
Friday, December 4, 2020
12:00 pm−1:00 pm EST

PROGRAM DESCRIPTION 

Designed and developed to provide 
an exhaustive overview of novel and 
emerging data, as well as establish a 
foundational context of NF1 disease 
state complexity, this activity will begin 
by describing the genetic etiologies and 
multi-system pathophysiologies that 
have historically made NF1-associated 
plexiform neurofibromas so difficult to 
treat. Attendees will then gain insights 
from expert faculty regarding the pivotal 
shortcomings of traditional treatment 
approaches, with an emphasis on the 
challenges faced by neurosurgeons and 
the new horizons that have accompanied 
the burgeoning emergence of novel 
pharmacologic therapies, most notably 
MEK inhibitors. Finally, top-level clinical 
experts will guide attendees through a 
case-based section that explores the 
vital role of the neurosurgeon within the 
evolving NF1 management paradigm, 
and provides activity participants an 
opportunity to design evidence-based 
treatment regimens that explore how 
safe and effective medical therapies can 
augment and optimize surgical strategies 
for symptomatic, inoperable NF1-related 
tumors.  

TARGET AUDIENCE

This educational initiative is targeted to neuro-oncologists, 
pediatric neuro-oncologists, neurosurgeons, neuroradiologists, 
medical oncologists, neurologists, neuro-oncology researchers, 
and other members of the interprofessional, multi-disciplinary 
neuro-oncology team attending the 2020 Annual Meeting of the 
AANS/CNS Section on Pediatric Neurological Surgery. 

AGENDA

12:00 pm-12:05 pm  Welcome and Introductions/Pre-test
   Allan Belzberg, MD (Activity Chair)

12:05 pm-12:15 pm  Capturing Complexity: The Etiology, 
Pathophysiology, and Diverse Clinical 
Hallmarks of NF1 in Pediatric Patients 

   Miriam Bornhorst, MD

12:15 pm–12:35 pm  Employing Novelty in Plexiform 
Neurofibroma Management: Emerging 
Data and Non-Surgical Treatment 
Alternatives 

   Andrea M. Gross, MD

12:35 pm-12:55 pm  Bridging Clinical Chasms in NF1: The 
Pivotal Placement of the Neurosurgeon 
in the New Paradigm 

   Allan Belzberg, MD

12:55 pm-1:00 pm   Conversation with the Experts: 
Audience Q&A/Post-test

   Faculty Panel Moderated by Dr. Belzberg

LIVE WEBINAR
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ACCREDITATION
In support of improving patient care, Creative 
Educational Concepts is jointly accredited by 
the Accreditation Council for Continuing Medical 
Education (ACCME), the Accreditation Council for 
Pharmacy Education (ACPE), and the American 
Nurses Credentialing Center (ANCC), to provide 
continuing education for the healthcare team.

Medicine (ACCME)
CEC designates this live educational activity for a maximum of 1.0 AMA PRA 
Category 1 Credit™. Physicians should claim only the credit commensurate with 
the extent of their participation in the activity.

Nursing (ANCC)
This activity is designated for 1.0 contact hours. 

Upon completion of a post-test and evaluation, statements of credit for 
physicians and nurses will be issued within 30 business days.

 

Supported through an independent educational grant from AstraZeneca.

Presented by Creative Educational Concepts, Inc. 

LEARNING OBJECTIVES

At the conclusion of this live internet activ-
ity, participants will gain the skills and/or 
knowledge to:

•  Describe the genetic genesis and the 
complex, multi-system pathophysiology 
of NF1, with an emphasis on the clinical 
gravity and historical intractability of 
plexiform neurofibromas, especially in 
the pediatric patient population.  

•  Review traditional modalities for treating 
plexiform neurofibromas in patients with 
NF1, focusing on surgical strategies, and 
highlight the crucial clinical chasms that 
remain.

•   Examine emerging pharmacologic 
therapies for managing symptomatic, 
inoperable plexiform neurofibromas, 
including an appraisal of completed and 
ongoing clinical trials and recent FDA 
approvals of MEK inhibitors.   

•  Evaluate the role of the neurosurgeon 
within the interprofessional neuro-
oncology team, and identify key ways 
that emerging medical therapies 
can augment and optimize surgical 
approaches in NF1.

•  Using a case-based format, design 
evidence-based management strategies 
for inoperable, clinically-significant NF1-
associated plexiform neurofibromas.

PLANNER AND FACULTY DISCLOSURES

Any person who may contribute to the content of this continuing 
education activity must disclose relevant relationships (and any 
known relationships of their spouse/partner) with commercial 
interests whose products or services are discussed in 
educational presentations. A commercial interest is defined as 
any entity producing, marketing, re-selling, or distributing health 
care goods or services consumed by, or used on, patients. 
Relevant relationships include receiving from a commercial 
interest research grants, consultant fees, travel, other benefits,  
or having a self-managed equity interest in a company.

Disclosure of a relationship is not intended to suggest or 
condone any bias in any presentation but is made to provide 
participants with information that might be of potential 
importance to their evaluation of a presentation.

Planners:

Allan Belzberg, MD—has no relevant financial relationships to 
disclose in relation to the content of this activity.

Bryan Taylor, PharmD—has no relevant financial relationships to 
disclose in relation to the content of this activity.

Authors/Presenters:

Allan Belzberg, MD—has no relevant financial relationships to 
disclose in relation to the content of this activity.

Miriam Bornhorst, MD—has disclosed that she is a consultant 
for AstraZeneca.

Andrea M. Gross, MD—has no relevant financial relationships to 
disclose in relation to the content of this activity.

Content Reviewers:

Jaishri Blakeley, MD—has disclosed that she is a consultant 
for Astellas, AstraZeneca, Children’s Tumor Foundation, and 
SpringWorks Therapeutics. She also receives grant/research 
support from GlaxoSmithKline, Lilly, NCI, and Sanofi.

