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Learning Objectives

1. Outline updated molecular diagnostic criteria for NF1-
associated central and peripheral nervous system tumors

2. Differentiate “low grade” from “high grade” pathologies

3. Identify appropriate ancillary tests (IHC, NGS, methylation 
profiling) for real-world cases



NF1 – autosomal dominant tumor predisposition syndrome 
caused by loss of RAS pathway control

• Genetics
• NF1 gene (chr 17q11.2)
• Loss-of-function mutations
• Autosomal dominant
• ~50% de novo

• Pathophysiology
• Neurofibromin = RAS pathway 

inhibitor
• NF1 loss → ↑ RAS/MAPK signaling 

→ tumorigenesis

• Clinical implications
• Tumor predisposition 
• Multidisciplinary surveillance 

required
• Targeted therapy: MEK inhibitors 

(e.g., selumetinib)

• Clinical features
• ≥6 café-au-lait macules
• Axillary/inguinal freckling
• Lisch nodules (iris)



Recklinghausen FV. 1882.



Bothersome Bad

CNS: ??? ???

PNS: ??? ???
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Gliomas arising in the setting of NF1 are heterogeneous

• Occur from childhood through adulthood

• Can be histologically low-grade or high-grade

• May follow an indolent or aggressive clinical course

• Comprehensive profiling of genetic alterations beyond NF1 and 
epigenetic classification of these tumors remain relatively 
limited



Case 1

• 12-year-old boy with staring and lip-smacking episodes

• Diagnosed with NF1 at age 5 (multiple café-au-lait macules, 
axillary freckling, and Lisch nodules, mother also has NF1)

• Right temporal epileptiform discharges

• Well-circumscribed mixed cystic and solid lesion of the right 
temporal lobe, mural nodule demonstrates avid enhancement

• Undergoes resection
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Case 1: Pilocytic astrocytoma



Case 2

• 27-year-old woman with progressive headaches and gait 
instability

• Known history of NF1, prior excised cutaneous neurofibromas

• Heterogeneous mass with irregular enhancement centered 
within the left cerebellar hemisphere 

• Undergoes resection (subtotal)









Necrosis Mitoses



p16 ATRX
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*methylation signature aligning with high confidence to 
“high-grade astrocytoma with piloid features” (HGAP)



Cimino PJ et al. Acta Neuropathol. 2023.



Case 2: High-grade astrocytoma with 
piloid features (HGAP)



Case 3

• 40-year-old woman with new seizure

• Known history of NF1

• Heterogeneous mass centered in the left occipital lobe with 
irregular thick peripheral enhancement

• Undergoes resection









*Molecular studies revealed NF1 and PIK3CA mutations, 
CDKN2A/B homozygous deletion, and a methylation signature 
aligning with high confidence to “IDH-wildtype glioblastoma”



Case 3: Glioblastoma, IDH-wildtype
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Gliomas arising in the setting of NF1 are heterogeneous

• Molecular low-grade
– Younger patients
– NF1 biallelic inactivation only 

(+/- other MAPK alterations)

– More favorable clinical outcomes
– me3 group = pilocytic astrocytoma

• Molecular high-grade
– Older patients
– NF1 + add’l 

(ATRX, CDKN2A, TP53)

– Less favorable clinical outcomes
– Heterogeneous me3 groups

Lucas CG et al. Acta Neuropathol. 2022.



Bothersome Bad

CNS: ??? ???

PNS: ??? ???



Case 4

• 26-year-old woman with left upper limb numbness

• No formal NF1 diagnosis but physical exam reveals multiple 
café-au-lait macules and cutaneous neurofibromas

• Exam also reveals an ill-defined non-tender mass occupying 
the left posterior triangle of the neck

• Multilobulated lesion centered on the left brachial plexus 
extending into the supraclavicular soft tissues

• Undergoes excisional biopsy









Case 4: Plexiform neurofibroma



NF1-associated nerve sheath tumors are 

clinicopathologically diverse

• Histologic definitions of ANNUBP 
and MPNST codified in the: 

– 2021 CNS WHO 

– 2022 BST WHO 

• Incorporation of additional 
molecular strata only recently 
formalized

Vasudevan HN et al. Neurosurgery. 2021.



Miettinen MM et al. Hum Pathol. 2017.

NF w/ atypia ANNUBP

MPNST, LG MPNST, HG



Neurofibroma with atypia (ancient neurofibroma)



Neurofibroma with atypia (ancient neurofibroma)



Cellular neurofibroma



Case 5

• 35-year-old man with increasing pain and discomfort in a 
longstanding right posterior thigh mass

• NF1 diagnosed during childhood, known plexiform neurofibroma 
involving the right sciatic nerve monitored with serial imaging

• Fusiform enlargement of the sciatic nerve with new nodular focus 
with avid enhancement and reduced diffusion compared with prior 
examinations

• Moderately increased FDG uptake within the nodular component

• Undergoes diagnostic core biopsy









CD34



p16
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Case 5: Atypical neurofibromatous neoplasm 
of uncertain biologic potential (ANNUBP)



Case 6

• 33-year-old woman with rapidly enlarging painful left thigh mass

• NF1 diagnosed during childhood, known plexiform neurofibroma 
involving the left sciatic nerve monitored with serial imaging

• Heterogeneous mass arising from the left sciatic nerve with rapid 
interval growth

• Markedly increased FDG uptake within the lesion

• No distant metastatic disease identified

• Undergoes resection







Necrosis Mitoses



Miettinen MM et al. Hum Pathol. 2017.



Lucas CG et al. Neuro Oncol. 2025.



Case 6: Malignant peripheral 
nerve sheath tumor (MPNST)



Lucas CG et al. Neuro Oncol. 2025.

Integrated diagnostic approach



Case 4 (revisited)

• 26-year-old woman 

• multilobulated lesion centered on the left brachial plexus 

• excisional biopsy consistent with plexiform neurofibroma





Proposed integrated diagnosis: ANNUBP



Framework for adequate interventional 
radiology and surgical sampling: 

*Screen all non-cutaneous neurofibromas undergoing diagnostic 
biopsy to evaluate for molecular features of ANNUBP or MPNST

Lucas CG et al. Neuro Oncol. 2025.



Overall take-home points

• Our understanding of tumorigenesis (and corresponding 
classification schemes) for NF1-associated nervous system 
tumors continues to evolve as we utilize contemporary omic 
approaches 

• Surrogate markers can help facilitate accurate diagnosis in our 
daily practice, but molecular studies should be performed and 
integrated appropriately
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