Health (NIH), US

Planner/Moderator:
Trapane, Pamela, MD
University of Florida School of Medicine - Jacksonville

Planner/Moderator:
Ullrich, Nicole, MD, PhD
Boston Children’s Hospital, US

Speaker:
van de Ketterij, Edwin MSc
European Research Infrastructure for Translational Research (EATRIS)

Speaker:
Vasudevan, Harish, MD, PhD
University of California San Francisco, US

Speaker:
Williams, Kyle, PhD
University of Minnesota, US

Speaker:
Xu, Lei, MD, PhD
Massachusetts General Hospital, US

The following have relevant financial relationship(s) with ineligible companies to disclose for this
educational activity.

Speaker:
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Avery, Robert, DO, Children’s Hospital of Philadelphia, US
Advisory Board: OVID Pharmaceuticals; Takeda Pharmaceuticals

Speaker:
Belzberg, Allan, MD, Johns Hopkins University Hospital, US
Advisory Board:  AstraZeneca
Research Grant:  Axogen

Planner:
Bornhorst, Miriam, MD
Children’s National Medical Center
Advisory Board:  AstraZeneca

Planner:
Chi, Ping, MD, PhD, Memorial Sloan Kettering Cancer Center, US
Advisory Board:  Deciphera Pharmaceuticals; Pfizer/Array; New Bay Pharma; Zai Lab
Limited; Beijing Novartis Pharma Co., Ltd; Exelixis
Research Grants:  Deciphera Pharmaceuticals; Pfizer/Array; New Bay Pharma

Speaker:
Evans, Gareth, MD
The University of Manchester, UK
Advisory Board:  AstraZeneca; SpringWorks Therapeutics; Recursion Pharmaceuticals;
Syantra

Speaker:
Ferner, Rosalie, MD, King’s College, London, UK
Advisory Board: AstraZeneca

Speaker:
Fisher, Michael, MD, Children’s Hospital of Philadelphia, US
Advisory Board:  AstraZeneca; SpringWorks Therapeutics
Research Grant:  AstraZeneca; Array BioPharma Inc. “a wholly owned subsidiary of Pfizer,
Inc.; Exelixis

Planner:
Hirbe, Angela, MD, PhD, Washington University, St. Louis, US
Advisory Board:  AstraZeneca Pharmaceuticals LP; Springworks Therapeutics; Intellisphere
LLC

Planner/Speaker:
Iavarone, Antonio, MD, Columbia University, US
Advisory Board:  Aimed Bio Inc.;
Research Grant: AstraZeneca; Taiho Pharmaceuticals
Patents/Royalties:  Qiagen
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Planner/Speaker:
Jordan, Justin T., MD, MPH, Massachusetts General Hospital/Harvard Medical School
Advisory Board:  Navio Theragnostics; CereXis (a subsidiary of Recursion Pharmaceuticals;
Heatlh2047, Inc.
Stock Ownership;  Navio Theragnostics
Additional Financial Relationships:  Consulting for GLC, Guidepoint Global and Clearview
Healthcare Partners (market research firms)

Planner:
Kalamarides, Michel, MD, PhD, Hopital Pitie-Salpetriere, France
Advisory Board:  Recursion Pharmaceuticals

Planner:
Karajannis, Matthias, MD, MS, Memorial Sloan Kettering Cancer Center, US
Advisory Board:  AstraZeneca; QED; CereXis; Recursion
Stock Ownership:  Johnson & Johnson

Planner:
Khanna, Rajesh, PhD, University of Arizona
Advisory Board:  Eleutheria TX Inc.
Research Grants: Regulonix Holding
Stock Ownership:  Regulonix LLC; Regulonix Holding
Executive Role/Ownership Interest:  Regulonix LLC
Patent/Royalties:  Regulonix LLC

Planner:
Klesse, Laura, MD, PhD, UT Southwestern, US
Advisory Board:  AstraZeneca US Oncology

Planner:
Lazaro, Conxi, PhD, Institut Catala d’Oncologia
Advisory Board, Speaker’s Bureau:  AstraZeneca

Speaker:
Le, Lu, MD, PhD, UT Southwestern, US
Advisory Board:  NFlection; SpringWorks Therapeutics

Speaker:
Ly, Ina, MD
Massachusetts General Hospital, US
Research Grants:  Neurofibromatosis Therapeutic Acceleration Program
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Speaker:
Moertel, Christopher, MD, University of Minnesota
Advisory Board:  OX2 Therapeutics; Recombinetics; ReNeu (uncompensated)
Research Grant:  Recombinetics
Stock Ownership, Executive Role:   OX2 Therapeutics

Planner:
Oostenbrink, Rianne, MD, PhD, Erasmus University, Netherlands
Advisory Board:  AstraZeneca
Research Grant:  EU PEARL - IMI (Collaboration with companies)

Speaker:
Plotkin, Scott, MD, PhD, Massachusetts General Hospital/Harvard University, US
Advisory Board:  NFlection Therapeutics; NF2 Therapeutics; SonALAsense; Akouos
Research Grant:  Takeda
Stock Ownership:  SonALAsense
Executive Role/Ownership Interest:  NFlection Therapeutics; NF2 Therapeutics

Speaker:
Pratilas, Christine, MD, Johns Hopkins University Hospital
Advisory Board:  Genentech/Roche
Research Grant:  Kura Oncology; Novartis Oncology

Speaker:
Reardon, David, MD, Dana-Farber Cancer Institute
Advisory Board:  Abbvie, Advantagene; Agenus; Agios; Amgen; Bayer; Boston Biomedical;
Boehringer Ingelheim; Bristol-Myers Squibb; Celldex; Deciphera; DelMar; EMD Serono;
Genenta; Genentech/Roche; Imvax; Inovio; Kintara; Kiyatec; Medicenna Biopharma, Inc.;
Merck; Merck KGaA; Monteris; Neuvogen; Novartis; Novocure; Oncorus; Oxigene;
Regeneron; Stemline; Sumitono Dainippon Pharma; Taiho Oncology, Inc.
Research Grant:  Acerta Pharmaceuticals; Agenus; Celldex; EMD Serono; Incyte; Inovio;
Omniox; Tragara

Speaker:
Reddy, Alyssa, MD
University of California San Francisco, US
Advisory Board:  AstraZeneca; Novartis

Speaker:
Rosser, Tena, MD, Children’s Hospital Los Angeles
Advisory Board:  AstraZeneca
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Speaker:
Sherman, Larry, PhD, Oregon Health and Science University, US
Research Grant:  EUSA

Speaker:
Viskochil, David, MD, PhD, University of Utah
Advisory Board:  AstraZeneca; Sanofi-Genzyme
Research Grant:  AstraZeneca; Sanofi-Genzyme;Ultragenyx; Takeda

Planner:
Yohay, Kaleb, MD
NYU Langone Medical Center
Advisory Board:  AstraZeneca
Stock Ownership:  Infixion Bioscience
Patents/Royalties:  Wolters Kluwer

Speaker:
Walker, James, PhD
Massachusetts General Hospital/Harvard Medical School
Research Grants:  NFlection Therapeutics; Eutropics Pharmaceuticals

Planner:
Walsh, Karin, PsyD, Children’s National Medical Center, US
Advisory Board:  Novo Nordisk Pharmaceuticals; Day One Pharmaceuticals
Speakers’ Bureau:  Novo Nordisk Pharmaceuticals

Speaker:
Wolkenstein, MD, PhD, Hopital Henri Mondor, France
Advisory Board:  AstraZeneca; SpringWorks

Planner/Speaker:
Wolters, Pam, PhD, National Cancer Institute (NIH), US
Research Grants:  Neurofibromatosis Therapeutic Acceleration Program; Alex’s Lemonade
Stand Foundation;
Stock Ownership:  Bristol Myers Squibb

Speaker:
Zhou, Jiangping, PhD, Yale University, US
Advisory Board:  Patrys Limited
Speakers’ Bureau:  Patrys Limited

Planning Committee and Content/Peer Reviewers
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The planners and content/peer reviewers from Medical Learning Institute, Inc., the accredited
provider and Children’s Tumor Foundation, the joint provider, do not have any relevant financial
relationship(s) to disclose with ineligible companies unless listed below.

Planner:
Nievo, Marco, PhD has a financial interest/relationship or affiliation in the form of:
Advisor to Exosomics Siena, Italy

All of the relevant financial relationships of individuals for this activity have been mitigated.

Disclosure of Unlabeled Use
This educational activity may contain discussions of published and/or investigational uses of agents that are
not indicated by the FDA. The planners of this activity do not recommend the use of any agent outside of the
labeled indications. The opinions expressed in the educational activity are those of the faculty and do not
necessarily represent the views of the planners. Please refer to the official prescribing information for each
product for discussion of approved indications, contraindications, and warnings.

Disclaimer
Participants have an implied responsibility to use the newly acquired information to enhance patient
outcomes and their own professional development. The information presented in this activity is not meant to
serve as a guideline for patient management. Any procedures, medications, or other courses of diagnosis or
treatment discussed or suggested in this activity should not be used by clinicians without evaluation of their
patient's conditions and possible contraindications and/or dangers in use, review of any applicable
manufacturer's product information, and comparison with recommendations of other authorities.

Method of Participation
There is a fee for participating in or receiving credit for this accredited CE activity. For information on
applicability and acceptance of continuing education credit for this activity, please consult your professional
licensing board.

In order to receive credit, learners must participate in the entire accredited CE activity. A statement of credit
will be issued only upon receipt of a completed activity evaluation and will be emailed to you upon
completion. You will receive your certificate from Medical Learning Institute, Inc. If you have questions
regarding the receipt of your emailed certificate, please contact via email at mvu@mlicme.org.

ABOUT THIS ACTIVITY

Medical Learning Institute, Inc. and Children’s Tumor Foundation are responsible for the selection
of this activity’s topics, the preparation of editorial content, and the distribution of this accredited
CE activity. Our activities may contain references to unapproved products or uses of these products
in certain jurisdictions. The preparation of this activity is supported by educational grants subject to
written agreements that clearly stipulate and enforce the editorial independence of Medical
Learning Institute, Inc. and Children’s Tumor Foundation.

The materials presented here are used with the permission of the authors and/or other sources.
These materials do not necessarily reflect the views of Medical Learning Institute, Inc. or any of its
partners, providers, and/or supporters.
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CLINICAL CARE SYMPOSIUM
Chair: Nicole Ullrich, MD, PhD, Boston Children’s Hospital

Access to NF Clinics and Receipt of Guideline Concordant NF Care in the U.S.  
Monday, June 14, 9:50am – 10:10am
 
Vanessa Merker, PhD, Massachusetts General Hospital

In May 2021, we conducted an online survey of NF patients and their family members enrolled in the NF Registry to understand barriers to accessing 
specialized NF clinics and benchmark the degree to which NF patients receive guideline-recommended health services in the United States. 392 people 
responded to our survey (328 NF1, 49 NF2, 15 schwannomatosis), with roughly equal gender and race gender distribution to the overall eligible population 
within the NF registry. 14.8% of respondents had delayed or did not get medical care in the past 12 months due to cost. 57.7% of respondents had attended 
a specialized NF clinic within the past 3 years; major barriers to attending an NF clinic included not knowing they existed, lack of insurance coverage, and not 
wanting to travel (% respondents reporting each item as a “major problem”: 25.5%, 21.4%, and 20.0% respectively.) Open-ended comments also highlighted 
that many participants did not see the value in attending a specialized clinic, for reasons including already having another clinician or team they liked outside 
of an NF clinic and thinking their symptoms were too mild to warrant attending/traveling to a specialized clinic. Receipt of guideline-recommended services 
will be discussed in the presentation. Of note, many participants with NF1 report never discussing the risk of MPNST with their NF team (54.8%) or “red flag” 
symptoms of MPNST (48.4%) with their NF team. Among 107 adult women with NF1, 34.6% had never discussed breast cancer screening with their NF team, 
and 42.7% of eligible women ages >30 had not received breast cancer screening in the past year. Among people with NF2, 25% were not up to date on at 
least one of three recommended monitoring tests (annual brain MRI, annual audiology exam with word recognition testing, and spine MRI in the past 3 years.) 
Future analyses will adjust for non-response patterns and measure changes in access to and quality of care over time.

Health Care Transition in the Neurofibromatoses  
Monday, June 14, 10:10am – 10:30am
 
Tena Rosser, MD, Children’s Hospital of Los Angeles
David Viskochil, MD, PhD, University of Utah

The Neurofibromatoses are a complex set of disorders and a variety of potential complications can develop in numerous organ systems over the life span of an 
individual, often requiring coordinated multi-disciplinary care. Health care transition (HCT) is the process of moving from a child/family-centered model of health 
care to an adult/patient-centered model and involves planning, transfer and integration into adult-centered health care. HCT plays a critically important role in 
providing a supportive bridge in medical care for young adults and is necessary to ensure the best possible quality of life for patients across the lifetime. The 
process of HCT often begins in the mid-teens and extends past 18 years of age as young adults learn to take over independent management of their medical 
care. The collaboration of pediatric and adult providers is essential to the process. Young adults must navigate many challenges in HCT including gaining 
understanding of their underlying medical disorder and past medical history as well as the basic logistics of care such as appointment management, tracking 
health issues, talking to providers, managing daily medications and handling insurance issues. There are also many barriers to HCT that make this process 
challenging including a paucity of specific adult NF clinics, lack of time during clinic visits to address important components of transition, anxiety about changing 
to a new doctors and feeling unprepared to manage health care issues in a system with less support. Without appropriate HCT planning, there is the potential for 
fragmented adult care and medical issues “falling through the cracks.” Diagnoses and treatments may be unnecessarily delayed with harmful consequences.  
The CTF and other national NF organizations have partnered to form the NF Collective to develop creative tools and resources to help patients, families and 
providers with the HCT process. NF-specific online resources and publications are also available and are very useful when transitioning care.

Patient Access to Novel NF Treatments – Current Clinical Practices and Identification of Barriers  
Monday, June 14, 10:30am – 10:50am
 
Laura Klesse, MD, PhD, UT Southwestern

ABSTRACTS
Speaker Abstracts
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TUMORIGENESIS
Session Co-Chairs: Ping Chi, PhD, Memorial Sloan Kettering Cancer Center; Angela Hirbe, MD, PhD, Washington University

Novel Therapeutic Strategies for MPNST 
Monday, June 14, 1:00pm – 1:25pm
 
Christine Pratilas, MD, Johns Hopkins University

Platform: A Case-Only Study in 1,333 Neurofibromatosis Type 1 Patients to Identify Genetic Modifiers of 
Cutaneous, Subcutaneous, and Plexiform Neurofibromas  

Monday, June 14, 1:25pm – 1:38pm
 
Laurence Pacot, PhD Student, Service de Génétique et Biologie Moléculaires, Hôpital Cochin, DMU BioPhyGen, AP-HP.Centre-Université de Paris; 
Institut Cochin, Inserm U1016 - CNRS UMR8104 - Université de Paris, CARPEM, Paris, France

A typical sign of neurofibromatosis type 1 (NF1) is the development of benign peripheral nerve tumors that may be cutaneous (cNFs), subcutaneous (scNFs), 
or plexiform (pNFs) neurofibromas. The outcome of these tumours is highly variable among individuals and cannot be predicted. Intrafamilial phenotypic 
correlations and animal models provided evidence for a strong genetic component in neurofibromas development but no significant contribution of the NF1 
locus to the overall phenotypic variation of each neurofibroma type. NF1 patients were recruited through the NF-France network between 2003 and 2013 and 
molecularly characterized. All patients were phenotypically evaluated using a standardized questionnaire. Patients with a molecularly confirmed mutation of 
the NF1 gene were enrolled and genotyped with the Illumina OmniExpressExome chip. Imputation and quality controls were applied in 1,333 patients. A total 
of more than 7 million common variants distributed along the genome were obtained for association study. The cohort was divided into discovery (n = 918) 
and replication (n = 415) samples. Association study focused on three major clinical features: cNFs, scNFs, and pNFs. Genome-wide significance threshold 
(5 × 10-8) was reached in the discovery sample in 9q21.33 for the pNFs phenotype. Twelve, three and four regions suggestive of association (p < 1 × 10-6) 
were identified respectively for pNFs, cNFs, and scNFs in the discovery sample. Evidence of replication was observed respectively for four, two, and six loci. 
Fine mapping and functional annotation of variants using the FUMA GWAS platform allowed the identification of several candidate modifier genes associated to 
each locus. Our study confirms the implication of previously described modifier genes and points out new candidates. This work may improve our knowledge 
of the physiopathology of neurofibromas and provide new candidate therapeutic targets in the future.

This work was supported by grants by Association Neurofibromatoses et Recklinghausen - Fondation CAP NF; Ligue Française Contre les Neurofibromatoses; INSERM 
(Nf1GeneModif project), and Ministère de l’Enseignement Supérieur et de la Recherche. 

Full List of Authors: Laurence Pacot1,2, Audrey Sabbagh3, Béatrice Parfait1,2, Pierre Sohier4, Anne Boland-Augé5, Delphine Bacq-Daian5, Ingrid Laurendeau2, Salah Ferkal6,7, Audrey 
Briand-Suleau1,2, Laurence Allanore6, Jean-François Deleuze5, Michel Vidaud1,2, Nicolas Ortonne8, Dominique Vidaud1,2, members of the NF-France network, Eric Pasmant1,2, Pierre 
Wolkenstein6

1Service de Génétique et Biologie Moléculaires, Hôpital Cochin, DMU BioPhyGen, AP-HP.Centre-Université de Paris, Paris, France.
2Institut Cochin, Inserm U1016 - CNRS UMR8104 - Université de Paris, CARPEM, Paris, France.
3UMR 261 MERIT, Institut de Recherche pour le Développement, Université de Paris, Paris, France.
4Service de Pathologie, Hôpital Cochin, AP-HP.Centre-Université de Paris, Paris, France.
5Université Paris-Saclay, CEA, Centre National de Recherche en Génomique Humaine, Evry, France.
6Department of Dermatology, APHP, UPEC, INSERM U955, Hôpital Henri-Mondor, Créteil, France.
7INSERM, Centre d’Investigation Clinique 1430, Créteil, France
8Département de Pathologie, AP-HP, UPEC, INSERM U955, Hôpital Henri-Mondor, Créteil, France.
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Platform: T Cells Are Essential for Plexiform Neurofibroma Development and Growth  
Monday, June 14, 1:38pm – 1:51pm
 
Jay Pundavela, PhD, Division of Experimental Hematology and Cancer Biology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

Plexiform neurofibromas (PNF) are peripheral nerve tumors prevalent in patients with Neurofibromatosis type 1 (NF1). PNF is caused by the biallelic loss 
of the NF1 gene in the Schwann cells and its precursors. Immune cells including macrophages, dendritic cells (DCs) and T cells are present in the PNF 
microenvironment. The significant role of T cells in PNF development and growth is unclear. In this study, we characterized T cell subtypes that infiltrate nerve 
tumor tissue and circulating T cells in the Nf1f/f; DhhCre neurofibroma mouse model by flow cytometry. We identified an increased number of activated T cell 
receptor beta (TCR beta+) CD4+ and TCR beta+ CD8+ T cells in circulation and in tumors, compared to non-tumor bearing controls. Some T cells expressed 
PD1. Nk1.1+CD1d1+ natural killer T cells were present in lesser amounts, CD19+ B cells were absent. To investigate the role of T cells in neurofibroma we 
generated neurofibromabearing mice that lack mature T and B cells (Rag1-/-; Nf1 f/f; DhhCre). Rag1-/-; Nf1 f/f; DhhCre mice did not form neurofibromas, 
consistent with the idea that T cells or B cells are necessary for development/growth of plexiform neurofibromas. Histological analysis revealed no impact on 
the infiltration of mast cells and only modest reductions in Iba1+ macrophages in Rag1-/-; Nf1 f/f; DhhCre mice compared to Nf1 f/f; DhhCre controls. To test 
whether T cells were sufficient to drive tumor development, we performed adoptive transfers of T cells from wild-type or tumor bearing mice into Rag1-/-; Nf1 
f/f; DhhCre mice. Magnetic resonance imaging (MRI) at 4-months old post-adoptive transfer of T cell recipient Rag1-/-; Nf1 f/f; DhhCre mice revealed tumor 
development. Ongoing experiments are aimed at identification the types of T cells required for tumor formation. We conclude that T cells are sufficient for 
plexiform neurofibroma formation.

Additional Authors: Touvron M1, Hummel SA3, Hildeman D3,4, Ratner N1,2,†

1Division of Experimental Hematology and Cancer Biology, Cincinnati Children’s Hospital Medical Center 3333 Burnet Ave., Cincinnati, OH, 45229, USA and 2Department of 
Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH 45229, USA. 3Division of Immunobiology, Department of Pediatrics, Cincinnati Children’s Hospital, University 
of Cincinnati College of Medicine, Cincinnati, OH, 45267, USA. 4Center for Systems Immunology, Cincinnati Children’s Hospital, Cincinnati, OH 45229, USA

†Corresponding Author:
Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center, 3333 Burnet Ave., Cincinnati, OH, 45229-0713; phone: 513-636-9469; email: Nancy.Ratner@cchmc.org

Supported by the Department of Defense Program on Neurofibromatosis (to NR) and by NIH R01 NS28840 (to NR). J.P. is the recipient of Early Investigator Award 
(2019-W81XWH2010116) of the Department of Defense Program on Neurofibromatosis.

Effect of NF1 Loss on Schwann Cell Lineage Differentiation to Promote Neurofibroma Development  
Monday, June 14, 1:51pm – 2:16pm
 
Lu Q. Le, MD, PhD, University of Texas Southwestern Medical Center

Neurofibromas are multicellular tumors that affect most individuals with Neurofibromatosis Type 1 (NF1). The complexity of neurofibroma biology stems from 
its heterogeneity at multiple levels including genetic, spatial involvement, temporal development, and cellular compositions. Despite multiple gaps remain in 
our knowledge of the associated pathogenesis, significant inroads have been made into neurofibroma understanding in recent years, including intrinsic and 
extrinsic factors that regulate its growth and progression into malignancy.  While the development of neurofibroma involves a complex interplay between 
intra- and intercellular components, tumorigenesis begins at the molecular level with NF1 LOH activating the RAS pathway. This RAS/MAPK pathway activation 
affects not only cellular proliferation but also Schwann cell differentiation by inducing a persistent stem-like state to expand the pool of progenitors required 
to initiate tumor formation, indicating that in addition to regulating MAPK-mediated cell growth, NF1 loss also alters Schwann cell differentiation to promote 
neurofibroma development. This knowledge combines with translational and relevant humanized models currently being developed will provide unique 
opportunities to unravel its biology to accelerate the development of prevention and new treatment strategies for neurofibroma.
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Platform: TEAD Autopalmitoylation Inhibitors Slow Tumor Cell Proliferation in the Pre-Clinical Postn-Cre 
Schwannoma In Vivo Model  

Monday, June 14, 2:16pm – 2:30pm
 
Liyam Laraba, PhD, University of Plymouth, UK

Introduction: There are currently no clinically approved drugs for treatment of Merlin-deficient schwannoma. Loss of Merlin occurs in 100% of 
neurofibromatosis type II schwannomas and 70% of sporadic schwannomas. Multiple studies show that Merlin-deficient tumors exhibit aberrant Hippo 
pathway activity resulting in the nuclear translocation of the co-transcriptional activators YAP and TAZ. Nuclear YAP and TAZ activate TEAD family transcription 
factors to drive tumor phenotypes in Merlin-deficient tumors. Here we present small molecule inhibitors of TEAD autopalmitoylation that significantly reduce the 
proliferation of schwannomas in the Periostin-Cre; NF2fl/fl in vivo model.

Experimental Procedures: Periostin-Cre+; NF2fl/fl mice spontaneously develop schwannomas within their dorsal root ganglia (DRGs) and vestibular apparatus. 
Two Vivace Therapeutics (VT) small molecule inhibitors of TEAD autopalmitoylation were used to treat littermates which were either NF2-null (Cre+), or control 
(Cre-). Mice at 3-months and 5-months of age were dosed daily with either 10 mg/kg or 30 mg/kg of drug or vehicle by oral gavage for 21 days. Mice were 
pulsed with 100 mg/kg of EdU and tissue was collected to analyse proliferation and protein expression within the sciatic nerve, DRG, and vestibular apparatus.

Results: Both VT inhibitors were well tolerated after 21 d consecutive oral gavage with no weight loss or adverse effects noted. At the two sites of 
tumorigenesis, the DRGs and vestibular ganglia, an EdU proliferation assay revealed that treatment with either VT inhibitor significantly reduced proliferation in 
both 3-month and 5-month old Cre+ mice compared to Cre+ vehicle controls. There was no significant proliferation in drug or vehicle treated Cre- littermates. 
Western blotting revealed that the protein level of connective tissue growth factor (CTGF), whose expression is driven by TEADs, is significantly reduced 
in Cre+ VT treated mice compared to Cre+ vehicle controls. Taken together, this suggests that VT inhibitors reduce proliferation by suppressing TEAD 
transcriptional activity in Merlin-null Schwann cells.

Conclusions: The Periostin-Cre; NF2fl/fl mouse model is the only Merlin-deficient mouse model in which schwannomas develop spontaneously with 100% 
penetrance. Here we show that VT drugs are efficacious for slowing proliferation in this model. Mechanistically, VT inhibitors block autopalmitoylation of 
TEADs, we demonstrate that treatment with these drugs reduce levels of CTGF, whose expression is driven by TEADs. This promising preclinical data should 
be explored further as an effective way of slowing schwannoma tumor growth.

Full List of Authors: Liyam Laraba1, Julio Grimm de Guibert1, Phillip Edwards3, Aditya Shivane3, C. Oliver Hanemann1, Emanuela Ercolano1, Tracy T. Tang2, Leonard Post2 and David 
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1Faculty of Health: Medicine, Dentistry and Human Sciences, University of Plymouth, Plymouth, Devon, UK.
2Vivace Therapeutics, San Mateo, CA, USA. 3 Department of Cellular and Anatomical Pathology, Derriford Hospital, Plymouth, UK.
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NF2/SCHWANNOMATOSIS: BENCH TO BEDSIDE – CONCURRENT SESSION
Session Co-Chairs: Matthias Karajannis, MD, MS, Memorial Sloan Kettering Cancer Center; Miriam Smith, PhD, University of Manchester, UK 

The Role of Lztr1 Loss in Schwannoma Development Versus Noonan Syndrome  
Monday, June 14, 2:45pm – 3:10pm
 
Anna Sablina, PhD, KU Leuven, Belgium

Germline mutations of leucine zipper-like transcriptional regulator 1 (LZTR1), a gene encoding an E3 ubiquitin ligase adaptor, have been associated with Noonan 
syndrome and familial Schwannomatosis. The mechanisms by which LZTR1 germline mutations predispose to Noonan Syndrome versus Schwannomatosis 
are still unknown. Whole-body Lztr1 haploinsufficiency partially recapitulates Noonan Syndrome phenotypes such as facial dimorphism, heart malformations, 
hydrops fetalis, and hemorrhages. On the other hand, there is no evidence of the tumor-suppressive function of LZTR1 in animal models. To understand the 
origin of the different Lztr1 related phenotypes, we generated tissue- and developmental stage specific conditional mice carrying Lztr1 using an inducible Nestin 
CreERT2 or P0/Myelin Basal protein (MBP) CreERT2 promoter. To mimic secondary peripheral nerve or spinal cord neoplasms that commonly occur in children 
treated by irradiation, we developed the procedure for administering fractionated cranial irradiation and investigated tumor incidence in irradiated Lztr1-mutant 
mice. Given that LZTR1 mutations co-occur with the loss of heterozygosity in NF2 gene, encoding an upstream regulator of the Hippo signaling pathway, we also 
explored the cooperation of LZTR1 loss and activation of the Hippo pathway in schwannoma development.

Full List of Authors: R. Sewduth1,2, T. Ivanisevic1,2, N. Criem1,2, M. B. Lechat1,2, A.A. Sablina1,2* 
1VIB-KU Leuven Center for Cancer Biology, VIB, 3000 Leuven, Belgium.
2Department of Oncology, KU Leuven, Herestraat 49, 3000 Leuven, Belgium.

Meet DGCR8 in the Middle  
Monday, June 14, 3:10pm – 3:35pm
 
Barbara Rivera Polo, PhD, IDIBELL, Spain

DICER1 syndrome is a pleotropic tumor susceptibility syndrome due to germline pathogenic variants in the microprocessor DICER1 gene. DICER1 carriers are at 
risk of developing more than 15 different tumor types (both benign and malignant) including very rare pediatric tumors of the central nervous system. Although 
familial forms of multinodular goiter (fMNG) are very rare, DICER1 is a bona-fide susceptibility gene for fMNG. We followed a three-generation family affected of 
fMNG in which no DICER1 alteration was found. Five of the six affected members also developed painful peripheral schwannomas, a phenotype never associated 
to DICER1 alterations. Exome sequencing identified a single germline pathogenic variant in the nuclear-microprocessor DGCR8 (c.1552G>A;p.E518K) 
segregating in all affected members (Rivera et al,. 2020). DGCR8 localizes in Chrm 22q11, within de DiGeorge Critical Region and nearby the tumor suppressor 
LZTR1 and, likewise DICER1, it is a key player in the miRNA biogenesis pathway. WES of all tumors sequenced (including schwannomas, thyroid tumors, MNG, 
choroid plexus papillomas and Wilms tumors) harboring a c.1552G>A;p.E518K mutation showed loss of the wild-type copy of chromosome 22. In vitro studies 
proved that the E518K mutant is deficient in the processing of certain species of pri-miRNAs into pre-miRNAs, and miRNA profiling revealed a specific profile 
to be common among different E518K mutated tumor types. RNAseq of DGCR8 mutated schwannomas compared to DGCR8 wild-type schwannomas showed 
an overexpression of RAS proteins. One year later, a 35 years old man was being followed due to history of multiple schwannomas (n=7) since the age of 12 
who had developed thyroid nodules and papillary thyroid cancer (dx.23y), and renal cyst (dx.33y). No family history of thyroid nodules or schwannomatosis 
was reported. WES of the proband’s blood DNA identified the c.1552G>A;p.E518K variant, whereas no other likely pathogenic variant was identified in any other 
cancer susceptibility genes. Sanger-seq showed loss of heterozygosity at the variant level in all analyzed tumors. Segregation analysis in the germline DNA of 
parents and sister revealed no other carriers and pointed to a de novo character of the variant. WES analysis of five schwannomas revealed secondary somatic 
pathogenic NF2 mutations in the five schwannomas analyzed from this carrier. The identification of this new case further confirms the role of DGCR8 as novel 
tumor susceptibility gene conferring risk for the development of thyroid abnormalities and peripheral schwannomatosis.
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Platform: Preclinical Assessment of Fimepinostat, a Dual Phosphoinositde-3 Kinase/Histone Deacetylase 
Inhibitor as a Therapeutic for Neurofibromatosis 2 Schwannomas  

Monday, June 14, 3:35pm – 3:55pm
 
Maria Martinelli, MSc, Burnett School of Biomedical Sciences, University of Central Florida

Neurofibromatosis Type 2 (NF2) is a rare tumor disorder affecting the nervous system. NF2 is caused by loss of function mutations or deletions in NF2, a 
gene encoding the merlin tumor suppressor. NF2 patients typically have bilateral vestibular schwannomas (VS), other peripheral nerve schwannomas, and 
multiple meningiomas and ependymomas. Current treatment involves resecting or debulking tumors when they threaten loss of life or nerve and brain function. 
However, surgery can lead to neurological deficits including hearing loss and paralysis. Other treatment options include gamma knife radiosurgery. This 
however is not suitable for large tumors, increases the chance of a future malignancy and does not preserve hearing in the long term. Thus, there is an unmet 
need for NF2 drug therapies. Here, we conducted additional pre-clinical studies to assess the efficacy of fimepinostat (CUDC-907), a dual histone deacetylase 
(HDAC)/phosphoinositide 3-kinase (PI3K) inhibitor that was previously screened by the Synodos-NF2 consortium. It is currently in clinical trials for children 
and young adults with brain tumors (NCT03893487). While effective in schwannoma and meningioma cell models, it did not meet the in vivo efficacy 
benchmark in a meningioma xenograft model and a schwannoma genetic engineered model (Allaway et al. 2018). In our studies, fimepinostat however 
emerged as the lead compound in a 174 PI3K pathway inhibitor library screened using two isogenic pairs of human merlin-deficient Schwann cell (MD-SC) 
lines. Its IG50 in human MD-SC is 0.003 uM and in mouse MD-SC is 0.66 uM. Its selectivity for MD- versus isogenic wild-type Schwann cells (WT-SC) in the 
two pairs of human SC lines ranges from 5-111 fold. Moreover, live imaging of human MD-SC using a caspase 3/7 activity assay revealed that fimepinostat 
induced apoptosis within 24 hours at a concentration of 10 nM. Western blot analysis confirmed a dose dependent activation of caspase 7. In addition, 
fimepinostat reduced acetylated lysine and phosphorylated AKT levels at 10 nM and 100 nM, respectively, within 4 hours of addition. Cell cycle arrest was 
observed at 24 hours in MD-SCs treated with 10 nM fimepinostat. Drug efficacy was tested in vivo using a sciatic nerve allograft mouse model. Fimepinostat 
decreased tumor size by 44% of vehicle control in a 14-day treatment regimen. Fimepinostat decreased 72-hour viability of 6 freshly resected VS cells and 
induced apoptosis by 24 hours. Our studies demonstrate good efficacy of fimepinostat in an allograft schwannoma model and its ability to cell death in vitro, 
and warrant additional studies to assess apoptosis in vivo.

Work Supported by: National Institute of Health/NIDCD RO1 DC017264 to CFV. 
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Platform: Pre-Clinical Assessment of Combinatorial PI3K/mTOR and FAK/SRC Pathway Inhibitors for 
Treatment of NF2 Schwannomas  

Monday, June 14, 3:55pm – 4:10pm
 
Haley Hardin, University of Central Florida

Neurofibromatosis Type 2 (NF2) is a tumor disorder caused by inactivating mutations in the NF2 gene. NF2 patients develop multiple benign tumors 
(schwannomas, meningiomas, ependymomas) in the nervous system. Current treatment consists of surgical resection, radiation or enrollment in a small 
number of clinical trials. The NF2 gene encodes the tumor suppressor merlin that regulates cell size, morphology, proliferation, and survival. Evaluation of the 
efficacy of compounds and FDA-approved drugs that target these pathways is crucial for improving clinical care of NF2 patients. 

The number and complexity of merlin-dependent pathways makes the selection of druggable targets difficult. Merlin-deficient schwannoma cells (MD-SC) 
also can activate compensatory survival mechanisms and evade cell death when a single pathway is inhibited. One such pathway is the mammalian target of 
rapamycin (mTOR) pathway. Two mTOR kinase inhibitors, AZD2014 (NCT02831257) and everolimus (NCT02352844), have been evaluated in phase 2 clinical 
trials for NF2 with moderate success. The treatments produced a cytostatic effect, in which tumor growth decreased significantly in a subset of patients but 
overall tumor size did not permanently decrease. An upstream regulator of the mTOR pathway is phosphoinositide 3-kinase (PI3K). Kinome studies revealed 
that MD-SC increased activity of focal adhesion kinase (FAK) and SRC family members following a 24-hour incubation with PI3K inhibitors1. FAK and SRC 
regulate cell survival and their activation could underlie schwannoma cell resistance to PI3K/mTOR inhibitor monotherapies. Investigation into combinatorial 
drug therapies targeting multiple pathways simultaneously may improve the efficacy of the drugs in clinical trial for NF2 patients.

A combination matrix screen was conducted using 32 clinically relevant compounds to identify the most effective and synergistic combination of PI3K/mTOR 
and FAK/SRC pathway inhibitors. Eight of the top combinations were then assessed for selectivity of human MD-SC over wild-type Schwann cells (WT-SC). 
The top performing combination was omipalisib, a PI3K/mTOR inhibitor with dasatinib, a tyrosine-protein kinase Eph/ABL/SRC inhibitor. The mechanism of 
action and phenotypic responses of the combination therapy compared to the single inhibitors was studied in: 1) human model schwannoma cell lines, 2) an 
in vivo allograft nerve model, and 3) patient-derived vestibular schwannoma (VS) cells. The results of these studies provide data on the efficacy of co-targeting 
the PI3K/mTOR and FAK/SRC pathways in combination for the treatment of NF2 schwannomas.

Additional Authors: Alejandra Petrilli, Abdulrahman Allaf, Olena Bracho, Christine Dinh, Cristina Fernandez-Valle

Granting Agency: NIH/NINDS (R56-NS102254 to CFV)
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IMMUNOTHERAPY AND THE MICROENVIRONMENT – CONCURRENT SESSION
Session Co-Chairs: David Gutmann, MD, PhD, Washington University; Antonio Iavarone, MD, Columbia University 

Immunology of the Brain Tumor Microenvironment  
Monday, June 14, 2:45pm – 3:10pm
 
David H. Gutmann, MD, PhD, Department of Neurology, Washington University School of Medicine, St. Louis, MO

Brain tumors arising in children with NF1 represent complex cellular ecosystems, comprised of both neoplastic and non-neoplastic cells. Using genetically 
engineered mouse models of Nf1 low-grade optic gliomas, we have previously shown that microglia recruitment and function are critical for tumor formation 
and progression. To determine how microglia support Nf1 optic glioma cell growth, we employed bulk RNA sequencing to demonstrate that Ccl5 is the 
critical glioma cell mitogen produced by microglia, which is induced by T cells through the secretion of paracrine factors. Moreover, Nf1-mutant neurons are 
responsible for T cell activation and the elaboration of these paracrine factors. Taken together, these findings support the existence of a neuron-immune-cancer 
cell axis, and suggest that targeted interruptions of this circuit will impair glioma formation and growth.

Full List of Authors: Jit Chatterjee, PhD, Yi-Hsien Chen, PhD, Amanda de Andrade Costa, PhD, Olivia Cobb, MSBIS, Xiaofan Guo, MD, PhD, Winnie Pong, PhD, Yuan Pan, PhD, Shilpa 
Sanapala, MS, Anna Solga, PhD, David H. Gutmann, MD, PhD
Department of Neurology, Washington University School of Medicine, St. Louis MO

Immuno-Oncologic Interfaces of NF1-Associated Peripheral Nerve Sheath Tumor Progression: New Frontiers 
and Therapeutic Opportunities  

Monday, June 14, 3:10pm – 3:35pm
 
Steven Rhodes, MD, PhD, Indiana University School of Medicine, Riley Hospital for Children at Indiana University Health, Department of Pediatrics, 
Division of Hematology–Oncology

Neurofibromatosis type 1 (NF1) associated peripheral nerve sheath tumors (PNST) are heterogeneous tumors characterized by dynamic interactions 
between tumorigenic Schwann cell precursors, stromal elements, vasculature, and infiltrating immune cells.  Genetically engineered mouse (GEM) models 
have facilitated discoveries of immune effector cells within the tumor microenvironment with propensities to dictate tumor initiation and progression, yet the 
inherent complexities of the immune landscape in NF1-associated PNST remain largely uncharted. New technologies including multiplexed inhibitor bead/
mass spectrometry (MIB/MS) coupled with bulk and single cell transcriptomics are enabling in-depth characterization of the NF1 PNST microenvironment in an 
unparalleled fashion. Integrating these methodologies, we identify a number of tractable kinases that are highly activated within murine plexiform neurofibroma 
and characterize their expression at single cell resolution within tumor cells of origin, stromal, and infiltrating immune cell lineages. The application of this 
approach to comprehensively define pharmacologic signatures of therapeutic agents targeting MEK and other receptor tyrosine kinases has further illuminated 
novel drug combinations with efficacy in preclinical GEM models as discussed herein. Finally, GEM modeling of plexiform neurofibroma progression to atypical 
neurofibroma and malignant peripheral nerve sheath tumor (MPNST) driven by the conditional genetic inactivation of Nf1 and the Cdkn2a/b tumor suppressor 
locus in Schwann cell precursors has provided new opportunities to define immuno-oncologic interfaces of NF1 PNST progression. In parallel studies, spatial 
transcriptomic profiling of a series of human NF1-associated PNST revealed dynamic alterations in immune cell abundance and inflammatory signatures that 
occur across multiple stages of the PNST continuum. Collectively these findings implicate nascent changes within the immune microenvironment as an early 
harbinger of PNST evolution and may serve to inform future prospective clinical investigations to improve risk stratification and guide early clinical interventions 
to ultimately preempt malignant transformation in persons at highest risk.
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State of Immune System in GBM – Implications for Immunotherapy Trials  
Monday, June 14, 3:35pm – 4:00pm
 
David A. Reardon, MD, Clinical Director, Center for Neuro-Oncology; Dana-Farber Cancer Institute

Immune checkpoint therapy targeting the Programmed Death 1 (PD-1) inhibitory immunomodulatory molecule and its ligand PD-L1 have transformed the 
treatment of multiple cancers. Glioblastoma, the most common primary CNS malignant tumor among adults, has emerged as a prototypic immunologically 
“cold” tumor which has failed to benefit from immune checkpoint therapy to date. Several factors contribute to these disappointing results including that: GBM 
tumors exhibit low intrinsic immunogenicity due to a relatively low tumor mutational burden and low PD-L1 expression level; GBM tumors secrete multiple 
molecules that blunt immune effector cell infiltration and function; a large predominance of suppressive myeloid cells dominates the microenvironment of GBM 
tumors; glioblastoma tumors drive T cell sequestration in the bone marrow; and hostile physical factors characterize the GBM microenvironment including 
hypoxia, acidosis and nutrient deprivation. Personalized cancer vaccines can induce robust, tumor specific systemic and intratumoral CD4+ and CD8+ T 
cell responses but these are blocked by concurrent dexamethasone administration. Concurrent dexamethasone administration contributes to quantitative and 
qualitative T cell limitations for GBM tumors and its use should be avoided if possible among neuro-oncology patients undergoing immunotherapy. A better 
understanding of the factors contributing to immunosuppression in the microenvironment of GBM tumors is critically needed. Our work to identify a previously 
unrecognized immunosuppressive circuit involving KLRB1:CLEC2D provides one example of discovery needed to improve the likelihood of immunotherapy 
approaches ultimately benefiting patients with GBM tumors.

Platform: Epigenetic Reprogramming Drives Schwann Cell Transformation and Treatment Resistance in 
Malignant Peripheral Nerve Sheath Tumors (MPNSTs)  

Monday, June 14, 4:00pm – 4:15pm
 
Harish N. Vasudevan, MD, PhD, University of California, San Francisco

Schwann cell derived tumors, comprising schwannomas, neurofibromas, and malignant peripheral nerve sheath tumors (MPNSTs), are the most common 
malignancies of the peripheral nervous system. While schwannomas and neurofibromas are benign, MPNSTs are malignant, metastasize, and respond poorly 
to treatment. Neurofibromas and MPNSTs are associated with loss of NF1, a tumor suppressor that inhibits Ras signaling, and MPNSTs alone demonstrate loss 
of Polycomb Repressive Complex 2 (PRC2), a key epigenetic regulator of DNA methylation. Translationally, in contrast to neurofibromas, MPNSTs are resistant 
to MEK inhibition and radiotherapy. To understand the genomic mechanisms of Schwann cell transformation and treatment resistance, we performed DNA 
methylation profiling, RNA-sequencing, and whole exome sequencing of primary Schwann cell tumor resection specimens (n=119 total, n=66 schwannoma, 
n=13 neurofibroma, n=40 MPNSTs). Principal component analysis of DNA methylation and RNA-sequencing data demonstrated a gradient of epigenetic 
signatures across Schwann cell tumors. Copy number variant and short somatic variant analysis further demonstrated NF1 loss specifically in neurofibromas 
and MPNSTs, but PRC2 loss in MPNSTs alone. Differential DNA methylation and RNA-sequencing analyses revealed enrichment for PRC2 target genes and 
repression of Schwann cell differentiation genes (SOX10, S100B) in MPNSTs compared to neurofibromas or schwannomas. To understand the impact of 
these genomic changes in Schwann cell transformation, we integrated biochemical and functional genomic approaches in primary human cells from NF1 
intact peripheral nerve, NF1 mutant neurofibromas, and MPNSTs (n=6). Integrated RNA-sequencing analysis of MPNST and neurofibroma cell lines with 
CRISPR knockout SUZ12 or EZH1/2 neurofibroma cell lines revealed repression of Schwann cell differentiation genes and induction of Ras signaling in both 
PRC2 deficient cells and MPNST cell lines. In contrast to neurofibroma cells, MPNST cells deficient in PRC2 and NF1 exhibited increased basal active Ras-GTP 
levels. In addition, PRC2 deficient MPNST cell lines were more resistant to the MEK inhibitor selumetinib and radiotherapy when compared to NF1-deficient 
neurofibroma cells. Single cell RNA sequencing analysis suggested distinct mechanisms of selumetinib resistance in PRC2 intact neurofibroma cells compared 
to PRC2-deficient MPNST cells. Taken together, our data demonstrate the importance of epigenetic dysregulation in malignant Schwann transformation and 
suggest a potentially novel mechanism of MEK inhibitor resistance in MPNSTs tied to Schwann cell differentiation status.

H.N.V is supported by a Children’s Tumor Foundation Young Investigator Award and the UCSF Wolfe Meningioma Program Grant. 
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PAIN
Session Co-Chairs: Rajesh Khanna, PhD, University of Arizona; Staci Martin, PhD, National Institutes of Health (NIH) 

Acceptance and Commitment Therapy and Heart Rate Variability: Implications for Pain Management in NF1  
Tuesday, June 15, 9:30am – 9:50am
 
Taryn M. Allen, PhD, Clinical Research Directorate, Frederick National Laboratory for Cancer Research

Background: Individuals with neurofibromatosis type 1 (NF1) and plexiform neurofibromas (PNs) commonly report pain. In this population, chronic pain 
can be difficult to treat and has been associated with lower levels of quality of life and higher rates of social-emotional distress. Relatively less research has 
examined the impact of pain on physiological parameters in NF1. Heart rate variability (HRV) is a physiological marker of pain adaptability and reflects the 
time elapsed between heart beats. Greater HRV is associated with better overall health and emotional wellbeing, whereas lower levels of HRV are observed 
in individuals with chronic pain and psychological stress. In the current analysis, we examined the impact of a behavioral pain intervention, Acceptance and 
Commitment Therapy (ACT), on HRV among individuals with NF1, PNs and chronic pain. This is a sub-study of a larger randomized controlled trial of ACT for 
chronic pain among adolescents and adults with NF1 and PNs. 

Methods: Individuals with NF1 (n=64; M=30.7 years old, range=16-65 years, 38.7% male), at least one PN, and chronic pain completed baseline 
questionnaires to assess their pain and psychological functioning before and after an 8-week ACT intervention. The ACT intervention included mindfulness, 
pain acceptance (i.e., acknowledging that pain arises and is difficult to eliminate), and values-based behavior change. Participants underwent an 
electrocardiogram (ECG) pre- and post-intervention. Spectral analyses of ECGs yielded a measure of parasympathetically-mediated HRV. Correlations 
examined the association between HRV and pain-related variables at baseline. Repeated measures ANCOVA examined the change in HRV following the 
ACT intervention, controlling for the effect of gender (which is known to impact HRV). Further, a hierarchical linear regression model examined pain-related 
predictors (i.e., pain intensity and pain inflexibility) of HRV. 

Results: At baseline, lower levels of HRV were associated with significantly more pain interference (r = -0.33, p<0.05) and greater psychological inflexibility 
with pain (r = -0.29, p<0.05). There was no significant impact of ACT on post-intervention HRV compared to a no-treatment control group. However, when 
examining the data from pre-intervention to post-intervention, there was a significant increase (i.e., improvement) in HRV following the ACT intervention [F(2, 
50) = 4.48; p<0.05]. The results also suggest that changes in pain intensity over the course of the ACT intervention significantly predict changes in HRV at 
post-intervention. In contrast, changes in mental flexibility did not significantly predict changes in HRV at post-intervention. 

Conclusion: The current results suggest an association between HRV with pain interference and inflexible approaches to handling pain in individuals with NF1, 
which is consistent with previous literature in other populations. Further, improvements in HRV were observed following the ACT intervention when looking 
pre to post intervention. However, these effects did not hold when comparing the impact of ACT on HRV to a no-treatment control. This may reflect weak 
power in the between-groups analysis, given the improvements observed using a within-groups comparison. The current research suggests that reductions 
pain intensity, but not changes in mental flexibility with pain, predict improvements in HRV following the ACT intervention. Future research should continue to 
examine the impact of pain on physiological functioning, alongside metrics of quality of life, in an effort to develop effective treatments for this population. 