Shannon Langmead, RN, MSN, CRNP, CNRN—has disclosed 
that she is a consultant for AstraZeneca.
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FACULTY BIOGRAPHICAL SKETCHES

Allan Belzberg, MD
Activity Chair
Director, Peripheral Nerve Surgery
Co-Director, Neurosurgery Pain Research Institute
Professor of Neurosurgery and Plastic & Reconstructive Surgery
George J. Heuer Chair in Neurosurgery
Co-Director, Kennedy Krieger Pediatric Nerve Injury Program
The Johns Hopkins University School of Medicine
Baltimore, MD

Dr. Belzberg is Professor of Neurosurgery and Plastic & Reconstructive 
Surgery at the Johns Hopkins School of Medicine. He holds the George 
J. Heuer Chair in Neurosurgery and has a clinical interest in spine 
and peripheral nerve surgery. Dr. Belzberg is an expert on the surgical 
management of peripheral nerve disorders. As a member of the multi-
disciplinary comprehensive Neurofibromatosis Clinic at Johns Hopkins he 
treats patients suffering from a variety of benign and malignant tumors. 
His expertise in both spinal and peripheral nerve surgery allow him to 
remove the most challenging nerve tumors and reconstruct both the spine 
and peripheral nerves as required. Patients come from around the globe 
to benefit from these skills and he has built up a sizable tumor bank with 
specimens and detailed clinical notes.  

Dr. Belzberg is interested in neuropathic pain and is the Co-Director of 
the Neurosurgery Pain Research Institute at Johns Hopkins. He has a 
publication record concerning the pathophysiology of painful nerves 
including those related to NF and nerve injury. His laboratory described a 
novel animal model of neuropathic pain that allows the investigator to study 
both stimulus evoked mechanical hyperalgesia and pain phenotype change 
of axons exposed to degenerating axons (neuroma). Dr. Belzberg is involved 
in basic science research concerning gene regulation in Schwannomatosis. 

Dr. Belzberg has previously served as the president of the American Society 
for Peripheral Nerve. He has served as a scientific advisor to a broad 
spectrum of health care entities including Neurofibromatosis Inc., Spinal 
Kinetics and Medtronic. He has lectured in more than 30 countries and his 
contributions to clinical medicine have changed the practice.
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Miriam Bornhorst, MD
Clinical Director
Neuro-Oncologist
Gilbert Neurofibromatosis Institute
Children’s National Hospital
Washington, DC

Andrea M. Gross, MD
Assistant Research Physician, Pediatric Oncology Branch
National Institutes of Health, Center for Cancer Research
Bethesda, MD

Miriam Bornhorst is the Clinical Director of the Gilbert Neurofibromatosis 
Institute and Medical Director of the Cancer Genetics Clinic at Children’s 
National Hospital (CNH) in Washington, DC. She also has a joint appointment 
as an Assistant Professor in Pediatrics at George Washington University 
Hospital. After receiving her Medical Degree from Creighton University, 
Dr. Bornhorst completed pediatric residency and Pediatric Hematology/
Oncology fellowship at the University of Michigan followed by Neuro-oncology 
fellowship training at CNH. Her main clinical interests are cancer predisposition, 
neurofibromatosis type 1, and neuro-oncology. Her research focuses on the 
early detection and treatment of patients at risk for developing cancer, including 
biomarker discovery, and metabolism in NF1.

Dr. Gross is a Board-Certified Pediatrician and Pediatric Oncologist who earned 
her Medical Degree at the University of Connecticut and completed pediatric 
residency and a chief resident year at Cincinnati Children’s Hospital Medical 
Center. She completed a Pediatric Hematology/oncology fellowship at Children’s 
National Medical Center and is currently an Assistant Research Physician working 
in the Pediatric Oncology Branch at the National Cancer Institute in the lab of 
Dr. Brigitte Widemann. Dr. Gross has been the lead associate investigator on 
the phase 2 trial of selumetinib for patients with neurofibromatosis type 1 (NF1) 
and inoperable plexiform neurofibromas since 2015, which led to the first FDA 
approved medication for NF1 in 2020. Her research focuses on clinical trials for 
tumor predisposition syndromes.  Her areas of interest include developing and 
utilizing functional outcome measures for tumor predisposition syndromes, working 
with rare disease patient advocates to increase patient engagement in clinical 
trial design and dealing with the challenge of medication adherence in the NF1 
population.
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• Describe the genetic genesis and the complex, multi-system pathophysiology of NF1, 
with an emphasis on the clinical gravity and historical intractability of plexiform 
neurofibromas, especially in the pediatric patient population.

• Review traditional modalities for treating plexiform neurofibromas in patients with NF1, 
focusing on surgical strategies, and highlight the crucial clinical chasms that remain.

• Examine emerging pharmacologic therapies for managing symptomatic, inoperable 
plexiform neurofibromas, including an appraisal of completed and ongoing clinical trials 
and recent FDA approvals of MEK inhibitors.

• Evaluate the role of the neurosurgeon within the interprofessional neuro-oncology 
team, and identify key ways that emerging medical therapies can augment and optimize 
surgical approaches in NF1.

• Using a case-based format, design evidence-based management strategies for 
inoperable, clinically-significant NF1-associated plexiform neurofibromas.

Learning Objectives
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Neurofibromatosis Type 1 (NF1)

• Autosomal dominant inheritance
• Spontaneous mutations seen in 50% of cases

• Variable expressivity
• Mutation in NF1, a tumor suppressor gene on 

chromosome 17q11.2
• NF1 can be diagnosed through clinical criteria, genetic 

testing, or both

Korf BR, Bebin EM. Pediatr Rev. 2017; Korf BR. Handb Clin Neurol. 2013. 



