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Neurofibromatose: neue Diagnosekriterien  

Diagnosekriterien NF1

• Mindestens 6 Café-au-lait-Flecken

> 0,5 cm präpubertär, > 1,5 cm postpubertär

• Axilläre/inguinale Sommersprossen

• 2 Neurofibrome jeden Typs / 1 plexiformes 
Neurofibrom

• Optikusgliom

• >2 Lisch-Knötchen oder >2 Choroidea-Knötchen 

• Typische Knochendysplasien

• Pathogene Variante des NF1-Gens

Die Diagnose kann gestellt werden,

wenn 2 dieser Kriterien erfüllt sind

ODER

wenn 1 Kriterium erfüllt ist und ein Elternteil die 

Diagnosekriterien erfüllt

Genetics in Medicine (2021) 23, 1506-1513
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Diagnosekriterien Legius-Syndrom

• Mindestens 6 Café-au-lait Flecken (bilateral)

• Axilläre/inguinale Sommersprossen

• Keine sonstigen NF1-typischen Befunde

• Pathogene Variante des SPRED-1 Gens

Genetik alleine 

reicht nicht

Genetics in Medicine (2021) 23, 1506-1513



Neurofibromatose: neue Diagnosekriterien  

Genetics in Medicine (2022) 24, 1967-1977

Genetics in Medicine (2021) 23, 1506-1513
Gibt es überhaupt noch eine NF2? 



Neurofibromatose Typ 1
(NF1)

Schwannomatosen

NF2-assoziierte Schwannomatose
(frühere Bezeichnung: NF2)

Schwannomatose
• SMARCB1-assoziiert
• LZTR1-assoziiert
• 22q-assoziiert 
• NOS (not otherwise classified)

Diagnosekriterien

Mindestens 6 Café-au-lait-Flecken

> 0,5 cm präpubertär, 

> 1,5 cm postpubertär

Axilläre/inguinale Sommersprossen

2 Neurofibrome jeden Typs

oder 1 plexiformes Neurofibrom

Optikusgliom

>2 Lisch-Knötchen oder >2 Choroidea-

Knötchen 

Typische Knochendysplasien

Pathogene Variante des NF1-Gens

Diagnosekriterien

1.) Bilaterale Vestibularisschwannome (VS) 
oder  
2.) Identische pathogene NF2-Genvariante in

2 verschiedenen NF2-assoziierten Tumoren
oder

3) 2 Hauptkriterien 
oder
4.) 1 Haupt- und 2 Nebenkriterien 

Hauptkriterien

• Unilaterales Vestibularisschwannom
• Verwandter 1. Grades mit NF2
• Pathogene NF2-Genvariante z.B. in Blut

Nebenkriterien
• Meningiom, Schwannom, Katarakt

Diagnosekriterien vorhanden
Plotkin et al.Genetics in Medicine (2022) 24, 1967–1977 

Gibt es überhaupt noch eine NF2? 



Neurofibromatose Typ 1:  Genervt von ungenauen radiologischen Befunden?
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Neurofibromatosis from Head to Toe: 
What  the Radiologist  Needs to Know

Neurofibromatosis type 1 (NF1) and neurofibroma tosis type 2 

(NF2) are autosomal dominant inher ited neurocutaneous disorder s 

or phakomatoses secondary to mutations in the N F1 and N F2 tu-

mor suppressor genes, respectively. Although they share a common  

name, NF1 and NF2 are distinct disorder s with a wide range of 

multisystem manifestations that include benign and malignant tu -

mors. Imaging plays an essential role in diagnosis,  surveillance, and 

management of individuals with NF1 and NF2.  T herefore, it is cru-

cial for radiologists to be familiar with the imaging features of NF1 

and NF2 to allow prompt diagnosis and appropr iate management. 

Key manifestations of NF1 include café-au-lait macules,  axillary 

or inguinal freckling, neurofibromas or plexifor m neurofibromas, 

optic pathway gliomas, Lisch nodules, and osseous lesions such as  

sphenoid dysplasia, all of which are considered diagnostic fea tures 

of NF1. Other manifestations include focal areas of signal intensity  

in the brain, low-grade gliomas, interstitial lung disease, various ab-

dominopelvic neoplasms,  scoliosis, and vascular dysplasia. T he vari-

ous NF1-associated abdominopelvic neoplasms can be ca tegorized 

by their cellular or igin: neurogenic neoplasms, interstitial cells of 

Cajal neoplasms, neuroendocrine neoplasms, and embryonal neo-

plasms. Malignant per ipheral nerve sheath tumors and intracranial 

tumors are the leading contr ibutors to mor tality in NF1. Classic 

manifestations of NF2 include schwannomas, meningiomas, and 

ependymomas. However, NF2 may have shared cutaneous manifes-

tations with NF1. Lifelong multidisciplinar y management is cr itical 

for patients with either disease.  T he authors highlight the genetics 

and molecular pathogenesis, clinical and pathologic features, imag-

ing manifestations, and multidisciplinar y management and sur veil-

lance of NF1 and NF2.