This protocol was funded by a grant from the Neurofibromatosis Therapeutics Acceleration Program. This project also has been funded in whole or in part with federal funds from the 
National Cancer Institute, National Institutes of Health, under Contract No. HHSN261200800001E 75N910D00024, Task Order No 75N91019F00129.

Distinct Categories and Mechanisms of Pain in NF1, NF2 and Schwannomatosis  
Tuesday, June 15, 9:50am – 10:10am
 
Larry S. Sherman, PhD, Division of Neuroscience, Oregon National Primate Research Center, Oregon Health & Science University, Beaverton, Oregon

People living with neurofibromatosis 1 (NF1), neurofibromatosis 2 (NF2), and schwannomatosis often experience pain. In all three cases, this pain can be 
associated with tumors and is difficult to treat with standard pain therapies. However, especially in people with NF1 (who have increased risk for numerous 
painful conditions, such as scoliosis and pseudoarthrosis) and schwannomatosis, pain can arise in areas where a specific tumor is not apparently involved. 
There is growing evidence that aberrant Schwann cells can secrete factors that influence pain signaling in nearby sensory neurons. This presentation will focus 
on evidence supporting a role for mutations in NF1, SMARCB1 and LZTR1 in regulating the transcription and release of pain mediators from Schwann cells, 
supporting a novel hypothesis for how specific mutations in Schwann cells can directly impact pain.
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Pain Correlates with Germline Mutation in Schwannomatosis  
Tuesday, June 15, 10:10am – 10:30am
 
Justin T. Jordan, MD, MPH, FAAN, Massachusetts General Hospital, Boston, MA

Schwannomatosis has been linked to mutations in both the SMARCB1 and LZTR1 genes, though no pathogenic variant is identified in the majority of cases.  
Chronic pain is a common feature of schwannomatosis. We combined patient genotyping with whole body MRI (WBMRI) data to search for genotype-
phenotype correlation within a cohort of patients with schwannomatosis. We began with a cohort of 37 patients with clinically diagnosed schwannomatosis 
who previously underwent WBMRI and three-dimensional computerized volumetry to determine the number and volume of internal nerve sheath tumors, and 
who either had a known pathogenic variant in SMARCB1 or LZTR1, or had stored lymphoblasts for genetic testing. For individuals without previously identified 
pathogenic variants, we employed custom biotinylated cRNA baits to capture the entire gene regions of SMARCB1, LZTR1, and NF2 genes from patient blood 
samples, and next generation sequencing was performed. Genotype-phenotype correlation was evaluated using Wilcoxon and Spearman testing in SAS 9.4. 
A predicted pathogenic variant was identified in LZTR1 in 5 patients (median age at diagnosis 46, 0 familial), SMARCB1 mutation in 15 patients (median age 
48, 6 related individuals from 2 different families), and neither gene in 17 patients (median age 39, 2 related). No pathogenic NF2 variants were identified. 
Among those with tumors identified, median tumor number was 4 in the LZTR1 group (median total body tumor volume 30cc) and 10 in the SMARCB1 group 
(median total body tumor volume 85cc), (p=0.2915 for tumor number and p=0.2289 for volume). LZTR1 mutation was associated with greater prevalence 
of spinal schwannomas (100% vs 41%, p=0.0197), while no intracranial meningiomas were identified in any patient. Median pain score was 3.9 in the LZTR1 
group and 0.5 in the SMARCB1 group (p=0.0414), and SF-36 pain-associated quality of life was significantly worse in the LZTR1 group (p=0.0106). Within 
the entire cohort, pain scores correlated with total body tumor volume (p=0.0499) but not with the number of tumors (p=0.1696); no such correlation 
existed within individual mutation groups. In conclusion, we identified no significant difference in tumor burden between mutational groups, though spinal 
schwannomas were more prevalent in LZTR1-mutant patients. Pain was higher in LZTR1-mutant patients than SMARCB1-mutant patients, and spinal tumor 
location did not significantly correlate with pain. This suggests a possible genetic association with pathogenic variants leading to schwannomatosis.

Full List of Authors: Justin T. Jordan, MD, MPH1; Miriam J. Smith, PhD2; Vanessa L. Merker, PhD1; Wenli Cai, PhD1; Gordon J. Harris, PhD1; Miriam A. Bredella, MD1; Serkan Erdin, PhD1; 
James F. Gusella, PhD1; Scott R. Plotkin, MD, PhD1

1Massachusetts General Hospital, Boston, MA; 2University of Manchester, Manchester, UK
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Platform: A Qualitative Understanding of Pain Interests Across Medical Experts and Individuals with NF1  
Tuesday, June 15, 10:30am – 10:45am
 
Frank D. Buono, PhD, Yale School of Medicine

Introduction: Neurofibromatosis Type 1 (NF1) is an autosomal dominant genetic disorder affecting an estimated 1 in 3000 individuals worldwide1. Over 
50% of individuals with NF1 report significant pain and discomfort2, often stemming from PNs3. In addition to other tumor-related pain4, individuals may 
also experience impaired quality of life5. The use of mobile technology is a promising and effective strategy for expanding access to pain self-management 
interventions6. We sought to gain information that could inform future adaptations of the iCanCope (iCC) mobile health application for the self-management of 
NF1-related pain through identifying the desired features and content of NF1 patients and pain treatment experts.

Methodology: The qualitative study involved two types of participants: NF1 patients and experts in the treatment and management of NF1-associated pain. 
Each session lasted approximately one hour and occurred via a secure and password-enforced Zoom video conference. Two members of the research team 
(FB, KL) with prior training in conducting focus groups facilitated each session. Sessions began by reviewing the informed consent and obtaining verbal 
consent from all participants. The coding team continued to meet periodically to resolve any additional coding questions or further refine code definitions as 
needed. The coded transcripts were then entered into Dedoose (v.8.3.47) for analysis. The coding and analysis process continued in an iterative fashion using 
thematic analysis7, 8.

Results: A total of nine focus groups (six patient and three expert groups) occurred between January and May 2020. In overcoming barriers, previous 
research has shown intrinsic motivation9 to be critical and often the first step in promoting future goal-oriented behaviors10, 11. We therefore sought to identify 
themes that could influence motivation to use the proposed mobile application and generated a total of six themes across two levels (i.e., Individual and 
Application). The themes of Lifestyle, Reasons for Using the Mobile App, and Concerns were identified at the Individual Level. The App Level included the 
themes of Desired Content, Desired Features, and Format Considerations. 

Discussion: The study findings suggest that adapting the iCC application for use by NF1 patients with chronic pain was positively received by NF1 patients 
and chronic pain experts as a welcomed addition to the armamentarium of NF1 treatment resources. Careful attention should be paid to the creation of a 
community support group option and program content, format, and ability to tailor it to potential users’ specific lifestyle needs.

Full List of Authors: Frank D. Buono, Ph.D.; Kaitlyn Larkin, B.A.; Chitra Lalloo, Ph.D.; Samuel A. Ball, Ph.D.; Jennifer Stinson, R.N., Ph.D.; William T. Zempsky, M.D., MPH; Lauretta 
E. Grau, Ph.D.

Funding: Support: This work was supported by the Office of the Assistant Secretary of Defense for Health Affairs through the Neurofibromatosis Program under award number 
(W81XWH-19-1-0618)
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GENE THERAPY
Session Co-Chairs: Elisabeth Castellanos, PhD, Hospital Germans Trias & Pujol, ESP; Eric Pasmant, PhD, Université de Paris, FR 

Non-Viral Gene Therapy for Neurofibromatosis  
Tuesday, June 15, 10:50am – 11:15am
 
Jiangbing Zhou, PhD, Yale School of Medicine

Gene therapy has emerged as an increasingly feasible therapeutic option and an attractive alternative to using traditional pharmacological approaches for 
treatments of various genetic diseases, including neurofibromatosis. In current clinical applications, viral vectors are dominantly used because of their high 
efficiency in gene delivery. However, viral-based delivery methods are limited in the size of the package they can carry and associated with potential concerns 
about immunogenicity and cytotoxicity. Compared to the viral approach, delivery using synthetic non-viral vectors, such as lipid- or polymer-based nanoparticles 
(NPs), has major advantages in having limited immunogenicity, great capacity to accommodate large genetic materials, and flexibility for surface engineering to 
enable targeting. In this talk, I will firstly briefly review the recent progress in development of non-viral vectors for gene delivery. Next, I will discuss our recent 
progress in synthesizing polymeric NPs for targeted delivery of gene replacement therapy and gene editing therapy for treatment of neurofibromatosis.

Platform: Development of Novel Clinically Relevant AAV Vectors for Safe and Efficient Targeting of Human 
Primary Schwann Cells  

Tuesday, June 15, 11:15am – 11:30am
 
Matthieu Drouyer, PhD, Children’s Medical Research Institute, Faculty of Medicine and Health, The University of Sydney, Westmead, Australia

Introduction: Neurofibromatosis Type I (NF1) is an autosomal dominant progressive multisystem disorder characterized by a wide variety of clinical 
manifestations and is associated with an increased risk of tumours. Loss of the protein neurofibromin leads to the formation of benign and malignant 
neurofibromas originating in cells that form the myelin sheath of peripheral nerves, called Schwann cells. Currently, there is no cure for NF1 and, despite 
advances in gene delivery technology, vectors that can modify primary human Schwann cells (hSCs) at high efficiency have yet to be identified. Vector system 
based on recombinant adeno-associated virus (rAAV) has shown great promise in recent clinical trials for genetic diseases of multiple organs, such as liver, 
nervous system or the eye. Therefore, we aimed to develop novel AAV variants with the ability to target primary hSCs at both high efficiency and specificity for 
translational applications. 

Methods: We have screened a panel of AAV in multiple primary and immortalised hSCs donors using our AAV Testing kit which consisted of a mix of known 
AAVs (>50) where each variant encodes a CMV-eGFP cassette and a unique barcode (BC), allowing next-generation sequencing-BC (NGS-BC) analysis at 
both the DNA and RNA/cDNA levels. We have also performed directed evolution selections of novel AAV variants using our proprietary Functional Transduction 
Platform. We have created three complex AAV libraries containing up to 107 variants. Specifically, we have performed multiple rounds of selection and used 
NGS to identify capsids that were the most enriched. The best candidates from each of the two approaches, were then combined to create an “AAV hSC target 
mix” and tested on primary hSCs. Following transduction, hSCs were harvested for NGS-BC analysis. 

Results: Primary hSCs from five donors were transduced with the AAV Testing Kit. At cDNA/RNA level, five AAV variants transduced primary hSCs with 
superior efficiency but they also transduced fibroblasts with high efficiency. Through directed evolution, we have successfully selected novel AAV capsids 
which outperformed AAV-DJ at transducing primary hSCs and did not efficiently transduce fibroblasts. We then tested each candidate individually, primary 
hSCs were transduced at a range of doses followed by GFP expression quantification using flow cytometry and immunohistochemistry. One novel AAV variant 
showed overall the best performance. 

Conclusion: We performed bioengineering of AAV and applied Directed Evolution approaches to develop a set of novel AAV variants that can efficiently 
transduce primary hSCs, but not fibroblasts. In fact, our vectors transduce primary hSCs more efficiently than AAV-DJ, the most functional variant reported to 
date. The new AAV capsids will be valuable as research tools and will form the basis of therapeutic solutions for patients.

Full List of Authors: Jeff Biernaskie, Tak Ho Chu, Elodie Labit, Kristi Jones, Leszek Lisowski and Samantha Ginn.

This work was supported by a Neurofibromatosis Type 1 (NF1) Gene Therapy Initiative project grant from the Children’s Tumor Foundation (CTF)
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Platform: Developing CRISPR-Based Gene Therapies for Neurofibromatosis Type 1 (NF1)  
Tuesday, June 15, 11:30am – 11:45am
 
Stephanie J. Bouley, PhD, Center for Genomic Medicine, Massachusetts General Hospital

Recent advances in CRISPR-based genome editing technologies offer hope for lifelong restoration of neurofibromin deficiency by permanent correction of 
NF1 mutations. To address the plethora of pathogenic mutations in NF1, including specific insertions, deletions, or base substitutions, we are developing 
personalized therapeutics for individuals with NF1 using both base and prime editing to precisely correct these lesions in the genome. Base editors (BE) can 
efficiently install the four transition mutations (C→T, G→A, A→G, and T→C), while prime editing (PE) is able to mediate targeted insertions, deletions and all 
12 possible base-to-base conversions in human cells. In contrast to CRISPR-Cas9 gene editing, neither BEs or PEs intentionally induce double-strand DNA 
breaks (DSBs) nor require an exogenous donor DNA repair template, and generally exhibit lower levels of off-target editing. 

We are investigating the feasibility of using genome editing as a therapeutic approach to correct NF1 mutations in plexiform neurofibromas (PNs). Genome 
editing strategies are being tested in both patient-derived cell lines, including lymphoblastoid cell lines (LCLs) bearing NF1 germline mutations and 
immortalized Schwann cells (SC) from PNs with both germline and somatic NF1 mutations, as well as de novo SC models with patient-specific NF1 mutations 
generated using CRISPR. Each of these cell models is being used to devise and test base editing and prime editing for efficient and accurate NF1 mutation 
correction. We are capitalizing on our continuing efforts to develop novel, engineered Cas variants that improve the efficiency and precision of BEs and PEs. 
In addition, by increasing the current targeting ranges of these enzymes, we will be able to extend the possibility of precise gene editing to cover the diverse 
spectrum of NF1 germline mutations. Our goal is to develop efficient, personalized, safe, and effective genome editing strategies to treat NF1 tumors.

This work is funded by the Children’s Tumor Foundation (CTF) NF1 Gene Therapy Initiative.

Full List of Authors: Stephanie J. Bouley1, Francisco Fernandez1, Edward J.M. Scullion1, Benjamin P. Kleinstiver1,2,3, James A. Walker1,4
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Platform: Testing the Use of Antisense Oligonucleotides to Modulate the Effect of Splicing and Nonsense 
Genetic Variants Causing Neurofibromatosis Type 2  

Tuesday, June 15, 11:45am – 12:00pm
 
Núria Catasús, Clinical Genomics Research Unit, Hereditary Cancer Group – PMPPC, Germans Trias i Pujol Research Institute

Background: Neurofibromatosis type 2 (NF2) is a genetic condition characterized by the development of multiple tumors of the nervous system1. The clinical 
presentation of the disease is variable and related to the type of the inherited constitutional variant in the NF2 gene. The use of antisense oligonucleotides, 
acting at RNA level, could be useful to correct the effect of deleterious DNA variants at the protein level, or to create proteins that still retain partial function 
from loss-of-function mutated alleles. They could be used to force the skipping of exons carrying truncating mutations when the reading frame is maintained. 
We have shown that a deep intronic mutation responsible for an aberrant NF2 splicing could be corrected by the use of Phosphorodiamidate Morpholino 
Oligomers (PMOs)2 and recover Merlin function3. Here, we propose to evaluate the use of PMOs to reduce the severity of NF2 truncating and splicing mutations 
to milder hypomorphic forms in vitro.

Methods: Samples: primary fibroblasts cultures from NF2 patients. We designed specific PMOs targeting four independent splicing variants, and a pair of 
PMOs to induce exon skipping of exons 4, 6&7, 8, and 11 of the NF2 gene. Primary fibroblasts carrying nonsense variants were treated with the corresponding 
pair of PMOs. A dose-response and a time course study were performed to set-up conditions and confirmed the in-frame skipping of the target exons by 
RT-PCR and Sanger sequencing. Functional analysis: Functional studies were performed from fibroblast cultures untreated and treated at different PMOs 
concentrations. We measured: 1) Merlin, ERK and their phosphorylated forms by Western Blot; 2) actin cytoskeleton organization; 3) NF2 and YAP1 nuclear 
translocation capacity by immunofluorescence, and 4) proliferation capacity.

Results: Variant-specific PMOs: our results showed the PMOs designed for splicing variants located at +/- 15 (or less) from the intron-exon boundary region, 
were not specific enough and interfered in the correct splicing signaling of both wild-type and mutated alleles. Exon-specific PMOs for truncating variants: 
the effect of the exon skipping on both the mutated and the WT allele, although maintaining the NF2 gene reading frame at cDNA level, caused the complete 
loss of Merlin. Despite these results, complementary functional analysis are being performed to confirm the absence of Merlin at a cellular level.

Conclusions: PMOs might be optimal for inducing targeted exon skipping without altering gene transcription in cells carrying deep intronic variants, or for the 
modulation of alternative spliced exons. However, here we show that, in the case of NF2, PMOs may not be useful for correcting splicing when mutations are 
located in splicing canonical sites, neither for inducing semi-functional Merlin isoforms, since the use of these antisense molecules results in total Merlin loss.
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NEW INVESTIGATIONS IN COGNITIVE AND PSYCHOSOCIAL RESEARCH FOR 
NEUROFIBROMATOSIS – CONCURRENT SESSION
Session Co-Chairs: Karin Walsh, PsyD, Children’s National Medical Center; Pam Wolters, PhD, National Institutes of Health (NIH) 

Adolescents and Young Adults (AYA) with Neurofibromatosis Type 1 (NF1): A Descriptive Study of Adaptive 
Functioning  

Tuesday, June 15, 12:30pm – 12:55pm
 
Kari Struemph, PhD, University of Kansas School of Medicine

Neurofibromatosis type 1 (NF1) is a genetic syndrome affecting about 1 in 3,500 individuals; many of those affected have plexiform neurofibroma (pNF) tumors. 
In addition, learning and attention problems as well as deficits in adaptive functioning are common, often beginning in early childhood and persisting into 
adulthood. Results from two studies completed with AYA diagnosed with NF1 and pNF tumors will be presented. The first study described adaptive functioning 
and examined relationships between adaptive functioning and cognitive and academic variables and level of independence in this population. Fifty-five AYA ages 
16-31 years participated in a series of neuropsychological evaluations while parents completed the Vineland Adaptive Behavior Scales (VABS-II) as part of a 
larger natural history study. Over one third (35%) of AYA were neither in school nor employed. Mean VABS-II Daily Living and Socialization scores were low 
average while mean Verbal and Performance IQ scores were average. VABS-II scores were positively correlated with processing speed, executive functioning, 
and working memory scores. Verbal IQ was the only significant predictor of work/school status. Given the well-documented difficulties that AYA with chronic 
illness face when transitioning into adult medical care, the second study utilized standardized instruments to evaluate transition readiness including the Transition 
Readiness Assessment Questionnaire (TRAQ 4.1) and the UNC TRxANSITION Index. 40 AYA ages 16-28 participated by completing the questionnaire and 
interview. Outcomes on the TRAQ subscales, Chronic Condition Management and Self-Advocacy/Health Care Utilization, resulted in means scores of 3.6 and 
3.3 (max = 5) respectively. Both subscales were positively correlated with age. Knowledge of and participation with insurance, management of medications 
and engagement with medical services were all areas that >40% of the sample indicated they currently were not doing. The mean total score on the UNC 
TRxANSITION interview was 6.49 (max =10) and scores were positively correlated with age.  Similar areas of weakness were identified including managing 
prescriptions, engagement with medical team outside of appointments and knowledge about health insurance.  Identification of the correlates and predictors of 
adaptive functioning and life achievement and readiness for transition can help guide healthcare providers with the early identification of risk factors and possible 
areas for intervention.
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Platform: Motor Development in Early Childhood: An Investigation with Young Children with 
Neurofibromatosis Type 1  

Tuesday, June 15, 12:55pm – 1:10pm
 
Sara K. Pardej, MS, University of Wisconsin-Milwaukee

Introduction: Weaknesses in fine and gross motor functioning are evident for children with neurofibromatosis type 1 (NF1; Lorenzo et al., 2011; Rietman 
et al., 2017) and these challenges persist into adulthood (Jensen et al., 2019). However, motor functioning over time has not been explored. The present 
study investigated (1) whether motor difficulties are evident and stable in the young children with NF1 and (2) whether there are particular patterns of motor 
development in this population.

Participants and Methods: Participants with NF1 (n=62; Mage=4.91, SD=1.62) and unaffected siblings (n=37; Mage=5.43, SD=1.83) were enrolled at ages 
3-8 years and were assessed yearly, allowing for a longitudinal investigation. Motor functioning was assessed using caregiver-report on the Scales of Independent 
Behavior-Revised (SIB-R Gross and Fine Motor Scales (raw scores) and performance on the Differential Ability Scales-II (DAS-II) Copying subtest (ability scores). 
Linear mixed model growth curve analyses compared motor development trajectories for children with NF1 and a control group of unaffected siblings. 

Results: Both NF1 and unaffected sibling groups demonstrated gains in their relative abilities over time. There was a significant effect of NF1 Status on 
SIB-R Gross Motor (q<.001) and DAS-II Copying (q<.001) scores, and a trend for SIB-R Fine Motor scores (q=.087). There was a significant age by NF1 
status interaction on SIB-R Fine (q<.001) and Gross Motor (q<.001), but not DAS-II Copying Scores. Specifically, the Loess Lines of the SIB-R Fine Motor 
and Gross Motor raw scores depict a growing gap in functioning with increasing age for the NF1 group in comparison to unaffected siblings. Difficulties in 
comparison to unaffected siblings on performance-based tasks may be evident as early as 4 years, while gross and fine motor challenges are evident to 
caregivers by 5.5 years and 6.5 years, respectively.

Conclusions: Motor difficulties are evident early in life in children with NF1 using both caregiver-report and performance-based measures. These difficulties 
continue to worsen at least through early childhood. Though children with NF1 acquire motor skills over time, they continue to fall behind unaffected siblings. 
In terms of gross and fine motor caregiver-reported abilities, the gap between children with NF1 and their unaffected siblings appears to widen over time. Early 
intervention is recommended for fine motor, gross motor, and visuospatial skills in early childhood.

Full List of Authors: Sara K. Pardej, M.S., Danielle M. Glad, M.S., Christina L. Casnar, Ph.D., Kelly M. Janke, Ph.D., Bonita P. Klein-Tasman, Ph.D.

Funding: NF Midwest; NF MidAtlantic; NF Northeast; University of Chicago CTSA [Grant Number UL1 RR024999]; and the University of Wisconsin–Milwaukee Research Growth Initiative.

References:
Jensen, S., Patel, Z., Listernick, R., Charrow, J., & Lai, J. (2019). Lifespan development: symptoms experienced by individuals with NF1 associated plexiform neurofibromas from 
childhood into adulthood. Journal of Clinical Psychology in Medical Settings, 26(3), 259-270. https://doi.org/10.1007/s10880-018-9584-5
Lorenzo, J., Barton, B., Acosta, M. T., & North, K. (2011). Mental, Motor, and Language Development of Toddlers with Neurofibromatosis Type 1. The Journal of Pediatrics, 158(4), 
660–665. https://doi.org/10.1016/j.jpeds.2010.10.001
Rietman, A. B., Oostenbrink, R., Bongers, S., Gaukema, E., van Abeelen, S., Hendriksen, J. G., Looman, C. W. N., de Nijs, P. F. A., & de Wit, M.-C. (2017). Motor problems in 
children with neurofibromatosis type 1. Journal of Neurodevelopmental Disorders, 9(1), 19. https://doi.org/10.1186/s11689-017-9198-5



2021 NF Virtual Conference  ·  June 14-16, 2021  |  33    

Platform: Examining Cognitive Load in Children with Neurofibromatosis Type 1 Compared to Typically 
Developing Children  

Tuesday, June 15, 1:10pm – 1:25pm
 
Sara Silber, Children’s National Hospital, Franklin and Marshall College

Objective: Cognitive load is defined as the amount of mental resources used in working memory to perform various tasks (Guyan, 2013). Cognitive load 
includes intrinsic, extraneous, and germane factors. Deficits in attention, inhibition, and working memory are highly prevalent in children with neurofibromatosis 
type 1 (NF1), which align with overload in the intrinsic and extraneous factors of cognitive load. Cognitive overload essentially effects the way individuals 
processing information, which can impact learning, communication, socialization, and other functions. In this study, we aim to understand and describe the 
presence of cognitive overload in children with NF1 compared to non-affected children.  

Participants and Methods: Participants include children diagnosed with NF1 (N=24) and age- and sex-matched typically developing controls (TDC; 
N=27). All participants were between 7 and 15 years of age (M=10.7; SD=3.35). Participants underwent a brief neurocognitive evaluation that included an 
intellectual screen and the Tasks of Executive Control (TEC). The TEC combines an n-back paradigm that increases working memory load, and a go/no-go task 
that manipulates inhibitory control demands. There are 3 levels of WM demand presented (0, 1, 2-back), crossed with absence vs. presence of an inhibitory 
signal. Alpha was set at .05 for all analyses. General Linear Models were applied to evaluate between (NF1 vs. TDC) and within group (task load) differences.

Results: Children with NF1 had significantly greater problems with accuracy and speed tasks than TDC even without adding cognitive load (Accuracy Target, 
Standard, Commissions, and Response Time p<.05). The addition of working memory load resulted in significant differences in performance on Standard 
response accuracy (F=5.86; p=.01; Eta squared=.10) such that participants with NF1 performed worse than TDC. The difference was specific to working 
memory load and no inhibitory control demands as there were no group differences on tasks that added the inhibitory control factor.  

Conclusions: Children with NF1 appear to be particularly susceptible to an increase in cognitive load, resulting in poorer accuracy and decreased efficiency. 
When cognitive load is increased, children with NF1 tend to sacrifice the mundane/standard task responses in favor of the novel task responses. This suggests 
that they are unable to manage the load of multiple cognitive demands and appear to respond preferentially to novel stimuli at the expense of other task 
demands. These findings support interventions targeting working memory in NF1 to support improvements in areas impacted by cognitive load, which are 
relevant to everyday functioning such as learning and socialization.

Full List of Authors: Allison del Castillo, Maegan Sady, Jonathan M. Payne, Natalie Pride, Kristina K. Hardy, & Karin S. Walsh

This work was supported by the Gilbert Family Neurofibromatosis Institute and by the District of Columbia Intellectual and Developmental Disabilities Research Center (DC-IDDRC) 
Award U54HD090257 by NICHD (PI: V. Gallo)
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Platform: Predictors of Socioemotional Development in Children with Neurofibromatosis Type 1 (NF1) and 
Plexiform Neurofibromas (PNs)  

Tuesday, June 15, 1:25pm – 1:40pm
 
Yang Hou, Department of Family Sciences, University of Kentucky

Background: Prior studies have demonstrated that children with NF1 often exhibit neurobehavioral problems including socioemotional difficulties.1-6 However, 
most existing studies are cross-sectional. We have very limited knowledge about the longitudinal development of socioemotional functioning in individuals with 
NF1, even less among those with PNs. To fill this gap, this study aims to describe 1) the socioemotional functioning of children with NF1 and PNs over time 
and 2) the individual and environmental factors that predict their socioemotional development.

Methods: Participants were 86 children with NF1 and PNs (ages 6-18 years, M = 12.05, SD = 3.62, 57% male, 76% White) enrolled on a natural history 
study (NCT00924196). Comprehensive neuropsychological assessments, including a measure of socioemotional functioning (BASC-2 Parent report), 
were conducted at baseline, 3 years, and 6 years. Individual factors (e.g., age, sex, race, presence/absence of 17 NF1-related disease complications) and 
environmental factors (e.g., parental education, stressful life events, family coping skills) were assessed at baseline. Multilevel growth modeling was used to 
analyze change across time.

Results: Compared to the normative sample at baseline, children with NF1 and PNs had significantly more internalizing problems (Mean = 56.85, Standard 
Deviation = 12.24, with 37% in the At-Risk or Clinically Significant [AR/CS] ranges), poorer adaptive skills (M = 45.59, SD = 0.97; 34% AR/CS), and similar 
levels of externalizing problems (M = 51.57, SD = 9.85; 17% AR/CS). These patterns generally remained stable across time. However, there are considerable 
variabilities within the NF1 population. Older (vs. younger) children were more likely to experience decreased internalizing problems over 6 years (β = -0.18, 
SE = .03, p < .001). Parents with lower (vs. higher) education levels or of non-White (vs. White) participants reported more externalizing and internalizing 
problems, and fewer adaptive skills of their children at baseline, but these parental education and racial gaps narrowed across time. More NF1 disease 
complications were related to higher initial levels (but not change) of internalizing problems (β = 0.16, SE = .06, p = .01) and a decline in externalizing 
problems across time (β = -0.08, SE = .03, p < .01). Parental NF1 status, stressful life events, family functioning, and family coping skills were unrelated to 
initial levels or changes of internalizing and externalizing problems and adaptive skills.

Conclusions: Results indicate that children with NF1 and PNs tend to have more internalizing and adaptive problems than the normative group. Non-white 
children and children with low parental education or more disease-related complications. Early socioemotional deficits (relative to the normative sample) 
generally remained stable, although the initial differences across parental education, race, and disease complication levels seem to decrease across time. 
These findings highlight the importance of screening for socioemotional difficulties, especially internalizing problems, in children with NF1 and PNs. Further, it is 
important to provide resources and psychosocial interventions throughout their development to support healthy socioemotional functioning in this population.

Full List of Authors: Yang Hou, PhD1, Mary Anne Toledo-Tamula, MA2, Taryn Allen, PhD2, Staci Martin, PhD3, Andrea Baldwin, CRNP2, Andy Gillespie, RN3, Anne Goodwin, RN3, 
Brigitte C. Widemann, MD3, Pamela Wolters, PhD3.
1Department of Family Sciences, University of Kentucky, 2Clinical Research Directorate (CRD), Frederick National Laboratory for Cancer Research, 3Pediatric Oncology Branch, 
Center for Cancer Research, National Cancer Institute
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Platform: Perspectives of Adults with Neurofibromatosis Regarding the Design of Psychosocial Trials: Results 
from an Anonymous Online Survey  

Tuesday, June 15, 1:40pm – 1:55pm
 
Pamela L. Wolters, PhD, Pediatric Oncology Branch, National Cancer Institute

Background: Individuals with neurofibromatosis (NF) often experience clinical symptoms and mental health difficulties for which psychosocial interventions may 
be beneficial. An anonymous online survey of adults with NF assessed their well-being and preferences about psychosocial interventions to inform clinical trial design.

Methods: NF clinical researchers and patient representatives from the REiNS International Collaboration developed the survey. The REDcap survey was 
distributed internationally by the NF Registry and other NF foundations from June-August 2020. Data were summarized with descriptive statistics and Chi-square 
analyses with Bonferroni-corrected posthoc comparisons where appropriate. 

Results: Data included 630 complete responses from adults (18-81 years; M=45.5) with NF1 (78%), NF2 (14%), and schwannomatosis (8%) who were 
mostly white (86%), not Hispanic/Latino (93%), female (71%), and from the United States (78%). The majority (91%) reported that their NF symptoms had at 
least some impact on daily life. Fifty-two percent endorsed a mental health diagnosis, and 27% without a diagnosis believed they had an undiagnosed mental 
health problem. Participants indicated that NF affects their emotional (44%), physical (38%), and social functioning (35%) to a high degree. Few reported 
ever participating in a drug (6%) or psychosocial (7%) clinical trial, yet 68% reported they would be probably or very willing to participate in a psychosocial 
trial if it targeted a relevant concern. The top treatment targets were anxiety (44%), healthier lifestyle (39%), daily stress (38%), depression (35%), physical 
problems (34%), pain (33%), and social difficulties (30%). The top barriers to participating in psychosocial trials were distance to clinic (58%), costs (52%), 
and time commitment (34%). Sixty-four percent endorsed a strong preference for having hybrid interventions consisting of 1-2 in-person sessions and most 
of the program online. Respondents preferred individual sessions (56%) or a combination of group and individual sessions (52%) led by a clinician. Patients 
were willing to participate in focus groups or interviews to help plan trials. Across NF types, there were no significant group differences in willingness to 
participate in psychosocial trials (X2[4,625]=5.19, p=.27). There were significant NF group differences regarding interest in trials targeting coping with pain 
(X2[2,628]=27.31, p<.001) such that adults with schwannomatosis were more likely to prefer psychosocial trials on pain support compared to those with 
NF1 (p<.001) and NF2 (p<.001). Eightyfour percent indicated it would be fairly or very important to receive study results. Additional preferences related to 
psychosocial trial design will be presented. 

Conclusions: This study conducted the largest and most widespread survey of adults with NF that assessed well-being and preferences about psychosocial 
trials. Results highlight the importance of providing psychosocial interventions for this population given the high prevalence of reported mental health 
difficulties and NF symptom impact on daily life. Respondents indicated a high degree of willingness to participate in these types of trials. Patient preferences 
should be considered when planning and implementing psychosocial trials, including conducting qualitative research to help guide the development of 
interventions. Increasing minority respondents is critical to ensure that results are generalizable and trials are designed with diverse input.
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NF2/SCHWANNOMATOSIS CLINICAL CARE – CONCURRENT SESSION
Session Co-Chairs: Justin Jordan, MD, MPH, Massachusetts General Hospital; Michel Kalamarides, MD, PhD, Hôpital Universitaire Pitié-Salpêtrière, Paris, FR 

Platform: Genetic Testing to Gain Diagnostic Clarity in Neurofibromatosis Type 2 and Schwannomatosis  
Tuesday, June 15, 12:55pm – 1:15pm
 
Rebecca Burns, BS, MGH Institute of Health Professions

Background: Neurofibromatosis type 2 (NF2) and schwannomatosis (SWN) have distinct genetic etiologies but overlapping phenotypes. Diagnosis based 
on clinical features alone may not be possible, and genetic testing may be required. Accurate diagnosis is critical for determining prognosis, screening 
recommendations, and treatment options. In this study, we aimed to compare the efficacy of germline-only versus paired (germline and tumor) genetic testing 
for clarifying the diagnosis in patients with features of NF2 and SWN. We hypothesized that paired testing would be more likely to provide diagnostic clarity for 
this population given the high prevalence of mosaicism. 

Methods: We performed a retrospective chart review of patients referred for genetic testing for NF2 and SWN at Massachusetts General Hospital between 2015 
and 2020. Patients met inclusion criteria if they had a NF2- or SWN-associated tumor or family history of either condition and completed genetic testing. Diagnostic 
clarity was defined as reaching a point where further or future NF2/SWN-related testing was unlikely to reveal more information about the cause of a patient’s 
features; this could involve confirming or refuting a diagnosis. Logistic regression analysis was performed to assess factors associated with diagnostic clarity. 

Results: Seventy-six patients met inclusion criteria. Referral reasons included establishing a diagnosis in patients who did not yet meet clinical criteria (51%) 
or confirming a suspected clinical diagnosis (49%). Fifty-seven percent of patients completed germline-only testing, and 43% completed paired germline and 
tumor testing.  Patient decisions regarding testing strategy were influenced by tumor availability and insurance coverage. Overall, paired testing had 3.1 times 
greater odds of providing diagnostic clarity than germline-only testing (p<0.05). Among patients who underwent paired testing, those who had analysis of 
two or more tumors had 5.8 times greater odds of gaining diagnostic clarity than patients who underwent germline-only testing (p<0.05). In contrast, paired 
testing with analysis of one tumor did not significantly increase the odds of diagnostic clarity over germline-only testing (p=0.17). 

Conclusions: Our findings show that paired testing with at least two tumor samples provides significantly more diagnostic clarity than germline-only testing in 
individuals referred for evaluation of NF2 or SWN. These results have implications for genetic testing strategies and counseling patients on the utility of genetic 
testing. Given the impact of genetic testing on diagnostic clarity, these data support the routine use of testing in individuals with suspected NF2 or SWN and 
improved insurance coverage for paired genetic testing within this population.

Additional Authors: Kristin Niendorf, MS, CGC1; Kathleen Steinberg, MS, CGC2; Amy Mueller, MPH, MS, CGC2; K. Ina Ly, MD3; Justin T. Jordan, MD, MPH, FAAN3; Scott R. Plotkin, 
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Platform: Assessment of Multiple Meningioma as a Major Criterion in NF2 Diagnostic Criteria  
Tuesday, June 15, 1:15pm – 1:30pm
 
D. Gareth Evans, MD, The University of Manchester, UK

Two or more meningiomas are a major criterion in the Manchester criteria for NF2 as well as the new international consensus criteria. However, little is 
known regarding the sensitivity and specificity of using this criterion. We evaluated the presence of multiple meningiomas in addition to a unilateral vestibular 
schwannoma (UVS) and compared this to patients meeting criteria presenting initially with a UVS but no meningiomas in the Manchester NF2 database. 
Mutation analysis was performed on NF2, LZTR1 SMARCE1 and SMARCB1 and where possible on available fresh or FFPE tumour specimens. Of 1620 
patients meeting NF2 criteria 131 met criteria with a UVS and ≥2 meningiomas with 96 meeting criteria with the presence of other schwannomas + an 
initial UVS but no meningiomas. No cases were proven not to have NF2 based on UVS + ≥2 meningiomas, but 11 with UVS + other schwannomas had an 
NF2 diagnosis excluded (7 LZTR1, 4 discordant NF2 variants in 2 tumours). There was a marked female predominance in the ≥2 meningiomas group (77%) 
which was significantly higher than the 46% in the schwannoma group (p<0.0001). Although molecular proof for NF2 (heterozygous variant n=37, mosaic 
n=27) at 49% was lower than for the UVS + schwannoma group (75%), there was no evidence for lower specificity. A further 30 individuals met NF2 criteria 
with multiple meningiomas and no VS. There was again female preponderance (n=19-63%) and NF2 variants were confirmed in 22 (73%-13 mosiac) again 
there were no refuted cases. Multiple meningiomas are a useful criterion in diagnosing NF2 in the absence of bilateral VS. Due to the higher proportion of 
meningiomas in women this appears to be a more useful criterion for women.

DGE and MJS are also supported by the Manchester NIHR Biomedical Research Centre (IS-BRC-1215-20007). 
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Platform: Phase II Study of Axitinib in Patients with Neurofibromatosis Type 2 and Progressive Vestibular 
Schwannomas  

Tuesday, June 15, 1:30pm – 1:45pm
 
Sheetal S. Phadnis, MD, University of Alabama at Birmingham, AL

Introduction: Vascular endothelial growth factor receptor (VEGFR), platelet derived growth factor receptor (PDGFR), and c-KIT represent clinically and/or 
preclinically validated molecular targets in vestibular schwannomas. We conducted a single institution, prospective, open-label, two-stage phase II study 
(ClinicalTrials.gov identifier NCT02129647) to estimate the response rate to axitinib, an oral multi-receptor tyrosine kinase inhibitor targeting VEGFR, PDGFR 
and c-KIT, in neurofibromatosis type 2 (NF2) patients with progressive vestibular schwannomas (VS).

Methods: NF2 patients older than 5 years with at least one volumetrically measurable, progressive VS were eligible. The primary endpoint was to estimate 
the objective volumetric response rates to axitinib. Axitinib was given continuously in 28-day cycles for up to of 12 cycles. Response was assessed every 3 
months with MRI using 3-D volumetric tumor analysis and audiograms. Volumetric response and progression were defined as ≥20% decrease or increase in 
VS volume, respectively.

Results: Twelve eligible patients (ages: 14–56 years) were enrolled on this study. Seven of twelve patients completed 12 cycles (range: 2 to 12 cycles). 
We observed 2 imaging and 3 hearing responses. Best volumetric response was -53.9% after nine months on axitinib. All patients experienced drug-related 
toxicities, the most common adverse events were diarrhea, hematuria and skin toxicity, not exceeding grade 2 and hypertension, not exceeding grade 3. 

Conclusion: While axitinib has modest anti-tumor activity in NF2 patients, it is more toxic and appears to be less effective compared to bevacizumab. Based on 
these findings, further clinical development of axitinib for this indication does not appear warranted.

Full List of Authors: Mari Hagiwara1, Anna Yaffe1, Carole Mitchell1, Theodore Nicolaides1, Srivandana Akshintala2, Tsivia Hochman1, Judith D. Goldberg1, Jeffrey C. Allen1, Matthias A. 
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Platform: Longitudinal Evaluation of Pain in Schwannomatosis Patients  
Tuesday, June 15, 1:45pm – 2:00pm
 
Naomi Askenazi, Massachusetts General Hospital

Background: The defining clinical feature of schwannomatosis is chronic pain. This patient population lacks high-quality prospective data, needed to 
understand the natural history of schwannomatosis and develop clinical trials for pain management. 

Methods: We prospectively recruited people with schwannomatosis from the International Schwannomatosis Registry. Patients completed surveys at baseline, 
6 months, and 12 months on worst pain intensity (Numerical Rating Scale-11); pain quality (ID Pain); pain self-efficacy (PSEQ-2, reported as total score 
ranging from 0-12, with higher scores representing higher self-efficacy despite pain); physical functioning (PF), anxiety, depression, and pain interference (PI) 
(PROMIS short forms), based on a recall period of 1 week. Pain medication usage was recorded. T-scores are reported for all PROMIS measures, based on a 
US general population mean=50 (SD=10). To assess change from baseline, we used a minimal clinically important difference of ±5 for PROMIS measures 
and ±2 for pain intensity and pain self-efficacy. We used multivariate repeated measures regressions models to assess longitudinal changes in pain intensity 
and pain interference. Pearson correlation coefficients were used to assess the relationship between PROMIS scores and pain intensity and pain interference. 

Results: 79 patients (median age=51, 58% female, 16% familial disease) completed baseline surveys; 90% and 82% patients completed 6 month and 12 
months follow-ups, respectively. Mean NRS-11 at baseline was 5/10, despite use of pain medication in 77% of patients. NRS-11 was significantly correlated 
with ID Pain score, such that people with more neuropathic pain qualities reported higher pain intensity (r=0.44, p<0.0001). Higher pain intensity was also 
significantly correlated with worse PI (r=0.78), pain self-efficacy (r=- 0.46), PF (r=-0.65) and depression (r=0.35) at baseline (p<0.002 for all). At 6 months, 
pain intensity improved in 18/66 people (27.3%), was stable for 30/66 (45.5%), and worsened for 18/66 (27.3%). At 12 months, pain intensity improved in 
12/63 people (19.0%), was stable in 39/63 (61.9%), and worsened in 12/63 (19.0%). At 12 months, other measures also remained stable in most patients: PF 
(48/63, 76.2%), depression (44/63, 69.8%), PI (61.4%), PSEQ-2 (34/57, 59.6%), and anxiety (34/63, 54.0%). In multivariate repeated measures regression 
models controlling for age, sex, disease and other relevant variables, use of opioid or neuropathic medication (but not NSAIDs) was significantly associated with 
reductions in pain intensity over time, and use of neuropathic medications or NSAIDs (but not opioids) were significantly associated with reductions in PI over 
time (p<0.05). The degree of neuropathic pain was significantly associated with pain intensity (p<0.002) but was not significantly associated with PI. 

Conclusion: Pain severely impacts functioning and mental health in people with schwannomatosis. Differences in the effectiveness of different classes of 
pain medication were observed, but despite widespread use of pain medications, pain remained high (≥5/10 pain in 50% of subjects at baseline). New pain 
treatments are needed and additional research tracking fluctuations in schwannomatosis-related pain over shorter intervals could help determine appropriate 
endpoints for clinical trials.
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PLATFORM PRESENTATIONS – BASIC SCIENCE
Session Co-Chairs: Rebecca Dodd, PhD, University of Iowa; Helen Morrison, PhD, Friedrich Schiller University, Jena, Germany 

Platform: Complementing Mek Inhibition in Nf1: C5aR-Antagonism in Combination with MEK Inhibition Reduces  
Plexiform Neurofibroma Growth, Demonstrating the Importance and Targetability of the Tumor Micro-Environment  

Tuesday, June 15, 2:15pm – 2:30pm
 
Melissa Perrino, MD, Cincinnati Children’s Hospital Medical Center

Neurofibromatosis type 1 (NF1) is an inherited disease, affecting 1:2000 individuals worldwide. About half of patients develop plexiform neurofibromas (PN), 
a benign Schwann cell (SC) tumor. Surgery remains the mainstay of therapy but sometimes surgery is impossible due to the invasive nature of PNFs, their 
large size, and their association with critical anatomic structures. The FDA approved cytostatic MEK inhibitor, Selumetinib (Koselugo), shrinks tumor in 70% 
of individuals but tumors regrow after stopping drug treatment. Therefore, therapies that might be additive to MEK inhibition are needed. We identified the 
anaphylatoxin, C5a, and its receptors, C5aR1/2, as increased in PNs compared to normal nerves, even after MEKi treatment. We used C5aR antagonists 
(C5aRA) to target this pathway; PMX205 is a peptide specific for C5aR1, and A8Delta71-73 is a small molecule peptide which targets C5aR1 and C5aR2. 
We treated neurofibroma-carrying Nf1fl/fl;DhhCre mice for 5 days with MEKi (PD0325901) alone, C5aRA (PMX205 or A8Delta71-73 separately) alone, and 
combinations. C5aRA alone and combination with MEKi caused an increase in apoptosis. This promising result was replicated with 60day treatments where 
apoptosis was persistently elevated, and tumor size reduction was confirmed by MRI in combination treatments. After 60 days of treatment both Schwann 
cells and macrophages remained apoptotic. A phagocytic cell death pattern was also identified in combination therapy treated tumors. To test durability of 
combination therapy, we treated mice with combination C5aRA + MEKi therapy for 30 days then stopped for 30 days. Tumors had rebound growth after 
stopping therapy, but histological analysis demonstrated significant immune infiltration without proliferative Schwann cells suggesting an immune reaction 
and potential for pseudo-progression as cause of tumor size increase. CD8 T cells were increased in rebound tumors compared to other treatment groups. 
Iba-1+ macrophages were significant for showing de novo CD169+ expression in the rebound group, consistent with an anti-tumor phenotypic macrophage. 
Overall, this combination therapy is tolerable and effective in reducing tumor burden and in altering the immune microenvironment, although further studies will 
be needed to evaluate the rebound growth seen after stopping treatment. These results are promising to move forward as potential combination therapy for 
patients with NF1, especially in those not responding optimally to MEKi.
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Platform: Proteins Secreted by Painful Schwannomatosis Related Tumors Hypersensitize Neurons In Vitro. 
Do LZTR1 and SMARCB1 Mutant Tumors Differ?  

Tuesday, June 15, 2:30pm – 2:45pm
 
Kimberly Laskie Ostrow, PhD, Department of Neurology, Johns Hopkins University

Background: Many patients with schwannomatosis (SWN) experience severe pain that is largely refractory to medical management. The genetics of 
tumorigenesis in SWN involve genes on chromosome 22q - LZTR1, SMARCB1. While it is unclear whether mutations in these genes have an effect on pain 
in SWN, there has been speculation that the patients carrying LZTR1 mutations report higher pain levels than patients harboring SMARCB1 mutations. Our 
previous study showed evidence that that some individual SWN tumors, but not others, secrete cytokines that act on nearby nerves to augment nociception 
by producing neuronal sensitization. Conditioned media (CM) from cell cultures of painful SWN tumors, caused increased sensitivity to TRPV1 and TRPA1 
agonists, and also upregulated the expression of pain-associated genes in DRG neurons. There has been discussion of classifying SWN patients into different 
diagnostic groups based on mutations in SMARCB1 or LZTR1. In our quest to find a targetable mediator of SWN related pain, it is of great importance to 
determine how mutations in these genes affect our previous findings and account for heterogeneous nature of SWN-related pain. Do SWN tumors with LZTR1 
mutations secrete different proteins than SMARCB1 related SWN tumors and affect sensitization of neurons? 

Methods: CM from painful LZTR1 mutant tumors and SMARCB1 mutant tumors were tested for the ability to sensitize neurons to TRPV1 agonists. Mouse DRG 
neurons were incubated with SWN CM for 48 hours followed by treatment with capsaicin. Calcium imaging was performed to examine the effects of CM on 
hypersensitizing neurons. 

Results: Painful SMARCB1 mutant CM caused a larger neuronal response to capsaicin. To narrow down potential CM mediators of DRG hypersensitization 
we separated CM proteins into 3 fractions based on size and examined the effects of each. We found variability between tumors in which fraction imparts 
sensitivity. The  <10 kDa fraction of the SMARCB1 mutant CM increased the magnitude of response to capsaicin, while the 10-30 kDa fraction of the LZTR1 
mutant produced the increase in response compared to the unfractionated CM. Importantly, the size of the specific cytokines identified as increased in CM 
from each painful tumor correlates with the kDa range of the fractions that induce DRG hypersensitivity. 