Skin: café-au-lait spots, 
cutaneous neurofibromas, 
freckling (armpits, groin, under 
breasts), itching

GI: abdominal pain, vomiting, 
chronic constipation, chronic 
diarrhea

Kidneys: renal artery stenosis, 
hypertension

Bone: pseudoarthrosis, other 
bony abnormalities, scoliosis

NF1 Presentation

CNS: seizures, headaches, brain 
tumors, brain blood vessel 
defects, learning disabilities, 
developmental delays, decreased 
IQ, macrocephaly, plexiform 
neurofibromas

Eyes: visual impairment/ 
blindness, optic glioma, Lisch 
nodules

Other: short stature, low weight, 
early or delayed puberty, cancer

Korf BR. Handb Clin Neurol. 2013.



NF1 Diagnostic Criteria

Feature 
(≥2 is diagnostic)

Comment

Café-au-lait spots 6 or more >5 mm pre-pubertal, 15 mm post-pubertal

Skin-fold freckles Axillary, inguinal, neck base

Neurofibromas >2 solitary; 1 plexiform

Lisch nodules 2 or more; require slit lamp to visualize

Optic glioma Orbital and/or chiasmatic

Skeletal dysplasia Long bone, especially tibia, or sphenoid wing

Affected first-degree relative Autosomal dominant inheritance

Korf BR. Handb Clin Neurol. 2013; Gutmann DH, et al. JAMA. 1997.



• MPNST
• Breast cancer
• High-grade glioma

• Learning deficits
• ADHD or ASD
• Motor and/or speech delays

Optic pathway glioma

Scoliosis

• Dermal neurofibroma
• Paraspinal neurofibroma

Brainstem glioma

• Skinfold freckling
• Lisch nodulesCALMS

• Orbital dysplasia
• Tibial dysplasia
• Pseudarthrosis

Plexiform neurofibroma

What to Expect and When

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Miller DT, et al. Pediatrics. 2019.

Birth Infancy Early childhood Adolescence Adulthood

Pigmentary lesions
Neurofibromas
Skeletal abnormalities
Learning, cognitive, and social deficits
Malignancies
Low-grade tumors



NF1 Genetic Testing

• There are many types of NF1 gene alterations
• Genetic testing can include both DNA (about 70% 

sensitive) or RNA (increases sensitivity up to about 90%) 
sequencing

• What are we actually testing?
• Utility of germline (blood) vs somatic (tumor tissue) testing

• Chromosomal microarray can be used to detect 
microdeletions

Messiaen LM, et al. Hum Mutat. 2000; Kehrer-Sawatzki H, et al. Hum Genet. 2017.



NF1 Genetics—Microdeletions

Kehrer-Sawatzki H, et al. Hum Genet. 2017.



Genotype-Phenotype Correlations in NF1

Genotype Phenotype

1.4 Mb microdeletion

Coarse face, ptosis, hypertelorism, broad nose, multiple neurofibromas, 
ADHD, cognitive impairment, macrocephaly, heart defects, connective 
tissue dysplasia, scoliosis, pectus, bone cysts, and increased risk for 
malignancy (i.e., MPNST)

Missense mutations in NF1
codons 844–848

Higher risk for OPGs, spinal neurofibromas, and superficial neurofibromas,
and higher risk for scoliosis and skeletal anomalies

NF1 pMet992del Mild phenotype—café-au-lait and freckling only

NF1 codon 1809 missense
mutations

Café-au-lait, learning delays, and pulmonic stenosis (Noonan features), but 
lower risk of plexiform neurofibromas and OPG

Kayes LM, et al. Am J Hum Genet. 1994; Koczkowska M, et al. Am J Hum Genet. 2018; 
Koczkowska M, et al. Genet Med. 2019; Rojnueangnit K, et al. Hum Mutat. 2015.



Plexiform Neurofibromas

• Plexiform neurofibromas are low-grade (benign) nerve 
sheath tumors

• Plexiform neurofibromas are almost exclusively found in patients 
with NF1

• 40%–60% of patients with NF1 will have a plexiform neurofibroma

• Most rapid growth in childhood, early teens

• Symptoms largely secondary to mass effect and disfigurement

• Risk of malignant transformation (MPNST)

Klesse LJ, et al. Oncologist. 2020; Korf BR. In: Advances in Neurofibromatosis Research. 2012.



“Normal Function”

Increased cell production
Tumor Formation

Germline NF1

Neurofibroma—
Schwann Cell

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Messiaen LM, et al. Hum Mutat. 2000. 

Prospective 
therapeutic targets in 

NF1

Pathophysiologic Basis of NF1-related Tumor Growth



Plexiform 
Neurofibromas



CNS Plexiform Neurofibromas

• 15%–20%+ of patients with NF1 will have spinal neurofibromas
• Symptoms are dependent on location and extent of cord involvement

• Close to 60% of patients will present with symptoms (more common in adults)
• Pain is the most common presenting symptom in nearly 1/2 of patients
• A minority of patients will have neurological symptoms (~1/3 to ~1/2)

• Patients with paraspinal PNs have six-fold higher odds of having spinal 
curvature abnormalities 

• Neurological deficits are most common with
• Cervical plexiform neurofibromas
• Bilateral-foraminal tumors that approximate each other at the same level with 

significant compression of the cord or thecal sac
Mauda-Havakuk M, et al. Am J Neuroradiol. 2017; Nguyen R, et al. J Neurooncol. 2015.



CNS Plexiform Neurofibromas

• Surgery is still the standard of care for plexiform neurofibromas
• Best for small and completely removable/resectable tumors
• Safaee et al., Journal of Neurosurgery, Spine, 2017

• Complication rate of 32%
• Worsening sensory symptoms (15%)
• New or worsening motor deficits (5%)
• CSF leaks or pseudomeningoceles (4%) 
• Wound infections (5%)
• Spinal deformity (2%)
• Others: epidural hematomas, nonoperative cranial subdural hematoma, deep venous thrombosis, 

urinary retention, recurrent laryngeal nerve injury 
• Complications were more common in cervical (36%) and lumbosacral (38%) tumors than in 

thoracic (18%) tumors

Safaee MM, et al. J Neurosurg Spine. 2017. 