Online supplemental material is available for this article.

©RSNA, 2022 • radiographics.rsna.org
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After completing this journal-based SA-CM E  

activity, participants will be able to:

	� Describe the diagnostic cr iteria for

NF1 and NF2.

	� Identify character istic NF1-rela ted im-

aging manifestations.

	� Recognize character istic NF2-rela ted

imaging manifestations.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES
Int roduct ion

Neurofibromatosis type 1 (NF1) and neurofibroma tosis type 2 

(NF2) are autosomal dominant inher ited neurocutaneous disorder s 

or phakomatoses that share a common name; however, they are 

distinct disorder s with a wide range of clinical and imag ing manifes-

tations. NF1, also known as von Recklinghausen disease,  is the most 

common phakomatosis. Key clinical manifesta tions of NF1 include 

café-au-lait macules,  axillary or inguinal freckling, neurofibromas or 

plexiform neurofibromas, optic pathway gliomas, Lisch nodules, and 

osseous lesions such as sphenoid dysplasia,  which are considered di-

agnostic features. H owever, there are numerous other manifesta tions, 

such as low-grade gliomas, interstitial lung disease, various abdomi-

nopelvic neoplasms, scoliosis, and vascular dysplasia.

Classic manifestations of NF2 include schwannomas, meningiomas, 

and ependymomas. This article highlights the genetics and molecular  

This copy is for personal use only. To order printed copies, contact reprints@rsna.org

Wang MX et al.

Radiographics 2022;42:1123-1144
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Non–Optic Pathway Intracranial Gliomas. —

M ost non–optic pathway intracranial gliomas 

associated with NF1 are low-grade astrocytomas, 

most commonly pilocytic astrocytomas. T hey 

occur in approximately 1%–2% of NF1 patients 

(31). Unlike non–NF1-related gliomas, NF1-

related gliomas are often asymptomatic with an 

indolent course (35). However, symptoms may 

Figure 5. Sphenoid wing dysplasia in a 36-year-old 

woman with NF1. Axial CT image of the head (bone 

window) shows an absent right sphenoid wing, a 

bone defect (arrow) in the posterior aspect of the or-

bit, and expansion of the right middle cranial fossa.

Figure 6. FASIs in a 13-year-old boy with NF1. (A) Axial T2-weighted image of the brain shows bilateral hyperintense foci (ar-

rows) in the lentiform nuclei. (B) Axial T1-weighted image shows corresponding mildly hyperintense foci (arrows). (C) Axial 

contrast-enhanced T1-weighted image shows no enhancement of the foci, consistent with FASIs.

Figure 7. Optic pathway glioma 

in an 18-month-old girl with NF1. 

(A) Axial T2-weighted image of the 

brain and orbits shows central hy-

perintensity (arrows) along the en-

larged optic nerves extending to the 

optic chiasm. (B) Axial contrast-en-

hanced T1-weighted image shows 

homogeneous enhancement of the 

tumor (arrows).
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manifests earlier and rapidly with a worse prog-

nosis. Dystrophic scoliosis involves four to six 

vertebral bodies associated with vertebral scallop-

ing, neuroforaminal widening, transverse process 

spindling, and rib penciling (14), which can 

potentially result in respiratory compromise (1). 

Surgery with spinal fusion is often required for 

correction. Nondystrophic scoliosis can be man -

aged with bracing to prevent progression (15).

Vertebral body scalloping occurs as a result of 

dural ectasia, neurofibromas, or thoracic meningo-

celes and is possibly related to dural weakness (Fig 

9) (26). Posterior vertebral scalloping is typically 

seen, although anterior and lateral scalloping have 

been reported (63). At imaging, posterior vertebral 

body scalloping exhibits exaggerated posterior ver-

tebral concavity, with greater than 3-mm or 4-mm 

scalloping depth in the thoracic or lumbar spine,  

respectively (14,47).

T here are various bone abnormalities related 

to mesodermal dysplasia and extrinsic pressure 

from neurofibromas. T hey manifest as thin-

ning of the pedicles, transverse processes, and 

laminae; neural foraminal enlargement; and 

calvarial defects (Figs 20, E6) (14,64). Bone 

remodeling from adjacent neurofibromas can 

cause r ib deformities (14). Additionally, involve-

ment of the extremities can be seen, especially 

in the tibia and fibula, with anterolateral tibial 

bowing, fracture, and pseud arthrosis due to 

abnormal bone remodeling (Fig 21) (14).  Brac-

ing is recommended to prevent fracture, while 

bone grafting and fixation may be necessary to 

stabilize fractured bone (15).