Conclusions: Our preliminary results show evidence that substances secreted by LZTR1 and SMARCB1 related tumors differ and influence neuronal sensitization.
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Platform: NF1 Mutation Drives Neuronal Activity-Dependent Optic Glioma Initiation  
Tuesday, June 15, 2:45pm – 3:00pm
 
Yuan Pan, PhD, Stanford University

Neurons have recently emerged as essential cellular constituents of the tumor microenvironment, where their activity increases the growth of a diverse number 
of solid tumors1. While the role of neurons in tumor progression has been previously demonstrated2, the importance of neuronal activity to tumor initiation is less 
clear, particularly in the setting of cancer predisposition syndromes. In the Neurofibromatosis-1 (NF1) cancer predisposition syndrome, in which tumors arise in 
close association with nerves, 15% of individuals develop low-grade neoplasms of the optic pathway (optic pathway gliomas [OPGs]), during early childhood3,4, 
raising the intriguing possibility that postnatal light-induced optic nerve activity drives tumor initiation. Here, we employ an authenticated murine model of Nf1-OPG5 
to demonstrate that stimulation of optic nerve activity increases optic glioma growth, while decreasing visual experience via light deprivation prevents tumor 
formation and maintenance. We show that Nf1-OPG initiation depends on visual experience during a developmental period susceptible to tumorigenesis. Germline 
Nf1 mutation in retinal neurons results in aberrantly high optic nerve neuroligin-3 (Nlgn3) shedding in response to retinal neuronal activity. Moreover, genetic Nlgn3 
loss or pharmacological inhibition of Nlgn3 shedding blocks murine Nf1 optic gliomagenesis and progression. Collectively, these studies establish an obligate 
role for neuronal activity in the development of certain brain tumors, elucidate a therapeutic strategy to reduce OPG incidence or mitigate tumor progression, and 
underscore the role of Nf1 mutation-mediated dysregulation of neuronal signaling pathways in the NF1 cancer predisposition syndrome.
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Platform: Reduced Risk of Schwannoma in 22q11.2 Deletion Syndrome  
Tuesday, June 15, 3:00pm – 3:15pm
 
Miriam J Smith, PhD, The University of Manchester, UK

Pathogenic loss-of-function variants in the LZTR1 gene have been associated with a heritable predisposition to schwannoma tumours, although germline 
whole gene deletions have not been reported in schwannomatosis patients. The LZTR1 gene is located in a three megabase region of chromosome 22 that is 
commonly deleted in the germline of patients with the developmental disorder, 22q11.2 deletion syndrome (22q11.2DS), which occurs in 3-6000 live births. 
22q11.2DS predisposes to a range of clinical signs and symptoms, including immunodeficiency, palatal anomalies, hypoparathyroidism and congenital heart 
disease, but schwannomas have not been reported as a clinical feature.

Since it is known that ~1 in 500 people in the general population will develop a sporadic schwannoma during their lifetime, we assessed the genetic testing 
results for 247 patients with LZTR1-associated schwannomatosis from two large cohorts to determine whether whole gene deletion of LZTR1 occurs in 
schwannomatosis. We also assessed the clinical phenotypes of 1556 patients known to have 22q11.2DS to assess the risk of schwannoma.

We found that no patients meeting clinical diagnostic criteria for schwannomatosis had a whole gene deletion of LZTR1. In addition, we identified no reports of 
schwannoma in over 1500 patients with a 22q11.2DS. 

Our results indicate that people with a large germline 22q11.2 deletion may have a reduced risk of developing a schwannoma compared to the general 
population. We hypothesise that biallelic deletion of this large region, containing multiple genes, might be cell-lethal, thus preventing tumour development, or 
that complete loss of LZTR1 protein does not have the same pathogenic effect as a partially functional protein.

Full List of Authors: Evans DG1, Messiaen LM2, Foulkes WD3, Irving REA4, Murray AJ4, Perez-Becerril C1, Rivera B5, McDonald-McGinn DM6, Stevenson DA7, Smith MJ1
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Platform: Generation of iPSC-Derived Human Neurofibroma-Like Tumors in Mice  
Tuesday, June 15, 3:15pm – 3:30pm
 
Helena Mazuelas, PhD, Hereditary Cancer Group, Germans Trias i Pujol Research Institute (IGTP), Barcelona, Spain

Introduction: Plexiform neurofibromas (pNFs) are benign tumors that appear during development in nerves of Neurofibromatosis type 1 patients. pNFs arise 
through the inactivation of NF1 in a cell of the neural crest (NC)-Schwann cell (SC) lineage. We generated different NF1(-/-) iPSC lines both by reprogramming 
pNF-derived cells and by editing the NF1 gene in control FiPSCs. We set up and validated in vitro conditions to differentiate them into NCs and further to SCs. 
We aimed to use this iPSC-based model system to get insight into the identity of the pNF-originating cells and to generate an in vitro/in vivo human pNF model.

Methods: Expression analysis and characterization of 2D and 3D models were performed by RNA-seq; RT-qPCR; flow cytometry; immunofluorescence and 
confocal microscopy. ScRNA-seq of pNFs was performed using 10x Genomics. Multiplexed homotypic and heterotypic spheroids were generated using 
AggreWell800. In vivo engraftment was performed injecting 2D and 3D models into the sciatic nerve of nude mice. 

Results: We performed RNA-seq analysis of NC and SCs at several differentiation time-points using control NF1(+/+) cells. A differential gene expression 
analysis identified stage-specific profiles allowing the construction of an expression roadmap of the NC-SC in vitro differentiation process. This expression 
roadmap guided the monitoring of differentiating NF1(-/-) SC systems. In 2D, NF1(-/-) differentiating SCs showed an altered proliferation and differentiation 
capacity, with most cells of the culture following a NC-mesenchymal axis, both in vitro and upon engraftment. Consequently, we generated NF1(-/-) homotypic 
(only differentiating SCs) and heterotypic (differentiating SCs and primary endoneurial fibroblasts (eFb)) 3D models. Heterotypic spheroids recapitulated the 
expression roadmap signature of control heterotypic spheroids and pNF-derived SCs. Importantly, the engraftment of heterotypic spheroids into the sciatic 
nerve of nude mice consistently generated human neurofibroma-like tumors, reproducing many of the histological neurofibroma traits (collagen deposition, 
Meissner-like corpuscles, etc.). Neurofibroma-forming heterotypic spheroids exhibited a similar heterogeneity in the SC component as pNFs. In fact, single cell 
analysis of pNFs uncovered the presence of SC subpopulations at distinct maturation stages.

Conclusions: We have generated a robust iPSC-derived in vitro/in vivo human pNF model consisting of 3D heterotypic spheroids containing NF1(-/-) differentiating 
SCs together with NF1(+/-) eFbs. Heterotypic spheroids recapitulate the expression and SC heterogeneity of pNFs and form human neurofibroma-like tumors upon 
engraftment in mice. Our results highlight the importance of eFbs in pNF development and contribute to the characterization of cells originating them.

Full List of Authors: Helena Mazuelas1, Míriam Magallón-Lorenz1, Juana Fernandez-Rodriguez2, Itziar Uriarte-Arrazola1, Yvonne Richaud-Patin3, Ernest Terribas4, Elisabeth Castellanos5, 
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Platform: Losartan Prevents Tumor-Induced Hearing Loss and Augments Radiation Efficacy by Normalizing 
the Tumor Microenvironment in NF2 Schwannoma Models  

Tuesday, June 15, 3:30pm – 3:45pm
 
Lei Xu, MD, PhD, Department of Radiation Oncology, Massachusetts General Hospital and Harvard Medical School, Boston, MA

Hearing loss is one of the most devastating symptoms of neurofibromatosis type 2 (NF2) caused by vestibular schwannomas (VSs). Fibrosis in the VS tumor 
microenvironment is associated with hearing loss in NF2 patients. We hypothesized that reducing the fibrosis using losartan – an FDA-approved antihypertensive 
drug that blocks fibrotic and inflammatory signaling – could improve hearing. Using NF2 mouse models, we report here that losartan treatment normalizes 
the TME by: i) reducing neuroinflammatory IL-6/STAT3 signaling and preventing hearing loss, ii) normalizing tumor vasculature and alleviating neuro-edema, 
and iii) increasing oxygen delivery and enhancing RT efficacy. In preparation to translate these exciting findings into the clinic, we used VS patients samples 
and data and demonstrated that: i) IL-6/STAT3 signaling inversely associates with hearing function, ii) elevated production of tumor-derived IL-6 is associated 
with reduced viability of cochlear sensory cells and neurons in ex vivo organotypic cochlear cultures, and iii) patients receiving angiotensin receptor blockers 
demonstrate a trend for no progression in hearing loss compared with patients on other or no antihypertensives based on a retrospective analysis of VS patient 
with hypertension. Our study provides the rationale and critical data for a prospective clinical trial of losartan in patients with VS.

Additional Authors: Limeng Wu, Sasa Vasilijic, Yao Sun, Jie Chen, Lukas D. Landegger, Yanling Zhang, Wenjianlong Zhou, Jun Ren, Samuel Early, Zhenzhen Yin, William W. Ho, 
Na Zhang, Xing Gao, Grace Y. Lee, Meenal Datta, Jessica E. Sagers, Alyssa Brown, Alona Muzikansky, Anat Stemmer-Rachamimov, Luo Zhang, Scott R. Plotkin, Rakesh K. Jain, 
Konstantina M. Stankovic, and Lei Xu

Funding Agency: Children’s Tumor Foundation, Department of Defense, NIH

Platform: Identifying Novel Drugs to Treat Neurofibromatosis Type 1 (NF1) Tumors Using Genetic Screens in 
Drosophila Cells  

Tuesday, June 15, 3:45pm – 4:00pm
 
James A. Walker, PhD, Center for Genomic Medicine, Massachusetts General Hospital

Combinatorial screens to target genes that are specifically essential to the survival of tumor cells offer a potentially powerful tool for the identification of novel 
anti-tumor therapeutic targets and drugs. This concept takes advantage of a type of genetic interaction called synthetic lethality, where removal of either of 
two gene products alone has no effect on viability, but simultaneous removal of both genes results in cell death. Genes that have synthetic lethal relationships 
with a tumor suppressor are attractive drug targets because treatment is likely to have specific effects on tumor cells but have little toxicity on wild type cells. 
However, despite the promise of synthetic lethal screens for drug target discovery, this approach has had limited success due to technical limitations, such as 
context dependency, which results in a lack of reproducibility of interactions between model systems.

To identify effective drugs for the treatment of tumors associated with NF1, we have applied powerful screening methods using Drosophila S2R+ cells. 
Drosophila screening is rapid and cost effective; the pared-down complexity of the fly genome reduces off-target effects in RNAi screens, making interpretation 
of results rapid and reliable. Firstly, we used CRISPR/Cas9 gene editing to generate NF1 mutant S2R+ cell lines. We then performed a genome-wide synthetic 
lethal RNAi screen to identify genes that are specifically essential for the survival of NF1-deficient cells. This screen identified 46 candidate genes that have 
unambiguous orthologues in humans. Genetic tests validated synthetic lethality of several RNAi screen hits in a fly model of NF1. Prioritizing genes that can be 
targeted with existing drugs already in use for other diseases, we followed up on one candidate gene that could be targeted using an existing drug (chloroquine 
(CQ), targeting autophagy). NF1 mutant flies were found to have significantly increased susceptibility to CQ when compared to wild type controls. Importantly, 
the selective effects of CQ were found to be conserved in human Schwann cells derived from plexiform neurofibromas. Our Drosophila synthetic lethal 
screening provides a high confidence set of candidate therapeutic targets for NF1 tumors which we are evaluating for potential use in the clinic.

This work was made possible by generous funding from the University of Exeter. 
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Platform: Creation of NF1-Associated Tumor Models Deficient for Polycomb Repressive Complex 2 and 
Identification of Therapeutic Vulnerabilities Capable of Yielding Long Term Durable Responses in Multiple  
In Vivo Models of MPNST  

Tuesday, June 15, 4:00pm – 4:15pm
 
Kyle B. Williams, PhD, Department of Pediatrics, Masonic Cancer Center, University of Minnesota Twin Cities

We constructed models of nerve sheath tumors that arise in Neurofibromatosis Type 1 (NF1) patients and conducted therapeutics discovery using synthetic 
lethal pharmacogenomic screens. Given both plexiform neurofibromas and malignant peripheral nerve sheath tumors (MPNSTs) arise within the Schwann 
cell lineage, we developed a drug discovery pipeline to identify targeted therapeutics for treating NF1-related neoplasia. Using CRISPR/Cas9, we created 
immortalized human Schwann cell lines that are deficient for the NF1 gene or NF1 and components of Polycomb Repressive Complex 2 (PRC2), such as 
SUZ12. ~80% of all MPNST harbor loss of function mutations in PRC2 genes, which is highly suggestive that perturbation of epigenetic homeostasis plays a 
role in malignant transformation of neurofibromas. 

Our models closely mimic the genetics of MPNSTs and allowed us to identify drugs by exploiting vulnerabilities specific to their underlying genetics. We describe 
the identification of these novel drugs, extensive in vivo testing in models of MPNST, and mechanistic studies to explain why they act specifically on MPNSTs. 

We successfully identified compounds showing selective lethality towards NF1/SUZ12 double mutant cells. These include drugs affecting epigenetic 
homeostasis, such as HDAC inhibitors. Moreover, many of these drugs showed strong synergy when tested in combination against NF1/SUZ12 deficient 
human Schwann and MPNST cell lines. This was particularly true when MEKi was combined with HDACi. We have explored the mechanism of this synergy 
using genetics, transcriptome, and proteome analysis. Interestingly, these mechanistic studies have revealed possible emerging avenues of resistance the cells 
are utilizing in order to compensate for and survive therapeutic intervention. For instance, proteomics analysis, using the PTMScan platform, of PRC2 deficient 
MPNST cell lines treated with drug candidates (single agent and combination) indicates activation of specific survival pathways. Targeting these pathways in 
conjunction with the new main-line therapeutics we have identified could prevent emergence of resistance and tumor escape. 

Clinically interesting drug candidates were advanced and tested as single agents and in combination in multiple in vivo models of MPNST (including PDX 
and cell line xenografts). Some have shown dramatic efficacy and top combinations exhibit strong synergy in vivo, giving long term durable responses. The 
discovery of novel agents effective against several models of MPNST is exciting, as there are currently no approved targeted therapies for MPNST. Results 
from our studies are forming the basis for clinical trials we hope to propose for the treatment of MPNSTs and aggressive plexiform neurofibromas.

Full List of Authors: Kyle B. Williams PhD1,2, Alex Larsson BS1,2, Justin Tibbits MS MBA1,2, Bryant Keller PhD1,2, Christopher L. Moertel MD1,2, David A. Largaespada PhD1,2. 
1Department of Pediatrics University of Minnesota, 2Masonic Cancer Center, University of Minnesota Twin Cities
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PLATFORM PRESENTATIONS – CLINICAL SCIENCE
Session Co-Chairs: Laura Klesse, MD, PhD, UT Southwestern; Martino Ruggieri, MD, PhD, University of Catania, Italy 

Platform: A Multi-Center Radiomics-Based Model to Differentiate Between Neurofibromatosis Type 1-Associated 
Plexiform Neurofibromas and Malignant Peripheral Nerve Sheath Tumors  

Tuesday, June 15, 2:15pm – 2:30pm
 
K. Ina Ly, MD, Pappas Center for Neuro-Oncology, Massachusetts General Hospital, Boston, MA

Background: Various MRI features are proposed to distinguish between plexiform neurofibromas (PNF) and malignant peripheral nerve sheath tumors 
(MPNST) in neurofibromatosis type 1 (NF1), including tumor size, margins, and degree of heterogeneity. However, most of these features are descriptive in 
nature and subject to intra- and interrater variability. Furthermore, these features are based on single-institution studies with small cohorts. Radiomics is a 
high-throughput computational method that extracts quantitative descriptors, including tumor volume, signal intensity, shape, and texture (reflecting degree of 
tumor heterogeneity) from MR images.

Methods: 31 MPNSTs and 24 PNFs from five centers were segmented on short TI inversion recovery sequences using a semi-automated segmentation software 
(3DQI). Standard pre-processing included N4 bias field correction to reduce the effect of magnetic field non-homogeneity, intensity normalization based on a 
mean of 120 SI and standard deviation of 80 SI, and resampling to 1 mm3 voxel resolution. 1688 radiomic features were extracted from the tumor region of 
interest (ROI) using PyRadiomics, an open-source Python radiomics package. To classify tumors as PNF or MPNST, we implemented the Boruta algorithm and 
correlation removal for selection of important features. Feature importance was estimated by the decrease in accuracy of a Random Forest model if the feature 
was randomly permuted. A Random Forest model was built using the top ten selected features. Five-fold cross-validation was performed and repeated 100 
times. Model performance was evaluated using the area under the ROC curve (AUC), sensitivity, specificity, accuracy, and confidence intervals.

Results: The top ten features included in the model were five voxel intensity features (90th percentile, maximum value, mean intensity, mean deviation from 
mean intensity, and magnitude of voxel values), two shape features (reflecting sphericity and largest axis length of the tumor ROI), and three texture features 
(reflecting properties of the Neighborhood Gray Tone Difference Matrix, Gray Level Dependence Matrix, and Gray Level Run Length Matrix, all representing 
voxel interrelationships within the tumor ROI). The model demonstrated an AUC of 0.891 (95% CI 0.882-0.899), sensitivity of 0.744, specificity of 0.847, and 
accuracy of 0.802 (95% CI 0.792-0.813).   

Conclusions: Our machine learning model demonstrated high performance in classifying tumors as either PNF or MPNST in individuals with NF1. Inclusion 
of additional tumors for further model training and testing on an independent dataset are underway. Ultimately, our model may enable improved differentiation 
between PNF and MPNST compared to descriptive MRI features, permit early patient risk stratification, and improve patient outcomes.

Full List of Authors: K. Ina Ly1, Tianyu Liu2, Wenli Cai2, Daniel Kwon1, Olivia Michaels1, Miriam A. Bredella3, Justin T. Jordan1, Eva Dombi4, Brigitte C. Widemann4, Angela C. Hirbe5, 
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Platform: Cell-Free DNA Ultra-Low-Pass Whole Genome Sequencing Distinguishes Malignant Peripheral 
Nerve Sheath Tumor (MPNST) from its Benign Precursor Lesion  

Tuesday, June 15, 2:30pm – 2:45pm
 
R. Taylor Sundby, MD, Pediatric Oncology Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD

Background: The leading cause of mortality for patients with the Neurofibromatosis type 1 (NF1) cancer predisposition syndrome is development of 
Malignant Peripheral Nerve Sheath Tumor (MPNST), an aggressive soft tissue sarcoma. In the setting of NF1, this cancer type frequently arises from within 
its common and benign precursor, plexiform neurofibroma (PN). Transformation from the benign PN to MPNST is challenging to diagnose due to difficulties in 
distinguishing cross-sectional imaging results and intralesional heterogeneity resulting in biopsy sampling errors.

Methods and Findings: This multi-institutional study used ultra-low-pass whole genome sequencing (ULP-WGS) of plasma cell-free DNA (cfDNA) to distinguish 
between MPNST and PN in patients with NF1. Using copy number to estimate the fraction of plasma cfDNA originating from tumor (tumor fraction), we 
developed a noninvasive classifier which differentiates MPNST from PN with 91% specificity. Healthy controls without NF1 (subjects = 14, plasma samples= 
14), PN (subjects = 45, plasma samples = 45), and MPNST (subjects = 14, plasma samples = 48) cohorts showed significant differences in tumor fraction 
in plasma (P = 0.006) as well as cfDNA fragment length (P < 0.001) with MPNST samples harboring shorter fragments and being enriched for tumor-derived 
cfDNA relative to PN and healthy controls. Mutational analysis demonstrated focal NF1 copy number loss in PN and MPNST patient plasma but not in healthy 
controls. Genomic alterations associated with malignant transformation (focal copy number gains in chromosome 8 and copy number losses in SUZ12, 
SMARCA2, CDKN2A/B, and chromosome arm 9p) were more prominently observed in MPNST plasma. Furthermore, the sum of longest tumor diameters (SLD) 
visualized by cross-sectional imaging correlated significantly with paired tumor fractions in plasma from MPNST patients (rho = 0.50, P = 0.0007). On case 
series analysis, tumor fraction levels in plasma correlated with treatment response to therapy and minimal residual disease (MRD) detection before relapse.

Conclusions: Tumor fraction levels derived from copy number alteration analysis of plasma cfDNA using ULP-WGS significantly correlated with MPNST 
tumor burden, distinguished MPNST from its benign PN precursor, and correlated with treatment response. In the future, our findings could form the basis for 
improved early cancer detection and monitoring in high-risk cancer-predisposed populations.

Full List of Authors: Jeffrey J. Szymanski2, R. Taylor Sundby1, Paul A. Jones2,3, Divya Srihari4, Noah Earland2,3, Peter K. Harris2, Wenjia Feng2, Faridi Qaium2, Haiyan Lei1, David 
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Platform: Children with NF1 Have Significant Deficits in Muscle Function  
Tuesday, June 15, 2:45pm – 3:00pm
 
Amish Chinoy, MBBS, Manchester University Hospitals NHS Foundation Trust, Manchester, UK

Introduction: A phenotype of muscle weakness has been identified in children with Neurofibromatosis Type 1 (NF1). However, there are a number of clinically-
relevant components of muscle function which have not been characterised in this population. We describe the muscle function of children with NF1 using a 
range of assessment tools, and have studied the relationship with other features of NF1 such as small muscle size, poor balance, perceived fatigue, and poor 
quality of life.

Methods: Children had their dynamic muscle function measured using Leonardo Mechanography (Novotec Medical), which measures peak power and force 
generation on single two-legged jumping and multiple one-legged hopping respectively, and also jumping efficiency and balance. Grip force (isometric muscle 
function) and 6-minute walk test (6MWT, assessing functional capacity) were also measured. Magnetic resonance imaging of the right thigh was undertaken to 
measure cross-sectional area of knee extensor muscles. Questionnaires of perceived fatigue (PedsQL Multi-dimensional Fatigue Scale) and quality of life (Child 
Outcome Rating Scale) were also completed. Data was compared to age- and gender-specific reference data where available, to calculate standard deviation 
scores (SDS).

Results: 44 children were recruited (20 males, 24 females; age range 6.1-16.5 years, mean age 10.6 years). Children with NF1 had significantly reduced 
jumping power SDS (mean -2.1, 95% confidence interval (95%CI) -2.5 to -1.8), jumping efficiency SDS (mean -1.2, 95%CI -1.5 to -0.9), hopping force 
SDS (mean -2.4, 95% CI -2.8 to -1.9), grip force SDS (mean -2.4, 95%CI -2.7 to -2.1) and 6MWT SDS (mean -2.4, 95%CI -2.8 to -2.0) (p<0.001 for all), 
regardless of age or gender. Muscle size strongly correlated with jumping power (r=0.80, p<0.001), jumping efficiency (r=0.45, p=0.003), hopping force 
(r=0.54, p<0.001) and grip force (r=0.53, p<0.001), even when controlling for age, gender, height and weight.  No correlations were evident with measures 
of muscle function for balance performance, fatigue scores or quality of life scores. 

Discussion/Conclusion: Children with NF1 have very significant impairments in a variety of muscle function tests, indicating deficits in strength, endurance and 
dynamic muscle function. These deficits exist throughout childhood, and regardless of gender. These deficits in muscle function correlate with muscle size, 
suggesting this impairment is at least partly due to issues with muscle bulk, highlighting the potential for improvement with physiotherapy exercises aimed at 
improving muscle bulk. These deficits do not seem to strongly impact on other features of NF1, presumably because these features are multi-factorial in aetiology.

Full List of Authors: Amish Chinoy, Alex Ireland, Grace Vassallo, Steve Roberts, Judith Eelloo, Eileen Hupton, Peter Clayton, Raja Padidela, Zulf Mughal & Members of Manchester 
Complex NF1 service.
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Platform: A Randomized, Placebo-Controlled Phase 2 Study of the Efficacy and Safety of Tanezumab in 
Subjects with Moderate-to-Severe Schwannomatosis-Related Pain  

Tuesday, June 15, 3:00pm – 3:15pm
 
Jennifer L.W. Da, BA, Massachusetts General Hospital

Introduction: Schwannomatosis is a rare genetic condition that predisposes patients to growing schwannomas and less frequently, meningiomas. Chronic pain 
is a common symptom in schwannomatosis. Nerve growth factor (NGF) is hypothesized to be an important mediator in the generation and maintenance of 
pain. NGF is found in schwannomas resected from patients with schwannomatosis and in conditioned media from schwannoma cultures. Thus, blocking NGF 
may reduce pain in persons with schwannomatosis.

Methods: This study (NCT04163419) is a phase 2, randomized, double-blind, placebo-controlled trial evaluating the safety and efficacy of tanezumab, an 
anti-NGF antibody. Eligible subjects must be ≥18 years old, have moderate-to-severe schwannomatosis-related pain (11-point Numerical Rating Scale 
(NRS-11) score ≥5) inadequately controlled by neuropathic pain medications, non-steroidal anti-inflammatory drugs (NSAIDs), and opioids. Exclusion 
criteria include inability to discontinue NSAID use and diagnosis of osteoarthritis. Forty-six subjects are expected to enroll at Massachusetts General Hospital. 
Subjects are randomized to receive tanezumab 10 mg subcutaneously (SC) or placebo SC (1:1) on day 1, and all subjects receive tanezumab 10 mg SC on 
day 57. Subjects will be followed for 40 weeks. A delayed start design has been incorporated to allow all subjects to receive active study drug. The primary 
endpoint is change from baseline to week 8 (end of the double-blind treatment period) in worst pain intensity over the past week on the NRS-11. Secondary 
endpoints include change in scores on pain interference, depression, and anxiety PROMIS measures, as well as objective memory performance (to evaluate 
neurocognitive toxicity of treatment). For exploratory outcomes, patients will mark the location of their pain on a body figure and rate their worst pain intensity 
electronically from home weekly between clinic visits. Qualitative interviews with subjects are planned to validate pain-related endpoints for schwannomatosis 
clinical trials, and to better understand participants’ experience on the trial and their views on the study endpoints.

Results: Enrollment commenced in October 2020 with six subjects enrolled as of April 22, 2021. This study is currently recruiting participants.

Discussion: Schwannomatosis clinical trial design and endpoints are not well-defined, and require validation. Ours is the first therapeutic study to specifically 
treat schwannomatosis-related pain, and lays the groundwork for future clinical trials in schwannomatosis, including trial design, experience, and endpoints. 
Given that schwannomatosis is a rare disease, the study team is addressing challenges to recruitment and barriers to study participation, including the use of 
telemedicine and travel stipends provided by the Children’s Tumor Foundation to ease the burden of travel. The study team has incorporated assessments of pain 
quality, cognition, and quality-of-life related endpoints in schwannomatosis. Initial feasibility of completing the electronic pain scales from home is promising.

Disclosures: Pfizer Inc. has provided support and investigational product to enable Massachusetts General Hospital to conduct the study. 

Full List of Authors: Jennifer L.W. Da1, BA; Vanessa L. Merker1, PhD; Justin T. Jordan1, MD, MPH; K. Ina Ly1, MD; Michael Parsons1, PhD; Pamela L. Wolters2, PhD; Lei Xu1, MD, 
PhD; Naomi Askenazi1; Mark Brown3, MD; Scot Styren3, PhD; Takaharu Yamabe3, PhD; Alona Muzikansky1, MA; Scott R. Plotkin1, MD, PhD
1Massachusetts General Hospital, Boston, United States; 2National Cancer Institute, Bethesda, United States; 3Pfizer, New York, United States
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Platform: Long-Term Safety and Efficacy of Selumetinib in Children with Neurofibromatosis Type 1 on a Phase 
2 Study for Inoperable Plexiform Neurofibromas  

Tuesday, June 15, 3:15pm – 3:30pm
 
Andrea M. Gross, MD, Pediatric Oncology Branch, NCI

Background: Selumetinib shrank inoperable symptomatic plexiform neurofibromas (PNs) and provided clinical benefit for many children within the first year 
in a phase 2 trial (data cut-off [DCO] March 2019; SPRINT, NCT01362803). At DCO, 29 of the 50 subjects (58%) were still receiving study treatment. In this 
report, we present an additional 2 years of safety and efficacy data. 

Methods: Children with NF1 and inoperable PN enrolled on the phase 2 study of selumetinib (DCO: 2/27/2021). Phase 2 subjects received continuous 
selumetinib at the recommended dose (25 mg/m2 PO BID; 1 cycle=28 days). PN response by volumetric MRI: confirmed partial response (cPR) ≥20% 
decrease from baseline on 2 consecutive evaluations; durable response is a cPR that lasted ≥12 cycles; progressive disease (PD) ≥ 20% increase from 
baseline or best response if subject had a previous PR. Subjects could continue study drug after PD if the tumor was <20% above baseline volume. Subjects 
prospectively completed patient-reported outcome (PRO) measures assessing tumor pain intensity (Numeric Rating Scale-11 [NRS-11]) and pain interference 
(Pain Interference Index [PII]). After 2 years, safety and efficacy evaluations were every 6 months; adverse events (AEs) graded with CTCAEv4.03.

Results: For phase 2 patients with symptomatic PN (stratum 1) (n=50), 23 (46%) subjects remain on treatment at DCO, median treatment duration of 52.5 
cycles (range 1,66). Off treatment reasons: PD (7), AE (6), PI discretion (6), refused further treatment (3), treatment period completed (2), intercurrent 
illness (2) and protocol violation (1). Median best tumor response was -27.2% (range -60.3,2.2) with cPR in 68% (n=34) and most recent response at each 
subject’s last restaging visit prior to DCO is 50% with cPR (n=25), 24% stable disease (n=12), 22% with PD (n=11) and 4% unevaluable (n=2). Median 
time to best response was 16 cycles and responses were durable in 28 (56%) subjects. For those with PD, median time to progression was 36 cycles 
(range 16,48); median progression free survival (PFS) for the entire cohort has not been reached. Of 11 subjects with PD, 8 had ≥1 prior dose reduction 
for toxicity and 4 remained on treatment; only 1 had tumor growth >20% above baseline volume. For children completing PRO measures through 4 years, 
self-report NRS-11 pain intensity scores (n=19) and PII pain interference scores (n=18) decreased significantly from baseline to 1 year (NRS-11 p=0.001; 
PII p=0.019) and remained lower than baseline at 4 years (NRS-11 p=0.015, means=2.21 to 0.68 to 0.58; PII p=0.0059 means=0.93 to 0.40 to 0.38). 
A similar pattern occurred for the parent-report PII pain interference scores (n=24) from baseline to 1 year (p=0.010) and 4 years (p=0.002; means=1.11 
to 0.35 to 0.26). Most subjects (n=49) had ≥1 AE at least possibly related to treatment (97% grade ≤ 2). Most common AEs: gastrointestinal symptoms, 
asymptomatic CPK increase, paronychia, and acneiform rash. Sixteen subjects had ≥1 dose reduction; 5 of these had 2 dose reductions for toxicity. Only 3 
grade 4 AEs were possibly related to study drug (CPK increase, hyperuricemia, skin ulceration). 

Conclusions: During an additional 2 years on the phase 2 study of selumetinib, many children with inoperable PN had durable tumor responses. Further, 
sustained decreases in pain intensity and pain interference indicate ongoing clinical benefit. While many patients tolerated selumetinib well and all drug related 
toxicities were reversible, 32% of participants had at least one toxicity requiring dose reduction during the entire study to date, which highlights the need for a 
better understanding of the duration of treatment needed in this population. Data analysis is preliminary and ongoing.

Full List of Authors: Andrea M. Gross, M.D., NCI POB; Pamela L. Wolters, Ph.D., NCI POB; Andrea Baldwin, P.N.P., Clinical Research Directorate/Clinical Monitoring Research 
Program, Leidos Biomedical Research, Inc., NCI Campus at Frederick, Frederick, Maryland 21702; Eva Dombi, M.D., NCI POB; Anne Dufek, P.N.P., NCI POB; Oxana Kapustina, 
M.L., Clinical Research Directorate/Clinical Monitoring Research Program, Leidos Biomedical Research, Inc., NCI Campus at Frederick, Frederick, Maryland 21702; Kailey Herrera, 
B.A., NCI Comprehensive Research Solutions; Katie McHugh, R.N., NCI POB; Staci Martin, Ph.D., NCI POB; Joanne Derdak, C.R.N.P., NCI POB; Kara Heisey, B.S., Clinical Research 
Directorate/Clinical Monitoring Research Program, Leidos Biomedical Research, Inc., NCI Campus at Frederick, Frederick, Maryland 21702; Patricia Whitcomb, R.N., NCI POB; 
Michael J. Fisher, M.D., Children’s Hospital of Philadelphia; AeRang Kim, M.D. Ph.D., Children’s National Medical Center; Miriam Bornhorst, M.D., Children’s National Medical 
Center; Brian Weiss, M.D., Cincinnati Children’s Hospital; Jaishri O. Blakeley, M.D., Johns Hopkins University; Brigitte C Widemann, M.D., NCI POB
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Platform: ReNeu: Phase 2b Trial of Mirdametinib, a MEK1/2 Inhibitor, in Patients with NF1-Associated 
Plexiform Neurofibroma Causing Significant Morbidity  

Tuesday, June 15, 3:30pm – 3:45pm
 
Christopher Moertel, MD, University of Minnesota

Background: Plexiform neurofibromas (PN) are present in 30-50% of patients with neurofibromatosis type 1 (NF1). These peripheral nerve sheath tumors can 
cause significant morbidity and disfigurement and are associated with increased mortality due to transformation into malignant peripheral nerve sheath tumors. 
Mirdametinib (PD-0325901) is a highly selective, allosteric, brain-penetrant, small-molecule inhibitor of MEK1/2. Preliminary efficacy of mirdametinib was 
observed in a Phase 2 study that demonstrated a 42% objective response rate (ORR) after 12 cycles with significant improvement in both pain intensity and 
cognitive functioning, with additional improvements in Quality of Life (QoL) in patients experiencing a partial response (PR); mirdametinib was generally well-
tolerated, with the most common adverse events (AEs) being Grade 1/2 acneiform rash (95%), fatigue (58%), and nausea (53%) (Weiss, 2021). 

Methods: ReNeu (NCT03962543) is a multi-center, open-label, Phase 2b study evaluating the efficacy and safety of mirdametinib in participants ≥2 years (50 
patients 2-17 years, 50 patients ≥18 years) with an inoperable NF1-PN causing significant morbidity. The primary endpoint is ORR, defined as the proportion 
of participants with a reduction of target PN volume ≥20% by MRI assessed via independent blinded central radiologic review. Secondary endpoints include 
duration of response, QoL, pain severity/interference, and safety/tolerability. Additionally, change in functional outcome assessments (e.g., strength, range 
of motion) are being conducted based on tumor location and specific morbidities. Mirdametinib is administered orally utilizing a capsule or dispersible tablet 
(pediatric formulation) at a dose of 2 mg/m2 BID (maximum dose of 4 mg) BID for up to 24 Cycles on an intermittent (3 weeks on/1 week off) dosing schedule. 

Results: Twenty adult participants (median age: 33.5 years) that had at least one MRI scan while on therapy as of January 22, 2021 were included in the data set. 
At the time of the data cutoff, 16 (80%) remained on treatment and the median duration of therapy was approximately 10 months. These 20 adults demonstrated 
a 50% ORR with 6 of 7 PRs confirmed on a subsequent assessment. In this initial patient cohort, mirdametinib was generally well tolerated with rash, nausea, and 
diarrhea being the most commonly reported AEs. The only Grade 3 treatment-related AE reported was rash in 1 patient requiring a dose reduction.

Conclusion: These preliminary data of mirdametinib in NF1-PN demonstrate an encouraging response rate and favorable safety profile and are consistent with 
previous results obtained in the adult NF1-PN population.

Additional Authors: Dusica Babovic-Vuksanovic, MD; Mayo Clinic
Timothy Gershon, MD, PhD; University of North Carolina Medical Center
Michael Weber, PharmD; SpringWorks Therapeutics
L. Mary Smith, PhD; SpringWorks Therapeutics

Sponsored by SpringWorks Therapeutics, Inc.

References:
Weiss BD, Wolters PL, Plotkin SR, et al. NF106: A Neurofibromatosis Clinical Trials Consortium Phase II Trial of the MEK Inhibitor Mirdametinib (PD-0325901) in Adolescents and 
Adults With NF1-Related Plexiform Neurofibromas. 2021;39(7):797-806. doi:10.1200/jco.20.02220
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Platform: Binimetinib Leads to Radiographic Response in Adults with Neurofibromatosis Type 1 Associated 
Plexiform Neurofibromas: A Report from the NFCTC and PNOC  

Tuesday, June 15, 3:45pm – 4:00pm
 
Alyssa T. Reddy, MD, University of California San Francisco

Background: Patients with NF1-associated plexiform neurofibromas (PNs) often suffer debilitating complications and disfigurement. MEK inhibitors, which 
block mitogen-activated protein kinase (MAPK) signaling, have shown promise in treating PN’s. We conducted a phase II clinical trial in adult patients with 
the MEK inhibitor binimetinib assessing radiographic response of PNs, tolerability of protracted drug administration, and functional outcomes. Results of 
radiographic response after 12 cycles and agent tolerability are presented here.

Methods: Patients ≥ 18 years of age with progressive PN or PN causing significant morbidity were eligible. Initial starting dose of binimetinib was 45mg orally 
twice daily. Patients with ≥15% reduction in PN MRI volume by 8 cycles and ≥20% by 12 cycles (partial response, PR) could continue on treatment for up to 
24 four-week cycles. The study was amended to reduce the starting dose to 30mg bid after 5 of the first 12 patients came off-study due to intolerable grade 
2-3 toxicities. Participants undergo MRI and functional assessments at baseline and after courses 4, 8, 12, 18 and 24. Tumor response was assessed by 
central review at the National Cancer Institute using volumetric MRI analysis.  

Results: Twenty-five subjects (52% female) from 10 institutions were enrolled. Median age was 23 years (range 18-55). Median tumor volume at study entry 
was 409.7 ml (range 7.3-3128ml). Twenty patients were evaluable for response; overall 13 patients (65%) met criteria for PR. At 30mg BID, 9 of 11 evaluable 
patients (82%) had PR by 12 cycles. For those with PR, median maximal PN volume reduction was 26.5% (range 21.1-35.2%). Fifteen patients received at 
least 12 cycles of binimetinib (11 who started at 30mg bid); 8 remain on treatment. Off-study reasons include: refusal of further therapy (N=6, all at 45mg 
bid), did not meet tumor volume reduction to continue (N=4), non-compliance (N=4), withdrawal (N=1) and completion of all protocol therapy (N=2). 
Eleven patients underwent dose reductions. Reported drug-related grade 3 toxicities include rash (N=2), nausea (N=1), and fatigue (N=1).
 
Conclusion: Binimetinib led to PR in NF1-associated PN for most patients and appears reasonably well-tolerated at 30mg bid. Evaluation of functional 
outcomes and durability of response are ongoing. For patients who complete 24 cycles of binimetinib and stop drug, a re-treatment stratum is planned for 
those with subsequent progressive PN.

Full List of Authors: Alyssa T. Reddy, Michael J Fisher, Eva Dombi, Lynn Merritt, Coretta R Robinson, James Tonsgard, Jaishri O Blakeley, Kaleb Yohay, Bruce R Korf, Nicole J Ullrich, 
Roger Packer, Dusica Babovic-Vuksanovic, Wade Clapp, Karin Walsh, Lloyd J Edwards, Michael Prados, and Sabine Mueller

Granting Agency and Funding Support: DoD NFRP (W81XWH-17-2-0037); Array BioPharma Inc., a wholly owned subsidiary of Pfizer Inc.; and the PNOC Foundation
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Platform: Predictors of Early Relapse and Treatment-Refractory Optic Pathway Glioma in Children with 
Neurofibromatosis Type 1  

Tuesday, June 15, 4:00pm – 4:15pm
 
Chelsea Kotch, MD, Children’s Hospital of Philadelphia, University of Pennsylvania School of Medicine

Background: Two-year progression free survival for children with neurofibromatosis type 1 (NF1)-associated low grade glioma is 79%. One-third of patients 
with NF1-optic pathway glioma (NF1-OPG) demonstrate decline in visual acuity (VA) after frontline chemotherapy.

Methods: We performed a retrospective multi-institutional cohort study to evaluate predictors of early treatment-refractory/relapsed disease in patients with 
NF1-OPG. Subjects included children who initiated treatment with chemotherapy for NF1-OPG between January 1, 2005 and December 31, 2014. Patients with 
OPG that did not require treatment were excluded. Treatment-refractory/relapsed disease was defined as requirement of more than one treatment regimen for 
OPG and was used as a clinical surrogate for high-risk disease. Early treatment-refractory/relapsed disease was defined as second treatment regimen required 
within 24 months of initiation of frontline chemotherapy. Subjects whose initial chemotherapy regimen changed due to carboplatin allergy were not considered 
to have failed chemotherapy. Age, sex, NF1 inheritance pattern, optic nerve pallor, presence of non-OPG glioma, posterior tumor location, and visual acuity 
were considered as potential predictors of early relapse.

Results: Of 111 subjects eligible for inclusion, treatment and outcomes data were available for 103 subjects and VA data for 79 subjects from 7 centers. 
Median follow-up time was 95 months (range 13-185). Eighty-two (81%) of subjects received carboplatin-based frontline chemotherapy. At initiation of 
therapy, VA was abnormal in 53% and unknown for 23% of subjects. Forty-five subjects (44%) had treatment-refractory/relapsed disease. Median interval to 
second treatment regimen was 21.5 months (range 2-149). Twenty-two (21%) had early treatment-refractory/relapsed disease. For patients with early relapse, 
VA at start of second treatment regimen was normal in 3 (16%) and abnormal in 15 (83%) of subjects. In univariate analysis, age < 24 months was the only 
statistically significant factor associated with early relapse (p=0.035, RR=2.4). Presence of other non-optic pathway glioma (p=0.051, RR 2.1), posterior 
visual pathway tumor (p=0.056, RR 2.0) and familial inheritance (p=0.07, RR 1.8) approached significance as predictors for early relapse. Sex was not 
predictive of early relapse (p=0.384). In the multivariate log binomial model, associations with early refractory/relapsed disease were strengthened for all four 
predictors identified in the univariate analyses (all achieving p<0.05). 

Conclusion: Young age, posterior tumor location, presence of non-OPG glioma, and familial inheritance appear to be associated with early relapse from initial 
OPG treatment. If confirmed in a prospective study, these risk factors for early treatment-refractory/relapsed NF1-OPG may help stratify patients at high-risk for 
recurrence to newer treatment strategies.

Full List of Authors: Chelsea Kotch MD, Robert Avery DO, Eric Bouffet MD, Peter de Blank MD MSCE, Robert Listernick MD, David H Gutmann MD PhD, Miriam Bornhorst MD, 
Cynthia Campen MD, Yimei Li PhD, Richard Aplenc MD PhD, Grant T Liu MD, Michael J Fisher MD

Funding: Supported by the NIH Cancer Clinical Epidemiology Training Grant, T32-CA-09679 (C.K.)

EUROPEAN INITIATIVES – UPDATE

EFPIA & IMI (Non-CME Activity)  
Wednesday, June 16, 8:30am – 8:40am
 
Magda Chlebus, European Federation of Pharmaceutical Industries and Associations (EFPIA)

Introduction to EU PEARL (Non-CME Activity)  
Wednesday, June 16, 8:40am – 8:50am
 
Francesco Patalano, MD, EU PEARL

EU-PEARL is a strategic alliance between leading partners from the public and private sectors to transform the way clinical trials are conducted. With a view 
to improve and accelerate drug development processes, this IMI funded project is developing an innovative framework of Integrated Research Platforms 
(IRPs). The IRP framework will facilitate the transition from the current model of clinical trials —where one treatment is tested each time a trial is run— into 
a patient-centric platform trial approach where several treatments, from different companies, can be tested at the same time. Under the IRP model, patients 
and their caregivers play a central role in the design of the clinical trial, which helps result in more patient-relevant outcomes. EU-PEARL is developing this 
framework of generalizable tools and methods to make it easier for teams to develop an IRP in different disease areas. The framework will be further developed 
for application in four pilot disease areas, NF is one of them.
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Platform Study Design for Neurofibromatosis (Non-CME Activity)  
Wednesday, June 16, 8:50am – 9:05am
 
Günter Heimann, Novartis Pharma AG

In this presentation, I will introduce the study design for the Neurofibromatosis type 1 (NF1) platform trial. The focus of this presentation will be on the 
principles that were applied.

Neurofibromatosis is a disease with diverse manifestations, and patients go through less to more severe   degrees of the disease. Patients can be diagnosed 
with several manifestations of NF1, and the manifestation that needs treatment most urgently may change over time. 

Inclusion and exclusion criteria will vary with the different manifestations and degrees of severity. The need for treatment may be triggered by different events 
(for example in plexiform neurofibroma by a growing tumor, but also by pain, or because of co-morbidities in the absence of a growing tumor). Subject to the 
events that triggered the need for treatment, response criteria may vary across manifestations, and sometimes even within a manifestation. Many different 
decisions have to be taken for a patient who enters such a trial. Writing a platform trial protocol under such conditions becomes a complex and tedious task. 

In order to simplify this, we developed a generic flowchart that describes the journey of a patient through a trial for NF1. The flowchart is generic in that it can 
be applied to all manifestations, degrees of severity, and further variations. The flowchart simplifies the task to write a platform trial protocol, because it uses 
only four types of decisions to manage the journey of a patient through the trial, which limits the set of decision criteria to develop for the protocol. Of course, 
the decision criteria for each of these types varies across the manifestations and degrees of severity, and the details have to be worked out, but this can be one 
by subgroups of experts.

Platform Trial for Plexiform Neurofibroma Using the Heimann Template (Non-CME Activity)  
Wednesday, June 16, 9:05am – 9:20am
 
B.A.E. Dhaenens, MD, Erasmus University

As a part of WP7 of EU-PEARL, Guenter Heimann has created a template flowchart for platform trials in Neurofibromatosis.

Britt Dhaenens will demonstrate how WP7 used the generic template to create a manifestation specific platform protocol for plexiform neurofibromas.

She will show the most important in- and exclusion criteria for each decision point, highlighting the biggest challenges and the level of detail that is required in 
these protocols.

Economic Model for Sustainability (Non-CME Activity)  

Wednesday, June 16, 9:20am – 9:30am
 
Edwin van de Ketterij, MSc, European Research Infrastructure for Translational Research (EATRIS)

Edwin will present the ideas and considerations for sustainability and business planning for platform clinical trials, with some specific for NF.
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CONSORTIA UPDATES

Department of Defense NF Clinical Trials Consortium  
Wednesday, June 16, 10:00am – 10:20am
 
Michael Fisher, MD, Children’s Hospital of Philadelphia

Optic Pathway Glioma Consortium  
Wednesday, June 16, 10:20am – 10:40am
 
Robert Avery, DO, Children’s Hospital of Philadelphia

Synodos Low Grade Glioma Consortium  
Wednesday, June 16, 10:40am – 11:00am
 
Michael Fisher, MD, Children’s Hospital of Philadelphia 
David Gutmann, MD, PhD, Washington University

Perspectives on Synodos for Gliomas  
Wednesday, June 16, 11:00am – 11:15am
 
Michael Fisher, MD, Children’s Hospital of Philadelphia 
David Gutmann, MD, PhD, Washington University
Antonio Iavarone, MD, Columbia University

International Schwannomatosis Database  
Wednesday, June 16, 11:15am – 11:30am
 
Allan Belzberg, MD, Johns Hopkins University
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LATE BREAKING ABSTRACTS – PLATFORM PRESENTATION

Phase IIa Trial of Topical MEK Inhibitor, NFX-179, in Neurofibromatosis Type 1 Patients with Cutaneous 
Neurofibromas  

Wednesday, June 16, 11:45am – 12:00pm
 
Kavita Yang Sarin, MD, PhD, Stanford University

Introduction: Cutaneous neurofibromas (cNFs) are benign nerve sheath tumors that form in the skin of individuals with Neurofibromatosis Type 1 (NF1) and 
can cause irritation, pain, disfigurement and social anxiety. cNFs arise due to uncontrolled activation of the Ras/MEK pathway, representing a compelling 
therapeutic target pathway. The purpose of this study was to evaluate the safety and pharmacodynamic activity of a topical MEK inhibitor, NFX-179 Gel, in 
suppressing p-ERK, a key downstream component of the Ras/MEK pathway, in target cNF tissue. 