CNS Plexiform Neurofibromas

• Tumor progression after surgery
• Needle et al., The Journal of Pediatrics, 1997

• 46% of patients had tumor progression after surgery
• Tumors of the head/neck/face and less extensive resection more likely to 

progress
• Nguyen et al., Genetics in Medicine, 2013

• Nearly 20% of patients had repeat surgery due to tumor progression
• Post-operative growth rates were similar to pre-operative growth rates
• Young age, craniofacial tumors, less extensive resection, depth and diffuse 

growth type of tumors increased risk for progression
Needle MN, et al. J Pediatr. 1997; Nguyen R, et al. Genet Med. 2013.  



CNS Plexiform Neurofibromas
Medical Treatment Options

• Medical treatments
• Plexiform neurofibromas are composed of Schwann cells, 

fibroblasts, nerves, and immune cells 
• Synergy between the tumor cells and the immune cells/ 

microenvironment drives tumor growth
• MEK inhibitors
• PEG interferon
• Tyrosine kinase inhibitors
• Novel pipeline

Klesse L, et al. Oncologist. 2020.  



Conclusions

• NF1 is an autosomal dominant condition that can be diagnosed 
clinically, molecularly, or a combination of both

• Children with NF1 can present with a large spectrum of complications; 
the phenotype of NF1 is highly variable

• Up to 60% of children with NF1 will develop a plexiform neurofibroma 
(15%–20% with spinal plexiform neurofibromas)

• Treatment options for patients with spinal plexiform neurofibromas can 
include either surgery and/or medical targeted therapy

• Surgery can be successful in small, completely removable tumors, but 
carries a risk of surgical complications and tumor regrowth 



Employing Novelty 
in Plexiform Neurofibroma 
Management
Emerging Data and 
Non-Surgical Treatment 
Alternatives 



Pediatric Oncology Branch 
National Cancer Institute

Andrea M. Gross, MD



Plexiform Neurofibromas (PN)

• Histologically benign
• Involve multiple nerve fascicles/branches
• Schwann cells, fibroblasts, mast cells, 

highly vascular
• Young age, slow growth, large size, 

complex shape
• Disfigurement, pain, functional 

impairment, life-threatening 
• Transformation to malignant peripheral 

nerve sheath tumor (MPNST) (10%–15%) 
• Medical treatment may reduce morbidity 

and prevent MPNST

3 years 5 years

3 years 5 years

Klesse LJ, et al. Oncologist. 2020; Kim A, et al. Sarcoma. 2017; Korf BR. In: Advances in Neurofibromatosis Research. 2012.



• Volumetric MRI is the standard 
methodology for measuring 
PN on clinical trials (REiNS)

• Short T1-inversion recovery 
(STIR) images

• Response criteria
• Partial response (PR): ≥20% 

decrease in tumor volume
• Progressive disease (PD): 

≥20% increase in tumor 
volume from best response 

Volumetric MRI Analysis of PN

Dombi E, et al. Neurology. 2007; Solomon J, et al. Comput Med Imaging Graph. 2004; Gross AM, et al. N Engl J Med. 2020.

STIR Sequence Region of Interest

Tumor Border Identified

Volume 91 ml



Natural History of Plexiform Neurofibroma Growth

• NCI NF1 natural history study
• PN growth rate: volumetric MRI analysis

• PN grow most rapidly in young children
• No spontaneous PN shrinkage >20% per 

year
• PN related morbidity

• Most PN cause some degree of morbidity 
at time of first assessment

• Once PN related morbidity develops in 
growing PN, it is very unlikely to resolve 
spontaneously, thereby reinforcing the 
need for early intervention

Akshintala S, et al. Neuro Oncol. 2020; Gross AM, et al. Neuro Oncol. 2018.



Surgery and Radiation Therapy for PN

• Surgical resection of PN can be a morbid 
procedure with risk for significant blood loss

• Younger patients and incomplete resection 
associated with increased risk of tumor 
regrowth

• Note: surgery itself does not impact the rate 
of tumor growth

• Small retrospective case studies have shown 
radiotherapy can shrink tumors; however, it 
leads to significant increases in risk of 
malignant transformation and, therefore, 
generally NOT recommended

Needle MN, et al. J Pediatr. 1997; Canavese F, et al. J Pediatr Orthop. 2011; 
Wentworth S, et al. Int J Radiat Oncol Biol Phys. 2009; 

Grill J, et al. Int J Radiat Oncol Biol Phys. 2009; Chopra R, et al. Am J Clin Oncol. 2005.  

Fig. 5. Kaplan-Meier estimates of the proportion of patients without the 
development of tumor progression based on the extent of resection as assessed 

by the operating surgeon (n=the total number of tumors in each arm).



Treatment Targets in NF1

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Asati V, et al. Eur J Med Chem. 2016. 
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Mirdametinib
Selumetinib
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Phase II Studies for Progressive PN

Only 2 of 175 patients with confirmed partial 
response (both on Pegylated Interferon Alfa 2b)

Weiss BS, et al. Neuro Oncol. 2015; Widemann BC, et al. Neurol Oncol. 2014; 
Jakacki RI, et al. Neuro Oncol. 2017; Widemann BC, et al. Pediatr Blood Cancer. 2014.