M ultiple nonossifying fibromas, also known 

as fibroxanthomas, are associated with NF1. 

T hey are asymptomatic and manifest as slightly 

expansile lesions in the metaphysis of long bones 

with thin sclerotic border s and a narrow zone 

of transition (14). Additionally, short stature 

involving the axial and appendicular skeleton and 

decreased bone mineral density are associated 

with NF1 (15,20).

Vascular Manifestat ions
NF1-associated vasculopathy can affect any arte-

rial vessel, resulting in hypertension from renal 

artery stenosis, cerebrovascular events, or pe-

ripheral vascular insufficiency (15). T he under-

lying pathogenesis is unclear, although ar terial 

mesodermal dysplasia is thought to contr ibute to 

arterial lumen narrowing (20).

Renal ar tery stenosis is the most common 

vascular abnormality in individuals with NF1. 

T he stenosis can be focal or multifocal and is 

often unilateral. At US, it demonstrates increased 

peak systolic velocity (>180 cm/sec) at the site of 

stenosis and increased renal-to-aor tic ratio (>3.5) 

(Figs 22, E7). At CT  and M RI, smooth narrow-

ing at the ostia can be seen along with nar rowing 

of other vessels, including the mesenter ic arteries 

and abdominal aor ta (12). M anagement includes 

renal ar tery reimplantation, bypass, arterioplasty, 

and stenosis resection with reanastomosis.

Similarly, midaortic syndrome manifests with 

narrowing of the abdominal or distal descend -

ing thoracic aor ta with stenoses of its branches, 

including the renal and mesenter ic arteries (12) 

(Fig E8). T his can be surgically managed with 

patch aortoplasty or bypass grafting.

Aside from renal ar tery stenosis, NF1-asso-

ciated vasculopathy can manifest as cerebro-

Figure 20. Lambdoid suture defect in a 1-year-

old boy with NF1. Three-dimensional recon-

structed image of the head shows a lambdoid 

suture defect (arrow).

Figure 21. Tibial pseudarthrosis in a 12-month-old girl with 

NF1. Anteroposterior (A) and lateral (B) radiographs of the left 

tibia and fibula show progressive bowing with fracture (arrows) 

in the anterolateral tibia. The fibula also demonstrates antero-

lateral bowing.
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include headaches, seizures, and ataxia (35,36). 

T hese gliomas are usually located in the brainstem 

or posterior fossa (26). With tectal involvement, 

obstructive hydrocephalus may occur. Rarely, 

intramedullary spinal gliomas can be seen (26).

At M RI , they demonstrate hypo- or isointen-

sity on T 1-weighted images and hyperintensity 

on T 2-weighted images with variable enhance-

ment (Fig 8). Gliomas are distinguished from 

FASIs by the presence of mass effect, their T 1 

and T 2 character istics, contrast enhancement, 

and evolution over time (20,35). M R spec-

troscopy can also help differentiate these from 

FASIs, as gliomas demonstrate decreased or 

absent N -acetylaspartate, increased choline, and 

decreased creatine levels (22). Rarely, multiple 

intracranial gliomas may be present; thus, a 

search for additional optic pathway or non–optic 

pathway gliomas is prompted (37).

M ost brainstem gliomas do not require treat-

ment apar t from shunting for hydrocephalus. 

When gliomas are symptomatic or with disease 

progression, surgical resection, radiation ther-

apy, or chemotherapy may be warranted (20). 

Targeted therapies, such as those targeting the 

RAS/mitogen-activated protein kinase (M APK ) 

pathway, are under investigation (38).

Dural Ectasia and Meningocele. —Dural ectasia 

and meningocele occur along the same spec -

trum, occurring in 70%–80% of NF1 patients 

(Figs 9–11) (22,39,40). Dural ectasia represents 

focal dilatation of the dural sac, which may 

be related to underlying bony weakness (14). 

M eningocele occurs along the course of nerve 

roots, at the anterior or anterolateral aspect of 

the vertebral column, and in the thoracic spine 

as a result of pressure differences between the 

thorax and subarachnoid space (13).

Both are typically asymptomatic and small. 

They are well-circumscribed low-attenuation 

paravertebral masses at CT, with corresponding 

cerebrospinal fluid signal intensity at M RI (13,26). 

At CT  myelography, intrathecally injected contrast 

material fills these spaces. They are often associ -

ated with vertebral defects and spine scoliosis.

Figure 8. Non–optic pathway intracranial glioma in a 34-year-old man with NF1 undergoing radiation therapy. (A) Axial fluid-

attenuated inversion-recovery (FLAIR) image of the brain shows a hyperintense infiltrative expansile mass (arrow) involving the pons 

extending into the left cerebral peduncle. (B) On an axial T1-weighted image, the mass (arrow) is isointense to gray matter. (C) Axial 

contrast-enhanced T1-weighted image shows associated peripheral enhancement (arrow) of the mass.