Methods: A double-blind, randomized, vehicle-controlled, phase 2a study was conducted to determine the pharmacodynamic activity, safety, and tolerability 
of NFX-179 Gel (0.05%, 0.15%, and 0.5%) compared with vehicle in subjects with NF1 (NCT04435665). The study drug was applied topically once daily 
to 5 target cNF tumors for 28 days; an additional cNF tumor was untreated. Four hours after the final study drug application, all 6 study cNF tumors were 
excised for measurement of p-ERK levels. Primary endpoints were suppression of p-ERK levels in target cNF tumors and safety and tolerability assessments. 
Secondary endpoints included the percent change in cNF tumor volume. 

Results: Of the 48 subjects randomized, 47 completed 28 days of treatment. The mean age was 47 years, 67% were female, and 81% were Caucasian. 
The primary endpoint showed a dose-related reduction in p-ERK at Day 28 with a 47% reduction in the 0.5% NFX-179 Gel group compared with vehicle 
(p < 0.0002). In addition, a dose-related reduction in tumor volume at Day 28 was observed, with a 17% mean reduction in the 0.5% NFX-179 Gel group 
compared to 8% in the vehicle group (p = 0.073). No significant local or systemic toxicities were observed, including acneiform rash. 

Conclusion: The results of this first-in-human study of NFX179 in cNF tumors demonstrate a good safety and tolerability profile and potential therapeutic 
benefit by biomarker and clinical evidence. Our study suggests that NFX-179 gel could be a safe and effective therapy for the treatment of cNFs and warrants 
further evaluation.. A large phase 2b study will be enrolling this Fall.

Full List of Authors: Kavita Y. Sarin, Brian Beger, Chris O’Mara, Guy Webster, Jahanbanoo Shahryari, John Kincaid, Matt Duncton, Peter Fenn, Mark DeSouza, Scott R. Plotkin, Mark 
Bradshaw, Chris Powala 

Funding: NFlection Therapeutics, Inc.
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NF1: Basic Science (The Poster Sessions are a Non-CME Activity)

LIST OF ABSTRACTS

LAST FIRST TITLE

Allaway Robert Three Years Later: The NF Data Portal in 2021

Alveshere Andrea The ‘Expansion Switch,’ the ‘Kill Switch,’ and NF1

Amani Vladimir Single-Nuclei RNA-Seq to Examine Cellular Heterogeneity Within the Complex Tumor Microenvironments in
Neurofibromatosis Type 1 Associated Plexiform Neurofibroma and Highly Aggressive Malignant Peripheral
Nerve Sheath Tumors

Bachman John Self-Updating and Self-Testing Causal Models to Accelerate Discovery in Neurofibromatosis

Bai Ren-Yuan Development of a Novel AAV Vector for Gene Replacement Therapy in NF1-Related Tumors

Banerjee Jineta Predicting Candidate Small Molecules for Neurofibromatosis Type 1 Using a Transcriptomic Disease Signature  
Reversion Based Approach

Bettinaglio Paola Identification of New Pathomechanisms in Neurofibromatosis Type 1 Microdeletion Syndrome: Position Effect
and Modifier Role of the RAS Pathway Genes

Bhunia Minu Differential Expression Analysis of Engineered Human Schwann Cells with PRC2 Loss Reveals Potential Drivers  
of Malignant Peripheral Nerve Sheath Tumorigenesis

Bruckert Lisa White Matter Properties of the Optic Pathways in Children with Neurofibromatosis Type 1 with and without Optic 
Pathway Gliomas

Chang Long-Sheng Targeting Protein Translation in Combination with MEK Inhibition as an Effective Treatment for NF1, NF2, and
Schwannomatosis-Related Tumors

Chiara Federica Neurofibromin Deficiency and Extracellular Matrix Cooperate to Increase Transforming Potential Through
FAK-Dependent Signalling: New Therapeutic Perspectives

Cohen Marine Exploring Cellular Composition and Molecular Signature of Cutaneous Neurofibromas at the Single Cell Resolution

Dehner Carina Chromosome 8 Gain is Associated with High-Grade Transformation in MPNST

Draper Garrett Induced Pluripotent Stem Cell Derived Schwann Cells Harboring MPNST-Associated Mutations Fail to Escape
Senescence In Vitro

Kershner Leah Transcriptional Reprogramming of Schwann Cell Populations and the Tumor Microenvironment During Plexiform 
Neurofibroma Formation

Kohlmeyer Jordan Combination Therapies for MPNSTs Targeting RABL6A-RB1 Signaling

Leier André Development of Therapeutic Trans-Splicing Ribozymes for the Correction of Mutant NF1 mRNA

Magallon-Lorenz Miriam Genomic Characterization of 8 Established MPNST Cell Lines: A Resource for Developing Pharmacogenomic
and Precision Medicine Strategies

Mansour Myriam Exploring Mechanisms Driving Initiation and Progression of Plexiform Neurofibromas from Prss56Cre, Nf1fl/fl

Mouse Model

Mazuelas Helena Identification of Pathways Triggered by Schwann Cell- Endoneurial Fibroblast Interactions Driving Cutaneous  
Neurofibroma Growth

McGivney Gavin Multiomics Analysis of Somatic CRISPR/Cas9 MPNST Models Identifies Dysregulation of Metabolic Pathways
in MPNST

Mosrin Christine Sumoylation of Neurofibromin and its SecPH Domain Plays a Role in Their Functions and Implies Unexpected
Structural Requirements

Nikrad 
& Galvin

Julia 
Robert

Investigation of Conditionally Replicative Oncolytic Adenovirus for the Treatment of Malignant Peripheral Nerve Sheath 
Tumor in a Syngeneic Mouse Model

Oribamise Eunice Assessing the Efficacy of Nonsense Mediated Suppression Therapies in a Porcine Model of Neurofibromatosis Type 1 
with Nonsense Mutation

Ortega Sara Characterization of Newly Generated MPNST Cell Lines

Osum Sara The Cooperating Effect of Neurofibroma-Associated Fibroblasts and Schwann Cells on Tumor Growth and Maintenance

Patritti-Cram Jennifer P2RY14 Modulates Schwann Cell Precursor Self-Renewal and Tumor Initiation in Mouse Model of Neurofibromatosis 
Type 1
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NF1: Basic Science (The Poster Sessions are a Non-CME Activity)

LIST OF ABSTRACTS

LAST FIRST TITLE

Riccardi Vincent Cell-Cell Cooperativity in the Epigenetics of NF1

Rodriguez Fausto Targeting ATR and the ERK Pathway in High-Grade Solid Tumors with Concurrent NF1 and ATRX Loss

Sammons Josh Identification of Compounds that Suppress NF1 Nonsense Mutations by Reducing eRF1 Abundance

Sun Daochun Gene Network-Based Drug Discovery in Plexiform Neurofibromas

Uriarte Arrazola Itziar NF1 Gene Editing in iPSCs Using CRISPR-Cas9 Technology

Vallée Béatrice New Molecular Insights into the Crosstalk Between the Rho/ROCK/LIMK2/Cofilin Signalling Pathway and Nf1

Wallis Deeann Targeted Antisense Oligonucleotide-Induced Skipping of NF1 Exon 17 as a Therapeutic for Neurofibromatosis Type 1

Wang Jiawan The Combined Inhibition of SHP2 and CDK4/6 is Active in NF1-Associated Malignant Peripheral Nerve Sheath Tumor
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Three Years Later: The NF Data Portal in 2021   
 
Robert Allaway, PhD, Sage Bionetworks

The Neurofibromatosis Open Science Initiative (NF-OSI) was created to promote data sharing and open science practices as core values within the NF research 
community. A major output of this initiative was the development and release of the NF Data Portal (www.nfdataportal.org) in 2018. This portal was started 
to help the community share and discover data from projects funded by the Children’s Tumor Foundation, the Neurofibromatosis Therapeutic Acceleration 
Program, and other funding partners.1 In the intervening three years, the portal has grown substantially, and now lists 110 funded studies from 14 funding 
mechanisms and six funding organizations, with data contributions from more than 100 researchers. Additionally, the portal features, documentation, and 
connected tools have been substantially developed and refined. We have developed new data visualizations to increase the ease of navigation and discovery 
of data and other research assets (interactive charts, data type and access iconography), added new home page modules to make navigation easier and 
communicate new information (e.g. open grant opportunities, data contributor bios, definitions of portal concepts, open science-related news). Finally, the 
NF Data Portal has been a key enabler of data-driven research events such as the 2019 and 2020 NF Hackathons and a planned DREAM Challenge. In this 
presentation, we discuss the major updates between the initial 2018 release of the NF Data Portal and today.

Full List of Authors: Jineta Banerjee, PhD, Kaitlin Throgmorton, MLIS, Justin Guinney, PhD, NF Open Science Initiative Consortium  
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The ‘Expansion Switch,’ the ‘Kill Switch,’ and NF1  
 
Andrea J. Alveshere, PhD, Western Illinois University, Departments of Anthropology and Chemistry

We present details of anthropological evolutionary developments and how they relate to the unique human NF1 locus wildtype, variant and mutant 
allele functioning, and their respective phenotypes. Various lines of evidence suggest that expansion of the human brain was facilitated directly by 
dehydroepiandrosterone sulfate (DHEAS) and indirectly by lessening apoptosis, the latter also being a factor in another type of cellular accumulation, cancer. 

DHEAS is secreted by the adrenal gland and is a significant contributor to a person's sexual and cerebral maturation. During the course of human evolution, 
DHEAS secretion during the later first decade (adrenarche) through the third decade of life attained extraordinarily high levels: in humans circulating DHEAS 
levels are twice that of the chimpanzee and about 10,000 times that of the mouse. Changes to, or loss of, several other DHEAS-function-related genetic loci 
also occurred. As a result of these changes, a not otherwise tolerable alteration developed in the relationship of DHEAS and the “tumor protein” gene TP53. 
If this gene underwent an inactivating mutation, circulating DHEAS would be taken up by the mutated cell and the sulfate removed. The resulting DHEA would 
then cause uncompetitive inhibition of G6PD, with a consequent accumulation of lethal reactive oxygen species (ROS) and, thus, cell death. This means of 
killing a cell was thereby labeled the “kill switch.” During a person’s 20-plus years of exaggerated DHEAS serum levels and vigorous neural and somatic 
growth, a TP53 mutation would lead to that cell’s death—not to cancer. This “kill switch” was a way to avoid cancer otherwise caused by a TP53 mutation. But 
as persons progress beyond the period of exaggerated levels of DHEAS, a TP53 mutation may be associated with 50% of malignant transformations. 

We thus realize that the relation of human evolutionary brain enhancement to cancer risk is substantial and complicated, emphasized on multiple levels by 
various elements of the NF1 syndrome, including fairly consistent short stature, macrocephaly, cognitive impairment and benign and malignant tumors. The 
mutant NF1 syndrome is associated with a constellation of physical, cognitive and behavioral elements that have been used to distinguish humans and other 
hominins from chimpanzees. Evidence from human and other primates suggests that the “kill switch,” combined with uniquely-high human circulating DHEAS 
levels and NF1 diplosufficiency (two wildtype alleles), may provide the enhanced “genome guarding” necessary for maintenance of this humanized cellular 
proliferation/differentiation pathway.

Full List of Authors: Andrea J. Alveshere, PhD, Vincent M. Riccardi, MD, PhD
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Single-Nuclei RNA-Seq to Examine Cellular Heterogeneity Within the Complex Tumor Microenvironments in 
Neurofibromatosis Type 1 Associated Plexiform Neurofibroma and Highly Aggressive Malignant Peripheral 
Nerve Sheath Tumors  
 
Vladimir Amani, BSc, University of Colorado Anschutz Medical Campus

During formation of plexiform neurofibroma (PN), a complex tumor microenvironment (TME) develops, with recruitment of other cell types being critical for 
growth and progression. Approximately 10% of PN can undergo transformation into malignant peripheral nerve sheath tumors (MPNST) which is a substantial 
cause of mortality in older teenagers and young adults. PN, in themselves, are a leading cause of morbidity in Neurofibromatosis Type 1 (NF1), often 
disfiguring or threatening vital structures. We sought to apply single cell transcriptomic analysis to PN and MPNST to provide a clearer understanding of the 
complex TME.

Due to the cohesive cellularity of PN, single-cell RNA-sequencing is difficult and may result in a loss of detection of critical cellular subpopulations. Single-
nuclei RNA-sequencing (snRNA-seq) is a cutting-edge technology that can be applied to fibrous and bulk frozen tissues, such as NF1-associated PN. This 
technology was applied retrospectively to our large bulk frozen PN and MPSNT tumor bank to provide a large sample cohort that is required to adequately 
address TME heterogeneity that is influenced by the variety of locations in which PN can arise.

Our initial findings indicate that PN have a TME comprised of a variety of cellular subpopulations, with the predominant fraction being fibroblast-like cells. 
We investigated how the complex TME in NF1 associated PN and MPNST lends itself to transformation and disease progression. MPNST also show a large 
amounts of cellular heterogeneity, have distinct fibroblast-like subpopulations unique to themselves, have a marked increased population of proliferative 
and antigen presenting cells and seem to cluster separately from PN, suggesting an evolutionary shift in tumor biology. Fibroblast-like subpopulations in 
PN also have specific genetic profiles with unique signatures that warrant further investigation. We are currently validating our findings using Visium spatial 
gene expression profiling, allowing us to apply morphological context to the unique disease landscapes of PN and MPNST. We have also compiled patient 
outcomes data to see if there is any association between genetic profiles of cellular subpopulations and response to standard care and/or disease progression, 
particularly the risk of recurrence post-surgery with subsequent MEK inhibitor therapy.

SnRNA-seq provides a deeper understanding of the complex cellular heterogeneity of human PN and MPNST that has not previously been used to describe 
the TME of these tumors and also describes mechanisms of tumorigenesis and malignancy to benefit patients with these devastating tumors of childhood and 
early adulthood.

Additional Authors: Donson, AM., Gilani, A., Griesinger, A., Grimaldo, E., Willard, N., Harris, F., Riemondy, K., Foreman, NK.
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Self-Updating and Self-Testing Causal Models to Accelerate Discovery in Neurofibromatosis  
 
John A. Bachman, PhD, Laboratory of Systems Pharmacology, Harvard Medical School, Boston, MA

With the rapid growth of the scientific literature it is difficult for researchers to keep track of relevant discoveries. More difficult still is putting discoveries in 
context: does a new finding have an impact on therapeutic opportunities? Does it shed light on a previously obscure observation? Deriving this type of insight 
from the literature is particularly challenging in rare diseases such as neurofibromatosis (NF), where the community of researchers focused specifically on 
NF is small relative to the full body of literature with potential therapeutic relevance. It is therefore likely that novel therapeutic hypotheses could come from 
systematically connecting NF-specific data with causal knowledge about NF and cell biology more broadly.

To address this problem, we have built a research platform called the Ecosystem of Machine-Maintained Models with Automated Analysis (EMMAA: 
emmaa.indra.bio), and deployed two causal models of NF in the platform. The first model is a literature-derived, continuously-updating model of molecular 
mechanisms in NF derived from text mining ~19,000 relevant articles. Users can monitor the causal relations extracted from newly published articles via 
Twitter (@nf_emmaa) or email, and contribute to the model by curating text mined interactions. The second model is a manually curated, detailed causal 
model of NF-relevant signaling pathways expressed in simple English, which is subsequently converted into multiple types of executable models for analysis.

EMMAA uses these computable causal models to help scientists put newly reported interactions in context. Molecular causal relationships from new NF 
publications are used to extend the literature-derived model and are also checked against the manually curated model, leading to three possible outcomes. First, 
if the new finding can be explained by the curated model, it can be seen as consistent with existing knowledge. Second, if it cannot be explained by the curated 
model in its current state, but the underlying causal explanation is already well-understood, this drives the extension of the model. Finally, if the new finding 
cannot be explained, it could be because the newly reported finding is surprising or novel. The models can also be used independently to perform continuously-
updating analyses of large, systematic datasets, for example to generate mechanism of action hypotheses for chemical screening hits in NF cell lines. We believe 
the benefit of these tools will be fully realized when they are used in combination with additional NF datasets and the engagement of the NF community.

Additional Authors: Benjamin M. Gyori, Diana Kolusheva
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Development of a Novel AAV Vector for Gene Replacement Therapy in NF1-Related Tumors  
 
Ren-Yuan Bai, PhD, Department of Neurosurgery, Johns Hopkins University School of Medicine, Baltimore, MD

Background: Neurofibromatosis type I (NF1) is caused by inherited mutations to the Nf1 gene that lead to the development of tumors of the peripheral nervous 
system following loss of the second Nf1 allele. The disease hallmark is development of plexiform neurofibromas (pNFs) – benign, often disfiguring tumors on 
peripheral nerves. pNFs originate from Schwann cells (SCs), causing substantial morbidity and mortality, and can transform into highly aggressive malignant 
peripheral nerve sheath tumors (MPNST). No curative or preventative therapies currently exist but ideally, restoring the function of mutated Nf1 could prevent 
disease progression. Thus, NF1 gene replacement is a very promising and potentially translatable therapy for this disease, but is limited by two significant 
obstacles. First, there are currently no efficient vehicle to deliver genes to SCs, the tumor-initiating cells of neurofibromas and MPNSTs. Second, viral vectors 
typically used for in vivo gene therapy, such as adeno-associated virus (AAV), cannot accommodate the large 8.5 kb full-length Nf1 cDNA. 

Objective: We have constructed a small membrane-targeting GAP-related domain to suppress Ras activity with high potency in NF1 cells and performed DNA 
shuffling to engineer AAV capsid for efficient NF1/Schwann cell transduction in vitro and in vivo. The goal is to demonstrate the anti-tumor efficacies in an 
orthotopic MPNST xenograft mouse model, using these newly created AAV vectors. 

Study Design & Results: Twelve natural occurring AAV capsids have undergone DNA shuffling, namely DNAse I digestion, extension and PCR recovery, to 
form a capsid shuffling library. This library was selected in vitro iteratively in a human MPNST cell line and yielded two new capsid mutants that are superior in 
transducing NF1 cells, SCs and a wide variety of cell lines in culture, which could be a useful vector for ex vivo Nf1 restoration. 

To develop vectors for in vivo gene delivery, we performed the selection of a capsid shuffling library in a xenograft model with ST8814 human MPNST cells 
injected in the sciatic nerve of NSG mice. Iterative selections resulted in a new capsid with improved in vivo gene delivery to the sciatic nerve tumor. Currently, 
further validation and efficacy study are under way to develop this vector for NF1 gene replacement therapy. 

Full List of Authors: Ren-Yuan Bai, PhD1, Jingyi Shi, PhD2; Tyler Gray-Bethke, BS2 and Verena Staedtke, MD PhD2
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Predicting Candidate Small Molecules for Neurofibromatosis Type 1 Using a Transcriptomic Disease 
Signature Reversion Based Approach  
 
Jineta Banerjee, PhD, Sage Bionetworks, Seattle, WA

There are multiple challenges in identification of appropriate therapeutic drug candidates for Neurofibromatosis type 1 (NF1)-associated tumors1,2. These 
include: a dearth of known mutational hotspots and signaling pathways indicative of impactful therapeutic avenues3,4; challenges generating experimental 
models with high fidelity for diverse tumor types and a need to impair the cells responsible for tumorigenesis without impacting healthy tissues. These factors, 
among others, are substantial barriers towards drug candidate identification and preclinical validation of drug response in NF1. Recently, high throughput 
profiling of gene expression in NF1 patient-derived tumor tissue has become more common, with data made publicly available through efforts like the Johns 
Hopkins NF1 Biospecimen Repository (JHU Biobank)5,6,7. This gene expression profiling has generated a wealth of data which can be harnessed to facilitate 
candidate drug identification for NF1 tumors. 

We hypothesize that by implementing machine learning approaches on high-throughput gene expression profiles from human tumors provided by the JHU 
biobank7,8, we can identify candidate drugs that may revert gene expression changes associated with malignant transformation in NF1 tumors. We identified 
a group of genes that are significantly differentially expressed in tissue from malignant peripheral nerve sheath tumors (MPNST) and plexiform neurofibromas 
(pNF). An algorithm called DRUID (DRUg Indication Discoverer)9 was implemented using the differential gene expression profiles to predict candidate drugs 
that may revert malignant gene expression signatures to benign gene expression signatures. Next steps of this work are to explore available high throughput 
drug screening data as preliminary validation of the candidate drugs predicted in this study and assess treatment response across in vitro models. 
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Identification of New Pathomechanisms in Neurofibromatosis Type 1 Microdeletion Syndrome: Position Effect 
and Modifier Role of the RAS Pathway Genes  
 
Paola Bettinaglio, Master’s Degree in Biological Sciences, Specialist in Medical Genetics, Department of Medical Biotechnology and Translational 
Medicine, Università degli Studi di Milano, Segrate, Italy

Introduction: Neurofibromatosis type1(NF1) microdeletion syndrome (MD), accounting for 5-11% of NF1 patients, is characterized by a severe phenotype. 
Most NF1-MD patients (70%) carries the 1.4 Mb type-1 deletion, nevertheless they show a variable expressivity of clinical signs, suggesting the involvement of 
different mechanisms.

Materials and Methods: We studied 19 type-1 NF1 MD patients by targeted-NGS analysis with a panel of RAS/MAPK pathway genes and genes within and 
flanking the 17q11.2 microdeletion, to investigate pseudo-dominance and genetic modifier effect. We interrogated the 3D Genome Browser, VISTA Enhancer 
Browser, and CTCFBSDB 2.0 to study TADs and regulatory elements within and close to the deletion. We assayed the position effect of the deleted region by 
gene expression analysis of 10 genes flanking the deletion by RT-PCR on RNA from peripheral blood comparing a subgroup of 15 NF1-MD patients with 15 
patients with an NF1 gene mutation. Haploinsufficiency was established by evaluating the probability of LoF intolerance.

Results: We identified 14 rare variants and classified “likely pathogenic” two variants in RAS pathway genes RAF1 and RASA1. The RAF1 variant is present 
in a patient with a cerebrovascular pathology, while the RASA1 in a patient with an uncommon glioma of the brainstem developed during infancy. The in silico 
analysis has shown that the type-1 NF1 microdeletion removes part of one TAD and three whole TADs including 14 protein-coding genes as well as 7 predicted 
insulators. Expression analysis showed five hypo-expressed (IFT20, SSH2, RHOT1, ZNF207, PSMD11) and two over-expressed genes (ABHD15, BLMH) in 
NF1-MD patients compared to classical NF1 patients, with a statistical significance of p<0.05 suggesting position effect. Interestingly, IFT20 hypo-expression 
has been associated with skeletal anomalies, hyper flexibility of joints, and excess soft tissue in hands and feet, features frequently observed in NF1-MD 
patients. Furthermore, we confirmed that ATAD5, NF1, OMG, RAB11FIP4, and SUZ12 genes are intolerant to haploinsufficiency.

Conclusions: Besides haploinsufficiency, the position effect of NF1 microdeletion and possible modifier gene variants of the RAS pathway could have a role in 
phenotype severity. Further genetic and functional studies in a larger cohort of type-1 NF1 MD patients will be performed to improve the genotype-phenotype 
correlation.
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Differential Expression Analysis of Engineered Human Schwann Cells with PRC2 Loss Reveals Potential 
Drivers of Malignant Peripheral Nerve Sheath Tumorigenesis  
 
Minu Bhunia, BS, University of Minnesota, Twin Cities

Neurofibromatosis Type 1 syndrome (NF1) is a cancer predisposition syndrome caused by inheritance of one loss of function allele of the NF1 gene. Most NF1 
patients develop benign Schwann cell tumors, including dermal neurofibromas and deep nerve plexiform neurofibromas. These cause significant morbidity 
and can progress to malignant peripheral nerve sheath tumors (MPNST), a deadly soft tissue sarcoma. PNs and MPNSTs develop after somatic loss of the 
wild-type NF1 allele, resulting in an increase in Ras-GTP activated signaling1. How these neurofibromas become malignant is still incompletely understood, 
however loss of TP53 or CDKN2A/2B function and the polycomb repressor complex 2 (PRC2) are common events during the transition to MPNST2–4. SUZ12, 
EDD and EZH2 make up PRC2, which is responsible for trimethylation of Histone H3 at lysine 27 (H3K27me3). H3K27me3 is a repressive epigenetic mark 
that silences genes through formation of heterochromatin. This compaction of chromatin creates distinct topologically associated domains (TADs). We 
hypothesized loss of the PRC2 complex has direct and indirect effects on gene expression resulting in MPNSTs. PRC2 loss may result in altered TADs, which 
can affect access of promoters by distal enhancers. Altered gene expression leads to deregulation of cell differentiation and proliferation controls, promoting 
the transition to MPNSTs. We have engineered NF1-deficient human Schwann cells with, or without concomitant loss of function SUZ12 mutations. We found 
major epigenomic changes in the histone code of SUZ12 mutants including complete loss of H3K27me3 with concomitant gain in H3K27 acetylation. We also 
found that SUZ12-deficient cells become hypersensitive to histone deacetylase inhibitors. RNA sequencing has revealed many differentially expressed genes 
when SUZ12 and NF1 are lost in our engineered cell lines. Preliminary results show over 100 genes are derepressed when SUZ12 or EED is lost on top of NF1. 
By comparing these to genes expressed in MPNST patient samples, we have identified potential drivers of MPNST generation. These findings will be validated 
upon further analysis.
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White Matter Properties of the Optic Pathways in Children with Neurofibromatosis Type 1 with and without 
Optic Pathway Gliomas  
 
Lisa Bruckert, PhD, Stanford School of Medicine, Department of Pediatrics

Background: Optic pathway glioma (OPG) is a tumor associated with neurofibromatosis type 1 (NF1). NF1-associated OPG can occur anywhere along the visual 
pathway including the optic nerves, chiasm, tracts, and radiations. NF1-associated OPG behavior is unpredictable and varies from progression to spontaneous 
regression. Better understanding of the white matter (WM) characteristics of the optic pathways in NF1 may aide in understanding tumor behavior. 

Objective: To characterize WM properties of the optic pathway in children with NF1 with and without OPG. 

Methods: We conducted a retrospective cohort study of 27 children with NF1 with OPG (agemean= 9.6 y, 14 male), 20 children with NF1 without OPG 
(agemean= 9.2 y, 11 male), and 31 age- and sex-matched controls (agemean= 9.5 y, 16 male), who underwent diffusion MRI at 3T (25 directions, b=1000 s/
mm2). We developed an automated pipeline to identify the bilateral optic nerves, tracts, and radiations using probabilistic tractography. We extracted fractional 
anisotropy (FA), radial diffusivity (RD), and axial diffusivity (AD) and compared them across groups using mixed analyses of variance with hemisphere as 
within-subject and group as between-subject factor. We corrected for multiple comparisons using Tukey’s test. 

Results: We reconstructed all parts of the optic pathway and found a main effect of group for FA of the optic nerves (F(2,69)=14.9, p<.001), tracts 
(F(2,75)=10.5, p<.001) and radiations (F(2,75)=25.4, p<.001). While children with NF1 had lower FA than controls (.001<p<.025), FA did not differ 
between children with NF1 and without OPG. Differences in RD were also seen in the optic nerves (F(2,68)=6.66, p=.002), tracts (F(2,75)=3.44, p=.037), 
and radiations (F(2,75)=12.5, p<.001). Controls had lower RD than children with NF1 with OPG (.001<p<.043). Children with NF1 without OPG had 
lower RD than those with OPG. This difference was significant in the right optic nerve (p=.045). Differences in AD were seen in the right optic radiation only 
(F(2,75)=4.28, p=.017). Children with NF1 with OPG had increased AD than children with NF1 without OPG and controls. 

Conclusions: This is the first study to demonstrate microstructural differences along the entire optic pathway in children with NF1 with and without OPG 
compared to controls. Decreased FA and increased RD in combination suggest reduced myelin or reduced density of WM fiber bundles and are promising 
metrics to better understand NF1-associated OPG behavior. Future research aims to integrate diffusion MRI with methods more sensitive to myelin content to 
triangulate the underlying biological mechanisms.
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Targeting Protein Translation in Combination with MEK Inhibition as an Effective Treatment for NF1, NF2, and 
Schwannomatosis-Related Tumors  
 
Long-Sheng Chang, Nationwide Children's Hospital & The Ohio State University

Previously, we showed that NF1-associated malignant peripheral nerve sheath tumors (MPNSTs) and NF2-related vestibular schwannomas and meningiomas 
frequently exhibit elevated expression of the components of the eIF4F translation initiation complex, including eIF4A. We also identified two silvestrol-related 
eIF4A inhibitors, rocaglamide (Roc) and didesmethylrocaglamide (DDR), with potent growth-inhibitory activities in both NF1 and NF2-associated tumor cells 
comparable to silvestrol but having better drug-like properties. Both Roc and DDR arrest these tumor cells at G2/M and induce DNA damage response and 
apoptosis, while decreasing the levels of multiple oncogenic kinases IGF-1R, AKT, and ERK1/2, consistent with translation inhibition. Unlike silvestrol, Roc and 
DDR are not sensitive to multi-drug resistance 1 efflux. Roc exhibits 50% oral bioavailability, is well-tolerated in mice, and does not induce pulmonary toxicity 
in dogs as found with silvestrol. Importantly, Roc, when administered intraperitoneally or orally, potently suppress orthotopic NF1-deficient MPNST cell line-
derived xenografts. Treated MPNSTs have more cleaved caspase 3-positive cells, indicative of increased apoptosis in vivo. We now showed that like Roc, DDR 
was also well-tolerated and exhibited oral bioavailability better than silvestrol. Both DDR and Roc effectively inhibited the growth of patient-derived xenografts 
of MPNST. Using mouse Nf1-/- plexiform neurofibroma (PNF)-derived sphere cultures, Roc reduced sphere numbers in a dose-dependent manner, decreased 
ERK protein levels, and induced apoptosis as evidenced by increased PARP cleavage. In addition, like NF2-related tumor cells, Roc effectively decreased the 
viability of schwannoma cells from a schwannomatosis patient. However, while Roc and DDR potently suppressed the growth of NF-related tumor cells, they 
did not completely eliminate them. By conducting a high-throughput screening of the MIPE oncology compound library, which contains ~3,000 compounds 
with diverse mechanisms of action, for agents that synergized with DDR in killing MPNST cells, several targeted agents were identified. Interestingly, among 
them were MEK inhibitors, including selumetinib which was recently approved by the FDA for treating NF1 children with inoperable PNFs. Collectively, our 
results imply that targeting protein translation via eIF4A inhibition may simultaneously block the expression of many aberrantly expressed oncogenic signaling 
molecules necessary for the growth of NF1-, NF2-, and schwannomatosis-associated tumors. Combination of eIF4A inhibitors with selected targeted drugs, 
such as MEK inhibitors, may further eradicate these tumor cells.
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Neurofibromin Deficiency and Extracellular Matrix Cooperate to Increase Transforming Potential Through 
FAK-Dependent Signalling: New Therapeutic Perspectives  
 
Federica Chiara, PhD, Department of Surgery, Oncology and Gastroenterology, University of Padova; Department of Neurosciences, Biomedicine and 
Movement Sciences, Italy

Plexiform neurofibromas (Pnfs) are benign peripheral nerve sheath tumors that are major features of the human genetic syndrome, Neurofibromatosis type 1 
(NF1). Pnfs are derived from Schwann cells (SCs) undergoing loss of heterozygosity (LOH) at the NF1 locus in a NF1+/- milieu, and thus are variably lacking 
in the key Ras-controlling protein, Neurofibromin (Nfn). As these SCs are embedded in a dense desmoplastic milieu of stromal cells and abnormal Extracellular 
Matrix (ECM), cell-cell cooperativity (CCC) and the molecular microenvironment play essential roles in Pnf progression towards a malignant peripheral nerve 
sheath tumor (MPNST). The complexity of Pnf biology makes treatment challenging. The only approved drug, the MEK inhibitor Selumetinib, displays a 
variable and partial therapeutic response. Here, we explored ECM contributions to the growth of cells lacking Nfn. In a 3D in vitro culture, NF1 loss sensitizes 
cells to signals from a Pnf-mimicking ECM through focal adhesion kinase (FAK) hyperactivation. This hyperactivation correlated with phosphorylation of the 
downstream effectors Src, ERK and AKT, and with colony formation. Expression of the GAP-related domain of Nfn only partially decreased activation of this 
signalling pathway and only slowed down 3D colony growth of cells lacking Nfn. However, a combinatorial treatment with both the FAK inhibitor Defactinib (VS-
6063) and Selumetinib (AZD6244) fully suppressed colony growth. These observations pave the way for a new combined therapeutic strategy simultaneously 
interfering with both intracellular signals and the interplay between the various tumor cells and the ECM.
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Exploring Cellular Composition and Molecular Signature of Cutaneous Neurofibromas at the Single Cell Resolution  
 
Marine Cohen, Master’s Degree, Institut Mondor de Recherche Biomédicale - Inserm U955-Team9

Cutaneous neurofibromas (cNFs) are nerve sheath tumors developing in all NF1 patients. cNFs typically appear at puberty and tend to increase in number 
throughout life, so that they may reach thousands. Although of benign character, these tumors are disfiguring and often itching and painful, thus significantly 
affecting quality of life. In stark contrast to the well characterized plexiform neurofibromas, thanks to the numerous Nf1 GEM models recapitulating their 
development, mechanisms governing initiation and progression of cNFs remains largely unexplored. We conceived novel mouse model carrying simultaneous 
inactivation of Nf1 and expression of Tomato reporter in boundary cap cells and successfully reproducing development of cNFs (Radomska et al, 2019). 
In this study, we performed single cell RNA sequencing (scRNAseq) of cNFs and healthy-looking skin from our mouse model and NF1 patients in order to: 
(i) decipher cellular composition of cNFs including tumor cells and tumor microenvironment, (ii) identify similarities and differences in cell composition and 
transcriptomic activities between cNFs and healthy-looking skin from mouse and patients. As expected, preliminary scRNAseq analysis of mouse cNFs vs 
healthy-looking skin reveal an increased proportion of fibroblasts in the tumor, expressing genes encoding extracellular matrix components responsible for 
fibrosis. The same way, the analysis of immune cells in cNFs points out a fourfold increase of pro-inflammatory macrophages in cNFs compared to the 
healthy-looking skin. For confirming these observations, other scRNAseq experiments of mouse and human cNFs and healthy-looking skin are in progress.

Additional Authors: Fanny Coulpier1, Pernelle Pulh1, Katarzyna Radomska1, Pierre Wolkenstein1,2 and Piotr Topilko1,3 
1Institut Mondor de Recherche Biomédicale, Inserm U955-Team 9, Créteil, France
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Chromosome 8 Gain is Associated with High-Grade Transformation in MPNST  
 
Carina Dehner, MD, PhD, Washington University St. Louis, Department of Pathology and Immunology

Malignant peripheral nerve sheath tumor (MPNST), an aggressive and often fatal sarcoma, is one of the most common malignancies affecting adults with 
Neurofibromatosis type 1 (NF1) which commonly arises from its benign precursor lesion, the plexiform neurofibroma. Despite advances in our understanding 
of MPNST pathobiology, there are only very few effective therapeutic options, and clinical trials have not shown any successful investigational agents. Our 
study aimed to better understand the genomic heterogeneity of MPNST, and to generate a preclinical platform that encompasses this heterogeneity. We 
developed a collection of NF1-MPNST patient derived xenografts (PDX) and compared these to the primary tumors from which they were derived using copy 
number analysis, whole exome and RNA sequencing.  We identified chromosome 8 gain as a recurrent genomic event in MPNST and validated its occurrence 
by FISH in the PDX and parental tumors, in a validation cohort, and by single cell sequencing in the PDX.  Additionally, we show that chromosome 8 gain 
is associated with inferior overall survival in soft tissue sarcomas.  In summary, these data suggest that chromosome 8 gain is a critical event in MPNST 
pathogenesis, and may account for the aggressive nature and poor outcomes in this sarcoma subtype.
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Induced Pluripotent Stem Cell Derived Schwann Cells Harboring MPNST-Associated Mutations Fail to Escape 
Senescence In Vitro  
 
Garrett Draper, BS, University of Minnesota Twin Cities

The genetic tumor predisposition syndrome Neurofibromatosis type 1 (NF1) results from the inheritance of a mutant copy of NF1, a RAS-GAP tumor 
suppressor gene. Subsequent loss of the remaining wild-type NF1 allele in Schwann cells or Schwann cell precursors of the peripheral nervous system 
leads to complete functional loss of the encoded protein, neurofibromin. Schwann cells lacking neurofibromin exhibit hyperactive RAS signaling, increased 
cell proliferation, and contribute to the formation benign plexiform neurofibromas (PNFs). Through additional mutations in tumor suppressor genes CDKN2A/
CDKN2B, these PNFs may escape senescence and progress to atypical neurofibromatous neoplasms of uncertain biological potential (ANNUBP). Furthermore, 
loss of function mutations in the histone modifying Polycomb Repressive Complex 2 (PRC2) have been strongly implicated in the progression of ANNUBPs 
to lethal malignant peripheral nerve sheath tumors (MPNSTs). Although these and other genetic alterations have been associated with MPNST formation, their 
temporal dependence during Schwann cell development and contribution to malignant transformation using a human cell model has not been studied. 

We hypothesize that sequential loss of NF1, CDKN2A, and finally SUZ12 in Schwann cells transforms them into MPNST, and this process is possible to study using 
a human induced pluripotent stem cell (iPSC) model system. To test our hypothesis, we used published differentiation protocols to generate Schwann lineage cells. 
Cells were subjected to targeted mutations using CRISPR/Cas9 at different stages of development to mimic potential malignant tumorigenesis. Our preliminary 
results show that multiple iPSC donor lines can reliably be differentiated to Neural Crest Cells (NCCs), and further to mature Schwann cells. Using CRISPR/Cas9 
and short guide RNA ribonucleoproteins (RNPs), we have edited multiple target loci at high levels (>70%) throughout Schwann cell development. NCCs lacking 
neurofibromin showed an increase in proliferation and migration. While iPSC-derived Schwann cells (iSCs) lacking NF1 and CDKN2A with or without SUZ12 loss 
became senescent after several passages. These mutant iSCs were unable to form tumors when subcutaneously injected into the flank of NOD-Rag1null IL2rgnull 
NRG mice. Further refinement of this induced-MPNST (iMPNST) model through targeting of CDKN2B, ATRX, or TP53 may allow for better understanding of the 
order and timing at which these transforming mutations are sufficient to result in MPNST formation. Also, this model could aid in uncovering additional genetic 
mutations and pathways which contribute to transformation of benign PNFs to MPNSTs, providing additional targets for future therapeutic intervention.
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Transcriptional Reprogramming of Schwann Cell Populations and the Tumor Microenvironment During 
Plexiform Neurofibroma Formation  
 
Leah J. Kershner, PhD, Cincinnati Children’s Hospital Medical Center

Plexiform neurofibromas (PN) are benign nerve sheath Schwann cell tumors, which occur in at least 50% of individuals with loss of function mutations in the 
NF1 tumor suppressor gene, an off signal for RAS-GTPases. Though benign, PN can cause significant morbidity and are often inoperable due to integration 
with vital peripheral nerves. It is recognized that PN contain many cell types in addition to Schwann cells, and that Schwann cells are present in varying 
proportions. However, the extent of cell type diversity and whether subpopulations of certain cell types exist within neurofibromas remains unclear. To address 
these issues, and to identify new targetable pathways in neurofibroma cell types, we performed single cell RNA sequencing. We identified five Schwann cell 
populations with transcriptomic signatures unique to tumor cells, including a progenitor-like population. Multiple populations of fibroblasts and immune cells 
(including macrophages, T cells and MDSCs), and endothelial cells were also defined. Importantly, similar cell populations were present in cells from human 
PN. Cluster by cluster comparison of PN to age-matched healthy nerve and to pretumor nerve tissue from the same mouse model revealed gene regulatory 
networks that are significantly altered in PN, after loss of NF1 function. Pathway analysis and predicted cell-cell communication identified NFkB, complement 
components, and CD74 as deregulated and potentially targetable, which were shared between mouse and human PN. Further, immunohistological stains of 
mouse and human PN validate these potential therapeutic targets. Taken together, these data highlight the remarkable complexity of PN and lay the foundation 
for the identification of novel therapies for PN.

NIH (NINDS-28840) and the DOD Program on Neurofibromatosis. LK is supported by NIH Ruth L. Kirschstein T32. 
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Combination Therapies for MPNSTs Targeting RABL6A-RB1 Signaling  
 
Jordan Kohlmeyer, PhD, University of Iowa

Malignant peripheral nerve sheath tumors (MPNSTs) are deadly sarcomas that lack effective therapies. Recent observations demonstrate an essential role 
for an oncogenic GTPase, RABL6A, in promoting MPNST progression through hyperactivation of cyclin-dependent kinases (CDKs) and inactivation of the 
retinoblastoma (RB1) tumor suppressor. Monotherapies with CDK4/6 inhibitors have shown limited efficacy and durability in pre-clinical studies of MPNSTs 
and in clinical studies of other tumors. We employed the connectivity map (CMap) algorithm to compare transcriptome alterations between patient PNF and 
MPNST specimens to uncover potential drugs predicted to combat MPNSTs. Based on those findings, we combined the CDK4/6 inhibitor (palbociclib) with the 
MEK inhibitor (mirdametinib) and evaluated their efficacy both in vitro and in vivo. In MPNST cells, low-dose combination therapy not only halted proliferation 
but induced cell death and senescence. In orthotopic xenografts within immune deficient mice, combination therapy significantly slowed tumor growth. Most 
notably, in a primary MPNST model where immune function is intact, combination therapy induced tumor regression. Tumor analyses revealed a B/plasma cell 
infiltration gene expression profile in drug-sensitive tumors that was lost when lesions became resistant, identifying a novel immune response to CDK4/6-MEK 
inhibitor dual therapy. B/plasma cell mediated antitumor immunity portends better patient survival in other cancers that may be associated with enhanced T 
cell recruitment, but this has not been studied before in MPNSTs. Together, these data highlight the value of dual inhibition of CDK4/6 and MEK for the effective 
treatment of MPNSTs with compelling implications for the rational inclusion of immune checkpoint blockade.
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Development of Therapeutic Trans-Splicing Ribozymes for the Correction of Mutant NF1 mRNA  
 
André Leier, PhD, The University of Alabama at Birmingham

Ribozymes are RNA molecules with catalytic properties similar to those of protein enzymes. Some of these ribozymes have been re-engineered to be used as 
a therapeutic tool. Specifically, the trans-splicing group I intron ribozyme from the organism Tetrahymena thermophila has been re-engineered to specifically 
recognize a target site on a mutant RNA, splice the RNA at this site, and replace its 3’-portion with a replacement sequence that is provided by the ribozyme at 
its own 3’-tail. If this replacement sequence is identical to the target mRNA’s wild-type sequence of the 3’- portion, the transcript is repaired and will translate 
into fully functional proteins. We envision a therapy where therapeutic ribozymes are delivered to the nucleus of cells of the central and peripheral nervous 
system and correct mutant NF1 transcripts. The ability to replace large fragments in a target RNA gives trans-splicing group I intron ribozymes an advantage 
over technologies that only allows for the repair of a single mutation on DNA or RNA.

We report here on our efforts to develop trans-splicing ribozymes that target and repair mutant NF1 (pre-)mRNA. These include the identification of suitable 
splice sites for NF1 3’-end replacement and the optimization of different aspects of the ribozyme sequence towards greater trans-splicing efficiency, in 
particular the ribozyme’s extended guide sequence and the ribozyme body. We will also show a proof of concept that 5’-end replacement is possible using a 
modified ribozyme design. A first-generation therapeutic ribozyme for mNf1 3’-end repair has been designed that trans-splices mNf1 mRNA at position 6580. It 
is currently being tested in HEK293 NF-/- mNf1 cDNA expressing cells and was recently shown to trans-splice mNF1.
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Genomic Characterization of 8 Established MPNST Cell Lines: A Resource for Developing Pharmacogenomic 
and Precision Medicine Strategies  
 
Miriam Magallon-Lorenz, Germans Trias i Pujol Research Institute (IGTP)

Background: Malignant peripheral nerve sheath tumors (MPNST) are aggressive soft tissue sarcomas with poor prognosis, developing either sporadically or 
in persons with neurofibromatosis type 1 (NF1). There is a lack of treatment options beyond timely surgery. Novel therapies based on tumor biological and 
genomic status need to be developed. A resource of more than 20 established human MPNST cell lines is currently available in the field. However, not all cell 
lines have been thoroughly characterized genomically.

Aim: To generate a resource available to the MPNST community consisting of the genomic characterization of 8 representative MPNST cell lines ready for the 
application of pharmacogenomics analyses and precision medicine.

Methods and Results: Here, we present a genomic analysis of 8 different MPNST cell lines - 5 NF1-related (S462, ST88-14, sNF96.2, 90-8, NMS-2) 
and 3 sporadic cell lines (STS26T, HS-Sch-2, HS-PSS). MPNST genomes are hyperploid, highly rearranged and with a low mutation burden, so different 
complementary techniques such as SNP-array, WES, and WGS were used to compile genetic and genomic alterations of these cell lines. We first provide a 
global view of the cell lines to show how they represent the whole mutational and copy-number spectrum observed in MPNSTs. In addition, for each cell line, 
we present a cell-specific data sheet containing the main cellular characteristics, such as their morphology in culture and global ploidy, together with an STR 
profile for cell line identification, a molecular karyotype (containing all somatic copy number gains and losses) and a table summarizing the mutational status 
of genes that have been found recurrently altered in MPNSTs (NF1, CDKN2A, SUZ12, EED, TP53, PTEN, EGFR, BIRC5, ERBB2, etc).

WGS of the different cell lines allowed us to identify exhaustively all different types of mutations and structural alterations, including translocations and 
inversions, unnoticed using previous technologies. In this regard, for instance, we identified the complete inactivation of CDKN2A in all MPNST cell lines 
(Magallon-Lorenz et al. 2021).

Conclusions: We have developed a resource consisting of a detailed genomic characterization of 8 established MPNST cell lines, both NF1-related and sporadic. 
This characterization might help NF1 and MPNST community to perform pharmacogenomic analyses and therapeutic strategies based on precision medicine.
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Exploring Mechanisms Driving Initiation and Progression of Plexiform Neurofibromas from Prss56Cre, Nf1fl/fl 
Mouse Model  
 
Myriam Mansour, PhD Student, Institut Mondor de Recherche Biomédicale (IMRB) - INSERM Team 9 U955/Université Paris Est Créteil (UPEC)

Patients with Neurofibromatosis type 1 (NF1) develop benign nerve sheath tumors called plexiform (pNFs) and cutaneous neurofibromas (cNFs). While 
common biallelic loss of NF1 in Schwann cell lineage is at the origin of both type of tumors, pNFs substantially differ from cNFs in their number, mode of 
growth and capacity to progress into malignancy. Seminal progresses were made during the last decade in characterizing pNFs and deciphering mechanisms 
governing their malignant transformation. However, the cues and pathways driving progression of hyperplastic nerves (HN) into fully blown pNFs remain largely 
enigmatic. Our group has developed a new genetically engineered mouse (GEM) model of NF1 faithfully recapitulating development of plexiform and cutaneous 
NFs including malignant progression of the former. Interestingly, while in this model HN were observed in the hypodermis from young mutant males and slowly 
progress into pNFs, this progression is accelerated in the same age mutants kept together and having numerous bites pointing to skin trauma as potentially key 
factor promoting their development. 

We performed single cell RNA Sequencing (scRNAseq) and immunohistochemistry (IHC) analysis on pool of nerves isolated from hypodermis of mutant 
and control males kept separately or grouped and having numerous bites. Preliminary analysis reveals several intriguing differences: (i) acute inflammation 
was present in the HN from all mutant but not control mice suggesting that this inflammatory landscape is rather due to the NF1 loss than to the skin trauma 
(ii) inflammation was characterized by the periand intra neural infiltration with macrophages, neutrophils and antigen presenting cells (APC) without CD3+ T 
lymphocytes and (iii) perineural fibrosis, characterized by the high amount of the extracellular matrix, was present in all mutant but was more pronounced in 
mutant kept together. Altogether, we propose that NF1 loss in Schwann cells promote acute inflammation and fibrosis in nerves from hypodermis.
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Identification of Pathways Triggered by Schwann Cell- Endoneurial Fibroblast Interactions Driving Cutaneous 
Neurofibroma Growth  
 
Helena Mazuelas, PhD, Hereditary Cancer Group, Germans Trias & Pujol Research Institute

Background: Almost all Neurofibromatosis type 1 (NF1) patients develop from tens to thousands of cutaneous neurofibromas (cNFs), constituting a profound 
impact on their quality of life. There is no effective cNF therapy beyond their removal. cNFs are composed of Schwann cells (SCs), endoneurial fibroblasts 
(eFb), immune cells, etc. They arise through the inactivation of the NF1 gene in SCs, although the tumor microenvironment plays a relevant role. The interaction 
between SCs and eFbs is not well understood. We aim to identify a cell type-specific expression profile in cNFs produced by heterotypic interactions between 
SCs and eFbs, translate it into signaling pathways, and functionally test their role in cNF development.