Pegylated interferon Alfa 2b (N=30) TTP 29.4 M



Pre-Clinical Models of Plexiform Neurofibromas
• Genetically engineered mouse models 

of NF1 neurofibroma predict for 
activity

• MEKi is first active therapy
Mouse Neurofibromas

DhhCre;Nf1fl/fl

Wu J, et al. Cancer Cell. 2008; Yang FC, et al. Cell. 2008; Jessen WJ, et al. J Clin Invest. 2013.
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• MEK inhibitor, taken twice daily on a continuous dosing schedule
• Primary objective: define the maximum tolerated dose (MTD) of 

selumetinib for pediatric patients with inoperable PN
• First treatment to show shrinkage of plexiform neurofibromas in NF1

• Partial response in 17/24 patients

Phase I Trial of Selumetinib

Baseline Cycle 5 Cycle 10

Responses at ~60% of adult recommended dose

Dombi E, et al. N Engl J Med. 2016.

• Anecdotal clinical benefit but no prospective functional measures 
in this study



• Primary objective: overall response rate
• Key secondary objectives: functional and patient 

reported outcomes
• Results

• Confirmed partial response 34/50 (68%) patients
• Clinical benefit with improvement in pain and function

Phase 2 Trial (SPRINT)
Selumetinib in Children with NF1 PN 

Baseline Pre-Cycle 13 Pre-Cycle 37

86% improvement 72% improvement
Gross AM, et al. Neuro Oncol. 2018; Gross AM, et al. N Engl J Med. 2020.



NRS-11 Self-report of Tumor Pain Intensity

• Includes 5 patients’ ratings of 0 (no pain) at baseline
• Excludes 2 patients with only baseline ratings

n=31 n=31

P=0.0017    P=0.0003 P<0.0001  P<0.0001P=0.0017        P=0.0003 P<0.0001       P<0.0001

• By pre-cycle 13, 52% of NRS-11 tumor pain intensity ratings 
decreased ≥2 points 

Slide courtesy of Dr. Pamela Wolters; Gross AM, et al. N Engl J Med. 2020.



SPRINT External Control NF1 Natural History Study

3-year follow-up: 84% PFS in 
selumetinib arm vs 15% in 
natural history arm 

Gross AM, et al. N Engl J Med. 2020.

Age matched control: NCI Natural history and selumetinib

Median PFS Natural 
History 1.3 years



Progressive PN 
SPRINT versus Phase II Tipifarnib Placebo Control 

Tipifarnib placebo/SPRINT progressive PN

Selumetinib (N=21) TTP N/A
Placebo (N=29) TTP 10.6 Months

Gross AM, et al. N Engl J Med. 2020; Weiss BS, et al. Neuro Oncol. 2015; 
Widemann BC, et al. Neuro Oncol. 2014; Jakacki RI, et al. Neuro Oncol. 2017; Widemann BC, et al. Pediatr Blood Cancer. 2014.

Prior studies/SPRINT progressive PN

Pegylated interferon Alfa 
2b (N=30) TTP 29.4 M



FDA Approval of Selumetinib

April 10, 2020
“The Food and Drug Administration (FDA) approved selumetinib for 
the treatment of pediatric patients 2 years of age and older with 
neurofibromatosis type 1 (NF1) who have symptomatic, inoperable 
plexiform neurofibromas (PN).” 

FDA Prescribing Information; FDA Press Release, 4/10/20.



• Eligibility: ≥16 years old with NF1 PN
• Dosing: 2 mg/m2/dose (max 4 mg) PO BID, 4-week 

courses (3 weeks on / 1 week off)
• Response: 8/19 PR (42%)
• Toxicity

• No ophthalmologic toxicity
• Most common DLT = acneiform rash (2/19)
• One patient (5.2%) had grade 3 pain related to drug

NF1-106: Phase II Study of PD-0325901
Study Chair: Brian Weiss (ISPNO 2018) 

Phase I/IIa study of trametinib
Geoffrey McCowage (ASCO 2018)

• 26 children (1–16 years)
• 12 of 26 patients (46%) had a partial response (PN volume reduction ≥20%)
• 12% D/C to adverse events

• Paronychia and rash most common

Other MEK Inhibitors Have Activity in NF1 PN

Slide courtesy of Dr. Michael Fisher; Weiss BS, et al. Neuro Oncol. 2018; McCowage GB, et al. J Clin Oncol. 2018.



Phase II NF1 105: Study Chair: Chie-Schin Shih
Multiple RTK inhibitor: MET, VEGFR2, c-KIT, RET

• Eligibility: ≥16 years old with NF1 PN
• Dosing: 60 mg PO once daily (40 mg QD for 1st 2 cycles)
• Dose reductions for: Palmar-plantar erythrodysesthesia (7) 

Weight loss (2), skin infection (1)

NF PN mouse model Clapp Lab

Decreased tumor number and size PR 8/19 (42%)

Protocol has been amended to include pediatric cohort: ages 3–15 years 

Cabozantinib Has Activity in NF1 PN

Slide courtesy of Dr. Michael Fisher; Shih CS, et al. AACR 2019. Abstract CT233; Shih CS, et al. ISPNO 2018. Abstract NFM-01. 



Future PN Treatment/Trial Considerations

• When is the optimal time to start treatment?
• Can treatment prevent the development of PN related symptoms?

• What is the optimal duration of treatment? 
• What is the best treatment dose and schedule for targeted therapies?

• Could a different treatment schedule limit toxicities and optimize benefit?
• What is the long-term safety and tolerability of PN 

targeted therapies?  
• What impact do PN targeted therapies have on 

other NF1 manifestations?
• Cutaneous neurofibromas, low-grade gliomas, 

cognitive function, etc.



Bridging Clinical Chasms 
in NF1 
The Pivotal Placement of the 
Neurosurgeon in the New 
Paradigm



Johns Hopkins University
The George J. Heuer Professor 
Professor of Neurosurgery, 
Plastic and Reconstructive Surgery

Allan Belzberg, MD, FRCSC



NF1 and Plexiform 
Neurofibromas



NF1
Clinical Criteria
Presence of >2 of the following:

1. ≥6 café-au-lait macules >5 mm in 
diameter in postpubertal 
individuals

2. ≥2 neurofibromas of any type or 
1 plexiform neurofibroma

3. Freckling in the axillary or inguinal 
regions

4. ≥2 Lisch nodules (iris 
hamartomas)

5. Optic glioma
6. A distinctive osseous lesion such 

as sphenoid dysplasia or thinning 
of long bone cortex, with or 
without pseudarthrosis

7. First-degree relative with NF1 by 
the above criteria

Genetic Testing
NF1 testing
Comprehensive NF1 testing

• Blood 
• Tumor (frozen)

NF2
Definite
Bilateral VS

OR
Family history of NF2 (first-degree family 
relative) PLUS

• Unilateral VS and age <30 years
• Any 2 of the following: meningioma, 

glioma, schwannoma, juvenile 
posterior subcapsular lenticular 
opacities/juvenile cortical cataract

Presumptive or probable
• Unilateral VS and age <30 years PLUS

• At least one of the following: 
meningioma, glioma, schwannoma, 
juvenile posterior subcapsular 
lenticular opacities/juvenile cortical 
cataract

• >2 meningiomas plus, VS and age <30 
years, OR 

• 1 of the following: glioma, 
schwannoma, juvenile posterior 
subcapsular lenticular 
opacities/juvenile cortical cataract

Comprehensive NF2 testing
• Blood
• Tumor (fixed or frozen)

Schwannomatosis
Definite
Age >30 years AND has ≥2 nonintradermal 
schwannomas, at least 1 with histological confirmation 
AND no evidence of VS on high-quality MRI scan AND 
no known constitutional NF2 mutation 

OR
Has 1 pathologically confirmed nonvestibular 
schwannoma PLUS a first-degree relative who meets 
one of the above criteria
Possible schwannomatosis
Age <30 years AND has ≥2 nonintradermal 
schwannomas, at least 1 with histological confirmation 
AND no evidence of VS on high-quality MRI scan AND 
no known constitutional NF2 mutation

OR
Individual is age >45 years AND has >2 nonintradermal 
schwannomas, at least 1 with histological confirmation 
AND no symptoms of 8th cranial nerve dysfunction 
AND no known constitutional NF2 mutation

OR
Has radiographic evidence of nonvestibular 
schwannoma and first-degree relative meeting criteria 
for definite schwannomatosis

SMARCB1/INI1
LZTR1

• Blood
• Tumor (fixed or frozen)Korf BR, Bebin EM. Pediatr Rev. 2017; 

Korf BR. Handb Clin Neurol. 2013; Gutmann DH, et al. JAMA. 1997. 



Range of NF1 Nerve Sheath Tumors
Cutaneous (dermal) neurofibromas 

≥95%
Plexiform (PN)

25%–50%
Atypical (ANF)

Unknown ?
MPNST 
15.8%

Disfigurement, pruritus, pain Appearance, pain, function loss  Malignant transformation

Loss of  NF1 + CDKN2A +  PRC2, P53, others

Kim A, et al. Sarcoma. 2017.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2qN6gy5bNAhWMSyYKHVraATcQjRwIBw&url=http://www.healthline.com/health/neurofibromatosis-1&bvm=bv.124088155,d.cWw&psig=AFQjCNF5pVVFLisIPjJ-mritykPo263KXw&ust=1465411914884000


Plexiform Neurofibroma (pNF)

• Plexiform neurofibromas (pNF) are composed of neuronal axons, Schwann cells, 
fibroblasts, mast cells, macrophages, perineural cells, and extracellular matrix

• Effect up to 50% of NF1 patients and anywhere from the spinal root to the distal 
periphery

• Most commonly in the trunk including the paraspinal region (31%), head and neck 
(31%), and the extremities (25%)

• pNFs grow most rapidly in early childhood, often increasing by ≥20% volume per year in 
young children

• Lifetime risk of developing a MPNST in people with NF1 is 8%–13%
• MPNST is a rare form of sarcoma
• 21 clinical trials for pNF, some of which are ongoing 

• Studies are relatively distributed across agents that target a node in the Ras-regulated 
pathway and those that target elements of the tumor microenvironment

Klesse LJ, et al. Oncologist. 2020; Korf BR. In: Advances in Neurofibromatosis Research. 2012; ClinicalTrials.gov.



Plexiform Neurofibroma (pNF)

1/3000 individuals
Roughly 100,000 in US

• Significant disfigurement 
• Regional invasion = loss of function
• Pain
• Myelopathy and neuropathy 
• Airway compression 
• Associated with progression to potentially fatal cancer

NF1  
Neurofibromatosis 

type 1

pNF
Plexiform

neurofibroma

MPNST
Malignant peripheral 
nerve sheath tumor

~40%–50% of people with NF1
~8%–13% of pNFs transform into 
aggressive malignant sarcomas

ANNUBP/atypical pNF

Klesse LJ, et al. Oncologist. 2020; Prudner B, et al. Neurooncol Adv. 2019; Higham CS, et al. Neuro Oncol. 2018.
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18F-FDG-PET

Identifying ANNUBP/MPNST 
in a Sea of Plexiform Neurofibromas

• Clinical
• Symptoms: new or worsening 

pain
• High-risk profile

• MRI features: anatomic and 
functional
• DWI/ADC mapping

• FDG-PET features
• Distinct nodular lesion (DNL)

• Well demarcated
• Encapsulated appearance
• ≥3 cm lesions
• Lacking the central dot-sign 

characteristic of PNs
• Present within or outside of a 

plexiform neurofibromaAkshintala S, et al. Neuro Oncol. 2020; 
Ahlawat S, et al. Neurology. 2019; Ahlawat S, et al. Eur J Radiol. 2018.