Methods: We cultured NF1(-/-) SCs and NF1(+/-) eFbs from 4 unrelated NF1 patients, determined the constitutional and somatic NF1 mutations (NGS 
sequencing; Microsatellite Multiplex PCR Amplification analysis), and set up conditions for SC-eFb co-culture experiment. Exome sequencing (Illumina) was 
performed to uncover individual coding variation. RNA-seq from single cultures, co-cultures, and cNFs was conducted to ascertain differential gene expression 
profiles. Co-culture proportions were assessed by flow cytometry. Secretion profiles were analyzed from single culture and co-culture supernatants (Luminex). 
Cell signalling pathway analysis was performed using expression and secretion data.

Results: We established NF1(-/-) SC and NF1(+/-) eFb cultures from 4 cNFs, assessed their NF1 mutational status and analyzed all individual coding genetic 
variation. We set up SC-eFb co-culture conditions and performed RNA-seq to analyze the expression profile of 16 different SC-eFb co-culture combinations, 
comparing them to their respective single cultures and cNFs profiles. We identified changes in gene expression produced by SC-eFb interactions and, using an 
individual genetic variation, determined which cell type-specific gene expression changes were taking place. We analyzed differences in the secretion profile 
of 22 analytes in SC-eFb co-cultures and compared them to their respective single cultures. Finally, the SC-eFb interaction signaling pathways were obtained 
using expression and secretion information.

Conclusions: SC-eFb heterotypic interactions have an impact on the regulation of gene expression and secretion activity in both cell types. We identified 
pathways triggered by SC-eFb interactions and are currently studying the impact of disrupting these pathways on cNF growth.

Full List of Authors: Helena Mazuelas1, Míriam Magallón-Lorenz1, Itziar Uriarte-Arrazola1, Alejandro Negro1,4, Imma Rosas1,4, Ignacio Blanco3, Elisabeth Castellanos1,4, Conxi Lázaro2, 
Bernat Gel1, Meritxell Carrió1 & Eduard Serra1

1Hereditary Cancer Group, Germans Trias & Pujol Research Institute (IGTP)-PMPPC-CIBERONC; Can Ruti Campus, Badalona, Barcelona, 08916; Spain
2Hereditary Cancer Program, Catalan Institute of Oncology (ICO-IDIBELL-CIBERONC), L’Hospitalet de Llobregat, Barcelona, 08098; Spain 
3Clinical Genetics and Genetic Counseling Program, Germans Trias i Pujol University Hospital (HUGTiP), Can Ruti Campus, Badalona, Barcelona, 08916; Spain
4Clinical Genomics Unit, Germans Trias i Pujol University Hospital (HUGTiP), Can Ruti Campus, Badalona, Barcelona, 08916; Spain

Funding: This work has been supported by an Agreement from the Johns Hopkins University School of Medicine and the Neurofibromatosis Therapeutic Acceleration Program 
(NTAP). Its contents are solely the responsibility of the authors and do not necessarily represent the official views of the Johns Hopkins University School of Medicine.

Multiomics Analysis of Somatic CRISPR/Cas9 MPNST Models Identifies Dysregulation of Metabolic Pathways 
in MPNST  
 
Gavin R. McGivney, BA, University of Iowa

Malignant Peripheral Nerve Sheath Tumors (MPNSTs) are aggressive, highly metastatic sarcomas that are highly resistant to chemotherapy and radiation 
treatment. Metabolic reprogramming is a hallmark of cancer that allows tumors to adapt to cellular stress and drives drug resistance. Cancer-specific 
metabolic vulnerabilities represent unique therapeutic targets, and several metabolic inhibitors are entering clinical trials. However, MPNST metabolism is not 
well-studied, and the impact of different genetic mutations on MPNST metabolism is unknown. The majority of MPNSTs have co-occurring disruptions in 
NF1 and CDKN2A, while ~30% have mutations in P53 instead of CDKN2A. Both P53 and CDKN2A play critical roles in cell cycle progression, differentiation, 
senescence and apoptosis. We have used somatic CRISPR/Cas9 tumorigenesis approaches to generate MPNSTs in wild-type, littermate paired mice with 
disruptions in Nf1/Trp53 or Nf1/Cdkn2a. We investigated the impact of tumor suppressor mutation on tumor growth and performed mass spectrometry 
metabolomic profiling on tumor-derived cell lines. This analysis identified differences across multiple metabolic pathways, including glycolysis, pentose 
phosphate pathway, TCA cycle and amino acid biogenesis. By combining our metabolomic data with RNA Seq analysis, we identified a Cdkn2a-dependent 
sensitivity to pentose phosphate pathway inhibition. Taken together, these data suggest that MPNST metabolism may represent a unique therapeutic target 
warranting further study.
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Sumoylation of Neurofibromin and its SecPH Domain Plays a Role in Their Functions and Implies Unexpected 
Structural Requirements  
 
Christine Mosrin, PhD, Centre de biophysique moléculaire-CNRS- Orléans. France

Neurofibromin (Nf1), the protein responsible for neurofibromatosis type1 disease, is a large, multi-domain protein encoded by the tumor-suppressor gene NF1. 
The best described function of Nf1 is its Ras-GTPase activity, carried out by its central GRD (GAP related domain), which negatively regulates the Ras-MAPK 
pathway. But Nf1 exerts other functions in the regulation of cAMP production and actin cytoskeleton dynamics. Nf1 has been identified as highly regulated by 
post-translational modifications (PTM), particularly by phosphorylation and ubiquitination.

In a previous work our team showed that Nf1 colocalizes with PML (promyelocytic leukemia) nuclear bodies (PML-NBs) in the nucleus. PML-NBs are dynamic 
proteic structures, and PML protein is their key organizer which localizes at their surface and recruits an ever growing number of proteins whose common 
known features are SUMOylation or presence of SUMO interaction motifs (SIM). These observations suggested that Nf1 might be modified by SUMOylation. 

In this work, we demonstrated that endogenous Nf1 is preferentially SUMOylated by SUMO2. 

We then focused on a specific Nf1 domain, SecPH, a bipartite phospholipid binding module immediatly adjacent to GRD which connects Nf1 to diverse signaling 
pathways by interacting with different partners. We identified a typical SecPH SUMOylation pattern and a specific lysine as a major SUMO acceptor site. 

We demonstrated that this sumoylation is important for Nf1 function because : (i) it affects the Ras-GAP activity of the adjacent GRD, (ii) it affects the 
interaction of SecPH with one of its partners, and (3i) SecPH sumoylation pattern is disrupted in different pathogenic NF1 missense mutations. 

We further characterized SecPH major sumoylation and demonstrated that it is independant of a SUMO-consensus site nor a SIM. but requires unexpected 
structural elements and could be used as a readout of SecPH folding to affect its stability and functions.

Additional Authors: Mohammed Bergoug, Fabienne Godin, Michel Doudeau, Iva Sosic, Marcin Suskiewicz, Béatrice Vallée, Hélène Bénédetti
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Investigation of Conditionally Replicative Oncolytic Adenovirus for the Treatment of Malignant Peripheral 
Nerve Sheath Tumor in a Syngeneic Mouse Model  
 
Julia Nikrad and Robert Galvin, MD, University of Minnesota

Patients with Neurofibromatosis Type 1 (NF1), characterized by deficiency of the NF1 gene, are predisposed to benign and malignant tumors. Malignant 
peripheral nerve sheath tumor (MPNST) commonly arise from benign plexiform neurofibromas after acquiring additional alterations in genes such as 
CDKN2A/B, SUZ12, and TP53. MPNST represents an important cause of early mortality among patients with NF1. Surgical resection is often not feasible, 
and palliative chemotherapy can be toxic. Oncolytic viral therapy may represent a novel therapeutic option, alone or in combination with immunotherapy. We 
previously demonstrated that a conditionally replicative adenovirus (CRAD), whose replication is driven by the tumor-specific promoter Cyclooxygenase 2 
expressed in MPNST, was able to attach, infect, and improve survival in an immunodeficient model using human-derived MPNST cell lines.

We hypothesize that oncolytic viral therapy may not only cause direct cell lysis, but that this lysis could recruit an inflammatory infiltrate, expose tumor-
associated antigens, and result in enhanced immunologic clearance of residual disease. In this study, mouse MPNST-like cell lines (JW16, JW18, and JW23), 
derived from tumors in C57BL/6J NPCis mice and characterized by Nf1 and Trp53 deletion, are utilized to assess the immunologic impact of CRAD infection.

We first demonstrate that these cell lines are permissive to adenoviral infection by expression of cell-surface adenovirus receptors, as identified by flow cytometry. 
In vitro assays demonstrate expression of early and late viral-associated proteins showing that infection and some stages of viral replication occur in these cells. 
Furthermore, each cell line is susceptible to virally-induced lysis with inhibitory viral concentrations capable of causing 50% cell death (IVC50) at multiplicities of infection 
(MOI) of ~100, ~1, and ~10 for JW16, JW18, and JW23 respectively. Compared to controls, infected cells release extracellular ATP, a marker of immunogenic 
cell death. In vivo experiments were performed by flank injection of JW18 and JW23 into immunocompetent, syngeneic C57BL/6J mice. Although adenovirus has 
poor tropism for Mus musculus, CRAD injection significantly reduced tumor growth kinetics compared to controls. Finally, a CD8+ T-cell inflammatory infiltrate 
is demonstrated by immunohistochemistry and flow cytometry in response to CRAD infection. These results help support the development of oncolytic viral 
therapy for MPNST. Future experiments will examine whether splenocytes in infected mice are reactive to the MPNST-like cells in vitro, suggesting recognition of 
neoantigens following MPNST cell lysis. The efficacy of oncolytic viral therapy with standard chemotherapy and/or immune checkpoint blockade will be assessed.
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Assessing the Efficacy of Nonsense Mediated Suppression Therapies in a Porcine Model of 
Neurofibromatosis Type 1 with Nonsense Mutation  
 
Eunice Oribamise, BS, Department of Pediatrics, University of Minnesota

Ranging from café au lait macules (CALMs), optic glioma, neurofibroma development to scoliosis, the autosomal dominant tumor predisposition syndrome, 
Neurofibromatosis type 1 (NF1) is characterized by a number of clinical manifestations that affect 1 in 3,000 live births1,2. It has been reported that over 20% 
of these patients have a nonsense mutation in the NF1 gene3, which results in a premature termination codon (PTC) that further results in a truncated tumor 
suppressor protein, neurofibromin (NFN). Mimicking a recurrent nonsense mutation p.Arg1947*(R1947*) identified in 62 of 8100 unrelated and symptomatic 
NF1 patients4 and utilizing a TALEN gene editing strategy, our group has developed a novel minipig model of NF1 with a nonsense mutation that mimics the 
hallmarks of the NF1 syndrome, including development of CALMs and cutaneous neurofibroma (cNFs). 

There is currently no cure for NF1 and therapy can consist of intense surgical procedures, radiation and chemotherapy. In 2020, the MEK inhibitor, selumetinib, 
was approved by the U.S Food and Drug Administration (FDA) as the first-ever drug therapy for NF15, but it may not be effective for all tumor types and 
more therapies are needed. Our group has also shown a pharmacokinetic and pharmacodynamic effect of MEK inhibition in the porcine NF1 model, thus 
emphasizing the value of the minipig for pharmacological evaluation of new targeted therapies. We further looked to a class of drugs that possess a unique 
PTC-readthrough ability which allows for production of full-length protein. We hypothesized that ataluren and gentamicin, which have been shown to exhibit 
PTC readthrough activity in other models6,7, can bypass the PTC in the NF1 pigs and allow translation of neurofibromin. We isolated primary Schwann cells 
(SCs), fibroblasts and melanocytes from NF1 minipig neurofibromas and CALMs, respectively. Having carried out various in vitro characterization that showed 
that these SCs from neurofibromas (cNF-SCs) exhibit hyperactive Ras, increased proliferation, and loss of neurofibromin, we treated these primary cell with 
gentamicin or ataluren and assessed readthrough efficiency by protein expression of neurofibromin. We further evaluated the effect of increased neurofibromin 
protein expression on ras activation, downstream MAPK effector expression, cellular proliferation, and colony formation ability. In a subset of cultures, we 
have been able to show restoration of neurofibromin and reduction of phosphorylated ERK in NF1+/- Schwann cells, restoration of NFN in NF1-/- CALMs, and 
downregulation of downstream effectors in the Ras/Raf/ERK signalling pathway. We have not observed restoration of NFN in NF1-/- cNF-SCs via Western blot 
and are investigating whether PTC-readthrough is able to occur in these cells. We have also carried out in vivo pharmacokinetics and pharmacodynamics of 
gentamicin in NF1+/- minipig tissues including peripheral blood mononuclear cells (PBMCs), sciatic nerve, skin, optic nerve, and cortex. Conclusions from 
these preliminary experiments will demonstrate the potential of these drugs to be a safe long term therapy for NF1 patients with nonsense mutations.
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Characterization of Newly Generated MPNST Cell Lines  
 
Sara Ortega, Biologist, Master in Genetics and Genomics Student, Catalan Institute of Oncology (ICO-IDIBELL)

Background: Malignant peripheral nerve sheath tumors (MPNST) are a rare kind of invasive and aggressive soft-tissue sarcoma in the peripheral nerves. 
These tumors can appear either sporadically or associated with neurofibromatosis type 1 (NF1) and, in this latter group, are the main cause of mortality. 
These aggressive malignancies confer poor survival to patients, without any current effective therapy available. Tumor-derived cell lines are necessary for 
high-throughput testing of new therapeutic agents that in combination with related in vivo models confer an adequate pre-clinical testing framework. However, 
isolating cancer cell lines from primary tumors is not trivial and the success rate varies between 10-40%. The aim of this project is to isolate and thoroughly 
characterize newly generated MPNST cell lines from primary tumors in order to create an MPNST platform to test new therapeutic agents.

Methods: Comprehensively characterization of MPNST cell lines: morphology, DNA authentication, genomic copy number alterations, proliferation capacity, 
cell cycle analysis, immunofluorescence MPNST markers, colony formation and migration capacity. To do that, we compared them with other already 
established and widely used MPNST cell lines. Also, we checked its tumorigenic capacity by injecting these cell lines in immunocompromised mice in which it 
was able to generate tumors two or three months after injection.

Results: The main results of this study are a comprehensive characterization of five newly generated MPNST cell lines (2 from NF1-related tumors and 3 from 
sporadic tumors). Newly generated MPNST cell lines recapitulated genomic alterations in the primary tumor by SNP-array analysis and show specific features 
from this kind of tumor as high proliferation rate, migration potential, the capacity to form colonies and the expression of proteins described as overexpressed 
in MPNST. However, there is a heterogenicity in the results regarding the different cell lines. 

Conclusions: We created and characterized five new MPNST cell lines that could be used for high-throughput in vitro testing to find out new therapies for these 
tumors.
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The Cooperating Effect of Neurofibroma-Associated Fibroblasts and Schwann Cells on Tumor Growth and 
Maintenance  
 
Sara H. Osum, DVM, PhD, University of Minnesota

Cutaneous neurofibromas (cNF) are the most common tumor manifestation in NF1 syndrome and a major source of morbidity for patients. These benign 
peripheral nerve sheath tumors are composed of neoplastic NF1-/- Schwann cells, fibroblasts, endothelial cells, mast cells, and other nerve components 
surrounded by a dense extracellular matrix. NF1-/- Schwann cells are required to initiate tumor formation, but the haploinsufficient microenvironment also plays 
a crucial role in neurofibromagenesis. Fibroblasts are thought to play an indirect role in neurofibroma growth by depositing excessive collagen and interacting 
with other stromal cells. However, fibroblasts are activated to promote invasion and metastasis in other cancers, and fibroblasts are recruited and interact 
directly with Schwann cells during peripheral nerve repair. These important functions for fibroblasts in health and disease suggest that they may play a similar 
role in neurofibromagenesis, but the cooperative effects of haploinsufficient NF1+/- fibroblasts and tumor-initiating NF1-/- Schwann cells on cNF maintenance 
have not been thoroughly studied. We developed a genetically engineered NF1+/- minipig that develops hallmarks of NF1 syndrome, including tumors that 
resemble NF1-associated cNF. Like human cNF, primary Schwann cells isolated from minipig neurofibromas exhibit spontaneous loss of heterozygosity of the 
NF1 gene and subsequent Ras hyperactivation. Primary fibroblasts isolated from these tumors display altered morphology, resistance to fibroblast growth-
suppressive drugs, and increased proliferation in reduced serum compared to normal nerve fibroblasts. We hypothesized that neurofibroma-associated 
fibroblasts (NFaFs) are reprogrammed by the neurofibroma environment and interact directly with NF1-/- Schwann cells to promote neurofibroma growth 
and maintenance. To determine whether fibroblasts are altered by the neurofibroma environment, we performed RNA sequencing of fibroblasts isolated 
from cutaneous neurofibromas and fibroblasts isolated from normal sciatic nerve. Preliminary analysis suggests that NFaFs acquire a senescent phenotype, 
including downregulation of mitotic cell cycle genes and upregulation of WFDC1 and SERPINB2, which are known to be elevated in senescent fibroblasts. 
A senescence-associated secretory phenotype has been described in cancer-associated fibroblasts and is implicated in tumor progression. These findings 
may support testing of senolytic therapies to treat neurofibromas. To determine whether NFaFs collaborate with neoplastic Schwann cells through paracrine 
interactions, we collected conditioned media from co-cultured NFaFs and tumor Schwann cells and are currently measuring levels of various cytokines in 
co-cultures compared to monocultures. To evaluate direct interactions between NFaFs and tumor Schwann cells, we are examining spatial gene expression 
patterns of fibroblasts and Schwann cells in cNF compared to adjacent normal skin using the 10X Genomics Visium platform. The results of these studies may 
reveal new roles for fibroblasts in neurofibromas and new targets for therapeutic intervention.
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P2RY14 Modulates Schwann Cell Precursor Self-Renewal and Tumor Initiation in Mouse Model of 
Neurofibromatosis Type 1  
 
Jennifer Patritti-Cram, Cincinnati Children’s Hospital Medical Center; University of Cincinnati College of Medicine, Cincinnati, OH

Neurofibromatosis type 1 (NF1) is a genetic disorder characterized by tumors in peripheral nerves called neurofibromas. We found that the purinergic receptor 
P2RY14 is expressed in human and mouse neurofibroma Schwann cell precursor-like cells (SCPs) and in Schwann cells (SCs). Neurofibroma P2RY14+ SCP-
like cells were enriched in cells with the potential to self-renew. Conversely, SCP self-renewal was blocked by pharmacologic or genetic targeting of P2RY14 in 
mouse Nf1 mutants. Downstream of P2RY14, Gi-mediated cAMP signaling contributed to these effects. In vivo, P2RY14 loss delayed neurofibroma initiation, 
normalized nerve architecture, rescued the reduced cAMP characteristic of neurofibromas and normalized neurofibroma cell proliferation. Modulating cAMP 
also reduced cell proliferation. Thus, the purinergic receptor P2RY14 regulates SCP self-renewal and neurofibroma initiation, and to a lesser extent, contributes 
to later stages of tumorigenesis. These gain and loss of function experiments suggest roles for P2RY14 signaling in peripheral nerve that are perturbed by loss 
of the NF1 tumor suppressor.
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Cell-Cell Cooperativity in the Epigenetics of NF1  
 
Vincent M. Riccardi, MD, The Neurofibromatosis Institute, La Crescenta, CA

An NF2 Schwannoma derives from the clonal proliferation of a Schwann cell (SC) resulting from diploinsufficiency (DI) of the NF2 gene. While in an NF1 
Neurofibroma (nf) there may be some SCs that are DI for the NF1 gene, the NF1 SC somatic mutation (SM) occurs after the nf has been developing, whether 
as a cutaneous nf (Cnf) or a plexiform lesion (Pnf). How the haploinsufficient (HI) NF1 germinal mutation (GM) accounts for the origin and initial progression of 
the Cnf or Pnf is being exhaustively analyzed, both by multiple gene expression studies within the lesion’s SCs and other cells, and by the fact and nature of the 
interactions of all the lesion’s cells.1 On the one hand, this is one aspect of the epigenetics of nf development. But the epigenetics is also a function of cell-cell 
interactions or, more specifically, cell-cell cooperativity (CCC). Focus on the various aspects of CCC is the key to understanding NF1 nf pathogenesis. That 
is, how do the cellular elements of the nf interact? It is not simply a matter of an NF1 SM and consequent autonomous clonal proliferation. For example, the 
lesional SCs are not identical to a nerve’s specifically differentiated SCs. Under the influence of other cells, another type of SC is made available - a SC type 
capable of contributing to a Cnf or Pnf.2 In this presentation of this CCC thesis, the supporting evidence for the various steps of the CCC of NF1 nf pathogenesis 
will be graphically provided and their therapeutic potential emphasized. For example, therapeutic SC apoptosis after certain interactions becomes increasingly 
attractive, as suggested at this meeting in 2020.3
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Targeting ATR and the ERK Pathway in High-Grade Solid Tumors with Concurrent NF1 and ATRX Loss  
 
Fausto J. Rodriguez, MD, Johns Hopkins University, School of Medicine

Neurofibromatosis type 1 (NF1) is an inherited genetic syndrome characterized by the development of benign and malignant tumors affecting the central and 
peripheral nervous systems. Prior work from our laboratory has uncovered a high frequency of ATRX alterations and the alternative lengthening of telomeres 
(ALT) in subsets of NF1-associated glioma, as well as malignant peripheral nerve sheath tumors (MPNST). Preclinical work by others has uncovered a 
biologic vulnerability of ALT positive cells (which are proficient in homologous recombination) to ATR inhibition, a regulator of homologous recombination. To 
identify the biologic relevance of ATRX loss in NF1-associated tumorigenesis we studied the phenotype of combined NF1 and ATRX deficiency in glioma and 
MPNST. For these experiments we used NF1-deficient sporadic glioblastoma cell lines (U251, SF188), a NF1-associated ATRX mutant glioblastoma cell line 
(JHH-CRC64), and two NF1-deficient MPNST cell lines (ST88-14, NF90-8). Cells were treated with ATR inhibitors (AZD6738 and VE-822) and a MEK inhibitor 
(AZD6244). ATRX knockout (KO) and TERC knockout (KO) led to ALT-like properties and sensitized U251 cells (but not SF88) to ATR inhibition (AZD6738 and 
VE-822) but not MEK inhibition (AZD6244). Similar effects were noted using MPNST cell line NF90-8 after ATRX knockdown/TERC KO (but not in ST88-14). 
JHH-CRC64 cell line demonstrated sensitivity to AZD6244 (MEK inhibition) but not AZD6738 (ATR inhibition). Our study supports the feasibility of targeting 
ATR and ERK pathways in subsets of NF1-deficient and associated tumors, but further investigation into the variable responses is warranted.
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Identification of Compounds that Suppress NF1 Nonsense Mutations by Reducing eRF1 Abundance  
 
Josh Sammons, PhD, University of Alabama at Birmingham

20% of NF1 patients carry a germline nonsense mutation. A nonsense mutation generates a premature termination codon (PTC) within an mRNA, resulting 
in negligible protein expression/activity. Nonsense suppression therapy uses small molecules to suppress translation termination at PTCs, also termed 
readthrough (RT), allowing partial levels of full-length, functional protein to be rescued. Current RT compounds have poor efficacy; thus, we screened a library 
of 160 newly discovered RT compounds for their ability to suppress four NF1 nonsense mutations in HEK293 reporter cell lines. We identified 12 compounds 
that were active at one or more NF1 nonsense mutation. Based on their favorable efficacy and chemical properties, SRI-41315 and SRI-41765 were selected 
for further evaluation. In HEK293 cells, both SRI-41315 and SRI-41765 had a maximum RT efficiency equal to the potent (but toxic) aminoglycoside G418 at 
its EC50. We also tested SRI-41315 and SRI-41765 in combination with G418 at its EC10 in HEK293s expressing the NF1-R816X reporter. We observed that 
combination treatment synergistically increased RT, suggesting that SRI-41315 and SRI-41765 suppress PTCs by a different mechanism than G418. We next 
performed western blotting to quantify factors that mediate translation termination, including eRF1, eRF3, ABCE1, and DDX19B in HEK293 and Schwann cells 
treated with SRI-41315 and SRI-41765 compared to controls. We observed a dose-dependent decrease in eRF1 after cells were treated for 24 hours, but no 
change in eRF3, ABCE1, or DDX19B. The decrease in eRF1 correlated with an increase in RT, with SRI-41315 being more potent than SRI-41765. Using the 
i28cNF patient-derived Schwann cell line (gifted by Dr. Peggy Wallace) that is compound heterozygous for two PTCs, we quantified NF1, total ERK (ERK) and 
phospho-ERK (p-ERK) in cells treated with SR-41315 +/- G418 compared to controls. Although we did not observe restoration of full-length NF1 in any of 
the treated cohorts, we did find a significant decrease in the p-ERK/ERK ratio, indicative of an increase in NF1 function. Notably, a 2-fold greater reduction in 
p-ERK/ERK was observed in cells co-treated with both SRI-41315 and G418 compared to cells treated with either compound alone. These results suggest that 
SRI-41315 and SRI-41765 destabilize eRF1, leading to RT that is further enhanced by the aminoglycoside, G418. To date, we have screened 433 derivatives of 
SRI-41315 and SRI-41765 to establish structure-activity relationships (SAR) and to improve drug-like properties. We will now begin testing lead compounds 
in vivo using an acute Nf1-R816X mouse model.
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Gene Network-Based Drug Discovery in Plexiform Neurofibromas  
 
Daochun Sun, PhD, Department of Cell Biology, Neurology and Anatomy, Department of Pediatrics, Cancer Center, The Medical College of Wisconsin, 
WI, USA

Background: Plexiform neurofibromas (PN) are embryonic tumors that result from loss of function of the Nf1 gene in children and young people. Drug screen 
using the immortalized PN cell lines provides an efficient way to enrich a pool of drug candidates. However, there are multiple challenges to scrutinize the 
candidates for clinical studies: 1) in vitro screen has a different tumor microenvironment from in vivo, which yields a low success rate in preclinical studies; 2) 
the novel chemicals commonly have unknown mechanisms and targets; 3) a “well-studied” drug has multiple targets and side-effects; 4) it is hard to evaluate 
the efficacy of the drug combination.

Methods: To tackle these issues, 1) we established consensus gene regulation networks among the cell lines and PN tissues by using the transcriptomes from 
NFHackathon2020 and publicly available data set; 2) the drug response data were correlated to the preserved gene networks and then grouped to reveal the 
similar patterns among all drug candidates to generate drug clusters; 3) genes that are known as drug targets within drug clusters and genes within preserved 
networks were annotated using gene ontology (GO) analysis, respectively, and the similarities among the GO terms associated with a gene network or a drug 
cluster were computed using semantic analysis to confirm a biologically reliable drug-gene relationship, 4) drug candidates can be combined according to 
their drug clusters and correlated gene networks to reduce the toxicities or enhance the inhibitory effects.

Results: We ranked the drug candidates according to drug responses, potential mechanisms of a drug and its targets, and biological consistency between 
tumor cells and tissue. The drug candidate rank can be further prioritized for a higher success rate in the preclinical studies.
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NF1 Gene Editing in iPSCs Using CRISPR-Cas9 Technology  
 
Itziar Uriarte Arrazola, Hereditary Cancer Group, Germans Trias i Pujol Research Institute (IGTP)

Introduction: Neurofibromatosis type 1 (NF1) is a tumor predisposition genetic disease caused by mutations in the NF1 gene. Plexiform neurofibromas (pNFs) 
are benign Schwann cell (SC) tumors that develop due to NF1 inactivation and can progress towards a Malignant Peripheral Sheath Tumor (MPNST).

Recently our lab generated patient-derived NF1(-/-) induced pluripotent stem cells (iPSCs) by directly reprograming pNF cells (Carrió et al. 2019). Despite the 
success, the methodology has a low efficiency when reprogramming neurofibromin deficient cells and few NF1(-/-) lines were obtained. The aim of this work 
was to create additional NF1(-/-) iPSC lines by editing the NF1 gene using the CRISPR-Cas9 system.

Methods: We used the Architect Ribonucleic Protein (RNP)-based CRISPR-Cas9-eGFP genome editing system (Stemcell technologies) to knockout the NF1 
gene in control NF1(+/+) iPSCs. GFP positive transfected cells were sorted using FACS and single-cell clones were grown, amplified and analyzed by Sanger 
sequencing to detect the edited NF1 mutations. Western Blot analysis was used to confirm the presence/absence of neurofibromin expression in edited clones. 
NF1(-/-) clones were further characterized for pluripotency and differentiation potential, by using immunocytochemistry, flow cytometry and RT-qPCR analysis. 
The differentiation capacity towards neural crest (NC) cells and SCs was assessed following protocols described in Carrió et al (2019).

Results: Control NF1(+/+) iPSCs were transfected with the gRNA-RNP complexes, achieving 70% efficiency. GFP-positive cells were FACS-sorted and 
single-cells were plated and grown. We established and sequenced 15 single-cell clones, 6 of them edited in the NF1 gene (40% editing efficiency) and 2 of 
them were compound heterozygous NF1(-/-). We selected one of the NF1(-/-) clones and confirmed the absence of neurofibromin expression. This clone 
was further characterized to confirm pluripotency capacity, normal karyotype and differentiation potential towards the NC-SC differentiation axis. The newly 
generated NF1(-/-) iPSC-edited line recapitulated the same differentiation behavior observed in NF1(-/-) pNF-derived iPSCs differentiating towards SCs: a 
continuous high proliferation rate, an altered differentiation capacity and a tendency to form sphere-like structures.

Conclusions: The use of RNP complexes is a good strategy to edit the NF1 gene in iPSCs. Using this system, we obtained an editing efficiency of 40%, being 
1/3 of edited cells NF1(-/-). The newly generated NF1(-/-) iPSC-edited line exhibited the same functional characteristics as the pNF-derived NF1(-/-) iPSCs 
strongly supporting that these properties are due to the lack of neurofibromin function.
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New Molecular Insights into the Crosstalk Between the Rho/ROCK/LIMK2/Cofilin Signalling Pathway and Nf1  
 
Béatrice Vallée, PhD, Centre de Biophysique Moléculaire, CNRS

Neurofibromin, Nf1, the protein encoded by the NF1 gene, was initially characterized by its RasGAP activity, and many studies have focused on this function. However, 
Nf1 is a huge multidomain protein, it appears to be a kind of “hub” and its involvement in many other biological processes has been identified over the past years.

We demonstrated an interaction between Nf1 and the kinase LIMK2, which belongs to the Rho/ROCK/LIMK2/cofilin signalling pathway. LIMK2 plays a crucial 
role in cytoskeleton dynamics by regulating actin filament and microtubule remodelling. 

We demonstrated that the SecPH domain of Nf1 prevents LIMK2 activation by ROCK, its upstream regulating kinase (Vallee et al. (2012) PLoS One 
17;7(10):e47283). We went further into the characterization of this crosstalk by determining the molecular mechanisms involved into this process. We 
identified the domains of each protagonist involved into this interconnection and showed that the SecPH domain of Nf1 as well as the KINASE domain of ROCK 
interact with the same two domains of LIMK2, its SP/PDZ and KINASE domains. We demonstrated that the SecPH domain of Nf1 abolishes the interaction 
between the KINASE domains of ROCK and LIMK2, preventing the phosphorylation and subsequently the activation of this LIMK2 by ROCK. Our findings 
bring new insights into the understanding of the regulation of the Rho/ROCK/LIMK2/cofilin pathway by Nf1, and could open new therapeutic perspectives for 
Neurofibromatosis type I treatment, as this regulation is impaired in this disease.
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Targeted Antisense Oligonucleotide-Induced Skipping of NF1 Exon 17 as a Therapeutic for Neurofibromatosis 
Type 1  
 
Deeann Wallis, PhD, The University of Alabama at Birmingham

Exon skipping involves the modification of RNA splicing using specific antisense oligonucleotides (ASOs) and allows “skipping” of one or more exons 
carrying pathogenic DNA sequence variants. We investigated the feasibility of utilizing an exon skipping approach as a genotype-dependent therapeutic for 
neurofibromatosis type 1 (NF1) by determining which NF1 exons might be skipped while maintaining neurofibromin function. Human neurofibromin is well-
known as a GTPase activating protein (GAP), but outside of its GAP-related domain (GRD) it is unclear how critical other regions are for function. Subsequent 
in silico analysis predicted exons that can be skipped with minimal loss of neurofibromin function. Utilizing a novel Nf1 cDNA system, we performed a 
functional screen to determine the effects of exon skipping on in vitro neurofibromin expression and GRD function. Loss of single exons 12, 17, 25, 41, 47, or 
52 maintains significant GRD function in at least two Ras activity assays. Exons 18/19, 20 and 28 are critical for GRD function; deletion of exons 20, 41, or 47 
lead to significantly lower levels of neurofibromin. Skipping of exons 17 or 52 results in both the highest neurofibromin levels and the greatest suppression of 
Ras activity. We designed antisense phosphorodiamidate morpholino oligos (PMOs) to skip exon 17 and evaluated them in human cell lines that we generated 
via CRISPR/Cas9 with a patient-specific mutation in exon 17. We will present data from our optimized PMOs that efficiently cause skipping of the desired exon 
and restore NF1 expression and function. As additional proof of concept, we generated a novel mouse model with homozygous deletion of exon 17; typically, 
Nf1 homozygous mutation is lethal in mice. We will present phenotyping data demonstrating that homozygous exon 17 deletion is compatible with viable and 
grossly healthy animals up to 20 months of age, indicating that exon 17 may not be essential for murine neurofibromin function. Assessment of NF1 patient 
databases indicates that mutations resulting in deletion or skipping of exon 17 have not been reported; though most other exons have been found to be deleted 
in some patients. Further, pathogenic variants in exon 17 account for ~0.91% of unrelated NF1 cases. Hence, exon skipping might be useful therapeutically for 
intragenic exon 17 mutations affecting.
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The Combined Inhibition of SHP2 and CDK4/6 is Active in NF1-Associated Malignant Peripheral Nerve Sheath 
Tumor  
 
Jiawan Wang, PhD, Johns Hopkins University School of Medicine, Baltimore, United States

Background: NF1 is an essential negative regulator of RAS activity and is altered in nearly 90% of malignant peripheral nerve sheath tumors (MPNST). 
Additional recurrent molecular changes include loss of function alterations in CDKN2A, TP53, EED and SUZ12, but molecular targeting of these genomic 
events represents a unique challenge. We previously reported that the efficacy of MEK inhibitor is limited by adaptive activation of receptor tyrosine kinases 
and the adaptor protein SHP2, and that combined inhibition of MEK and SHP2 is effective in MPNST. Loss of CDKN2A, inactivation of RB1, and hyperactivation 
of cyclin dependent kinases (CDK) in MPNST also suggest that small-molecule CDK4/6 inhibitors (CDK4/6i) may be a potential therapeutic strategy, but 
monotherapy with CDK4/6i also demonstrates limited activity. Given the dependency of D-cyclins on RAS signaling, we hypothesize that the anti-tumor effects 
of CDK4/6i may be potentiated by agents (SHP2i) targeting the upstream activators of RAS.

Methods: The effects of shRNA-mediated inducible SHP2 knockdown on RAS signaling, short-term and long-term cell growth, and response to CDK4/6i were 
examined using immunoblotting, high throughput proliferation assays, and colony formation assays. Combined effects of SHP2i plus CDK4/6i on signaling, cell 
and tumor growth were assessed. Pharmacodynamic (PD) assays were performed on tumors extracted following drug treatment in patient-derived xenograft 
(PDX) models.

Results: Despite a modest effect of SHP2 knockdown on ERK signaling, shSHP2 reduced MPNST cell growth. SHP2 knockdown or SHP2i treatment alleviated 
activation of ERK signaling and cyclin D1 expression induced by CDK4/6i, and enhanced the sensitivity to CDK4/6i. Combination benefit was observed in in 
vitro cell growth and in vivo PDX. Although some PDX models demonstrated similar responses to SHP2i alone or SHP2i + CDK4/6i during the initial 4 weeks 
on treatment, we found more sustained growth inhibition exerted by the combination. PD studies demonstrated a decrease in p-ERK levels in tumors treated 
with either SHP2i alone or the SHP2i/ CDK4/6i combination.

Conclusions: Our preliminary data demonstrate that the combined inhibition of SHP2 and CDK4/6 is active and produces durable response in models of NF1-
associated MPNST. This combination strategy may represent a novel treatment strategy for patients with MPNST.
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Experimental Therapeutic Evaluation of PSC5-6 Using a Pre-Clinical Mouse Model of Neurofibromatosis Type 1  
 
James H Wikel, MS, Pisces Therapeutics

Patients with Neurofibromatosis type 1 (NF1) often present with Plexiform neurofibromas (PNs). These tumors are resistant to traditional chemotherapy and 
radiation and cause major morbidity, paralysis and death through their progressive compression of vital structures such as the spinal cord, the airway, and 
major vasculature. Because PNs frequently encase major essential nerves, they can rarely be fully excised. In addition, 8-13% of PNs transform into highly 
malignant peripheral nerve sheath tumors (MPNSTs). MPNSTs are genomically unstable and resistant to chemotherapy. Thus, novel therapeutic strategies to 
treat PNs are urgently needed.

Ras is at the apex of a series of signaling cascades, including Raf, Mek, and Erk. Given the complexity of these downstream signaling pathways, the most ideal 
treatment strategy for NF1 is to reduce pathological activation of Ras signaling itself.  PSC5-6, a small molecule developed by Pisces Therapeutics, LLC, targets 
Ras. PSC5-6 has demonstrated in vitro potency over a broad range of Ras-dependent tumor cell lines transformed by H-, K-, or N-Ras with gain-of-function 
mutations or mutations in genes encoding proteins like neurofibromin. The IC50 average was 2.9 uM with a range from 1 uM to 5.5 uM. (unpublished data)  

Studies in vivo in mice with PSC5-6 have shown promising results. These studies include a xenograph model using ST88 tumor cells implanted in the flanks of 
nude mice. After treatment for 30 days with either with PSC5-6 (5 mg/kg or 10 mg/kg, IP) tumor volumes were significantly reduced.

The second in vivo study of PSC5-6 was in a mouse model of Costello syndrome. Pregnant mice were treated with PSC5-6 daily for the last 4 days of their 
pregnancy and then the pups were treated for an additional 3 months. In a second study, the pups were treated for 3 months after birth with 5 mg/kg of PSC5-6 
once daily. As in the human disease, the pups have abnormal faces—pug or bull nose snouts in place of normal elongated snouts. The drug ameliorated this.  

In the current study, we investigated the efficacy of PSC5-6 as a single agent in an NF1-associated PN mouse model generated by our laboratory. Additionally, 
we analyzed the toxicity profile of PSC5-6 and its pharmacokinetic/pharmacodynamics (PK/PD) profile utilizing our NF1-associated PN tumor model. At the 
end of the study period, nerves were removed and examined for evidence of gross tumors and examined histologically for tumor formation.

This study was supported by a Drug Discovery Initiative Registered Reports (DDI-RR) Grant from the Children’s Tumor Foundation. 
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Burden Among Caregivers of Pediatric Patients with Neurofibromatosis Type 1 (NF1) and Plexiform 
Neurofibroma (PN) in the United States (US)  
 
Xiaoqin Yang, PhD, Merck & Co., Inc.

Background: Plexiform neurofibromas (PNs) are benign tumors of peripheral nerves, presenting in 30-50% of patients with neurofibromatosis Type 1 (NF1) 
and often found in the head and neck region. PNs can cause disfigurement and also invade neighboring structures and result in pain and dysfunction, and may 
even be life-threatening. Prior studies have indicated NF1 PN can have substantial impact on the quality of life (QoL) of pediatric patients. However, the burden 
among caregivers of children with NF1 PN is not well documented.

Methods: Caregivers of patients ages 2-18 years with NF1 PN in the US were recruited through the Children’s Tumor Foundation to participate in an online 
cross-sectional survey in December 2020 and January 2021. Caregiver burden was measured using the Zarit Burden Interview (ZBI), and productivity loss was 
measured using the Work Productivity and Activity Impairment questionnaire, adapted for caregiving (WPAI:CG). 

Results: Ninety-five caregivers were recruited with a median (IQR) age of 44.5 (39.0-49.0) years. Most were female (88.4%), white/Caucasian (85.3%) 
and did not have NF1 or PN themselves (86.4% and 89.5%, respectively). Commonly reported health conditions among caregivers include anxiety (48.4%), 
depression (34.7%), and obesity (25.3%). On the ZBI (range: 0-88; higher = greater burden), mean (SD) scores were 23.0 (13.8). While 47.4% of caregivers 
reported little to no burden (scores 0-20), 40.0% reported mild to moderate burden (scores 21-40), and 12.7% reported moderate to severe burden (scores 
41-60) or severe burden (scores 61-88). A total of 56 caregivers were employed and working in the 7 days prior to completing the WPAI:CG. As a result of 
caring for their child with NF1 PN, employed caregivers reported missing an average of 6.9% of their working hours (absenteeism) and an average reduction 
of 17.3% of on-the-job effectiveness (presenteeism), contributing to a total of 22.3% of work productivity lost in the past week. Among the entire sample of 
caregivers (N=95), an average of 17.2% of regular daily activities were hindered by providing care for their child with NF1 PN (activity impairment).

Conclusion: The burden among caregivers of pediatric patients with NF1 PN is considerable, amounting to about one-fifth of overall loss in work productivity 
and daily activities impairment. Results highlight that the burden of NF1 PN extends beyond that on patients, and underscore an unmet need for better 
management of NF1 PN.
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NF Research Tools Database: An Experimental Resource Database for the Neurofibromatosis Community  
 
Brynn Zalmanek, MLIS, Sage Bionetworks

NF Research Tools Database is a user-friendly database and planned companion website designed to help the neurofibromatosis type 1 research community 
easily find, obtain, and use NF research tools. While a variety of databases such as Cellosaurus, the Resource Identification Portal, ATCC, and others exist 
to help researchers find useful resources, these databases are often: a) specific to one type of resource, b) provide high-level information which may be 
incomplete, and c) miss in-development or recently-published models. Here, we propose a database to catalog and disseminate information for research 
tools like animal models, cell lines, antibodies, human tissue biobanks, and genetic reagents that are specifically relevant to the NF community. The database 
includes standardized “core” metadata for all tools, e.g. name, type of tool, synonyms, creator, source, publication, as well as “tool specific” metadata, e.g. 
antigen target, clonality for antibodies, the type of vector and mutations for genetic reagents, genotype and tumor type for cell lines, nomenclature and NF 
manifestation modeled in animal models, tumor types, and preservation methods for tissue biobanks. The database is designed to also store contributed 
observational data from publications and the research community (e.g. swine model “X” of neurofibromatosis type 1 develops axillary freckling between “Y” 
and “Z” months of age, or antibody “A” for SUZ12 does not detect Suz12 in mouse tissue lysate). 

Development of the NF Research Tools Database is being completed in three phases. The initial design phase will generate a prototype website to enable 
user-friendly exploration and searching of the database. Next, during a pilot phase, the website will allow visitors to visualize, filter, and search the contents of 
the database, and the data will be curated by the project team from public resources and publications. A long-term development phase will enable user-driven 
contribution of resource metadata and observations by the entire NF community via a user-friendly submission system built into the website. By collating and 
curating this information and surfacing it in an open-access exploration tool, we anticipate that this database will serve as a valuable resource to help the NF 
community more quickly and easily find, obtain, and use NF1 research tools.
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The Clinical Management Journey of Patients with Neurofibromatosis Type 1 (NF1) with Plexiform 
Neurofibromas (PN): Qualitative Interviews with US Physicians  
 
Suvina Amin, MPH, AstraZeneca

Background: NF1 is a rare, progressive neurogenetic condition. Approximately 30-50% of NF1 patients develop plexiform neurofibromas (PN) that can affect 
multiple organs, causing pain, disfigurement, and loss of function. In April 2020, selumetinib, a MEK1/2 inhibitor, was approved by United States Food and 
Drug Administration for pediatric patients, 2 years of age and older, with NF1 who have symptomatic, inoperable PNs.

Objective: The objective of this research was to understand the clinical management journey of these patients, and how the recently approved selumetinib may 
fit within it, from the perspective of different physician specialties.

Methods: One-on-one qualitative telephone interviews were conducted with physicians representing different specialties who manage patients with NF1 PN. 
Interviews involved open-ended questions focusing on clinical management, interactions with caregivers and patients, decision points for physicians, and use 
of treatments. Verbatim transcripts were developed and a thematic analysis was conducted to identify key themes from the data. 

Results: Interviews were conducted with eight physicians who treated a range of 3 to 40 NF1 patients with PN that are symptomatic and inoperable in the past 
year (3 pediatricians, 2 dermatologists, 1 neurologist, 1 geneticist, and 1 neuro-oncologist). The multi-factorial nature of clinical management emerged as a 
key theme, and three key decision points were identified: (1) confirming diagnosis; (2) identifying treating physicians and treatment plan and (3) determining 
eligibility for surgery. Physicians reported the need to form a multidisciplinary team (MDT) and collaborate with other healthcare providers to deliver optimal 
care at these decision points. One physician described clinical management as akin to “whack a mole” as they react to new disease manifestations that 
arise. The biggest challenge is managing uncertainty; “it can be frustrating not to have all of the answers.” While NF1 patients are initially treated for their 
multi-factorial symptoms and considered for surgery, selumetinib may be prescribed to “shrink inoperable tumors” which can “lead to better outcomes.” 
When asked about who should prescribe selumetinib for inoperable PNs, 3 out of 4 physicians in this sample indicated this should primarily be neurologists. 
Physicians were optimistic that new treatments will “give hope” and “bring back normal life.”

Conclusion: The clinical management journey in NF1 PN is highly variable, requiring continual reassessment of treatment approach from a MDT. Although 
selumetinib may be prescribed by any specialty, there is a need for increased awareness and education to enhance confidence to prescribe it among multiple 
specialties.

Additional Authors: Weiyan Li, Xiaoqin Yang, Dawn T. Bates, Graceanne R. Wayser, Kathleen Beusterien
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Development of Algorithms to Identify Individuals with Neurofibromatosis Type 1 Within Administrative Data 
and Electronic Medical Records  
 
Carolina Barnett-Tapia, MD, PhD, Elisabeth Raab Neurofibromatosis Clinic, University Health Network, Toronto, Canada

Background: There is limited population-based data in Neurofibromatosis 1 (NF1). Accurate case detection in administrative and medical records can fill this gap. 

Objectives: To develop and validate algorithms using health administrative data and electronic medical records (EMR) to identify individuals with NF1 in 
Ontario, Canada. 

Methods: We identified individuals with NF1 using the Electronic Medical Records Primary Care Database. We conducted an electronic free-text search of 15 
commonly-used terms related to NF1 (e.g. neurofibroma, NF1). Records were reviewed by two trained abstractors. An investigator with clinical NF1 expertise 
reviewed all records initially classified as confirmed and probable, and performed final NF1 case allocation. Patients were classified as confirmed NF1 if 
there was a diagnosis recorded in the chart, meeting NIH criteria. Records were classified as probable if 1) NF1 was recorded in the history, but no clinical 
information to support the diagnosis; 2) patients had one criterion for diagnosis (e.g. child of confirmed case) but no clinical data to confirm or rule out the 
diagnosis. Records with no NF1 terms were assumed to not have NF1.

To identify confirmed NF1 cases, we tested different combinations of outpatient and inpatient diagnostic billing codes. We also tested a free text search 
algorithm in the cumulative patient profile (CPP) of the EMR to identify confirmed NF1 cases within the EMR.

Results: Of 273,440 eligible records, 2,058 had one or more NF1 terms. Records with ”NF”, “café-au-lait”, or “Sheath tumour” as the only NF1 term, were not 
NF1. Using these terms in combination with another NF1 term resulted in 837 records: 37 with probable and 71 with confirmed NF1. The population prevalence 
ranged from 1 in 3851 (including confirmed NF1) to 1 in 2532 (including probable and confirmed NF1). The diagnostic properties of the EMR algorithm were: 
sensitivity 85% (CI:74-92%), specificity 100% (CI:100-100%), positive predictive value (PPV) 80% (CI:69-88%), negative predictive value 100% (CI:100-
100%), and false positive rate 20% (CI:11-33%).  Of false positives, 53% were probable NF1. The billing code algorithms had poor performance, with overall 
low PPV (highest was 71%). 