Malignant Peripheral 
Nerve Sheath Tumor
MPNST



Pathology
• Neurofibroma with cytologic atypia in the absence of increased mitotic activity is a 

nonmalignant process
• MPNST is defined by high cellularity, nuclear atypia, usually brisk mitotic activity (>10/10 

HPFs), and often tumor necrosis
• Neurofibromatous tumors containing various combinations of high cellularity, nuclear 

atypia, and low mitotic activity of less than 3/10 high-power fields (HPFs) are of 
uncertain biologic potential 

– Historically, often designated as low-grade MPNSTs 

• To clarify the biologic potential of atypical neurofibromatous neoplasms of uncertain 
biologic potential (ANNUBP), proposed a retrospective study of border-line malignant 
nerve sheath tumors diagnosed either as atypical neurofibromas/nerve sheath tumors 
or low-grade malignant MPNSTs

Neurofibromatosis Type 1–associated MPNST: 
State of the Science

Outlining a Research Agenda for the Future

Reilly KM, et al. J Natl Cancer Inst. 2017.



• Risk factors for MPNST
• Whole NF1 gene deletion, family history of MPNST, prior radiation therapy, large 

pNF burden or multiple distinct nodular lesions (DNLs), neurofibromatous 
neuropathy, and atypical neurofibroma(s)

• Painful, firm, and rapidly-growing masses require investigation 
• Concluded diagnostic biopsy is required for masses concerning for high-grade 

MPNST; conversely, a mass likely to be a low-grade/atypical neurofibroma 
may not require biopsy prior to resection

• Precursors for MPNST (atypical neurofibroma and low-grade MPNST) should 
be surgically resected; resection with wide margins is not necessary, and 
preservation of neurological function is of paramount importance

Neurofibromatosis Type 1–associated MPNST: 
State of the Science

Outlining a Research Agenda for the Future

Reilly KM, et al. J Natl Cancer Inst. 2017.



Neurofibromatosis/MPNST

• Limited correlation of clinical outcome in surgical excision of atypical 
neurofibromas (ANF) suggests that these lesions may not require as 
aggressive surgery as MPNST 

• In a retrospective review, 23 patients who underwent surgical resection of a 
plexiform neurofibroma pathologically diagnosed as either low-grade MPNST 
or ANF had disease specific survival of 100% at a median f/u of 47 months, 
despite 78% of patients having microscopically positive margins 

• No patients developed pulmonary metastasis
• Further study is warranted, but focal surgical resection of premalignant ANF 

may play an important role in MPNST prevention

Kim A, et al. Sarcoma. 2017.



Imaging



Tumor Burden in Patients with Neurofibromatosis 
Types 1 and 2 and Schwannomatosis

Determination on Whole-body MRI
• Purpose: Develop a 3D segmentation and computerized volumetry 

technique for use in the assessment of NF and evaluate the ability of this 
technique to aid in the calculation of tumor burden in patients with NF1, 
NF2, and schwannomatosis detected with whole-body MRI

• Method: To examine the entire body in a reasonable amount of time, the 
section thickness for whole-body MR imaging was set to 1 cm; therefore, 
tumors smaller than 2 cm may not have been reliably identified with this 
technique

• Conclusion: This technique can be paired with whole-body MRI to determine 
tumor burden in patients with NF1, NF2, and schwannomatosis

Cai W, et al. Radiology. 2009.



Tumor Burden in Patients with Neurofibromatosis 
Types 1 and 2 and Schwannomatosis

Determination on Whole-body MRI

Cai W, et al. Radiology. 2009.
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Malayeri AA, et al. Radiographics. 2011.
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Akshintala S, et al. Neuro Oncol. 2020; Ahlawat S, et al. Neurology. 2019; 
Ahlawat S, et al. Eur J Radiol. 2018; Cai W, et al. Radiology. 2009; Kim A, et al. Sarcoma. 2017.



DTI can display:
• Normal tracts
• Tract displacement
• Deformation
• Infiltration
• Disruption
• Disorganization of fibers due to 

tumors located within or along 
the brachial plexus

Added Value of Diffusion Tensor Imaging (DTI)

Chhabra A, et al. Am J Neuroradiol. 2013.



Surgical Management 
Strategies for Nerve 
Sheath Tumors



Plexiform Neurofibroma



Images provided courtesy of Dr. Zarina Ali.



Decision Making in Nerve Tumors

What are the indications for surgery?
1. Progressive neurological deficit
2. Tumor growth affecting adjacent structures
3. Growth of the tumor (serial imaging)
4. Pain
5. Tissue diagnosis
6. Malignant tumor  negative margin



Peripheral Nerve Tumor
The Biopsy?

What is the indication for biopsy of a peripheral nerve 
sheath tumor?

• To differentiate a benign nerve sheath tumor from 
other pathology

• Biopsy will increase risk of post-operative neurological 
deficit

What is the false positive/false negative for MPNST?

Levi AD, et al. Neurosurgery. 2010.



Levy AD, et al. Radiographics. 2005.



Case Presentations



Case Presentation #1
Pediatric Tumor 

• 1 year old with URI
• Head circ 75th percentile
• 4 CALS
• No other stigmata of NF1
• Negative family history of NF1
• No abdominal masses on MRI
• Negative urine VMA/HVA





Questions to Ponder

• NF1 or Neuroblastoma?
• Biopsy or not?
• Genetic testing?

• If plexiform neurofibroma
• Remove when young?



• Diagnosed in early childhood with visible head and 
neck masses 

• Over time, evidence of tumor growth clinically and   
on MRI

• No signs or symptoms of malignancy
• Asymptomatic other than visible disfigurement 

• Surgery attempted at 8 years old to reduce mass,   
but with minimal efficacy 

• Now 10 years old with increasing discomfort 
requiring daily over-the-counter medications PRN

• On exam, decreased range of motion, but normal 
swallow and no symptoms/signs of respiratory distress

Case Presentation #2
Post-surgical Plexiform Regrowth



• Gabapentin started at last visit initially helped pain 
• However, continued growth of mass and pain more 

persistent despite gabapentin 
• Estimated 30% increase in tumor volume over last 14 months
• Decreased neck range of motion
• Increased disfigurement evident

• Based on radiographic and symptomatic progression, the 
patient (now 12 years old) referred for treatment with 
selumetinib 25 mg twice daily 

Case Presentation #2
Post-surgical Plexiform Regrowth



• Continues to do well on selumetinib with ongoing improved pain 
control 

• Maintains overall response based on volumetrics and continues 
selumetinib, but at year two of treatment a distinct nodule is seen   

Case Presentation #2
Post-surgical Plexiform Regrowth – MPNST Conversion



• Referred for FDG-PET, which showed that the distinct 
nodular lesion has elevated SUVmax (SUVmax=9.8)

• Referred for biopsy, which showed malignant 
peripheral nerve sheath tumor (MPNST)

Nix JS, et al. J Neuropathol Exp Neurol. 2018.

Case Presentation #2
Post-surgical Plexiform Regrowth – MPNST Conversion



Malignant Peripheral Nerve Sheath Tumor
• Soft-tissue sarcoma arising from nerve and 

surrounding tissue
• Peak incidence in young adulthood

• >50% occur in the setting of NF1
• Often arise from a large PN, no known therapies to 

prevent malignant conversion
• In addition to germline mutations of NF1, common 

somatic alterations identified in MPNST include: 
• TP53 mutations
• CDKN2A inactivation
• Alterations to PRC2 members SUZ12 and EED

• Surgical resection with wide margins is associated 
with improved OS
• Often only achieved with significant morbidity  
• Role of radiation therapy is not well-defined

Katz D, et al. Expert Rev Mol Med. 2009; Kahn J, et al. Front Oncol. 2014; 
Kim A, et al. Sarcoma. 2017; Higham CS, et al. Sarcoma. 2017; Akshintala S, et al. J Clin Oncol. 2019.



MEK Inhibitors under Investigation for MPNST

SARC031 (Phase 2): NCT03433183
• Selumetinib + sirolimus
• Remain on treatment until progression or severe toxicity 
• 2-stage design 

• 7 patients, with no further accrual if 0 of 7 respond
• If ≥1 of the 7 patients respond (CR, PR, or SD), accrue another 21 patients

• Primary objective: clinical benefit rate at 4 months (up to 6 months)
• Secondary objectives

• Define and describe toxicities 
• Assess impact on intensity and pain interference, and correlate to changes in 

clinical, imaging response, and progression
• PFS and OS

ClinicalTrials.gov.



Case Presentation #3
MPNST with Plexiform

Infant female was diagnosed with NF1 at age 3 months based on skin 
findings.

• A screening MRI at age 3 months demonstrated plexiform 
neurofibroma and cervical kyphosis

• Surgery for cervical kyphosis at 5 years old
• Standard clinical surveillance with pediatrician thereafter, no further 

interventions
An MRI at age 16 revealed growth over a period of 12 months of 
a plexiform neurofibroma in the left chest in the setting of global high 
tumor burden.
She is asymptomatic.



MRI Findings At Age 16



MRI Findings At Age 16





Summary of MRI Findings

• WBMRI with functional measures demonstrated
• Innumerable nerve sheath tumors including solitary and plexiform 

lesions throughout the head, neck, chest, abdomen, pelvis, and 
extremities

• Dominant 8.2 cm lesion centered in the left upper chest and 
supraclavicular region with low ADC value (.750)

• PET positive (10.7) suggestive of malignant change 



CT-guided Needle Biopsy

• Efforts were made to sample 
different portions of the mass 
near the focus of FDG avidity 
and restricted diffusion on the 
recent PET CT and MRI

• 14 core biopsy samples via 18-
gauge biopsy kit

• Fine needle biopsy revealing 
malignant peripheral nerve 
sheath tumor (FNLCC grade II)



MPNST within Plexiform Tumor

What is the operative approach to be taken?
• Tumor resection—MPNST vs entire plexiform tumor—

What is the appropriate tumor margin?
• What is the risk to the brachial plexus? Should the 

lower trunk be taken with the tumor?
• What is the surgical exposure—supra-clavicular vs 

thoracotomy vs both?



MPNST within Plexiform Tumor



What is the role of adjuvant therapy?
• Chemotherapy
• Targeted therapy
• Radiation therapy
• Pre-operative vs post-operative vs both

What is the operative approach to be taken?
Malignant 

What is the risk of surgical intervention?

MPNST within Plexiform Tumor





Treatment History

• Four cycles of chemotherapy
• Two cycles ifosfamide/doxorubicin
• Two cycles ifosfamide/etoposide

• Left vertebral artery coiling
• MPNST resection
• Four cycles of chemotherapy

• Two cycles ifosfamide/doxorubicin
• Two cycles ifosfamide/etoposide



Pre-op

Post-op



Case Presentation #4
Large NF1 Tumor—Rapid Growth and Pain

• Positive PET/CT (SUV=6), high ADC values



Anatomic Imaging
Multiplanar Imaging



Second Small Tumor Identified  



Levy AD, et al. Radiographics. 2005.





Spinal NF1
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Spinal NF1
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Spinal NF1
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Take-home Messages

• Surgery is always predicated on risk vs benefit
• Understanding what increases or decreases the risk

• Location of tumor, multiple tumors, surgeon experience, etc.

• Pain is most common indication for surgery in NF1
• Multi-disciplinary team brings many tools in the tool belt and 

optimizes patient management
• The emergence of targeted medical therapies has the potential to 

effectively augment surgical strategies and improve patient outcomes
• Buzz words (triggers)

• Microsurgery, laser surgery, enucleation, cyberknife, “best” surgeon, 
“invented the technique”, no second opinion, etc.
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