Conclusions: A free-search algorithm within the EMR has high sensitivity, specificity and predictive values. Algorithms based on billing codes had poor 
performance, likely due to lack of NF-specific codes in the Ontario Health Insurance Plan for outpatient visits. While NF1 ICD-9 and 10 codes are used for 
admissions, only ~30% of confirmed NF1 cases had an admission with an NF1 code.
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Neurofibromatosis 1 Revised French National Guidelines: A Focus on Four Major Updates  
 
Christina Bergqvist, MD, Henri-Mondor Hospital, Créteil, France

Continuous efforts by the neurofibromatosis community in the past 5 years have resulted in the uncovering of promising new evidence for the management 
of neurofibromatosis 1 (NF1). Protocole national de diagnostic et de soins (PNDS) are French clinical practice guidelines for rare diseases mandated 
by the French national plan for rare diseases. We recently revised the PNDS on NF1 in light of the newly accumulated evidence. The currently updated 
recommendations were based on an extensive review of the literature that spans between 01/08/2013 and 31/12/2020, a multidisciplinary expert consensus 
as well as the participation of NF1 patient associations. The keyword “neurofibromatosis” was searched using PubMed. Only relevant articles published in 
French or English, and for which an abstract or the full text was available were retained (n = 2051). After screening and then looking in particular at their level 
of evidence, 479 articles were suitable for inclusion. Major advances have been made in four fields in particular. 1- Women with NF1 have a 2-5 increased risk 
of breast cancer, which affects primarily women younger than age 50 years; with mortality rates higher than those for women with breast cancer in the general 
population. Based on this increased risk, annual breast screening with breast MRI is recommended for women with NF1 between ages 30 and 50 years along 
with an initial mammography +/- breast ultrasound. 2- Early-phase clinical trials with MEK inhibitors have been successful in the treatment of plexiform 
neurofibromas (pNF) and low-grade gliomas. Selumetinib and trametinib are the two available molecules in France. They are indicated for the treatment of 
symptomatic and surgically intractable pNF and internal neurofibromas after validation by a multidisciplinary tumor board. 3- A vast number of different 
pathogenic NF1 mutations have been described and molecular testing using next-generation sequencing with high sensitivity >95% is currently clinically 
available. So far, the diagnosis of NF1 relies primarily on clinical grounds, and genetic testing is not needed when the diagnosis has already been established. 
4- Neurodevelopmental impairment is a common manifestation of NF1. We provided guidance for physicians to carefully test for and monitor specific areas, 
as well as offering NF1 patients the appropriate course of care. These updated practice guidelines offer an up-to-date and in-depth follow-up strategy of NF1 
patients. While this PNDS is not meant to substitute international NF1 guidelines and vice-versa, it is essential for French healthcare providers as it is tailored to 
the healthcare system in France.

Full List of Authors: Christina Bergqvist1, Arnaud Jannic1, Salah Ferkal2, Sabine Bellaïche1, Isabelle Aerts3, Benoit Funalot4,5, Bérénice Hebrard4, Ariane Lunati Rozié4, Vincent 
Caumette4, Sophie Frank6, Marie-Laure Armand1, Agnes Sliwinski7, Yves Chaix8, Khaled Ezzedine1,5, Pierre Wolkenstein1,2,5 and NF France Network

1Department of Dermatology, Henri-Mondor hospital, Assistance Publique-Hôpital Paris (AP-HP), Créteil, France
2INSERM, Centre d’Investigation Clinique 006, Publique-Hôpital Paris (AP-HP), Créteil, France
3Pediatric Hematology-Oncology Department, Institut Curie, Paris, France.
4Department of Genetics, Henri-Mondor hospital, Assistance Publique-Hôpital Paris (AP-HP), Créteil, France
5Université Paris Est Créteil, Faculty of Medicine, Créteil, France
6Department of Medical Oncology, Curie Institute, Paris, France
7Department of Neurology, Henri-Mondor hospital, Assistance Publique-Hôpital Paris (AP-HP), Créteil, France
8Children’s Hospital, Toulouse-Purpan University Hospital, Toulouse, France

This paper received funding by the Haute Autorité de Santé

A Patient-Derived Xenograft (PDX) Model of NF1-Associated Malignant Peripheral Nerve Sheath Tumor  
 
Rebecca M. Brown, MD, PhD, Mount Sinai Hospital, Icahn School of Medicine, Departments of Neurology and Neurosurgery, Division of Neuro-Oncology

Neurofibromatosis type 1 (NF1) patients with plexiform neurofibroma have a 15% lifetime risk of undergoing malignant conversion of their benign tumor into a 
sarcomatous malignant peripheral nerve sheath tumor (MPNST). The genetic drivers underlying this sarcomagenesis are typically led by loss of CDKN2a/2b 
followed by a range of possible additional deletions or mutations commonly affecting genes associated with the polycomb repressor 2 complex (PRC2), p53, 
Ras pathway or PI3K pathway signaling, epignenetic modifiers, or cell cycle checkpoint genes. Here we demonstrate an orthotopic implant methodology with 
a high success rate for generating PDX mouse models of human MPNST. In addition, we present pilot data from a preclinical drug screen of bromodomain 
inhibitor PLX-2853, nuclear pore complex 1 inhibitor Selinexor, CDKN4/6 inhibitor Palbociclib, CXCR4 inhibitor Plerixafor, and Shp inhibitor Shp-099, using our 
novel PDX model.
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Mapping Glycosylation-Phosphorylation Crosstalk in Neurofibromatosis 1  
 
Kevin J. Bruemmer, PhD, Stanford University

Patients with neurofibromatosis 1 (NF1) have loss-of-function mutations in the protein neurofibromin, a negative regulator of Ras-bound guanine triphosphate 
(Ras-GTP).1 Ras-GTP is utilized as a substrate for kinases to install phosphorylation post-translational modifications (PTMs) on proteins, which often leads 
to an increase in protein activity.2 The loss of neurofibromin leads to an abundance of Ras-GTP, resulting in the uncontrolled activation of kinase pathways 
implicated in unregulated cell growth and carcinogenesis. Studies have focused on determining the exact activation nodes of kinase-directed phosphorylation 
in NF1 models, leading to the development of first generation NF1 therapeutics such as the mitogen-activated protein kinase kinase (MEK) inhibitors 
selumetinib3 and mirdametinib.4 However, there is little information about the complimentary deactivation signal of kinase-activated cell growth pathways – the 
sugar PTM N-acetylglucosamine (O-GlcNAc).5 O-GlcNAc modifications are known to have significant crosstalk with phosphorylation sites at the same or 
proximal serine/threonine amino acid residues in the proteome.6 However, less is known about the functional sites of O-GlcNAc given the difficulty in enriching 
labeled proteins for biochemical or instrumental analysis.5 Our lab is developing new proteomic methods of mapping O-GlcNAc and phosphorylation PTMs 
in cell culture models of NF1. Specifically, we utilize the method isotope-targeted glycoproteomics (IsoTaG)7 in conjunction with native phosphorylation 
enrichment to compare O-GlcNAc and phosphorylation sites in cell culture models of a plexiform neurofibroma (PN) with functional neurofibromin, a PN 
with inactive neurofibromin, and a malignant peripheral nerve sheath tumor (MPNST). Initial studies have revealed O-GlcNAc and phosphorylation crosstalk 
in enzymes such as cyclin-dependent kinases, the Ras-related protein Rab family, and serine/threonine protein kinases. We are currently determining the 
relevant significance of these PTMs in NF1 tumor progression through follow up biochemical and cell culture studies. Similar to O-GlcNAc modifications, 
protein function and cellular trafficking is controlled by more complex glycosylation through highly branched sugar chains at asparagine amino acids, termed 
N-glycosylation.8 We have created a proteomics platform to determine specific sites of N-glycosylation changes utilizing the glycosidases PNGaseF and 
PNGaseA to cleave N-glycans and yield a carboxylic acid, which is then labeled with a novel chemical reporter for mass spectrometry identification. We hope 
these novel proteomics tools will elucidate new areas of therapeutic opportunity for NF1.
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Occurrence of Fractures in Children with Neurofibromatosis Type 1 on the MEK Inhibitor Selumetinib for 
Inoperable Plexiform Neurofibromas  
 
Crystal Burgess, BS, National Cancer Institute, Pediatric Oncology Branch

Introduction: Neurofibromatosis type 1 (NF1) is associated with an increased risk of tumor formation and bone abnormalities, including long bone dysplasia 
and reduced bone mineral density (1). In one controlled, registry-based study, children with NF1 had a threefold increase in fracture risk compared to 
the general population, with another study finding that 22% of children with NF1 will have at least one fracture.  Pre-clinical data indicate that plexiform 
neurofibromas (PN) may have a local impact on bone health and that treatment with MEK inhibitors (MEKi) may have an impact on bone formation (2). 
However, the relationship between MEKi and bone health in NF1 patients is unclear.

Objective: We evaluated the incidence of fractures in children enrolled on the Phase 1/2 Study of Selumetinib for Inoperable PN (NCT01362803), with a focus 
on the mechanism of fracture, duration of MEKi therapy prior to fracture and relationship of fracture to PN location. 

Methods: We reviewed adverse events and the electronic medical record to document any fractures which occurred between the start of drug treatment and 
our cutoff date (9/2020) in the phase 1 (n=24) and phase 2 (n=75) studies of selumetinib. We determined if PN were located near the fracture site for each 
of the fractures. We also reviewed the patients’ alkaline phosphatase, calcium, and vitamin D levels within six months of the fracture, and dual-energy x-ray 
absorptiometry (DEXA) scans if completed. 

Results: Seventeen of the 99 subjects (17.2%) enrolled on NCT01362803 had at least one fracture during selumetinib treatment.  There were a total of 23 
fractures; 4 patients had multiple fractures (range 2, 4). Median age at time of fracture was 11 years old and median selumetinib cycle number (1 cycle = 
28 days) at the time of fracture was 51.5 (range 2, 96). Four of the fractures were discovered as incidental findings on restaging MRI. Of these, two occurred 
in one patient, and the fracture sites were in the left sacral ala and the T10 vertebral body and occurred after 37 and 66 cycles of selumetinib, respectively. 
Other incidental fractures included a stress fracture of the left tibia after 4 selumetinib cycles, and a fracture in the left sacrum discovered during the cycle 37 
visit. The sub-total body height adjusted z-score (HAZ) of the two patients with evaluable DEXA at the times of their 3 fractures were:  -0.94, -1.38 and -1.13, 
respectively.  DEXA scans were obtained before fracture in 9 of the 17 subjects, but 3 were excluded because of hardware. The mean sub-total body HAZ 
before the time of fracture for the 6 evaluable patients was -0.388 ± 0.920. Ten of the 23 (43.5%) fractures occurred in bones adjacent to a known PN. Of the 
17 patients, 4 had calcium, alkaline phosphatase and 25, OH vitamin D levels within 6 months of the fracture.  There were no clinically significant abnormalities 
in any of these measures.  

Conclusion: Approximately 17% of subjects receiving selumetinib had a fracture of which nearly half occurred in bones adjacent to a known PN. The true 
impact of selumetinib on bone health in NF1 remains unclear, though this data does not indicate that MEKi treatment leads to a change in fracture risk in this 
population.  Further studies are needed to determine the long-term effects of selumetinib on the risk of fracture and the impact on fracture healing.
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Clinical and Molecular Diagnosis of Mosaic Disease in the NF1 Clinic  
 
Emma MM Burkitt Wright, MBChB, FRCP, PhD, NHSE Highly Specialised Service for Complex Neurofibromatosis Type I, Manchester Centre for 
Genomic Medicine, Manchester University NHS Foundation Trust, Manchester, UK; Division of Evolution and Genomic Sciences, University of 
Manchester, Manchester, UK

Manchester’s nationally commissioned NHSE highly specialised service for complex NF1 is the sole UK site commissioned to deliver melanocyte culture 
and RNA-based NF1 sequencing to inform genomic counselling regarding NF1 recurrence risk. Whilst the ability of melanocyte analysis to make a molecular 
diagnosis is well established, its utility in clinical practice has not been evaluated previously.

Since 2014, melanocyte cultures from 23 patients have been analysed, resulting in a molecular diagnosis for 17 of these and a highly likely molecular 
diagnosis in two further patients. 13 have segmental NF1, three constitutional NF1, one Legius syndrome, one segmental Legius syndrome and one a mosaic 
KRAS pathogenic variant. None of the four patients for whom the molecular diagnosis remains unknown had typical skin findings of NF1: one has extensive 
segmental nerve sheath tumours and three café-au-lait (CAL), another a plexiform neurofibroma and only two CAL, and one has a history of sarcoma and two 
breast cancers with only atypical CAL. The final patient has a neurobehavioural phenotype suggestive of NF1 and pigmentary features (possibly segmental) 
that were not typical of NF1-associated CAL. 

On the basis of these data, we suggest a very high chance of confirming a molecular diagnosis by melanocyte culture in patients with sufficient typical CAL. 
Due to the heavy resource implications of melanocyte culture, it is important that lymphocyte testing is reported first, though of note there were two patients in 
this cohort for whom the causal NF1 variants were not detectable on the initial blood RNA screens, done some years ago (prior to NGS-based sequencing). 

Retrospective analysis of blood NF1 cDNA showed, as expected, heterozygosity for the primary pathogenic variant in all those with non-mosaic phenotypes 
where the first hit had been identified in melanocytes. Mosaic presence of the primary variant was seen in only two patients’ lymphocytes, with others having 
no evidence of their primary variant in blood. 

This work demonstrates the utility of melanocyte culture in patients with suspected NF1 to confirm a molecular diagnosis where this is not achievable in blood, 
allowing appropriate follow up, or to effectively exclude the diagnosis if no variants are identified. Other clinically relevant outcomes include the possibility 
of checking gametes (particularly sperm) or other tissues to inform recurrence risk, screening embryos in preimplantation genetic diagnosis or reassuring 
patients where the recurrence risk is likely to be low.
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Routes to Diagnosis of Neurofibromatosis Type 1: Neuroimaging Prompts Identification of De Novo NF1 in a 
Patient with Oculocutaneous Albinism  
 
Emma Burkitt Wright, MBChB, FRCP, PhD, NHSE Highly Specialised Service for Complex Neurofibromatosis Type I, Manchester Centre for Genomic 
Medicine, Manchester University NHS Foundation Trust, Manchester, UK; Division of Evolution and Genomic Sciences, University of Manchester, 
Manchester, UK

A female patient with oculocutaneous albinism (OCA) diagnosed at 4 years of age, presented aged 10, with pain to touch in her lower back, corresponding 
to a region of altered skin that had been hairy from infancy and was becoming purple in colour. Typical features of OCA were present, with delayed visual 
maturation, horizontal jerk nystagmus, crossed asymmetry on electrodiagnostic testing, pale blue irides, blonde hair and very pale skin. She was a dizygotic 
twin delivered at 34 weeks gestation for pre-eclampsia, with birthweight 2.33kg (her twin sister being 2.01kg) who after initial resuscitation did well. She had 
been under paediatric follow-up since infancy for mild hypotonia and ligamentous laxity. These and her visual difficulties had been thought to underlie her mild 
motor delay and incoordination. She had no learning difficulties. Her stature and head circumference were both on the 50th centile, similar to her twin, but 
pubertal staging was less advanced. 

Clinical review of the lumbar lesion revealed purple vascular markings and unusual texture of the skin and subcutaneous tissue. In keeping with OCA, no café-
au-lait macules (CAL) or freckles were visible in natural light, but Wood’s lamp demonstrated subtle CAL and some axillary freckling.

Spinal MRI demonstrated subcutaneous nodular tissue enhancement extending down to the dorsal surface of the L1-L3 vertebrae, compatible with a plexiform 
neurofibroma. Brain MRI demonstrated multiple areas of T2 signal change in keeping with NF 1 related myelin vacuolation in the cerebellar white matter, pons, 
right globus pallidus and splenium of the corpus callosum. A lesion in keeping with a hypothalamic hamartoma was also identified. Jointly, these findings 
warrant interval scanning.

Our patient is now receiving specific clinical and radiological NF1 follow up. Clinical assessment of the rest of her (standardly pigmented) family revealed no 
features of NF1, consistent with a de novo occurrence in the proband. The rare coincidence of OCA and NF1 in this patient demonstrates the importance of 
pigmentation in the clinical recognisability of NF1 and the effect of a lack of melanin to the appearance of superficial plexiform neurofibroma. The crucial role of 
neuroimaging in the diagnosis and management of NF1 is also highlighted.
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Can Choroidal Nodules Be Used As Clinical Criteria for the Diagnosis of NF1 in Pediatric Age?  
 
Carlos Fresno Cañada, DOO, Pediatric Optometrist in Hospital Sant Joan de Déu, Barcelona, Spain, Europe

Introduction: Neurofibromatosis type 1 (NF-1) has an incidence of between 2500-3000 live newborns. It is a genetic disease in which the affected person 
has alterations in the NF1 gene. Currently there are clinical criteria established by the National Institute of Health (NIH) to be able to make the diagnosis of this 
disease. These clinical signs are: café-au-lait spots, Lisch nodules, optic pathway glioma, neurofibromas, freckles in the armpits or groin, bone malformations, 
and an affected first-degree relative. In order to carry out the clinical diagnosis, it is necessary to meet 2 or more of these criteria, in addition, the diagnosis 
can also be made through a genetic study. 

Purpose: Include the appearance of choroidal nodules as a clinical criterion for the diagnosis of NF1. 

Material and Methods: A total of 186 patients diagnosed with NF1 according to the NIH and 29 patients in the control group who came to our ophthalmology 
service at Hospital Sant Joan de Déu were included. They were aged between 6 months and 18 year, the mean age being 9,4 year’s. All collaborating patients 
had their visual acuity quantified and an optical coherence tomography (OCT) and a photo of the fundus were performed using the infrared filter of the Topcon 
Triton instrument. 

Results: Of the 186 with a diagnosis of NF1, the photos taken with the filter were analyzed, obtaining: 55 patients (29.86%) did present choroidal nodules 
compared to the remaining 131 patients (70.44%) who did not present this lesion in the retina. 

Conclusion: OCT is a non-invasive and rapid test that can be performed on all collaborating patients from 3 years of age. Choroidal nodules can be a clinical 
sign that could be taken into account for inclusion in the guidelines for the diagnosis of NF1 as long as sensitive technology is available to be able to make 
a good diagnosis, since not all instruments are suitable for this type of exam. Therefore, if a good instrument is not available to assess choroid nodules, we 
would recommend continuing to use lisch nodules as a diagnostic test in the ophthalmology area.
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Post-Operative Use of MEK Inhibitors to Prevent Rebound Growth Following Partial Resection of Plexiform 
Neurofibromas  
 
Priya P. Chan, MD, Department of Pediatrics, Children’s Hospital Colorado, University of Colorado Anschutz Medical Campus, Aurora, Colorado

Background: Plexiform neurofibromas (PNs) are benign peripheral nerve sheath tumors that occur in patients with neurofibromatosis type I (NF1). While 
they are benign in nature, these tumors can cause significant morbidity leading to functional impairment, pain, and disfigurement. Management of PNs is 
challenging. Complete surgical resection is often not possible due to tumor growth along vital structures, and rebound growth is frequently experienced with 
partially resected PNs.1 More recently, the mitogen-activated protein kinase (MAPK) pathway has been implicated in the growth of PNs, and the use of MAPK 
enzyme (MEK1/2) inhibitors has been shown to be an effective therapy in the treatment of PNs.2,3 

Objective: To describe our institutional experience using post-operative MEK1/2 inhibitors in the treatment of pediatric patients with PNs following subtotal resection. 

Methods: A single-institution retrospective record review of pediatric patients who were diagnosed with NF1 and PNs, and underwent subtotal resection of their PN.

Results: A total of 35 patients had subtotal resection of their PN. Fourteen patients underwent resection alone, ten patients received adjuvant mechanistic 
target of rapamycin (mTOR) inhibitors and eleven patients received adjuvant MEK1/2 inhibitors. The mean follow-up time was 5.1 years, but relatively shorter 
for patients receiving adjuvant MEK1/2 inhibitors. Mean time from resection to start of adjuvant therapy and mean duration of adjuvant therapy for patients 
in the mTOR inhibitor group was 3.3 weeks and 3.9 months, respectively, and for patients in the MEK1/2 inhibitor group was 3.1 weeks and 8.5 months, 
respectively. The number of patients in each group requiring additional treatment with surgical resection or medical therapy, was 11 of 14 patients (78.6%) in 
the resection only group, 7 of 10 patients (70%) in the adjuvant mTOR inhibitor group and 3 of 11 patients (27.3%) in the adjuvant MEK1/2 inhibitor group. Of 
the 3 patients that required further therapy after being treated with adjuvant MEK1/2 inhibitors following resection, all had PNs of the head and two had prior 
resection of the PN. Skin rash was the most common adverse effect experienced by patients receiving MEK1/2 inhibitors.

Conclusions: A short course of MEK1/2 inhibitors following subtotal resection of PNs is effective in the short-term in preventing rebound growth when 
compared to subtotal resection alone or adjuvant mTOR inhibitors. Treatment is well tolerated, and should be considered as adjuvant therapy in pediatric 
patients. However, long term follow-up is necessary to judge the effectiveness of this approach.
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A Systematic Review of the Incidence and Prevalence of Neurofibromatosis Type 1 and 2  
 
Meera Chopra, BSc, Faculty of Health Sciences, McMaster University, Hamilton, Ontario, Canada

Introduction: Neurofibromatosis 1 and 2 (NF1 and NF2) are autosomal dominant genetic disorders caused by mutations in tumour suppressor genes. Multiple 
epidemiological studies have shown variable estimates of the incidence and prevalence of NF1 and NF2. We conducted a systematic review aimed to fill this 
gap, by pooling existing epidemiological studies to update global estimates of incidence and prevalence rates for NF1 and NF2. 

Methods: We conducted a systematic review of all published literature that measured the incidence or prevalence of NF1 and/or NF2 in 4 databases: OVID 
Medline, OVID Embase, Web of Science, and Cinahl. We included studies up until February 19, 2021, that identified cases based on established NIH criteria 
(or the relevant criteria at the time of publication). The methodological quality of studies was assessed using the Joanna Briggs Institute Prevalence Critical 
Appraisal tool. Pooled incidence and prevalence rates were estimated through a meta-analysis of the data.

Results: We identified 1,936 studies, of which 1,866 were deemed to be irrelevant after title and abstract screening. Sixteen of the 69 studies whose full 
texts were assessed for eligibility were included in the final systematic review, with 13 reporting incidence or prevalence for NF1 and 6 reporting incidence or 
prevalence for NF2. Incidence rates for NF1 and NF2 ranged from 1/11,494 to 1/1,871 and 1/62,185 to 1/33,000 respectively. Prevalence rates for NF1 and 
NF2 ranged from 1/6,238 to 1/1,001 and 1/600,000 to 1/56,161 respectively. Meta-analysis results will be presented at the conference. 

Discussion: An accurate estimate of the incidence and prevalence of NF1 and NF2 will offer more insight into health resource allocation. Increased funding 
and resources for the development of early diagnostic and treatment tools for NF1 and NF2 may improve the quality of life of patients. Differences in results 
between studies could be due to improved awareness and diagnostic criteria for these diseases over time. Additionally, demographic differences in surveyed 
cohorts may account for differences in results, for example since young individuals may not yet meet diagnostic criteria.
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Longitudinal Assessment of Hearing in Children with Neurofibromatosis Type 1 (NF1) and Facial/Head 
Plexiform Neurofibromas on the Phase 2 Selumetinib SPRINT Trial  
 
Julie A Christensen, MS, NIDCD, National Institutes of Health

Background: Facial/head plexiform neurofibromas (PNs) may impact hearing by obstructing the external ear canal or directly impinging on the middle or inner 
ear. Many patients with Neurofibromatosis type 1 (NF1) related PNs experience conductive or sensorineural hearing loss (HL) due to these issues. The impact 
of MEK inhibitor (MEKi) induced PN shrinkage on hearing loss is not known.

Methods: Audiologic evaluations were conducted on patients with HL at baseline on the phase 2 trial of the MEKi selumetinib for children with inoperable PNs 
(NCT01362803). Hearing testing included pure tone air and bone conduction thresholds, speech recognition, and tympanometry. Pure tone hearing testing 
was primarily performed with insert earphones. Hearing evaluations were performed longitudinally in conjunction with magnetic resonance imaging (MRI) of 
the PN. Changes in audiometric thresholds were considered significant if they shifted by 10 decibels (dB hearing level) at 2 adjacent frequencies, or at any 
single frequency by ≥15 dB hearing level. Threshold changes were plotted over time at individual frequencies, and also compared to changes in PN volume on 
corresponding dates. 

Results: Nine subjects of 75 (N) had HL at baseline (ages 5-14y) that was predominantly mild and conductive and limited to the side affected by their PN. In 4 
patients, the PN affected both sides and HL was bilateral. All 9 subjects’ tumors had a partial response to treatment (≥20% PN shrinkage on volumetric MRI), 
and best response was median -28.7% (range -46.7, -21.2). Significant hearing threshold changes included: improved in five ears (N=5), worsened in three 
ears (N=2), fluctuated in both directions in four ears (N=3), and remained stable in one ear (N=1). Median duration of audiology follow up was 179.1 weeks 
(range 32.3, 226.1). There was no clear trend in this data set. Results were confounded by several factors, including: some children could not give reliable 
behavioral information or a full audiometric evaluation could not be obtained; some children had middle ear fluid or middle ear status could not be determined 
due to an obstructing PN that precluded the ability to perform tympanometry or observe the tympanic membrane. A further confounding factor was the use of 
insert earphones, which artificially opened an ear canal otherwise obstructed by a PN and may have masked audiometric shifts resulting from tumor-related 
changes in the external auditory canal.

Conclusions & Future Considerations: There was no clear relationship in this cohort between tumor shrinkage and hearing sensitivity. While one might 
hypothesize that tumor shrinkage would lead to improved hearing, shrinking a large tumor could also collapse the ear canal and result in worsening conductive 
HL. The variability in our findings is likely related to several factors including behavioral issues, unknown middle ear status, and the measurement technique. 
Specifically, in children with a PN obstructing the ear canal, insert earphones may not be an accurate measure of true world hearing. In order to detect changes 
in hearing as a result of PN shrinkage/progression over time, we recommend hearing evaluations in this population be performed in the sound field, masking 
the opposite ear. Future audiologic studies performed in this manner and with a larger number of subjects may further elucidate the impact of MEKi treatment 
in this population.
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A High-Throughput Screening Identifies the Combination of MK-1775 and Doxorubicin As a New Therapeutic 
Approach for MPNST  
 
Edgar Creus Bachiller, Biotechnology, Master in Genetics and Genomics, PhD Student, Catalan Institute of Oncology (ICO-IDIBELL)

Background: Malignant peripheral nerve sheath tumors (MPNSTs) are aggressive soft-tissue sarcomas that are associated with Neurofibromatosis type 1 
(NF1), as half of the cases are diagnosed in NF1 patients. Currently, the best therapy for MPNSTs is complete surgical resection, but often it is not possible 
due to location or metastases. Chemotherapy or radiotherapy has not been proven effective and new therapies are needed to be tested as potential treatments. 
For many cancers, drug combinations are emerging as the therapeutic strategy of choice to overcome treatment failure. Herein, we aim to test eleven potential 
synergistic combinations of compounds selected from a high-throughput screening of almost 2000 compounds performed in the NIH-NCATS to choose the 
best candidates as potential novel treatments for MPNST. 

Methods: To validate the combinations, we used two MPNST cell lines: MPNST-SP-01 (sporadic) and S462 (NF1-derived). Compounds were combined using 
a fixed 1:1 ratio respect the IC50. Synergism was evaluated by Combination Index (CI), calculated according to dose-response data using the CompuSyn 
Software. The best candidates were validated in vivo in our Patient-Derived Orthotopic Xenograft (PDOX) mouse model, in which a piece of primary MPNST 
was engrafted near the sciatic nerve of athymic mice. Interestingly, in vivo treatments were performed in the same patient’s tumor that was effective in vitro. 
Treatment in mice lasted at least for 18 days and tumor volume was measured twice a week to evaluate the effectiveness of the compounds.    

Results: Six out of eleven combinations presented synergism in vitro, being Carfilzomib + Panobinostat and MK-1775 + Doxorubicin the best candidates 
for in vivo assays. MK-1775 + Doxorubicin was tested in two PDOX models engrafted with sporadic (MPNST-SP-01) and NF1-derived (MPNST-NF-09) 
MPNSTs. In these models we observed that the combination reduced significantly the tumor volume compared to Doxorubicin as a single agent. Specifically, 
the treatment caused a reduction of 7-fold less tumor volume in the MPNST-SP-01 PDOX model at the end of the experiment and almost 4-fold less tumor 
volume in the MPNST-NF-09 PDOX model. Moreover, no significant toxicity effects were observed in the animals. Conversely, the combination Carfilzomib + 
Panobinostat did not achieve tumor reduction at the end of the treatment.

Conclusion: This work has provided valuable information on the use of MK-1775 and Doxorubicin to reduce MPNST growth.

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this work.
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Validating Instruments to Measure Cutaneous Neurofibromas in Clinical Trials  
 
Jennifer L.W. Da, BA, Massachusetts General Hospital

Objective: To measure the growth of cutaneous neurofibromas (cNF) in persons with neurofibromatosis type 1 (NF1) over 1 year using digital calipers, 3D 
photography, and high frequency ultrasound (HFUS).

Background: cNF are small tumors that grow variably. Digital calipers, 3D photography, and HFUS can reliably measure cNF and can be used to establish the 
natural history of untreated tumors. This information is critical for initiating therapeutic trials for cNF and evaluating therapeutic efficacy.

Methods: Adults with NF1 and cNF were recruited at Massachusetts General Hospital. At baseline, disease severity and visibility were rated using the Riccardi 
Scale and Ablon scale, respectively. Six cNF on each participant’s forearm were assessed using digital calipers (World Precision Instruments), 3D photography 
(Canfield Scientific Vectra H1), and HFUS (Fujifilm VisualSonics Vevo3100). Linear and volumetric measurements using each technique were completed at 
4-month intervals for one year. We used mixed effects models with random effects of individual tumors within each patient to estimate the percent growth of 
cNF over one year. In addition, the proportion of growing or shrinking cNF (as determined based on predetermined thresholds) were calculated on a per-tumor 
and per-patient basis. For the per-patient analysis, the percent change in total tumor burden (the sum of all 6 tumors) was determined.

Results: Thirty subjects (median age=55, 57% female) were enrolled; twenty-two (73%) completed their one-year visit; eight subjects did not return due 
to the COVID-19 pandemic. Most subjects had moderate disease severity (0% minimal, 20% mild, 73% moderate, 7% severe) and visibility (3% mild, 63% 
moderate, 33% severe). Univariate mixed effects models showed a significant (p≤0.05) increase in cNF size over one year using all measurement techniques. 
The annual linear growth rate using digital calipers, 3D photography, and HFUS were similar with estimates ranging from 1-4% per year. Estimates of annual 
volumetric growth rate were broader, ranging from 9% for digital calipers, 12% for HFUS, and 221% for 3D camera. On a per-tumor basis, 66-94% of cNF 
remained stable, 1-10% shrank, and 2-24% grew, depending on measurement technique. On a per-patient basis, total tumor size was stable in 82-95% of 
participants, decreased in 0-5%, and increased in 5-18%, depending on measurement technique.

Conclusions: The growth rate of untreated cNF over 1 year can be measured using digital calipers, 3D photography, and HFUS. In most cases individual cNF and 
cNF burden remain stable over one year, however, change can be detected. Pros and cons of each instrument and measurement technique (linear vs. volumetric) 
should be considered when designing cNF clinical trials. These growth estimates are similar to those previously reported for longer natural history studies.

Funding: This study is funded by the Neurofibromatosis Therapeutic Acceleration Program at Johns Hopkins University. 
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Malignant Peripheral Nerve Sheath Tumours (MPNST) in Neurofibromatosis Type 1 (NF1) – An 11-year 
Experience from The Manchester Complex NF1 Service, UK  
 
Judith Eelloo, RGN, RSCN, MPhil, Clinical Nurse Specialist; Complex NF1 Service, Manchester University NHS Foundation Trust, UK

Introduction: NF1 carries a lifetime risk of developing a MPNST in 8-13% of individuals, which may be higher in those with high internal burden or certain type 
of pathogenic variant. MPNST’s in NF1 are associated with a poor prognosis, reflecting the diagnostic challenges, typically high grade behaviour and limited 
treatment options. In particular, anatomical location and position within a larger surrounding plexiform neurofibroma often makes complete surgical resection 
challenging and morbid. We present patient and disease characteristics for patients with NF1-associated MPNST seen by one of two Highly Specialised 
Services commissioned by NHS England to provide holistic multi-disciplinary care for Complex NF1. A primary focus being the improvement of mortality and 
morbidity in NF1-associated MPNST. 

Methods: Patients were identified from a prospectively populated database encompassing all patients seen since service inception in 2009 (N=2488). 
Included patients had been diagnosed with at least 1 confirmed/suspected MPNST, per local and/or central histopathology review. Observed incidence was 
compared to expected incidence derived from epidemiological and nationally-reported incidence.

Results: 90 patients with confirmed or suspected MPNST were identified across an 11-year period (2009-2020). Average age of diagnosis was 34 years 
(range 4-70 years). 40/90 (44%) were female. Most common primary tumour sites were lower limb (36%) and trunk (30%). 41% of patients were confirmed 
alive at time of last follow-up. Median overall survival in the entire cohort was 4.9 years – this reflected patients diagnosed with MPNST while known to our 
service, and those referred subsequent to MPNST diagnosis. In patients diagnosed within our service (thus free of immortal time bias), overall survival was 
3.4 years. Comparison of observed vs expected incidence rates identified geographical areas with likely imperfect rates of referral to the Specialised Service. 

Conclusion: This provides a unique dataset with which to inform future management pathways for patients with NF1-associated MPNST. Survival in our 
dataset is consistent with previous reports of poor prognosis in NF1 related MPNST.

11% of our cohort were diagnosed <18years of age re-in forcing need for education regarding red flag signs and symptoms and vigilance in paediatric 
population of NF1. 

We will further interrogate the clinical and molecular data. This is with the aim of increasing survival time by improving referral pathways to ensure rapid 
diagnosis, central histology review and in collaboration with regional Sarcoma teams develop and deliver clinical trials for treatment of early stage and 
advanced NF1-associated MPNST.
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Clinical Characteristics and Management of Children and Adolescents with Neurofibromatosis 1 and 
Plexiform Neurofibromas in Denmark: A Nationwide Study  
 
Cecilie Ejerskov, MD, PhD, Center for Rare Diseases, Paediatrics and Adolescent Medicine, Aarhus University Hospital, Aarhus, Denmark

Background: Plexiform neurofibromas (PN), benign nerve sheath tumours, are a common complication in patients with neurofibromatosis 1 (NF1), which may 
cause moderate-to-severe and even life-threatening morbidities. Complete surgical removal is often difficult due to their infiltrative nature, location and size. Our 
objective was to describe clinical characteristics and treatment of paediatric NF1 patients with PN from a nationwide perspective in Denmark.

Methods: Patients with NF1, aged <18 years, were identified at the two Danish national specialist centres for NF1 between 2000 and 2020. Data were 
retrieved from the individual medical records. Patients with PN were grouped according to tumour size (small PN, ≤3 cm; large PN, >3 cm).

Results: Overall, 296 paediatric patients with NF1 were included, of which 113 patients (38%) had ≥1 PN recorded 78; (69%) and 35 (31%) of the patients 
were classified with small and large PN, respectively. Mean age at large PN diagnosis was 6.3 years (range 0.1–15.2). 

Detailed information about the PN was available for 34/35 patients with large PN, where 28/34 patients had one large PN and 6/34 patients had two large PN 
(in total 40 large PN). Data on tumour size based on clinical examination was available in 24/40 PN (mean diameter 7.4 cm [range 3.0–20.0]) and radiological 
evaluation of tumour size was available in 14/40 PN (mean diameter 7.7 cm [range 3.0–14.5]).

Information on symptoms of PN were retrieved from the medical records in 31/40 PN, of which 16/31 had symptoms: disfigurement on objective finding 
(6/16), pain (3/16), vision loss (2/16), self-reported cosmetic impact (6/16), cognitive impact (5/16) and neurological deficits (5/16).

Fifteen PN underwent surgery; seven complete resection and eight debulking of which six debulked PN were categorised as inoperable defined as not fully 
resectable. Fourteen PN were inoperable; eight PN had no surgery. Two patients had a large PN that transformed to malignant peripheral nerve sheath tumour 
and two patients with large PN developed brain tumours (low-grade glioma and low-grade astrocytoma) during follow up.

Conclusion: More than one third of children and adolescents with NF1 in Denmark developed at least one PN, of which close to one third were large and 
half were symptomatic. One third of the large PN were inoperable and malignant transformation of the PN were also seen in addition to development of brain 
tumours. This highlights the severe sequelae and unmet treatment need in the paediatric NF1 population with PN.
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Cherry Angiomas As New Clinical Feature for Neurofibromatosis 1 a Pilot Study  
 
Laura Fertitta, MD, Dept. of Dermatology, National Referral Center for Neurofibromatoses, Henri Mondor Hospital, Assistance Publique – Hôpitaux de 
Paris (AP-HP), 94010 Créteil, France

Cutaneous manifestations of neurofibromatosis 1 (NF1), are hallmarks of the disease1, frequent and falling in the diagnostic criteria2. Cherry angiomas (CAs) 
are the most frequent benign vascular skin tumors in the general population, with a prevalence increasing with age3. Through clinical experience we suspected 
a higher prevalence of CAs in patients with NF1 and therefore conducted an observational prospective pilot study to confirm this first impression. 

Two groups of patients were enrolled: i) consecutive NF1 patients followed in our center (group 1), and ii) consecutive patients seen at our dermatological 
emergency consultation (non NF1 patients, group 2). The presence of CAs was quantified as less, or 10 or more. In addition to classical sociodemographic 
variables, we collected the following data: >100 cutaneous neurofibromas (dermatological severe phenotype), at least one complication (complicated 
phenotype), > 10 subcutaneous neurofibromas, and of internal neurofibromas (at risk phenotype). The absence of all these previous variables defined the 
minor phenotype4. The 2 groups were compared. 

In group 1, 102 patients were included: 45% females (n=46), mean age 36 years-old (range 18-70), 61% with at least one complication (n=62), 22% with at 
risk phenotype (n=22) and 24% severe (n=24). The 3 main complications were: optic nerve glioma (n=11), dystrophic scoliosis (n=9), and compressive 
neurofibromas (n=8). In group 2, 157 patients were included: 50% females (n=79), mean age 44 years-old (range 15-91). 49 patients had CAs in group 1 
(48%) and 28 (18%) in group 2. Pearson’s Chi-squared test showed significant difference (p<0.0001): patients had significantly more CAs in group 1 than in 
group 2. In both groups, increased age was associated with more CAs (p<0.0001). In group 1, neither at risk phenotypes (p=0.22), nor complicated ones 
(p=0.25) were significantly associated with CAs. 

Cherry angioma are mentioned in some textbooks as more prevalent in NF15. We confirmed this higher prevalence in a prospective study (48% vs. 18%). 
Nevertheless our control group (group 2) had a lower prevalence of CAs (18%) in comparison with the literature (22-51.8%)6 but previous studies did not 
quantify CAs using a high threshold. CAs are mostly spontaneous, but also drug-induced7–10, post-toxic11, post-viral12–14, associated with Castelman disease15,16 
and graft-versus-host-disease17.

NF1 belongs to RASopathies18,19, and CAs result from dysregulation of GNAQ, GNA1120 and GNA1421 genes related pathways. Therefore, pathophysiology could 
link NF1 to its new clinical feature.
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Quality of Life of Adult Neurofibromatosis 1: Development and Validation of a New Assessment Tool  
 
Laura Fertitta, MD, Dept. of Dermatology, National Referral Center for Neurofibromatoses, Henri Mondor Hospital, Assistance Publique – Hôpitaux de 
Paris (AP-HP), 94010 Créteil, France

Despite the considerable impact of cutaneous neurofibromas (cutNF) on quality of life (QoL), there was yet no specific QoL score specifically developed. We 
therefore thought to modify the Skindex-161 for NF-1 patients with cutNF creating CutNF-Skindex2,3. 

We produced a modified version of the Skindex-16 with expert physicians of our center, our psychologist, and four expert patients. We conducted a 
multidisciplinary workshop to assess the readability of the French version and ensure no specific item was missing. We further translated, and linguistically 
validated the French questionnaire into US English using a back forward translation involving the developers of the Skindex-16. Patients also completed the 
Skindex16 and the DLQI.

Based on the textual analysis of the workshop, 3 items were added to the Skindex-16. This 19-item questionnaire was distributed to the participants of the 
ComPaRe e-cohort (N=234) in whom we also recorded clinical and socio-demographic factors. An exploratory factor analysis confirmed the repartition 
of the items into 3 domains perfectly fitting the original Skindex-16 domains: emotions, symptoms, functioning. Factor loadings ≥0.40 were considered as 
significant and were thus retained. One item did not fit into any domain and was therefore deleted: final questionnaire consisted of 18 items. The CutNF-Skindex 
demonstrated excellent internal consistency, discriminant validity, and high reliability. We then conducted a linear multivariable regression analysis to identify 
factors associated with impaired QoL, controlling for number of cutNF, age, sex and level of education. Significance was based on a two-sided p-value of 0.05. 
The number of cutNF was the only independent variable associated with the total score (CI95: 8.82 – 27.09, p<0.001), and the subscores of the 3 domains: 
symptoms (CI95: 1.96 – 5.86, p<0.001), emotions (CI95: 4.03 – 29.88, p<0.001) and functioning (CI95: 0.76 – 4.82, p<0.001). The CutNF-Skindex 
significantly correlated with Skindex16 indicating good external validity.

We adapted and validated the Skindex-16 for NF-1 patients with cutNF. This questionnaire is the first to specifically address the impact of cutNF on QoL. It was 
highly correlated with the original Skindex-16, and showed excellent internal and external validity. Moreover, we translated an US English version that will soon be 
transcultarally validated in a US NF1 population. The global and sub-scores of the CutNF-Skindex were increased with higher number of cutNF arguing for its use 
in further trials aiming to reduce their number. The main limitation of this study is that we did not address responsiveness which should be done in clinical trials.

Full List of Authors: Fertitta Laura MD presenting author, Chren Mary-Margaret MD, PhD, Armand Marie-Laure, Moryousef Sabine, Ferkal Salah MD, Jannic Arnaud MD, Ravaud 
Philippe MD, PhD, Tran-Viet Thi, MD, PhD, Ezzedine Khaled, Wolkenstein Pierre MD, PhD

References: 
1. Leplège A, Ecosse E, Zeller J, Revuz J, Wolkenstein P. The French version of Skindex (Skindex-France). Adaptation and assessment of psychometric properties. Ann Dermatol 
Venereol. 2003; 130:177-83. 
2. Vranceanu A-M, Merker VL, Park E, Plotkin SR. Quality of life among adult patients with neurofibromatosis 1, neurofibromatosis 2 and schwannomatosis: a systematic review of 
the literature. J Neurooncol. 2013; 114:257-62. 
3. Samuelsson B, Riccardi VM. Neurofibromatosis in Gothenburg, Sweden. III. Psychiatric and social aspects. Neurofibromatosis. 1989; 2:84-106.

Giant Thoracic Meningocoele Excision with Instrumented Augmentation of Spinal Canal Defect Repair  
 
Joshi George, MBBS, FRCSGlag (Neuro.Surg), MD, FEBNS, FISS, Manchester Centre for Genomic Medicine

Giant thoracic meningocoeles are occasionally seen in NF1 but rarely require surgical excision. There are a few reported cases of excision worldwide but 
all report recurrence. This is thought to be due to the bony defect in the spinal canal predisposing to further meningocoele formation. We describe the first 
reported case of surgical excision of a giant thoracic meningocoele with instrumented augmentation of the bony defect repair. There has not been a recurrence 
of the meningocoele so far. The histopathology analysis of the meningocoele wall was similar to that of a cystic neurofibroma with neural fascicles. This raises 
the intriguing possibility that neurofibromatous tissue weakening the walls of the spinal canal may be important in the pathogenesis of a meningocoele.
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Incidence of Ocular and Cardiac Adverse Events in Children with Neurofibromatosis Type 1 on a Phase 1/2 
Study of Selumetinib for Inoperable Plexiform Neurofibromas  
 
Andrea M. Gross, MD, Pediatric Oncology Branch, National Cancer Institute

Background: MEK inhibitors (MEKi) have recently been shown to be effective for treating plexiform neurofibromas and low-grade gliomas in Neurofibromatosis 
type 1 (NF1). Common and reversible toxicities of MEKi include cutaneous and gastrointestinal toxicities. MEKi can also cause potentially serious ocular 
toxicities such as central serous retinopathy/retinal pigment epithelial detachment (CSR/RPED) or retinal vein occlusion (RVO), and serious cardiac toxicities 
such as reduced left ventricular ejection fraction (LVEF) and hypertension. While these toxicities are well described in the adult population being treated for 
malignancies, the frequency of these toxicities with long term treatment of pediatric patients with NF1 has not yet been described.

Methods: The phase I/II study of the MEKi selumetinib for inoperable plexiform neurofibromas in children with NF1 (SPRINT, NCT01362803) began enrollment 
in 2011. Most participants have been on continuous therapy (25 mg/m2 PO BID, 1 cycle=28 days) for > 24 cycles. We analyzed the incidence of ocular and 
cardiac adverse events (AE), regardless of attribution to selumetinib, through 2/27/21. Subjects underwent ophthalmologic exam at least every 12 cycles and 
echocardiogram every 6 cycles. AEs were graded using CTCAEv4.03. All cardiac AEs were managed using a standardized algorithm in consultation with a 
cardiologist. Any decrease in LVEF ≥ 10 percentage points from baseline and <53% overall required a dose reduction per protocol regardless of grade.

Results: Of 99 participants (N) enrolled (median age 10 years, range 3,18) the median duration of treatment at DCO was 49 cycles (range 1, 100). There 
were 89 ocular adverse events (AEs) in 39 subjects, all of which were grade 1 or 2, 17 (18%) of these were considered possibly related to selumetinib and 
none were dose limiting or persistent. The most common ocular AEs were eye disorder-other (22), blurred vision (19), conjunctivitis (11) and watering eyes 
(10). One subject had shallow bilateral RPED at their pre-cycle 95 evaluation without any vision changes. Study drug was continued, and repeat evaluation 
3 weeks later showed resolution of the RPED. There were no episodes of RVO. There were 137 cardiac AEs (N= 49) and 124 (90%) were grade 1 or 2.  
The most common cardiac AEs were sinus tachycardia (33), asymptomatic decrease in LVEF (29, N=21) and hypertension (21). There was one grade 4 
AE (hypotension, unrelated to study drug) and there were 12 grade 3 AEs (N=8) (syncope (10), hypotension (1), LVEF decreased (1)), only one of which 
(decreased LVEF) was considered possibly related to selumetinib. Six cardiac AEs were considered dose limiting (N=5) (LVEF decreased (4 AEs, N=4) and 
cardiac disorder-other-junctional arrhythmia (2 AEs, N=1)). Three participants were started on medication to treat their cardiac adverse event. LVEF decrease 
occurred after a median of 18 cycles (range 4, 95) and was asymptomatic for all participants.

Conclusions: Most cardiac and ocular adverse events experienced by subjects with NF1 on the phase 1/2 study of selumetinib for inoperable plexiform 
neurofibromas were grade 1 or 2 and were not dose limiting or persistent. One subject did have asymptomatic RPED which resolved without holding study 
drug. Twenty-one participants had asymptomatic decreased LVEF which often occurred after 1 year of treatment. Though asymptomatic, decreased LVEF was 
dose limiting in 4 participants, two of whom underwent medical intervention. These results demonstrate that while selumetinib appears to be well tolerated in 
children with NF1 undergoing prolonged therapy, cardiac adverse events, particularly asymptomatic decrease in LVEF, may develop after prolonged treatment 
duration, and therefore routine monitoring with echocardiograms is appropriate while selumetinib treatment is ongoing. Data analysis and long-term follow-up 
for adverse events on the SPRINT trial is ongoing.

Full List of Authors: Andrea M. Gross, M.D., POB; Andrea Baldwin, P.N.P., Clinical Research Directorate/Clinical Monitoring Research Program, Leidos Biomedical Research, Inc., 
NCI Campus at Frederick, Frederick, Maryland 21702; Alessandra Brofferio, M.D., NHLBI; Michael J. Fisher, M.D., Children’s Hospital of Philadelphia; Brian Weiss, M.D., Cincinnati 
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Long-Term Safety and Efficacy of Selumetinib in Children with Neurofibromatosis Type 1 on a Phase 1 Study 
for Inoperable Plexiform Neurofibromas  
 
Andrea M. Gross, MD, Pediatric Oncology Branch, NCI

Background: The results from the phase 1 study of selumetinib for pediatric patients with Neurofibromatosis type 1 (NF1) and inoperable plexiform 
neurofibroma (PN) (SPRINT, NCT01362803) were published in 2016 when 19 of the 24 subjects were still receiving selumetinib. Here we present 5 years of 
updated safety and efficacy data.

Methods: Subjects enrolled on the phase 1 study of selumetinib are included with a data cut-off (DCO) of February 27, 2021. Subjects received selumetinib 
twice daily on a continuous dosing schedule (1 cycle=28 days), with a starting dose of either 20 mg/m2, 25 mg/m2 (recommended phase 2 dose) or 30 mg/
m2 per dose. Tumor response by volumetric MRI: confirmed partial response (cPR) ≥20% decrease from baseline on two consecutive restaging evaluations; 
durable response is a cPR that lasted ≥12 cycles; progressive disease (PD) ≥20% increase from baseline. In this analysis, we also considered PD if the 
subject had ≥20% increase from best response after achieving PR, to make the results comparable to the phase 2 cohort. Of note, subjects were eligible to 
continue study treatment after PD if the tumor was < 20% above baseline volume. Subjects had safety and efficacy evaluations every 6 months after the first 
2 years and adverse events (AEs) were graded using CTCAEv4.03

Results: Nine of 24 subjects (37.5%) remain on treatment at DCO with a median duration of treatment of 75.5 cycles (range 6,100). Off treatment reasons 
were AE (3), PD (2), refused further treatment (3), PI discretion/best interest of patient (3), treatment period complete (2), switched to alternative treatment 
(1) and resistant tumor (1). Median best tumor response was -32% (range -47,-6) with cPR in 75% of subjects (n=18) and most recent response at each 
subject’s last restaging visit prior to DCO is cPR in 33.3% (n=8), stable disease (SD) in 20.8% (n=5) and PD in 45.8% (n=11). Median time to best response 
was 22 cycles and responses were durable in 16 subjects (66.7%). For those with PD, median time to progression (TTP) was 46 cycles (range 28, 88); for 
the entire cohort median progression free survival (PFS) was 52 cycles. Of the 11 with PD, 4 had a prior dose reduction and 8 remained on treatment after PD; 
only 2 subjects had tumor growth >20% above baseline volume. All subjects had at least one toxicity possibly related to study drug, 99% were ≤ grade 2 and 
the most common were asymptomatic CPK increase, gastrointestinal toxicity, mucositis and fatigue. Thirteen subjects had ≥1 dose reduction and 3 of these 
had 2 dose reductions for toxicity. Elevated CPK (asymptomatic) was the only grade 4 AE possibly related to selumetinib in this population. 

Conclusions: This report includes an additional 5 years of data on the phase 1 study of selumetinib in pediatric subjects with inoperable PN. Overall, 75% of 
subjects had a PR and 9 subjects (37.5%) remain on treatment. While many patients tolerated selumetinib well and all drug related toxicities were reversible, 
over 50% of subjects had at least one toxicity leading to dose reduction over the entire duration of the study to date. Future considerations include the 
evaluation of selumetinib on alternative dosing schedules to minimize the need for dose reductions, and assessment of the appropriate duration of treatment in 
this population. Data analysis is preliminary and ongoing.
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MPNST in NF1 Patients: An Other Epidemic?  
 
Arnaud Jannic, MD, Referral Center for Neurofibromatosis – Dermatology – Henri Mondor Hospital – Créteil – France

Background: Malignant Peripheral Nerve Sheath Tumor (MPNST) is one of the most severe complications in NF1, reducing life expectancy in NF1 patients. 
MPNST is more frequent during 2nd and 3rd decades; its prognosis depends on histologic grading and on possibility of wide excision. MPNST cases seen in our 
center are discussed at our institutional multidisciplinary Tumor Board Meeting (TBM). In spring 2020, COVID-19 crisis strongly interfered with normal medical 
and surgical activity, especially in the Greater Paris Region. Since September 2020, we faced an unexpected number of newly diagnosed MPNST cases. 

Methods: We retrospectively reviewed all MPNST cases discussed to our local TBM between September 2020 and April 15th 2021. Demographic data, 
histologic grade, tumor staging, therapeutic proposals and diagnostic circumstances were retrieved for each patient. For comparison, we collected data on 
cases discussed between January and August 2020 and during the all year of 2019.

Results: Between September 2020 and April 2021, 15 newly diagnosed cases of MPNST amongst 77 cases were discussed. Of these, 5 MPNSTs were high-
grade and 8 were intermediate or low-grade (2 unknown), and 2 were metastatic at diagnosis. Of note, circumstances of diagnosis were systematic screening 
by metabolic imaging of high-risk patients in 4/15 cases whereas other cases diagnosis was related to pain exploration. COVID-19 crisis delayed care in 3 
patients: all 3 cases followed systematical screening and stayed operable. Worst prognosis cases (metastatic diseases and large inoperable lesions) were 
patients without any NF1-specialized follow-up for years. 13/15 cases were patients treated in our center. Comparatively, between January and August 2020, 
no MPNST was discussed amongst 63 cases and in 2019, 6 out of 116 cases were MPNSTs, including 3 new cases, all followed in our center. 

Discussion: Since September 2020, we confirmed a high increase of the number of new MPNST diagnosis in NF1 patients. Circumstances and tumor staging 
at diagnosis were diverse and the absence of follow-up of NF1 patients during the Covid-19 crisis cannot solely explain that. We suspect a ‘referral center 
effect’ as practitioners might have addressed all their patients with rare diseases to referral centers giving priority to COVID-19 care. After the crisis the 
recovery of specialized activity could explain a ‘concentration effect’. Next months will specify this trend and the possible loss of chance of expertise benefit 
for NF1 patients with complications during the current sanitary crisis.

Full List of Authors: Zehou O, Ferkal S, Fertitta L, Ezzedine K, Wolkenstein P

Two Years’ Experience of a National Tumor Board Meeting (TBM) for the Management of Neurofibromatosis 
(NF) and the Emerging Role of MEK Inhibitors  
 
Arnaud Jannic, MD, Referral center for Neurofibromatosis – Dermatology Department - Henri Mondor Hospital – Créteil – France

Background: Since 2018, a National TBM dedicated to NF was held monthly in our center, open to every practitioner seeking diagnostic or therapeutic advices. 
Recently, the French National Drug Agency requires the validation by this TBM to allow temporary use of MEK-inhibitors for NF1 patients. 

Methods: We retrospectively reviewed all cases presented to the national TBM since March 2018: we collected demographic data, questions and conclusions. When 
MEK-inhibitors were suggested, the practitioner responsible for the case was reached to collect further information: effective prescription, efficacy and tolerance. 

Results: From March 2018 to May 2020, 95 charts were discussed concerning 80 different patients. 40 patients out of 80 were children (<16 years-old). 
88/95 cases (92.6%) concerned NF1 patients. In 80/95 cases (84.2%) the discussion was therapeutic for benign or malignant peripheral nerve sheath tumors 
(PNST). A surgical management was proposed in 17/80 cases (21.3%). MEK-inhibitors were proposed in 13 cases (7 for children) and prescribed in 9 cases. 
MEK-inhibitors were considered effective, even partially, amongst all 9 cases but with constant side effects. Cutaneous side effect were mostly noticed in 8/9 
cases and responsible of temporary or definitive discontinuation of treatment in 5/9 cases. 

Discussion: National TMB for NF proposes advices for PNST in NF1 patients: specialized investigations, and expertise in surgery in a background of multi-
disciplinarity. A quarter of patients were refused for surgery elsewhere and were considered operable by surgeons experts in NF1. MEK-inhibitors were 
considered in NF1 patients with inoperable and symptomatic neurofibromas. In “real life” use, they confirmed efficacy but with the limitation of their tolerance. 
Registries would be the option for post-approval survey.
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Occupational Therapy Provision and Input for NF1 Patient  
 
Samantha Jefferies MSc, BSc, PG Dip OT

I was commissioned to work with a young adult to increase her mobility by prescribing crutches to enable increased mobility and independence. Which we 
were successful in completing. I worked in collaboration with the person who set her own goals and worked with me to achieve them.

I contacted a mobility company who had a pair of nearly suitable crutches. They sent them to me and we trialled them with success. The crutches need 
adapting so I contacted REMAP to make the crutches bespoke to meet the young adults needs.

The young female has hypermobility within her lower and upper limbs and usually mobilised in a wheelchair. She wanted to walk with crutches to the local 
coop so she could perform a Saturday Job. That was her goal. She completed it and went further to go to university and become a successful young woman 
who achieves and inspires.

My evidence base stems from Occupational Science and Theory and using the OT process and Frames of reference including compensatory, biomechanical, 
person centered, psychosocial.
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Preliminary Demonstration of a Semi-Automatic Segmentation Technique to Quantify Plexiform Neurofibroma 
Volume Through Time in Patients Treated with Trametinib  
 
Dorsa Kiaei, BSc, Institute of Biomedical Engineering, University of Montreal, Montreal, Canada; Research Centre, CHU Sainte-Justine, Montreal, Canada

Introduction: Plexiform Neurofibromas (PN) are slowly progressing tumors affecting peripheral nerves and spinal roots. Since PNs are solid tumors, their 
responses are currently assessed through the RECIST 1.1 guideline that allows to evaluate the lesion in its largest dimension (1D measurement)1. However, 
the majority of PNs has a complex shape that is difficult to assess with standard 1D or 2D analysis, which leads to a suboptimal evaluation of response to 
treatment. Therefore, it becomes essential to integrate volumetric analyzes in the evaluation of PNs2.

Methods: 42 patients with neurofibromatosis 1 (NF1) and PN were recruited through an ongoing clinical trial with a therapeutic application (TRAM-01). Patients 
underwent a magnetic resonance imaging (MRI) scan at baseline and every three months during treatment. MRI sequences included T1- and T2-weighted 
imaging with fat suppression and with/without gadolinium contrast as well as short-TI inversion recovery (STIR) imaging. A semi-automatic lesion detection 
method was developed to quantify tumor volume in 3D. The segmentation method was based on MRI signal intensity contrast between lesion and healthy tissue. 
For each MRI slice, a binary mask is created. These masks were stacked and gaps between slices were interpolated to generate a 3D smooth volume. 

Results: Here we present the proof-of-concept of the semi-automatic technique through the estimation of the volume of a lesion. We evaluated a large PN involving 
the right sciatic nerve of a 16-years old patient with NF1. Figure 1 shows axial (a) and coronal (b) views of the lesion with MRI T2-weighted imaging. Figure 1 (c) 
shows one single-slice segmentation of the lesion. Figure 2 shows a 1D measurement of the lesion in its largest dimension (130.87 mm) and (b) the 3D segmented 
volume associated with the lesion. Using the combination of three 1D measurements (in the three largest dimensions of the lesion), the lesion volume was estimated 
to 575.4 cm3. When using our 3D segmentation technique, the lesion volume was 327.3 cm3, which is 43% less than manual clinical standard evaluation.

Conclusion: Our preliminary results indicate that volumetric assessment with our segmentation technique is feasible and evaluates more accurately the 
volume of the lesion compared to the combination of standard 1D measurements. This analysis will be applied to all patients in each timepoint. The accurate 
quantification of lesion volume through time is critical to assess the response of treatment in this population.
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2. Gupta et al., Neurology, 2003, 60(1), pp.130-132. 
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Neural Entrainment and Attention Deficits in Children with NF1  
 
Eve Lalancette, BSc, CHU Sainte-Justine Research Center, Université de Montréal

Background: Dysfunction of GABAergic signaling is one of the major mechanisms proposed to explain cognitive deficits in neurofibromatosis type 1 (NF1). 
Altered GABA levels are thought to affect the regulation of excitation/inhibition, which could disrupt neural synchronization or entrainment. Neural entrainment is 
the oscillatory activity elicited by the rhythmic delivery of a stimulus. Disruptions of such oscillatory activity have been found in comorbid neurodevelopmental 
disorders such as attention-deficit/hyperactivity disorder (ADHD) (Calderone et al., 2014) and autism spectrum disorder (ASD) (Simon & Wallace, 2016) and 
could contribute to the understanding of attentional and sensory processing deficits in those conditions. In this study, we used electroencephalography to 
evaluate the integrity of the neural entrainment response during visual stimulation in children with NF1. 

Method: EEG recordings were performed on 30 children with NF1 and 28 controls, aged from 4 to 13 years old. Visual stimuli consisted of 18 coloured icons 
appearing and disappearing at a frequency of 6Hz, 10 Hz or 15 Hz. Fast Fourier transforms were calculated to extract the amplitude peaks at each frequency 
of stimulation. We compared the amplitude of the entrained oscillations between groups and explored the relationship with behavioural measures of ADHD and 
ASD related symptoms. 

Results: First, our results show that the developmental trajectory of the neural entrainment response seems to be altered in the NF1 group. While the 
amplitude of entrainment significantly increases with age at all three frequencies in the control group (all p < 0.01), this relation is only present at 10 Hz in our 
participants with NF1 (p = 0.001). When comparing the amplitude of entrained oscillations between groups with age as a covariate, a significant difference 
is found at 15 Hz, with the NF1 group showing lower amplitude of entrainment (p = 0.016). No significant differences are found at 6 Hz and 10 Hz. As for the 
relation with behavioural measures, significant negative correlations are found in the NF1 group between the amplitude of entrainment at each frequency and 
symptoms of inattention as measured by the Conners 3 completed by parents (all p < 0.05). 

Conclusion: Neural entrainment needs to be studied more extensively in NF1 and could be a relevant marker of attentional skills in this population. The 
amplitude of alpha oscillations during visual stimulation and the relationship with inattention symptoms will also be investigated in this sample.
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Patient and Caregiver Burden in Neurofibromatosis Type 1 (NF1) with Plexiform Neurofibromas (PN)  
 
Claire Lawrence, PhD, Acaster Lloyd Consulting Ltd.

Background: Plexiform neurofibromas (PN) in Neurofibromatosis type 1 (NF1) are complex, benign nerve sheath tumours of the central and peripheral nervous 
system. There is limited research on the disease burden of NF1-PN and health-related quality of life (HRQL) for patients, and little to none on the impact of 
caring for NF1-PN patients. This research aimed to explore the burden experienced by NF1-PN patients and caregivers. 

Methods: Semi-structured qualitative interviews were conducted with adult patients (n=8) and caregivers (n=6) of children and adolescents living with NF1-
PN in the United Kingdom. Interviews were conducted via videoconference or over the telephone. Interviews were recorded, transcribed verbatim and analysed 
using thematic analysis. 

Results: Data revealed a high degree of heterogeneity in symptoms, impacts and burden among NF1-PN patients. All described NF1-PN related (physical, 
psychological, social, work, financial) burden. Burden was influenced by a combination of factors, including the location, volume, and visibility of the PN as 
well as the severity of PN symptoms experienced. 

Adult patients described PN symptoms, including pain, mobility impairments and disfigurement. Patients attributed impacts on daily living and social, 
emotional, and career related impacts to their PN. For some patients, impacts of their symptoms were substantial, including having an amputation, not being 
able to work and/or social isolation. 

The burden of NF1-PN on caregivers was twofold. Caregivers described the burden of managing their child’s NF1-PN symptoms (e.g. pain) and impacts 
(e.g. emotional), as well as coordinating care, advocating for their child, and communicating to others about NF1-PN. Caregivers also described a number of 
impacts on their own lives, including how caring for a child with NF1-PN can negatively impact their emotional wellbeing, social life, career and daily activities.  

Both patients and caregivers described the challenges of living with the unpredictability and uncertainty of how the disease may progress in the future. Patients 
and caregivers noted how treatment options were currently limited, with care focusing primarily on monitoring and managing symptoms. Data indicate there is 
unmet need in terms of treatment options and support available for this population. 

Conclusions: The study findings suggest there is considerable burden not only among people living with NF1-PN, but also among caregivers of this population. The 
areas of burden described by participants may inform future research, clinical practice, and support the evaluation of the benefits of future treatments for NF1-PN.
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Can Selumetinib Delay the Need for Surgery in Neurofibromatosis Type 1 (NF1) with a Spinal Phenotype?  
– A Multi-Disciplinary Approach  
 
Alexander Lee, PhD, MRCP, MBChB, Consultant Medical Oncologist, Complex NF1 Service, Manchester University NHS Foundation Trust and The 
Christie NHS Foundation Trust, UK

Mitogen-activated protein kinase kinase (MAPKK; also known as MEK) is serine/tyrosine/threonine kinase within the canonical MAPK signalling pathway. 
Pathognomonic germline mutations of NF1 result in pathological constitutive activation of the MAPK pathway, playing a central role in the growth of plexiform 
neurofibromas (PN) in neurofibromatosis type 1. Small molecule inhibitors of MEK (MEKi) have been successfully developed for the treatment of MAPK-driven 
malignancies and are now the subject of clinical investigation for the treatment of plexiform neurofibromas. While the activity of MEKi for the treatment of 
complex PN has been established by a number of prospective trials in paediatric patients, the utility of MEKi in adult patients is less clear. Given the distinct 
growth dynamics of PNs in adults compared to children, it is important to better define how benefit may be delivered from MEKi therapy. 

We present the case of a young woman with complex PN (de-novo variant NF1 c.-273A>C) with a central spinal phenotype who over the preceding 5 years, 
since the age 21, had undergone 3 major neurosurgical procedures to relieve cord and nerve root compression related to growing PNs. Further clinical 
and radiological progression of spinal PNs was subsequently seen, while multidisciplinary discussion gave rise to serious concerns regarding the potential 
morbidity of further surgery. A recommendation to proceed with MEKi therapy was agreed.

The patient (now aged 26) commenced selumetinib at a dose of 50mg bd with drug provision via an early access scheme offered by the manufacturer. The 
primary aim of this therapy was to reduce threat to function and the clinical/psychological burden further surgery may pose. The patient currently continues 
on therapy having shown convincing clinical and radiological evidence of PN response after 5 months of MEKi therapy. Exhibited benefits included reduced 
PN-related pain, reduction in size of superficial neurofibromas, absence of significant neurological worsening and attendant avoidance of further neurosurgical 
intervention. NF1-related quality of life has been shown to improve per serial completion of INF1-QoL questionnaire.

Additional Authors: Judith Eelloo1, Konstantina Karabatsou1,2, K Joshi George1,2, Calvin Soh1, John Ealing1,2

1Complex NF1 Service, Manchester University NHS Foundation Trust; 2Salford Royal NHS Foundation Trust

The Natural History of Neurofibromatosis-1, the Montefiore Experience  
 
Tiffany Lin, MD, Montefiore Medical Center / Albert Einstein College of Medicine

Neurofibromatosis type 1 (NF1) is the most common neurocutaneous disorder with a prevalence of 1 in 30001. It is a genetic disorder with varying 
phenotypes that can affect a multitude of organ systems including central and peripheral nervous systems, the skin, the eyes, the bones and the endocrine 
system. Notably, it has significant clinical variability involving different organ systems in each individual. Manifestations may also develop and evolve with age.

Although current literature has looked into the prevalence of the manifestations of NF1, few have compared the prevalence in populations of diversity. The 
objective of our study is to describe the clinical manifestations of NF1 that are seen in an urban neurocutaneous clinic which serves a population with a 
diversity of ethnic and socioeconomic backgrounds. Our intention is to see how the clinical manifestations of our patients compare to what is reported, and to 
better understand the clinical impact and prognoses of NF1 in this population.

We performed a retrospective study of patients in our neurocutaneous clinic from May 2014 to December 2020. Of the 89 that fit study criteria, we had a 
majority of Hispanic and Black patients. We then compared our data to two recent NF1 natural history studies, Boulanger et al. and Cnossen et al., using chi 
square or fisher exact test. 

Results showed that we had a lower incidence of cutaneous neurofibromas (23.6% vs the reported 40%) and lisch nodules (32.6% vs the reported 50%), 
but a higher incidence of symptomatic plexiform neurofibromas (48.3% vs the reported 25%) and CNS tumors requiring intervention (4.5% vs estimated 
2% in compared studies). This may indicate that our population is at higher risk for more serious complications. We speculate that the socioeconomic and 
ethnic diversity may be the driver behind these differences. Follow-up studies should be considered to look into the causes of these differences and confirm 
the difference in clinical manifestations. Our center has also initiated treatment using MEK inhibitors in 6 of our patients. Due to the differences in clinical 
manifestations and more severe complications, we recommend closer surveillance in diverse populations. We also advocate for further research in the 
application of MEK inhibitors beyond second line therapy.
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Time Trade-Off Utilities for Neurofibromatosis Type 1 (NF1) with Plexiform Neurofibromas (PN) Health States  
 
Siu Hing Lo, Acaster Lloyd Consulting Ltd.

Background: Plexiform neurofibromas (PN) in Neurofibromatosis type 1 (NF1) are complex, benign nerve sheath tumours of the central and peripheral nervous 
system. This study aimed to elicit health state utilities (HSUs) for disease states in NF1-PN to understand societal preferences for this rare disease. 

Methods: A total of nine health state vignettes describing a range of NF1-PN health states were developed, including variations in PN treatment status 
(untreated [-Tx] or treated [+Tx]), life stage/PN progression (untreated progressive child [C-Tx], untreated stable adult [A-Tx], treated improved child [C+Tx]), 
and PN locations (unspecified [U], face [F], trunk [T] or leg [L]) and. Vignettes were based on findings from published literature and clinical trial data, 
qualitative patient and caregiver burden interview data, and clinician, patient and caregiver feedback on earlier drafts. Members of the United Kingdom general 
public rated all vignettes using visual analogue scale (VAS) and time trade-off (TTO) valuation exercises in videoconference interviews which gives rise to utility 
values ranging from 1.0 (Full health) to 0 (Dead). 

Results: Clinician feedback suggested that, overall, the draft vignettes were fair, accurate and representative. Patients and caregiver feedback also indicated 
that the selection of vignettes most applicable to themselves or the patient they cared for were largely accurate descriptions of their health status. Feedback 
was used to further refine vignettes to highlight dimensions that clinicians, patients and caregivers believed to be most pertinent. 

TTO interviews were completed by 100 general public adults. The TTO utilities for child states showed that facial PNs (CF-Tx: 0.358; CF+Tx: 0.581) were rated 
as more severe than PNs on the trunk, leg or an unspecified location (CT/L/U-Tx: 0.483 – 0.510; CT/L/U+Tx: 0.725 – 0.740). Among states with unspecified 
PN location, the treated improved child state (CU+Tx: 0.740) had the highest utility rating, followed by the untreated stable adult state (AU-Tx: 0.615) and the 
untreated progressive child state (CU-Tx: 0.510). TTO utilities for treated improved child states (CU/F/T/L+Tx: 0.581 – 0.740) were also consistently rated 
higher than untreated progressive child states (CU/F/T/L-Tx: 0.358 – 0.510).

Conclusions: This study provides utility estimates for a range of NF1-PN health states. The estimates show that NF1-PN has a significant negative impact on 
the patient’s health status, with facial PN rated as more severe than PNs on other locations. The higher utility in treated improved child states demonstrates the 
value of effective treatment options in NF1 PN.
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Review of the Causes of Death in Type 1 Neurofibromatosis: Follow-Up of a Cohort of 1488 Patients  
 
Ariane Lunati-Rozie, MD, Hospital Henri-Mondor, Department of Medical Genetics

Neurofibromatosis type 1 (NF1) is a genetic autosomal disease that affects 1 in 3000 people. In 2007, our study of mortality, identified 56 causes of death, 
in relation to NF1. Malignant peripheral nerve sheath tumors (MPNST) were the first cause, followed by central nervous system tumors and spinal cord 
compression. Fourteen years later, we report causes of death in patients with NF1 from our data base.

Material and Methods: Retrospective descriptive study on causes of death occurring since our previous study in NF1 patients treated in our center and 
meeting diagnostic criteria for NF1 .

Results: Among our cohort study of patients with NF1, 1488 patients had a known vital status in 2019 and 95 patients were registred as deceased since 2007. 
Among them 29 patients were deceased but cause or date of death was unknown. Concerning the 66 patients with cause and date of death identified, sex 
ratio was 48.5% for male gender (n=32), mean of age at death was 41 years. 9.1% of deaths occurred before the age of 20 years, 42.4% occurred between 
20 and 40 years, 31.8% occurred between 40 and 60 years and 16.7% after 60 years. All age categories combined, the major cause of death was MPNST in 
43,9%, then central nervous system tumors in 12.1% and breast cancers in 7.6%. Mortality of MPNST was early with 27 out of 29 patients who died before 
50 years. Breast cancer has emerged among the causes of NF1-related death, with 3 in 5 deaths occurring before the age of 50 years. After 40 years, strokes, 
sudden deaths and hemorrhagic syndromes represented between 9 and 36% of deaths (Figure).

Discussion: Our study confirm excess of mortality due to cancers in NF1, with MPNST and central nervous system tumors. Breast cancer, emerged, while at 
the time of our first study, it was not identified as related to NF1. Finally, the vascular causes linked to NF1 vasculopathy should be considered after 40 years.
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3D Random Walk for Volumetric Tumor Segmentation of Plexiform Neurofibromas on MRI  
 
Guibo Luo, PhD, Massachusetts General Hospital, Harvard Medical School

Purpose: Volumetric quantification of plexiform neurofibromas (PNF) on MRI is essential to monitor tumor progression and evaluate treatment response. 
However, existing interactive segmentation methods of PNF are labor-intensive and time-consuming. The purpose of this study was to develop an accurate and 
reliable volumetric tumor segmentation method of PNF on MRI which requires minimal user interaction.

Method and Materials: A total of 45 longitudinal regional or whole-body MRI exams of PNF from 15 patients acquired over 3 timepoints was selected from 
the National Cancer Institute (NCI) NF1-Natural History study. MRI exams reflected a range of different PNF sizes, locations (orbit, face, neck, chest, abdomen, 
pelvis, leg), levels of discernibility complexity, and imaging characteristics (diffuse or well circumscribed). PNFs were identified on short TI inversion recovery 
(STIR) sequences acquired on two 1.5 Tesla MRI scanners with identical imaging acquisition parameters between timepoints.

By formulating an image as a graph, random walker (RW) computes the probability of each unlabeled pixel reaching the labeled pixels, and the label (e.g. 
tumor or background) with highest probability is assigned to the unlabeled pixel. The proposed 3D RW segmentation method requires the user to first draw 
“scribbles” on the tumor and background. Next, a large, sparse, positive-definite system of linear equations with size of the underlying data volume is 
analytically solved for segmentation of the tumor. Math Kernel Library (MKL) was employed to accelerate the solution of the linear equation system of 3D RW.

Results: In reference to the original interactive quantified tumor volumes in the NCI study using MedX, the intraclass correlation coefficient (ICC) by the 
proposed 3D RW was 0.99. The repeatability coefficient was 5.27%, and the average computation time, including the user interaction time, was about 12 
minutes per case, whereas approximately 30-40 minutes on MedX.

The median volume differences (ranges) between the 3D RW and the reference were −20.0 ml (−184.2 to 234.9 ml), −29.5 ml (−282.9 to 189.3 ml), and 
−24.2 ml (−361.9 to 186.2 ml) at the three timepoints, respectively. The maximum volume differences at each timepoint were 24.6%, 13.8%, and 10.5%, 
respectively. In 40 of 45 exams (88.9%), volume measurements by RW resulted in the same disease status (defined by REiNS criteria) classification as that of 
the reference.

Conclusion: 3D RW is a highly reproducible and accurate method for interactive volumetric tumor segmentation of PNFs on MRI, which reduces user 
interaction time and improves efficiency of volumetric quantification of PNF.
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A Multi-Institutional Clinical and MRI Repository of Neurofibromatosis Type 1-Associated Peripheral Nerve 
Sheath Tumors  
 
K. Ina Ly, MD, Pappas Center for Neuro-Oncology, Massachusetts General Hospital, Boston, MA

Background: Individuals with neurofibromatosis type 1 (NF1) frequently have peripheral nerve sheath tumors (PNST), including plexiform neurofibromas 
(PNF), atypical neurofibromas (ANF), and malignant peripheral nerve sheath tumors (MPNST). These tumors reflect a histologic spectrum from benign to 
malignant, with most MPNST arising from a pre-existing PNF. Various clinical and MRI-based features are proposed as risk factors for MPNST development 
based on single-institution studies with small, retrospective patient cohorts. A major barrier to larger studies to account for inherent variability related to PNST 
in people with NF1 is collation and annotation of serial MRIs from multiple institutions. To address this, we created a standardized database of clinical data and 
longitudinal MRIs from NF1-associated PNST from nine international NF1 referral centers. 

Methods: Clinical data from pediatric and adult NF1 patients are collected in Research Electronic Data Capture (REDCap) databases housed at the 
Massachusetts General Hospital and Washington University School of Medicine. Data include demographic information, NF1 genotype, disease course, treatment 
history, and survival. ANF and MPNST require histologic confirmation whereas a diagnosis of PNF can also be made based on clinical or radiographic stability. 
Longitudinal MRIs predating the histologic diagnosis are uploaded to a HIPAA-compliant cloud-based system (Dropbox Business and Ambra Health).

Results: Data from 200 patients (87 females, 113 males) with 217 tumors have been collected, including 75 PNF, 40 ANF (of which 9 meet histologic criteria 
for atypical neurofibromatous neoplasms of uncertain biologic potential (ANNUBP)), and 102 MPNST. 388 MRIs have been identified, including 280 regional 
and 108 whole-body MRIs, dating back as far as 14 years pre-tissue diagnosis. Median age at the time of histologic diagnosis is 30 years (range 5-64). All 
tumors are histologically confirmed except for 6 PNF (2.7%) which remained clinically or radiographically stable over a median of 10.9 years. Median follow-
up time is 32 months (range 0-206). Of 147 patients with available survival data, 32 (21.7%) have died from MPNST progression with an estimated median 
overall survival of 20 months. 

Conclusions: In this ongoing work, we have assembled one of the largest systematically annotated clinical and MRI repositories of NF1-associated PNF, ANF, 
and MPNST from both pediatric and adult NF1 patients. The data will be accessible to outside researchers in the future which will promote interdisciplinary and 
multi-center collaborations. Active efforts include the identification of quantitative, radiomics-based MRI features that may enable differentiation between PNF 
and MPNST.
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Survey of Communication, Swallowing, and Hearing of Individuals with NF1: A Pilot Project  
 
Kimberly Marrs, BS, California State University, Sacramento

Background: Communication, swallowing, and hearing concerns are documented in individuals with neurofibromatosis type 1 (NF1; Thompson et al., 2013). 
While direct assessment methods such as standardized tests of speech or language are typically used to evaluate an individual’s communication skills, these 
measures are limited in that they frequently do not consider individuals’ perceptions of their own communication functioning and communication related 
quality of life. Presently, there are few patient reported outcome measures (PROMs) used to assess self-reported communication functioning (Cosyns et al., 
2010), swallowing, or communication related quality of life factors in individuals with NF1. Disease specific PROMs are needed to assess clinical benefit of an 
intervention above and beyond improvements captured through direct assessment. The purpose of this study was to develop a PROM to assess self-reported 
communication functioning, swallowing, and communication related quality of life factors for individuals with NF1.
 
Method: Survey items were created by the authors using previously published questionnaires and available literature documenting areas of concern for 
individuals with NF1. Survey items were modified following feedback from two working groups of the Response Evaluation in Neurofibromatosis and 
Schwannomatosis (REiNS) International Collaboration, which included patient representatives. Final survey items assessed self-perceived concerns with 
communication functioning, swallowing, and communication related quality of life factors in the areas of speech (8 items), language (9 items), voice (9 items), 
fluency (11 items), resonance (5 items), social communication (8 items), hearing (7 items), and swallowing (8 items). The survey was entered into Qualtrics 
software, ethics clearance for the investigation was secured, and an emailed link to the survey was distributed by two organizations, including the Children’s 
Tumor Foundation NF Registry.
 
Results: One-hundred and ninety-nine of 269 (74%) adults with NF1 from a global sample completed the survey. One sample t-tests indicated statistically 
significant differences from the test statistic (p<.001) in the areas of speech, language, voice, resonance, social communication, hearing, and swallowing. 
Adults with NF1 reported concerns with the forward flow of speech, and feeling frustrated, worried, or unhappy because of their communication or swallowing 
skills. Preliminary results indicated that adults with NF1 often report having communication and swallowing concerns. 
 
Discussion: The aim of this investigation was to develop a PROM to assess self-reported communication skills, swallowing, and communication related 
quality of life factors. Future research should include additional data collected from children and adolescents with NF1, as well as a matched sample of 
individuals without NF1.
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Learning Outcome: At the end of this presentation, attendees will be able to describe domain areas and results of a patient reported quality of life measure used to assess 
communication functioning, swallowing, and communication related quality of life.
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Utility of Neuropsychological Screening in a Multidisciplinary Neurocutaneous Clinic  
 
Jonathan Mietchen, PhD, University of Wisconsin School of Medicine and Public Health, Madison, WI

Purpose: Children and adolescents with neurofibromatosis type 1 (NF1) are at increased risk for neurocognitive dysfunction and neurodevelopmental/
psychiatric comorbidities1, 2. These cognitive deficits can be identified utilizing neuropsychological testing and evaluation. The purpose of this project was 
to examine the utility of neuropsychological screening in a multidisciplinary neurocutaneous clinic and determine whether a brief evaluation can adequately 
screen children with NF1 for cognitive dysfunction or psychiatric comorbidities.

Methods: Children underwent neuropsychological screening as part of their multidisciplinary clinic visit. This screening evaluation consisted of clinical 
interview, neuropsychological testing, and the completion of emotional/behavioral checklists. Our neuropsychological test battery included the Kaufman Brief 
Intelligence Test-Second Edition (KBIT-2) and the NIH Toolbox Fluid Cognition Composite (consisting of 6 subtests).

Results: Over a six-month period 17 children and adolescents with NF1 were seen in our neuropsychology screening clinic. Females made up 53% of the 
sample. The average age was 9.82 years (range = 5 years–19 years). The average time to complete neuropsychological testing was 53 minutes. Professional 
units billed by the neuropsychologist included an average of 2.7 hours (median = 3, mode = 3). On average, children in this sample met criteria for 2.1 
neuropsychological diagnoses with an average of 1.6 new diagnoses that had not been given prior to their neuropsychological screening. The most common 
new diagnoses were major or mild neurocognitive disorder (major = 29.4%, mild = 29.4%), intellectual disability (23.5%), anxiety (23.5%), ADHD (17.6%), 
and mood disorder (11.8%). On average, children with NF1 performed lower on neurocognitive tests, including intellectual functioning (KBIT-2 Verbal IQ 
= 88.9; KBIT-2 Nonverbal IQ = 81.6; KBIT-2 Total IQ = 83.75), attention (NIH Flanker T-Score = 39.9), working memory (NIH Working Memory T-Score 
= 41.8), processing speed (NIH Processing Speed T-Score = 39.6), cognitive flexibility (NIH Card Sort T-Score = 42.5), memory (NIH Picture Memory 
T-Score = 40.8), and fluid cognition (NIH Fluid Cognition Composite T-Score = 34.36). Behavioral health recommendations were needed for 64.7% of this 
sample. Educational recommendations were needed for 70.5%. Neuropsychological follow-up was recommended for 64.7% of this sample, and the median 
recommended follow-up interval was 1-2 years after this screening.

Conclusions: A brief neuropsychological screening battery completed as part of a multidisciplinary neurocutaneous clinic was efficient and useful in identifying 
cognitive deficits and neuropsychological diagnoses in children with NF1.
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Cardiac Abnormalities in Children with Neurofibromatosis Type 1  
 
Manikum Moodley, MD, FRCP, University of Texas, Austin

Introduction: Neurofibromatosis type 1 (NF1) is the commonest neurocutaneous syndrome in children, with an incidence of 1 in 3500 children1. Although NF1 
is a multisystem disorder there are very few studies that describe the association of cardiovascular disease and its burden on children with NF1. A recent pilot 
study by the authors showed 9% of children with NF1 have cardiac disease, some requiring cardiac surgery, thus triggering this current study.

Method: This IRB approved retrospective chart review included all patients <21 years with NF1 (2009-2018) at a single referral center. All patients met NIH 
diagnostic criteria or genetic confirmation of NF1. As part of our routine assessment, all patients were seen by a pediatric cardiologist for a clinical evaluation, 
electrocardiogram (EKG) and echocardiography. Data collected included demographics, age at diagnosis of NF1, age at time of EKG and echocardiography 
findings and their implications.

Results: 213 patients met inclusion criteria, all of whom received an EKG and echocardiogram. 186 patients were diagnosed with NF1 by NIH clinical criteria 
and 27 patients were diagnosed with genetic testing. Average age that echocardiograms were performed was 8.6 years. Echocardiogram was abnormal in 25 
patients (11.7%) of which CHD made up 7% of the patients including Ventricular septal defect, Atrial septal defect, pulmonary valvular stenosis, pulmonary 
artery stenosis, aortic coarctation, anomalous right coronary artery, partial anomalous pulmonary venous return and hypoplastic right heart syndrome.

Discussion: Current literature lacks information about cardiac abnormalities in NF1 patients. Up to 20% of NF1 patients develop hypertension2. The 
cardiovascular manifestations are regarded as part of the NF1 vasculopathy spectrum3,4. Previous reports of NF1 patients and cardiac abnormalities include 
few echocardiography and electrocardiography findings. How the mutations of NF1 cause the pathologic mechanisms in the cardiovascular system still 
remains unclear. Thus, correlation studies of genotype-phenotype in patients with NF1 and congenital heart disease have been performed5. Some studies 
found a possible role of neurofibromin in the myocardium and its development. Pathogenic triggering mechanisms suggested by these studies are impaired 
apoptosis and aberrant proliferation during embryonic stages6,7. In this study, patients with NF1 with underlying cardiac conditions were asymptomatic. We 
therefore recommend that all newly diagnosed patients with NF1 have a complete cardiac evaluation ensuring timely and appropriate treatment.
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KOMET: A Multicenter, Phase III, Placebo-Controlled Study of Selumetinib for Adults with Neurofibromatosis 
Type 1 (NF1), Who Have Symptomatic, Inoperable Plexiform Neurofibromas (PN)  
 
Geraldine O’Sullivan Coyne, MD, PhD, National Cancer Institute

Introduction: NF1-related PN can grow rapidly during childhood and continue to manifest through late adolescence/early adulthood, causing pain, 
disfigurement, motor dysfunction, compression of vital structures, and risk of malignant transformation. Selumetinib (ARRY-142886) is an oral, potent and 
highly selective allosteric MEK1/2 inhibitor, approved for the treatment of children with NF1 who have symptomatic, inoperable PN, based on durable tumor 
shrinkage and improved patient reported outcomes (PRO) reported in the SPRINT study. However, there are no approved medical therapies for adults with 
NF1-PN and surgery remains standard of care. In a Phase II (NCT02407405) interim analysis conducted in adults with NF1 and inoperable progressive or 
symptomatic PN, selumetinib demonstrated a clinically meaningful reduction in PN volume (median change at best response: -22% [range -41% to +5.5%]), 
as well as significantly improved patient-reported target tumor pain intensity and interference scores (p=0.025, p=0.028, respectively)1. The KOMET study 
aims to further investigate the efficacy and safety of selumetinib in adults with NF1 and symptomatic, inoperable PN.

Methods: In this double-blind, multicenter, Phase III, placebo-controlled study (to be conducted in countries across the Americas, Asia-Pacific and Europe), 
adults (≥18 years) with NF1 who have symptomatic, inoperable PN (defined as PN that cannot be completely surgically removed without risk of substantial 
morbidity due to encasement of, or close proximity to, vital structures, invasiveness, or high vascularity of the PN; or unacceptable risk from general 
anesthetic, as assessed by the investigator) are eligible. Approximately 146 participants will be randomized 1:1 to receive 25 mg/m2 selumetinib or placebo 
twice-daily; stratified by level of chronic target PN pain intensity at baseline, measured using the Pain Intensity-PN Scale (PAIN-pNF; a modified NRS-11 pain 
scale for NF1-PN, based on data from a participant questionnaire completed electronically at home) and geographical region. Participants in the placebo 
group will cross over to selumetinib after the end of cycle 8. Treatment will continue until the participant is no longer deriving benefit, based on investigator 
assessment, or another discontinuation criterion is met. The primary endpoint is ORR for participants randomized to selumetinib, using volumetric MRI, as 
determined by independent central review per REiNS criteria. The key secondary endpoint is mean change from baseline in PAIN-pNF chronic target PN pain 
intensity (compared between selumetinib and placebo) in participants with a baseline chronic target PN pain score ≥3. Other secondary endpoints include 
comprehensive PRO assessments (including Pain Interference Index-pNF, pain medication use, PROMIS physical function items, and health-related QoL). 
Safety and tolerability assessments will be performed for all participants. Blood samples will be collected for pharmacokinetic assessments.
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Congenital Pseudarthrosis of the Tibia in NF1: Crossunion Protocol Achieves 100% Union and 0% Refracture; 
a Paradigm Shift  
 
Dror Paley, MD, Paley Orthopedic & Spine Institute

Purpose: To evaluate the results for all Neurofibromatosis-1 (NF1) patients who underwent crossunion protocol for treatment of congenital pseudoarthrosis of 
the tibia (CPT).

Methods: Retrospective study of all 39 patients with 40 legs diagnosed with CPT and NF1 treated by crossunion protocol since 2007 (minimum 2-year follow-
up). Crossunion protocol: preoperative and 3-month postoperative Zometa infusion; resection tibia & fibula hamartoma; fixation with telescopic rod tibia, plus 
wire rod fibula, plus tibial plate or external fixator; decancellousization iliac bone graft harvest; periosteal grafting; autogenous cancellous bone graft between 
tibia-fibula; BMP2.  Radiographs were reviewed for healing of cross-union, union of tibial and/or fibular pseudarthrosis, as well as refracture.  Statistics 
performed to compare pre and postoperative radiographic length and deformity measurements.

Results: 13 patients and 13 legs had crossunion with external plus internal fixation and 26 patients with 27 legs had only internal fixation.  Mean age at surgery 
3.4 years (range 1-13.5 yrs).  Mean followup 5 years (range 2-14 yrs).  Union of tibia 40/40 (100%); crossunion tibia to fibula healing 40/40(100%); union 
fibula 40/40(100%).  Refracture tibia or fibula, 0/40(0%).  Complications included 1 wound breakdown that required debridement and skin grafting and 2 
unanticipated returns to the OR for revision of the telescopic rod. There were no complications related to BMP. 21 patients received a transfusion during the 
crossunion surgery.  One patient had delayed union of the fibular pseudoarthrosis and required additional BMP and bone graft during a planned procedure 
for plate removal.  Eight patients had additional procedures for associated deformity correction (hemiepiphysiodesis 7, and osteotomy 1) and 7 patients 
underwent separate elective surgery for limb lengthening. 

Discussion: The average rate of union without refracture with other methods is 50%. Union without refracture is 100% with crossunion protocol for NF1 
patients with CPT. Complication rate is low and no complications were related to BMP2 or Zometa.

Significance: Cross-union for CPT represents a paradigm shift for this sinister disease. Given the dramatic change in success rate from 50% to 100%, with followup 
to 14 years, the crossunion protocol should be considered the new standard for treatment of CPT. Other less successful methods should be retired and abandoned.
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Executive Function (EF) Coaching for Adolescents with NF1  
 
Alba Parra Checa, MSc, Hospital Sant Joan de Déu, Oncology Department

Background: Children with neurofibromatosis type 1 (NF1) exhibit difficulties with executive functioning (EF), despite having intellectual functioning in the 
average range1. Specifically, children with NF1 struggle with developing age-appropriate: responsibility, academic achievement, social interactions, and 
skills supporting independence. Attention-deficit/hyperactivity disorder and autism spectrum disorder are highly prevalent2;3-7. Since it is a chronic condition, 
cognitive difficulties and disorders can persist throughout life8,10. This aspect compromises quality of life and self-esteem as well as limits the future options 
of children; suffering more risk to be isolated and to present anxious-depressive symptoms8,12. Early detection of learning difficulties and behavioral disorders 
is essential for the intervention and management of aspects that affect quality of life. To date, it is not established what type of intervention is the most 
appropriate and effective in that population. Coaching interventions specifically supporting the development of executive function skills during adolescence and 
early adulthood have demonstrated benefit in learning and study skills, grades, social behaviors, self-esteem/self-efficacy and well-being13. A patient-centered 
online EF coaching during adolescence and early adulthood can improve executive function deficits and facilitate the ability of youth with NF1 to become 
independent adults. Improved EF abilities, and identification and accomplishment of personal goals will support teens and young adults with NF1 in becoming 
increasingly independent from their families. The aim of this study is to assess the feasibility of this kind of intervention in adolescents with NF1. 

Methods: In this pilot study, 20 adolescents and young adults (16-21 years old) with a diagnosis of NF1 received online EF coaching intervention during 20 
weeks. Families participated in online parent session. 

EF coaching intervention was considered feasible if 80% of the participants remained compliant for 80% of the designed intervention. Changes in scores on 
an EF scale as well as satisfaction with personal goal achievements were also evaluated in order to explore and preliminarily characterize the efficacy of the 
intervention. 

Results: All the participants completed EF coaching intervention. Most of participants referred satisfaction with their goal achievements and improvement on 
quality of life. 

Conclusions: EF coaching intervention seems feasible in adolescents with NF1. Future studies are necessary to assess the efficacy of intervention and 
improvement on cognitive and behavior in daily life.
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Selumetinib for Plexiform Neurofibromas (PN) in Neurofibromatosis Type 1 (NF1): Clinical Experience from a 
Single Centre  
 
João Passos, MD, Instituto Português de Oncologia de Lisboa Francisco Gentil (IPOLFG), Lisbon, Portugal

Introduction: Real-world evidence regarding the use of MEK inhibitors in clinical practice is limited. Furthermore, quantifying clinical benefit from NF1-PN 
treatment remains problematic due to lack of established, complementary tools. Selumetinib (ARRY-142886) is a US-approved treatment for children aged ≥2 
years with NF1 who have symptomatic, inoperable PN; it is not yet commercially available in Europe.

Methods: This was a single-centre, real-world study of adult and paediatric patients with NF1-PN treated with selumetinib via an early access programme (April 
2018–April 2021). Individual patient data were collected using an anonymised case report form. Patients, or an appropriate family member, provided consent.

Results: Fifty patients from a single centre in Portugal were included. Median age was 15 years (range 3–55; 40% ≥18 years) and most were male (60%; 
30/50). Predominant target lesions were in the head/neck (52%; 26/50), pelvis (36%; 18/50) and thorax (32%; 16/50). NF1-PN-related symptoms included 
disfigurement (92%; 46/50), functional impairment (76%; 38/50) and pain (62%; 31/50). 9/50 patients (18%) had minor symptoms and were treated 
preventively due to high risk of significant morbidity in the event of PN progression. Median time on selumetinib treatment was 16 months (range 0.3–36). The 
most frequent treatment-emergent adverse events (TEAEs; CTCAE v4.0; grade 1/2 in 80% of patients [40/50]) were skin toxicity (dry skin, rash, paronychia 
or pruritus), asymptomatic creatine phosphokinase increase and asymptomatic cardiac-related TEAEs (valvular insufficiency, tricuspid/mitral valve disease, 
ejection fraction decrease). Grade 3/4 TEAEs were reported in 20% of patients (10/50). 2/50 patients (4%) died during selumetinib treatment, 1/50 (2%) 
due to malignant transformation (before selumetinib) and 1/50 (2%) from respiratory infection. Treatment interruptions and dose reductions were reported 
in 10/50 (20%) and 17/50 (34%) patients, respectively; 1 patient discontinued selumetinib due to malignant transformation/disease progression. In patients 
with available MRI response data (28/50; 56% [1 or 2D MRI per institutional standard]), 15/28 (54%) had stable disease, 11/28 (39%) showed evidence of 
improvement on imaging and 2/28 (7%) had disease progression. Available patient-reported outcomes data showed improvements in pain (50%; 15/30; Faces 
Rating Scale) and function/mobility (84%; 36/43; The Oxford Scale) scores. A Global Impression of Change score of ≥5 from baseline to data cut-off was 
reported in 52% of patients (26/50; 1–7-point scale, 7=maximum improvement).

Conclusions: This study demonstrated clinical benefit of selumetinib in a large cohort of adult and paediatric patients with NF1-PN, administered at different 
stages of PN development. Notably, the Global Impression of Change score was ≥5 in 52% of patients treated with selumetinib. These real-world setting 
results show tolerability comparable with results from previous published studies. Our multimodal approach to outcome assessment provides a global 
patient evaluation in a very heterogeneous disease. As disease subgroups emerge, new assessment tools will be needed to better understand the impact of 
selumetinib in individual patients.
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Clinical Phenotypes in ~200,000 UK BioBank Participants Harboring Deleterious Germline Variants in 
SPRED1 and NF1  
 
Alexander Pemov, PhD, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD

Background: Large-scale exome sequencing coupled with electronic health records (EHR) and broad ascertainment of participants’ clinical phenotypes 
provides yet another opportunity to investigate genotype-phenotype correlations, estimate with better precision the prevalence and penetrance of Mendelian 
disorders and causative pathogenic variants, and ultimately, improve disease prognosis, risk stratification and care for patients. 

Methods: Utilizing a genome-first approach, we identified deleterious variants in SPRED1 and NF1, the causative genes in Legius (LS) and neurofibromatosis 
type 1 syndromes (NF1), in the exomes of ~200,000 UK Biobank (UKBB) participants. We then extracted EHR for the participants carrying deleterious 
variants in these two genes. We defined deleterious variants as: 1) pathogenic/likely pathogenic as classified in ClinVar (tier 1); and 2) all remaining loss-of-
function variants (i.e., nonsense, frameshifting indels and canonical splice-site variants (tier 2)). 

Results: We identified 3 and 18 participants with tier 1 and tier 2 SPRED1 variants, respectively. None of the participants had records of an LS diagnosis. 
Highly suggestive clinical features, such as café-au-lait macules (CALM), freckling, macrocephaly and learning delay were absent from their EHR as well. 
We observed a single occurrence of lentigo, one case of hand deformity and one case of benign lipomatous neoplasm. For NF1, we identified 43 and 25 
participants carrying tier 1 and tier 2 deleterious variants, respectively. Fourteen and 7 participants in tier 1 and tier 2 groups had “neurofibromatosis” 
diagnosis in their health records. As in the case with SPRED1/LS, highly suggestive features of NF1 (e.g., CALM, freckling, Lisch nodules, macrocephaly, 
learning delay, neurofibromas) were absent from the participants’ records, including those diagnosed with “neurofibromatosis”. In a search for neoplastic 
features, we observed 4 cases of MPNST in 4 participants. All of them were diagnosed with “neurofibromatosis”. 

Conclusions: Among ~200,000 exome-sequenced UKBB participants, less than one-third (21/68; 31%) of those harboring clearly deleterious variants in NF1 
were diagnosed with “neurofibromatosis”, and none of 21 participants with clearly deleterious variants in SPRED1 were diagnosed with LS or NFLS. In our 
analyses, we assumed that the term “neurofibromatosis” mostly referred to NF1 cases, since NF2 is substantially rarer; however, a possibility of inclusion of NF2 
cases cannot be completely excluded due to an insufficiently specific diagnosis. These findings highlight difficulties that exist in identifying and diagnosing rare 
diseases in human populations. Follow-up clinical evaluation of deleterious variant carriers would be required to establish reliable genotype-phenotype connections.
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Establishment of a Comprehensive Clinically- and Genomically Annotated Biospecimen Repository from 
Patients with Neurofibromatosis Type 1  
 
Kai Pollard, BA, Johns Hopkins University School of Medicine

Background: Neurofibromatosis type 1 (NF1) is a common genetic disorder characterized by a predisposition to the development of nerve sheath tumors, 
including cutaneous neurofibromas (cNF), plexiform neurofibromas (pNF), and malignant peripheral nerve sheath tumors (MPNST). The development of 
nonsurgical therapy for pNF has been limited by limited  cell culture-based and animal models, and limited access to primary tissue from patients with NF1. 
Likewise, advancement of therapeutic strategies for patients with MPNST requires discovery efforts based on human tumor specimens and genomically 
diverse model systems. Comprehensively characterized banked tissue and the creation of new models allows for the most efficient and targeted use of 
specimens in collaborative NF1 research efforts.

Methods: We have created and expanded a Johns Hopkins University biospecimen repository for the purpose of banking blood fractions and tumor tissue from 
patients with NF1, and generating cell culture and xenograft models to propagate primary human tissue. Under an IRB-approved research authorization, NF- 
associated tumor tissue is collected and processed at the time of surgery. H&E slides of each banked sample are reviewed by the study neuropathologist for 
quality control and accuracy of diagnosis. Banked specimens undergo comprehensive genomic characterization using RNAseq and whole exome sequencing 
(WES), and data are made publicly available through the NF Data Portal. A clinically -annotated database accompanies the bank, and includes NF1-associated 
symptoms and findings, tumor characteristics, and outcomes data. We have implemented an internal review process for researchers outside our institution to 
request access to specimens and accompanying de-identified clinical information.  

Results: We have established a Johns Hopkins University NF1 biospecimen repository which includes high-quality, clinically-annotated, and genomically-
characterized nerve sheath tumor tissues and blood fractions. Since inception in January 2016, over 209 unique samples have been banked, and include 
plexiform neurofibroma (n=68), MPNST (n=30), cutaneous neurofibroma (n=59), blood fractions, and xenograft (n=6) specimens, from 110 unique 
patients. Seventeen researchers from outside institutions have requested access to our specimens.  RNAseq data (n=42) and WES data (n=99) are available 
on the NF Data Portal.

Conclusions: Our NF1 biospecimen repository represents a high-quality, clinically and genomically characterized and valuable resource for ongoing scientific 
efforts in the NF1 research community.
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Assessing the Magnitude of Clinical Benefit of Selumetinib as a Treatment Option for Inoperable Plexiform  
 
Luiza Rodrigues, MD, MSc, Outpatient Neurofibromatosis Reference Center (CRNF), Federal University of Minas Gerais, Brazil

Background: Around 30% of children with neurofibromatosis type 1 (NF1) present with plexiform neurofibromas (PN) and 50% of those are symptomatic and/
or inoperable. MEK inhibitor selumetinib (SEL) has received FDA approval for PN treatment in this population, although it is not yet known if SEL can produce 
durable effects in symptoms or complications control or if it has meaningful impacts on overall survival or quality of life. Also, the balance among SEL clinical 
benefits, toxicity and costs have not yet been evaluated. 

Methods: We performed searches in Pubmed, Scielo, ClinicalTrials.gov and Google Scholar, aiming at high quality evidence to answer our clinical questions. 
The quality of the evidence, a measure of validity, was critically appraised using GRADE, that considers methodological aspects to estimate risks of bias. The 
magnitude of clinical benefit (MCB) was assessed using the evaluation forms of ESMO MCB scale (ESMO-MCBS) version 1.1, which considers the primary 
outcome, adverse events that impact on daily well-being and other patient-centered outcomes. 

Results: The best available evidence was a single open-label phase II single-arm clinical trial and funded partially by the manufacturer of SEL, thus, it is of very 
low quality. The trial included 50 children with NF1 and heterogeneous PN (medians: 10,2 years old; 3 PN-related complications; tumor volume of 487 ml - range 
5 to 3.820). Primary outcome (tumor response rate) occurred in 70% of participants but was not correlated with symptoms or quality of life improvements. 
Toxicity was high, with 28% of grade ≥3 adverse events, 14% of dose reductions and 10% of treatment discontinuation due to toxicity. Evaluation with ESMO-
MCBS (through form 3, for single-arm studies in orphan diseases and for diseases with high unmet need when primary outcome is PFS or ORR) suggests 
magnitude level 3 (moderate), with no due adjustments. Median estimated direct costs of SEL (based on the trial’s participants median body surface and 
treatment duration) were very high (US$ 430,000.00 per patient). Without a formal economic analysis, low cost-effectiveness of SEL could only be inferred. 

Conclusions: The best available evidence regarding the use of SEL in NF1 PN is of very low quality, which introduces considerable uncertainty in its estimated 
moderate magnitude of clinical benefit, with considerably high toxicity and financial costs. We have, therefore, proposed a clinical care protocol (described in 
another submitted abstract) to address these issues with NF1 patients who are eligible for SEL.
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Clinical Care Protocol to Use Selumetinib as a Treatment for Inoperable Plexiform Neurofibromas  
 
Luiza Rodrigues, MD, MSc, Outpatient Neurofibromatosis Reference Center, Federal University of Minas Gerais, Brazil

Background: Children with neurofibromatosis type 1 (NF1) may present with symptomatic and inoperable plexiform neurofibromas (PN). The MEK inhibitor 
selumetinib (SEL) is FDA approved as an option in that context. The pivotal trial (Gross et al. 2020) results suggest a moderate (level 3) Magnitude of Clinical 
Benefit on the ESMO scale (ESMO-MCBS v1.1, 2020), through the evaluation form used for single-arm studies in orphan diseases, when primary outcome is 
a surrogate such as response rate (described in another submitted abstract). The evidence, though, is of very low methodological quality, according to GRADE 
(Guyatt GH et al. 2011). Moreover, SEL’s impact in patient-centered outcomes, such as overall survival, symptom control or quality of life (QoL), is uncertain. 
Evidence so far suggests that treatment might have to be continuous for a sustainable response. But, due to the lack of robust evidence on efficacy and safety 
of long term use of SEL in children, optimal treatment duration is unclear, as are the possible effects of treatment discontinuation. Estimated direct financial 
costs of SEL seem high and it might not be cost-effective. This uncertainty around the real magnitude of the net clinical benefit of SEL suggests that it should 
only be offered to patients in a careful informed-decision process, supported by care protocols and patient-decision aids. 

Methods: Our group has designed a care protocol, including the following aspects: 1) PN’s features (location, volume, progression, symptoms, complications); 
2) patient’s expectations with treatment (symptom control, volume reduction, cosmetic improvement, complication avoidance, pain control); 3) thorough didactic 
explanations to patients of the best available evidence, with the use of NF1-appropriate patient decision aids (including illustrated age-adjusted tools); 4) realistic 
estimations of possible results, updated during treatment; 5) active monitoring of anticipated adverse events; 6) impacts of SEL on patient’s daily well-being 
(measures of QoL); 7) timed reassessments of response, with defined clinical, imaging and laboratorial criteria; 8) clear criteria for treatment discontinuation; 
9) definitions of maximum expected time for best response; 10) estimated duration of treatment; and 11) care-related patient’s financial costs. 

Conclusions: The current care protocol we propose and the systematic follow up of patients eligible for SEL treatment for inoperable and complicated PN will 
generate real-world evidence on the actual clinical benefit of SEL to better inform patient’s decisions and the health systems resources allocation.
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Report on Three Radiologically Progressing and Symptomatic NF1 Related PNs Studied by PET-MRI: 
Canonical SUVmax Cut Off Doesn’t Meet Histology  
 
Claudia Santoro, MD, PhD, Department of Women, Children, and General and Specialized Surgery, University of Campania “Luigi Vanvitelli”, Naples, Italy

Concerning plexiform neurofibromas (PNs) usually identified by lesions at MRI with distinct nodular, well demarcated, > 3cm, lacking central dot sign, should 
be biopsied or resected if they are also associated with rapid growth or symptoms. 

[18F]2-fluoro-2-deoxy-D-glucose positron emission tomography (FDG PET) and PET-computed tomography (CT) represent consolidated, sensible and specific 
diagnostic tools for verifying progression of PNs in malignant peripheral nerve sheath tumours (MPNSTs). A semi-quantitative maximum standard uptake value 
(SUVmax) of 3 assess possible malignant change.

Simultaneous positron emission tomography and MRI (PET/MRI) is a technology that combines the anatomic and quantitative strengths of MRI with 
physiologic information obtained from PET. Specific groups of patients might benefit of PET co-registration with MRI more than CT (i.e., in order to reduce 
X-ray exposure, to better delineate in large tumors the area involved by malignant evolution, and soft tissue lesions). Sadly, availability of PET-MRI is still 
limited, and there are few evidences about real advantages of simultaneous acquisition and its killer applications.

We performed PET-MRI in 3 NF1 molecularly confirmed patients (2M; age 12.4 -21.7 years) who presented symptomatic and radiologically progressing PNs. 
Two PNs originated from mix nerves and brachial plexi, and one from lumbosacral plexi, all enhancing at MRI. The latter occurred in a patient with history of 
MPNST surgically removed 4 yrs before, who presented a radiological progression of the remaining PN. All progressive lesions showed a SUVmax between 
7.5 and 13.5. All the above-mentioned lesions were biopsied, and pathology never detected MPNST nor atypical PNs. 

Our experience shows how progressing or symptomatic PNs, although presenting increased radiopharmaceutical uptake at PET-MRI, might not be malignant.  

Forthcoming work is needed to measure repeatability of 18F-FDG PET/CT Versus 18F-FDG PET/MRI in PNs and MPNSTs. 

Moreover, the added value of co-registered multiparametric MRI, in terms of apparent diffusion coefficient (ADC) values and/or perfusion maps has to be investigated.
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Neurofibromatosis-Like Phenotype Associated with CDKN2A Variants  
 
Michael R. Sargen, MD, National Cancer Institute, Division of Cancer Epidemiology and Genetics

Background: Germline pathogenic CDKN2A variants predispose to melanoma and pancreatic cancer.1, 2 Some melanoma-prone families with CDKN2A variants 
develop multiple nerve tumors similar to patients with neurofibromatosis or schwannomatosis.3 Here we present 3 cases of this unique phenotype including 2 
individuals with a clinical diagnosis of neurofibromatosis type 1 (NF1).

Cases: Case 1: The proband of a melanoma-prone family enrolled in the National Institutes of Health (NIH) familial melanoma study (Clinical Trials Number: 
NCT00040352) had a clinical diagnosis of NF1, established upon a clinical history of at least 4 neurofibromas, including 2 atypical neurofibromas, and 
a diagnosis of NF1 in the proband’s father. The proband’s medical history was also positive for a malignant peripheral nerve sheath tumor (age 42) and 
multiple melanomas (age 37, 44). Genetic testing identified a pathogenic CDKN2A variant (c.151–1G>C) affecting both gene transcripts (P16, P14ARF). In 
contrast, no pathogenic variants of NF1 were detected in the blood despite deep sequencing. Case 2: The father of Case 1 was inferred to be a carrier of the 
familial CDKN2A variant because of his linkage to 2 branches of the family with confirmed carriers. The father had a clinical diagnosis of NF1 with syndromic 
features, including widespread cutaneous neurofibromas and >6 café-au-lait macules >15mm in diameter. The patient died from pancreatic cancer (age 54). 
Germline DNA was not available for NF1 testing. Case 3: A 66-year-old Hispanic male presented to a cancer genetics clinic at a non-NIH facility for evaluation 
of neurofibromatosis. His medical history was significant for melanoma (age 45), >8 cutaneous neurofibromas, liposarcoma (age 43), acromegaly, pituitary 
adenoma, and a pancreatic cyst. His clinical history was negative for vestibular schwannoma, acoustic neuroma, café-au-lait macules, and axillary freckling. 
Multigene panel testing revealed a 5’UTR-3’UTR pathogenic deletion of CDKN2A; no pathogenic variants of NF1 or NF2 were identified. The CDKN2A deletion 
was also confirmed in one of the patient’s children, who had multiple primary cutaneous melanomas (age 22, 35) and neurofibromas.

Conclusions: A subset of individuals with germline pathogenic CDKN2A variants may develop multiple neural tumors, and in some cases satisfy diagnostic 
criteria for NF1 or schwannomatosis. Genetic testing for CDKN2A should be considered for individuals with a clinical history suggestive of neurofibromatosis 
or schwannomatosis who test negative for pathogenic variation in genes (NF1, NF2, etc.) usually associated with these syndromes, particularly when there is 
a personal or family history of melanoma.
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Expanding the Phenotype of NF1 Microdeletion Syndrome: A Case Report  
 
Jordan Snajczuk, MS, LCGC, VCU Medical Center

Neurofibromatosis type 1 (NF1) is a multi-systemic condition caused by genetic alteration to the NF1 gene. Characteristic features of NF1 include café au lait 
macules, axillary and/or inguinal freckling, neurofibromas, Lisch nodules, and optic gliomas. In about 5-10% of individuals with NF1, the entire NF1 gene and 
flanking regions are deleted. This recurrent deletion is known as NF1 microdeletion syndrome, with further subtypes based on deletion size and the genes 
involved. NF1 microdeletion syndrome causes a more severe form of NF1 and unique syndromic features. Individuals with these deletions have an increased 
risk of developing neurofibromas and peripheral nerve sheath tumors. Additional features can include dysmorphic facial features, overgrowth, significant 
developmental delay, cardiac anomalies, and hypotonia.

Here, we present a case of 17q11.2 deletion syndrome with a unique clinical presentation. A 2-year-old male was evaluated due to a heterozygous 1.4 
Mb deletion at 17q11.2 identified by chromosomal microarray, consistent with a Type-1 NF1 deletion. The deletion included the entirety of the NF1 gene, 
SUZ12P1, LRRC37B, and 18 additional genes. The patient presented with a complex phenotype including multiple café au lait spots, paraspinal neurofibroma, 
thoracolumbar kyphoscoliosis, patent ductus arteriosus, retrognathia, hypotonia, bilateral planovalgus feet, feeding difficulties requiring gastrostomy tube, 
bilateral inguinal hernias, and developmental delay. Notably, the patient also had ambiguous genitalia at birth with later diagnoses of penoscrotal transposition, 
severe chordee, and hypospadias. 

The case presented here highlights additional features that have not yet been reported in individuals with NF1 microdeletion syndrome including genitourinary 
anomalies, feeding difficulties, and bilateral inguinal hernias. Though these features may be novel findings attributable to NF1 microdeletion syndrome, the 
patient will also undergo further genetic evaluation given his unique clinical presentation.
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How to Unveil an Anemic Nevus in NF1 Patients  
 
Gianluca Tadini, MD, Center for Inherited Cutaneous Diseases, University of Milan, Milan Italy

Anemic nevus is a well known vascular sign, accounting for 1-2% of prevalence in healthy population.

On the contrary in NF1 patients, we may find AN in 20-50%1. 

AN seems to be a relevant cutaneous sign of NF1, is visible at birth but unfortunately it’s not an easy recognizable cutaneous sign for non dermatologists.

In this presentation figures and film are designed for non trained medical personnel in order to achieve the knowledge to how to spot cutaneous lesions 
putative to be an AN.

These very simple “tricks” may be useful in the diagnosis of AN and could help for an early diagnosis in supecyed NF1 patients.

Additional Author: Michela Brena, MD
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Hybrid Minigene Assay: An Efficient Tool to Characterize mRNA Splicing Profiles of NF1 Variants  
 
Eva Trevisson, MD, PhD, Clinical Genetics Unit, Department of Women’s and Children’s Health, University of Padova, Padova, Italy; Istituto di Ricerca 
Pediatrica - IRP, Città della Speranza, Padova, Italy

Introduction: Neurofibromatosis 1 (NF1) is caused by heterozygous loss of function mutations in NF1. Although patients are diagnosed according to clinical 
criteria and few genotype-phenotype correlations are known, molecular analysis remains important. NF1 displays allelic heterogeneity, with a high proportion 
of variants acting on splicing, including deep intronic alleles and changes outside the canonical splice sites, making validation problematic. Next generation 
sequencing (NGS) technologies integrated with MLPA have largely overcome RNA-based techniques that are faster and with high yield, but do not detect 
splicing defects. 

Materials and Methods: We set up and employed a rapid minigene-based system to test the effect(s) of 29 intronic and exonic variants in NF1, which were 
identified in patients during molecular analyses, on splicing. 

Results: The minigene assay allowed to assess the effect(s) on splicing for all the variants we examined and showed the coexistence of multiple mechanisms 
of splicing alterations for seven of them. In one de novo substitution identified in a sporadic patient with a mild phenotype, a leaky effect on splicing was 
documented suggesting a new genotype-phenotype correlation. 

Conclusions: Our splicing assay proved to be a reliable and fast method to validate novel NF1 variants potentially affecting splicing and to detect hypomorphic 
effects that might underline milder phenotype, avoiding the requirement of patient’s RNA.
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Renal Artery Stenosis and Moyamoya in Paediatric NF1  
 
Dr. Grace Vassallo MD, MRCPCH (UK), MRCP(UK) DCH (London), Consultant Paediatric Neurologist, Manchester University Hospitals NHS Foundation Trust

Background: Vasculopathy in NF1 is well recognised.

It is unclear if there is a common association between the presence of renal artery stenosis and Moyamoya disease in children.

Methods: The HSS for Complex NF1 in Manchester has served population of the North of England since 2009.1

Criteria for Complex NF1 are published and include vasculopathy.

We conducted a retrospective search of all the all patients aged 0-19 years seen from 1st of April 2019 to 31st of March 2020 and identified those affected by 
renal artery stenosis. Patients were identified using clinical records, minutes from the Plastics and Paediatric Neurology multidisciplinary team meetings, all the 
radiology reports of MR scans of the Brain, abdomen and kidneys as well as renal ultrasounds. 

The service saw 336 patients in this year. 186 complex and 130 non-complex.

Results: 5 children and teenagers, all female, aged 10-18.5 years (mean 14.5 years) with renal artery stenosis were identified. 4 children were hypertensive 
needing antihypertensive medication. Two were also on antiplatelet medication. One child was on two antihypertensive drugs and one on three. In one child an 
angioplasty had led to resolution of her hypertension and needed no treatment. 4 children had had surgical interventions for their renal artery vasculopathy. All 
children had had MR scan of the brain for various other reasons. None of these had Moyamoya disease of the CNS.

Conclusion: We conducted a literature search to identify if there is any clear association between paediatric NF1 and Moyamoya Disease. A couple of isolated 
cases were identified.2,3 Renal artery stenosis and moyamoya in paediatric NF1 were not associated in our patient cohort. The absence of a clear association 
is important as management of renal artery stenosis usually necessitates the use of antihypertensives and/ or surgical procedures with potential fluctuations in 
mean arterial pressures which would be detrimental in the presence of Moyamoya disease.
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An Unusual Cause of Leg Length Discrepancy in a Child with NF1  
 
Dr. Grace Vassallo MD, MRCPCH (UK), MRCP (UK) DCH (London), Consultant Paediatric Neurologist, Manchester University Hospitals NHS Foundation Trust

Background: NF1 is a common tumour predisposition disorder.1

The Highly Specialised Service (HSS) for Complex NF1 in Manchester has served the North of England since 2009.2 The service saw 230 children over the last 
year. 135 children fulfilled the HSS complex criteria and 95 were non-complex.

Leg length discrepancy in the NF1 paediatric population is well recognised and usually associated with pseudoarthrosis, plexiform tissue affecting the spine 
and/or one of the limbs as well as scoliosis.3 

We present a child with an unusual cause of leg length discrepancy in paediatric NF1.

Clinical History: A 6-year-old boy was referred in 2018. He had a plexiform neurofibroma affecting the left eye lid causing ptosis. Family gave a history of 
unclear speech and recurrent falls. There were no other concerns.

He was reviewed by our paediatric neurologist who confirmed normal neurology. An MR scan of the brain was organised in view of the history of the recurrent 
falls and unclear speech. This revealed an incidental, asymptomatic, probable Low-Grade Glioma (LGG) in the cerebellum which is being followed up. 

He was seen by the orthopaedic surgeons, who confirmed that the child had flat feet in correctable varus. He had left tibial varus, bilateral knee hyperextension 
and limb length discrepancy, left leg being 1.5 cm shorter than the right. There were no concerning skin findings in the lower limbs. Plain long leg X-rays 
confirmed the limb length discrepancy with no other bone abnormalities. Hip movement and knee movement were pain free and of full range. 

An MR scan of the abdomen, pelvis and both lower limbs raised the possibility of a vascular malformation. A contrast imaging MRA around the right ankle 
confirmed this to be an arteriovenous malformation (AVM). 

The child is asymptomatic apart from his leg length discrepancy which is corrected by footwear adaptations. He will continue to be monitored regularly by the 
service and at present no intervention is felt to be necessary by the team.

Conclusion: Focal vasculopathy is well recognised in NF1 as is leg length discrepancy due to scoliosis, plexiforms and bone abnormalities. We describe an 
AVM as a cause of leg length discrepancy, which is a very unusual cause and confirms the need for thorough investigations, and discussions of complex NF1 
cases at a multidisciplinary team level where the expertise of multiple experienced professionals is collectively available for final management.
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Hypothalamic Hamartomas in Paediatric NF1  
 
Dr. Grace Vassallo MD, MRCPCH (UK), MRCP(UK) DCH (London), Consultant Paediatric Neurologist, Manchester University Hospitals NHS Foundation Trust

Background: NF1 is one of the commonest tumour predisposition disorders.1

Hypothalamic Hamartomas in paediatric NF1 are very rarely reported.2,3

Methods: The Highly Specialised Service (HSS) for Complex NF1 in Manchester has served the population of the North of England since 2009.4

The service saw 230 children in this year. 135 children fulfilled the HSS complex criteria and 95 were non-complex.

We conducted a retrospective search of all the all patients aged 0-18 years seen from 1st of April 2019 to 31st of March 2020 and identified 3 patients with 
hypothalamic hamartomas. Patients were identified from a search including clinical records, Paediatric Neurology multidisciplinary team meetings, and all brain 
MRI reports.

Results: 3 children with Hypothalamic Hamartomas were identified. 2 Females and 1 male. Age range 7-10.5 years. Median 7 years. The male child presented 
at the age of 6 ½ years with clinical signs of central precocious puberty confirmed on biochemical investigations. He is now on successful hormone treatment 
that has stopped progression of puberty. MR scan revealed a hypothalamic hamartoma as the cause with no evidence of any optic pathway pathology or 
any other intracranial abnormalities. One female child presented at the age of 10.5 years with two episodes of vaginal bleeding but no other signs of puberty. 
Investigations for her presentation included and MR scan of the brain which revealed a hypothalamic hamartoma with no other intracranial pathology. Further 
endocrine investigations and an ultrasound of the uterus confirmed that she was in a prepubertal state and that her vaginal bleeding was likely due to an 
isolated dominant follicle. One female child presented at the age of 7 years. She had a history of Juvenile myelomonocytic leukaemia diagnosed at the age of 4 
years treated with a stem cell transplant. She presented with a history of enuresis and encopresis. Clinically she was perfectly well and prepuberal.

An MR of the brain and spine revealed a hypothalamic hamartoma as the only pathology. Her symptoms settled down spontaneously and in retrospect were 
felt to be related to turbulent social circumstances. 

Conclusion: Hypothalamic Hamartomas are rare with a prevalence of 1 in 200,000 children in a population-based study in Sweden.5 Our case series suggests 
a higher prevalence in paediatric NF1 which was previously unrecognised. In our case series of three children only one had confirmed central precocious 
puberty, none had an associated optic pathway glioma or gelastic seizures.
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A Phase I Study to Assess the Effect of Food on the Gastrointestinal (GI) Toxicity and Pharmacokinetics (PK) 
of Selumetinib in Adolescents with Neurofibromatosis Type 1 (NF1) Related Plexiform Neurofibromas (PN): 
Trial in Progress  
 
David Viskochil, MD, PhD, University of Utah

Introduction: Selumetinib (ARRY-142886) is an oral, allosteric MEK1/2 inhibitor approved in the United States and Brazil for the treatment of pediatric patients 
2 years of age and older with NF1 who have symptomatic, inoperable PN. Selumetinib is dosed in a fasted state and long-term treatment compliance is 
necessary. However, fasting can be inconvenient for children and thus, may reduce compliance. GI toxicities are common and it is possible that dosing in a 
fed state may reduce these. The purpose of this study is to evaluate the steady state systemic exposure and optimal dosing of selumetinib when taken with a 
low-fat meal. It will also assess GI toxicity when selumetinib is dosed under fed versus fasted conditions. 

Methods: This is a Phase I, single-arm, multiple-dose, sequential, two- or three-period clinical trial. Eligible participants are adolescents aged 12–17 years, 
with a clinical diagnosis of NF1, and symptomatic, inoperable PN (defined as a PN that cannot be completely surgically removed without risk of substantial 
morbidity). Following screening, treatment period 1 (T1; primary analysis) consists of one treatment cycle (28 days) with a low-fat meal, followed by a 
7-day washout period and T2 (28 days), wherein participants are treated in a fasted state and an extension period where T2 will continue until results from 
the primary analysis are available. Following T2, if there is a significant reduction in exposure in T1 relative to T2, a decision will be made with the Food and 
Drug Administration as to whether to initiate T3: selumetinib at an adjusted dose in a fed state for three cycles. During T1 and T2, participants will receive 
selumetinib capsules 25 mg/m2 twice daily, continuously. The study projects to enroll 20 participants, to maintain 16 evaluable participants in T2/T3. The 
primary pharmacokinetics endpoint is the geometric mean ratio (GMR) and 90% confidence interval (CI) of selumetinib area under the concentration–time 
curve from 0–12 hours at steady state (AUC0-12,SS) for T1 (fed) versus T2 (fasted); and if T3 is conducted, the GMR and 90% CI of selumetinib AUC0-12,SS for T3 
(fed) versus T2 (fasted). If there is no significant difference between PK outcomes for T1 relative to T2, then there is no need for dose adjustment, and T3 will 
not be initiated. The primary safety endpoints are summary statistics to be reported for targeted GI toxicity and a GI diary completed daily by patients on bowel 
movements, nausea and vomiting. Further safety outcomes and PK parameters will also be assessed.
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Selumetinib for Plexiform Neurofibromas (PN) in Neurofibromatosis Type 1 (NF1): Real-World Clinical 
Experiences in Younger Children  
 
Zhihong Wang, Children’s Hospital of Richmond at Virginia Commonwealth University, Richmond, VA, USA

Background: PN are a common and potentially debilitating complication of NF1, frequently causing pain, functional impairment, and disfigurement. Selumetinib 
(ARRY-142886) is approved in the US for children aged ≥2 years with NF1 who have symptomatic, inoperable PN, and is available only in capsule formulation.

Methods: This was a multi-institutional, real-world case series study of patients aged ≤6 years with symptomatic, inoperable NF1-PN treated with selumetinib 
in a post-marketing/early access program setting (September 2017–March 2021). Individual patient data (baseline characteristics, medical history and 
selumetinib treatment, including adverse events, dosing and outcomes) were collected using an anonymised case report form. Patients’ caregivers provided 
written informed consent and institutional review board approvals were obtained in line with each institution’s requirements.

Results: Fifteen cases from five centres in the US, Portugal and Ireland were included. Most patients were male (60%; 9/15). Predominant target lesions were 
in the face/neck/spine (60%; 9/15) and pelvis (20%; 3/15). Patients presented with NF1 PN-related dysarthria, chronic pain, faecal/urinary incontinence, and 
reduced range of motion/gait abnormalities. The most common comorbidity was optic pathway glioma (47%; 7/15). Overall, time on selumetinib treatment 
ranged from 8–42 months. The dose of selumetinib was 25 mg/m2/dose, twice a day in line with the recommended dosing schedule. The most frequent 
treatment-emergent adverse events (TEAEs; mostly grade 1/2) were skin toxicity (dry skin and rash) or paronychia, creatine phosphokinase increase and 
asymptomatic ejection fraction reduction. All TEAEs resolved either spontaneously or using supportive care measures without the need to discontinue 
selumetinib treatment. Two patients had a dose reduction due to TEAEs. Eight patients had a partial response to selumetinib, four patients had stable disease, 
and two additional patients showed symptom improvement within 6 months of treatment initiation (PN response data not available: 1 patient). Available patient-
reported outcomes data (3/15 patients) showed improvements in pain interference index scores. A multidisciplinary team approach allowed children to be 
provided with appropriate supportive measures to facilitate treatment adherence.

Conclusions: In this retrospective study of selumetinib for NF1 PN in children aged ≤6 years, treatment was associated with clinical benefit and/or 
symptomatic improvement in all patients. This study supports the safety and efficacy described in paediatric clinical trials and shows in a real-world setting, 
selumetinib tolerability was comparable with other published studies that included children of various ages. In addition, no child was excluded from treatment 
because of age alone. Furthermore, this study demonstrates that, in clinical practice, younger children generally manage capsule formulations and tolerate 
selumetinib treatment well, representing novel findings for this age group.
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Genotype-Phenotype Correlation in Neurofibromatosis Type-1: NF1 Whole Gene Deletions Lead to High 
Tumor-Burden and Increased Tumor-Growth  
 
Lennart Well, MD, Department of Diagnostic and Interventional Radiology and Nuclear Medicine, University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany

Purpose: Neurofibromatosis type-1 (NF1) patients can suffer from cutaneous and subcutaneous neurofibromas (CNF) and large plexiform neurofibromas 
(PNF). Whole gene deletions of the NF1 gene have been associated with a more severe phenotype compared to smaller intragenic changes. Two distinct 
groups of NF1 whole gene deletions are type-1 deletions and atypical deletions. Our aim was to assess volumes and averaged annual growth-rates of CNF and 
PNF in patients with NF1 whole gene deletions and to compare these with NF1 patients without large deletions of the NF1 gene.

Methods: We retrospectively evaluated 140 whole-body MR examinations of 38 patients with NF1 whole gene deletions (type-1 group: n=27/atypical group 
n=11) and an age- and sex matched collective of 38 NF1-patients. Age-dependent subgroups were created (0-18 vs >18 years). Sixty-four patients received 
follow-up MRI examinations (NF1whole gene deletion n=32/control group n=32 ). Whole-body tumor-volumes were semi-automatically assessed (MedX, 
V3.42). Tumor volumes and averaged annual growth-rates were compared.

Results: Median tumor-burden was significantly higher in the type-1 group (418ml; IQR 77 – 950ml, p=0.012) but not in the atypical group (356ml;IQR 
140–1190ml, p=0.099) when compared to the controls (49ml; IQR 11–691ml). Averaged annual growth rates were significantly higher in both the type-1 
group (14%/year; IQR 45–36%/year, p=0.004) and the atypical group (11%/year; IQR 5–23%/year, p=0.014) compared to the controls (4%/year; IQR1–8%/
year). Averaged annual growth rates were significantly higher in pediatric patients with type-1 deletions (21%/year) compared with adult patients (8%/year, 
p=0.014) and also compared with pediatric patients without large deletions of the NF1 gene (3.3%/year, p=0.0015).

Conclusion: NF1 whole gene deletions cause a more severe phenotype of NF1 with higher tumor burden and higher growth-rates compared to NF1 patients 
without large deletions of the NF1 gene. In particular, pediatric patients with type-1 deletions display a pronounced tumor growth.

Full List of Authors: Lennart Well MD1, Kimberly Döbel1, Lan Kluwe2,3, Peter Bannas MD1, Said Farschtschi MD², Gerhard Adam MD1, Victor-Felix Mautner MD², Johannes Salamon MD1
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The Effectiveness of Developmental Outcomes: Leadership, Civic Activism, and Building Community with NF 
Young Adults  
 
Tracy Wirtanen, MSW, The Littlest Tumor Foundation

Neurofibromatosis (NF) is a term that refers to a complex set of separate genetic disorders known as Neurofibromatosis type 1 (NF1), Neurofibromatosis  
type 2 (NF2), and Schwannomatosis. NF has many physical, emotional, and cognitive manifestations. Research shows that NF negatively impacts quality of life, 
self-confidence, and interpersonal social relationships in children and adults. Those with NF have also been shown to have higher rates of depression and anxiety 
than the general population. While these challenges are prevalent in both children and adults, there is a gap in care for young adults with NF who are transitioning 
from pediatric to adult care. The NF Young Adult (NFYA) Leadership Program addresses psychosocial challenges in young adults through empowerment and 
strength-based theories. The 5-day program, in Washington DC, consists of a leadership workshop and advocacy days on Capitol Hill. The priority outcomes are 
to empower young adults, educate congressional leaders about NF, and strengthen leadership in the NF community. The strength-based model works to harness 
an individual’s already existent strengths and identity (personal sense of self). By formatting the program around organizing and advocacy, we sought to develop 
fundamental skills to address the negative psychosocial impacts of NF, as well as build supportive connections between participants. Data gauging the impact of 
strength-based and empowerment theories on these negative psychosocial impacts was recorded during the first two years of the pilot program (2019-2020). 
All of the survey participants were NF impacted young adults between the ages of 16-30 who participated in the program. Researchers conducted pre- and 
post- program quantitative surveys and a post program qualitative survey. In both quantitative measures, we found statistically significant improvement in both 
leadership and advocacy skills. The qualitative interviews echoed the findings of the quantitative measures, with many participants noting that the program had 
a profound impact on their confidence, courage, and sense of connection to the NF community. We conclude that while our sample size is small, and further 
research needs to be conducted, the NFYA leadership program effectively builds leadership and advocacy skills. This program and research were made possible 
through the fiscal support of The Littlest Tumor Foundation, NF Midwest, The Texas NF Foundation, and Global Genes.

Full List of Authors: Tracy Wirtanen, MSW; Gillian Payne, BA; Lauren Ray, BA



2021 NF Virtual Conference  ·  June 14-16, 2021  |  139    

Neurofibromatosis Type 1 (NF1): The Dermatological Consequences of Having and Managing the Disease  
 
Helen Young, MBChB, PhD, FRCP, The University of Manchester, Manchester, UK

Neurofibromatosis Type 1 (NF1) is an inherited neurocutaneous disease that predisposes affected individuals to the development of benign and malignant 
tumours. The disease mainly involves the skin and nervous system although NF1 can involve other body systems and is recognised as a multi-system disease.

In order to provide best care for patients two specialist centres have been commissioned in the UK. One of the national centres is in Manchester, where this 
complex, multi-system, disease is managed by a co-ordinated multi-disciplinary team approach, including dermatology.

Skin changes are part of the presentation of the disease but can also be the consequence of treatment of the disease, especially with new approaches to 
treatment using MEK inhibitors.  This poster, which was completed by a third-year medical student as part of the Applied Personal Excellence Pathway at 
Manchester Medical School, comprises a dermatology atlas of NF1 and illustrates the clinical features and treatment related side effects of the condition.  

Dermatological expertise is an essential aspect of clinical care for patients with NF1.  This poster aims to raise awareness for patients, families and healthcare 
professionals about the cutaneous aspects of the condition and foster increased recognition of treatment-related side effects within the multi-disciplinary 
clinical team.

Full List of Authors: Valentina Silva, Ian Kamaly-Asl, John-Paul Kilday, Grace Vassallo
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ABSTRACTS
NF2: Clinical Science

Neurofibromatosis Type 2 – Our Experiences with Bevacizumab  
 
Maria Breun, MD, Department of Neurosurgery, University Hospital Würzburg, Würzburg, Germany

Background: Neurofibromatosis type 2 (NF2) is an autosomal dominant syndrome with bilateral vestibular schwannomas as hallmark tumors which is caused 
by inherited or de novo mutations on chromosome 22. The incidence is about 1 in 33 000. Other manifestations could also be part of this syndrome like 
meningiomas, further schwannomas or ependymomas. Patients with this syndrome face hearing loss, multiple surgeries and functional decline, which leads 
to a reduced life expectancy. The aim of this study was an analysis of our “off lable use” of Bevacizumab in case of progressive vestibular schwannomas after 
multiple surgeries. 

Method: From 2000 – 2020 84 patients (37 male, 47 female) with neurofibromatosis type 2 were in our special outpatient clinic with this syndrome.  In seven 
cases Bevacizumab was “off-lable” used. At the beginning it was applicated every two weeks and after three month every three weeks. Side effects and the 
volumetric response were analysed with the Brainlab software as well as the hearing development by audiometry as far as residual hearing was there. 

Result: Bevacizumab was applicated for 26 month (5-40 month) in the mean. With Bevacizumab therapy one patients showed stable vestibular schwannomas. 
Four patients showed a good response to Bevacizumab with a volumetric decrease over 25% during medication in three cases. One patient showed a further 
progression during therapy, but a regression of 16% during a second therapy episode. One showed a further progression during therapy, which exploded after 
termination of Bevacizumab. Fatigue was reported in four cases. In one case it leads to a termination of the therapy in combination with further neurological 
deterioration. One patient reported nausea; one had hypertension and two reported problems with the skin. No hearing data were available for one patient. Two 
patients were already deaf at the beginning of Bevacizumab. One patient showed parallel to a volumetric progression an ongoing hearing deterioration. One 
patient was more or less stable on the left side and had a progressive hearing loss on the right side. One patient had a slow hearing deterioration over 4 years 
in case of good response to Bevacizumab.

Conclusion: Bevacizumab is a chance for patients with progressive vestibular schwannomas and hearing deterioration.

Co-Authors: Robert Nickl MD1, Jose Perez MD1, Rudolf Hagen MD2, Ralf-Ingo Ernestus MD1, Cordula Matthies MD1
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ABSTRACTS
Schwannomatosis: Basic Science

Screening of Potential Novel Candidate Genes in Schwannomatosis Patients  
 
Cristina Perez-Becerril, PhD, The University of Manchester, UK

Schwannomatosis is a hereditary tumour predisposition syndrome characterised by multiple nerve sheath tumours, which are usually benign, but which 
frequently cause severe pain that does not typically respond well to drug treatments. To date, there are two major schwannomatosis-associated genes: 
SMARCB1 and LZTR1. However, pathogenic variants in these two genes only account for ~70% of familial cases and around 30% of sporadic cases1, 
suggesting the existence of as yet unidentified genetic risk factors. Recently, a missense pathogenic variant in the DGCR8 gene was detected in a family with 
a history of euthyroid multinodular goiter and multiple schwannomas2. A previous study of a family affected with schwannomatosis identified a missense 
variant in a well conserved region of the COQ6 gene in all affected members of the family3. In addition, structural variants affecting CDKN2A are known to 
predispose to melanoma and pancreatic cancer and have been linked to increased risk for nerve sheath tumours4. In this study, we report genetic screening 
of 74 unrelated schwannomatosis patients who do not carry pathogenic germline SMARCB1 or LZTR1 variants. Previous sequencing analysis of one of the 
sporadic patients with 5 schwannomas and two melanomas determined the presence of two duplications in the exon 2 region of CDKN2A, disrupting both p14 
and p16 and confirming a melanoma predisposition diagnosis. Screening of the full coding region of DGCR8, COQ6, CDKN2A and CDKN2B was carried out for 
all samples. Deletions or duplications in CDKN2A and CDKN2B in a subset of patients were assessed by multiplex ligase probe amplification (MLPA) analysis. 
No novel variants were identified in any of the screened loci and no additional deletions or duplications were identified in CDKN2A or CDKN2B in our patient 
cohort, suggesting these genes are not major contributors to schwannomatosis risk. Of note, in addition to the melanoma patient, only one other patient out of 
74 in our analysis was diagnosed with thyroid cancer as well as schwannomatosis, but no variants were identified in this patient. No other patients presented 
with co-morbidities or family history for other tumour predisposition syndromes, so the possibility remains that these genes have a role in more complex 
mechanisms for tumour predisposition.

This work was supported by a USAMRAA CDMRP Neurofibromatosis Research Program, Investigator-Initiated Research Award (W81XWH1910334). DGE and MJS are also 
supported by the Manchester NIHR Biomedical Research Centre (IS-BRC-1215-20007). 
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ABSTRACTS
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Use of Tumor Tissue Genomic Profiling in the Diagnosis of NF1, NF2, or Schwannomatosis  
 
Nicholas J. An, UCLA Department of Neurology

Introduction: Neurofibromatosis type 1 (NF1), neurofibromatosis type 2 (NF2), and schwannomatosis (SWN) are three clinically and genetically distinct 
tumor suppressor syndromes caused by germline mutations in a tumor suppressor gene. Due to an overlap in clinical manifestations of NF1, NF2, and SWN, 
genomic profiling can aid in validating the clinical diagnosis of the disease.

Methods: Chart reviews of two adult patients with a clinical diagnosis distinct from their genetic diagnosis of NF were evaluated.

Results: The first case was of a 38 y.o. female who had a clinical diagnosis of NF1 mainly with multiple plexiform neurofibromas, multiple cutaneous 
neurofibromas, >6 café-au-lait macules that were >15 mm in diameter, meeting clinical diagnostic criteria for NF1. She had weakness and pain from a right 
lower extremity plexiform neurofibroma, prompting a consideration for treatment with a MEK-inhibitor clinical trial. However, genomic profiling performed 
on the patient’s blood and solid tumor tissue revealed a heterozygous splice variant in LZTR1 and a splice variant in ERBB2 (HER2), respectively. The LZTR1 
mutation suggested a genetic diagnosis of schwannomatosis and served as the basis for treating her with an ERBB2 inhibitor in lieu of a MEK inhibitor. The 
second case was of a 45 y.o. male who presented with a past medical history of multiple schwannomas in his extremities, multiple meningiomas, an absence 
of bilateral vestibular schwannomas, and no first-degree relatives with NF2, meeting clinical diagnostic criteria for schwannomatosis. However, genomic 
profiling performed on three separate solid tumor biopsies revealed an identical NF2-198 mutation in all three tissue samples, suggesting a genetic diagnosis of 
NF2. His genetic diagnosis served as the basis to treat him with an mTORC1 inhibitor. He has remained without tumor progression on everolimus for 17 months.

Conclusion: Our findings indicate that often times a clinical diagnosis of atypical presentations of NF1, NF2, or SWN may be better confirmed with concomitant 
genomic profiling of tumors as well as genetic studies for germline mutations and will improve accuracy of diagnosis that can significantly impact the 
management, treatment, and counseling of the condition.

Full List of Authors: An, Nicholas J.; Everson, Richard G.; Giovannini, Marco; Nghiemphu, P. Leia
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Pleiotropism of LZTR1: Detection of Heterozygous Truncating Variants in Children with Only Cafè-au-Lait 
Spots Inherited from a Parent with Very Mild Noonan Features and Without Documented Schwannomas  
 
Claudia Santoro, MD, PhD, Department of Physical and Mental Health, and Preventive Medicine, and Department of Women, Children, and General 
and Specialized Surgery, University of Campania “Luigi Vanvitelli”, Naples, Italy

Germline mutations in LZTR1 have been linked to at least three disorders: susceptibility to Schwannomatosis (MIM #615670), Noonan syndrome 10 
(MIM #616564), and Noonan syndrome 2 (MIM #605275). Heterozygous and homozygous variants, either causing loss of function (LoF) or aminoacidic 
substitutions in LZTR1, have been related to these disorders. However, in the general population more LoF variants than expected have also been observed for 
LZTR1 (see gnomAD browser), a feature shared with some other tumor suppressor genes, such as MSH6, PMS2, BRCA1 and BRCA2, possibly associated 
with variable expressivity and penetrance.

Café-au-lait macules (CALMs) represent a key feature of several neurocutaneous disorders, also observed in Schwannomatosis patients. We here report a 
cohort of 4 patients (average 13.3 yrs, range 0.5-19 yrs) with only CALMs (n>5), for which a comprehensive genetic investigation was carried out. By clinical 
exome, four index cases presented 4 different truncating variants in LZTR1: c.1018C>T (p.Arg340*); c.1084C>T (p.Arg362*); c.27delG (p.Gln10ArgfsTer15) 
and one not yet reported.  No other pathogenic or likely pathogenic variants were observed in genes possibly related to CALMs. Furtherly, RNA and MLPA 
analysis of NF1 and SPRED1 was also performed in all the subjects investigated, resulting negative. All the identified LZTR1 truncating variants were inherited 
from a parent. Carrier parents were studied through Magnetic Resonance Imaging of brain and spine, never showing schwannomas. Conversely, almost all 
people carrying the identified truncating variants showed variable degree of short stature, macrocephaly, and some Noonan features, even if not yet enough to 
make a clinical diagnosis of Noonan syndrome. 

Our observations provide further insights into clinical features associated to LZTR1 variants and on their impact in terms of genetic counselling. LZTR1 seems 
to cause a wide spectrum of conditions, ranging from a very mild phenotype to the Schwannomatosis, encompassing typical Noonan syndrome and isolated 
familial hypertrophic cardiomyopathy. Pathogenetic mechanisms or the role of possible modifier genes need to be still explored for a more accurate genetic 
counseling in subjects carrying LZTR1 variants.
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