Figure 9. Severe scolio-

sis and extensive verte-

bral body scalloping in a 

44-year-old woman with 

NF1. Coronal CT image 

of the thoracolumbar 

spine (bone window) 

shows severe S-shaped 

scoliosis of the thoraco-

lumbar spine with bi-

lateral Harrington rods. 

The extensive vertebral 

body scalloping (ar-

rows) is likely associated 

with dural ectasia and 

meningocele.



Neurofibromatose Typ 1: MRT-Diagnostik

ADC-Wert = Apparent Diffusion Coefficient
Bestimmt mit DWI-Messung (diffusionweighted imaging)
Maß für die Diffusion im Gewebe

invers proportional zur Zelldichte
Niedriger ADC-Wert = hohe Zellularität

Hoher ADC Wert = niedrige Zellularität

• Plexiformes Neurofibrom (BNST)?

• Atypische Neurofibromatose-Neoplasie mit 
unsicherem biologischen Verhalten (ANNUBP)?

• Maligner peripherer Nervenscheidentumor 

(MPNST)?

Belakhoua SM et al

Neurosurgery 2021

Hintergrund



Neurofibromatose Typ 1: MRT-Diagnostik

ADC-Grenzwerte
BNST vs. ANNUBP +MPNST 1,6

BNST+ANNUBP vs. MPNST 1,4

ADC-Wert = Apparent Diffusion Coefficient
Bestimmt mit DWI-Messung (diffusionweighted imaging)
Maß für die Diffusion im Gewebe

invers proportional zur Zelldichte
Niedriger ADC-Wert = hohe Zellularität

Hoher ADC Wert = niedrige Zellularität

• Plexiformes Neurofibrom (BNST)?

• Atypische Neurofibromatose-Neoplasie mit 
unsicherem biologischen Verhalten (ANNUBP)?

• Maligner peripherer Nervenscheidentumor 

(MPNST)?

Belakhoua SM et al

Neurosurgery 2021

Hintergrund



Neurofibromatose Typ 1: Leitlinien und Handlungsempfehlungen 

Carton C et al.EClinicalMedicine.2023;56:101818.doi: 10.1016/j.eclinm.2022.101818. 



Neurofibromatose Typ 1: Leitlinien und Handlungsempfehlungen 

Carton C et al. eClinicalMedicine.2023;56:101818.doi: 10.1016/j.eclinm.2022.101818. 

Beispiel:

Empfehlungen für Optikusgliome



Neurofibromatose Typ 1: Leitlinien und Handlungsempfehlungen „pocket guide“ 
 
Surveillance protocol for tumour screening/identification in individuals with NF1 
 Surveillance Interval Age (years) / indication Strength* Refer^ 

Optic pathway glioma 

Clinical assessment: 1. Visual assessment 2. Fundoscopy 3. Visual 
fields 4. Optic coherence tomography 

1-3: At least 
yearly 
4: When feasible 

0 - 8 1. Strong   
2. Strong  
3. Moderate  
4. Moderate 

7.2 & 9.2 (rec. 1-4) 

Visual screening Yearly 8 – transition adolescence to 
adult 

Moderate 7.2 & 9.2 (rec. 5-6) 

Brain or spine glioma 
Patient history / Examination signs of brain tumours Every visit All ages  Moderate 7.3 & 9.3 (children) 

7.4 & 9.4 (adults) 

Plexiform neurofibroma 
Clinical examination Every visit All ages Moderate 7.5 & 9.5 (rec. 1-2) 

Whole body MRI Once Transition adolescence -adult Weak 7.5 & 9.5 (rec. 3-4) 

MPNST + ANNUBP 

Clinical examination + history taking Every visit All ages Strong 7.6 & 9.6 (rec. 1-2) 
 

Regional MRI combined with 18FDG PET MRI or 18FDG PET CT On indication Suspicion for malignancy Moderate 7.6 & 9.6 (rec. 3) 

Orbital & Periorbital 
Plexiform neurofibroma  

Clinical assessment, refraction error, vision fields, ocular motility Every visit All ages  Strong 7.7 & 9.7 (rec. 1) 

Cutaneous neurofibroma Clinical examination Every visit All ages Strong 7.8 & 9.8 (rec. 1) 

Gastrointestinal stromal 
tumour  

Clinical examination + history taking Every visit Adolescence and adults Moderate 7.9 & 9.9 (rec. 1-2) 

Abdominal MRI or CT  On indication Clinical suspicion of presence 
based on symptoms 

Moderate 7.9 & 9.9 (rec. 4) 

Phaeochromocytoma and 
paraganglioma 

Biochemical screening On indication Raised blood pressure Moderate 7.10 & 9.10 (rec. 2) 

Biochemical screening On indication Pregnant women 
Consider if elective surgery 
requiring general anaesthesia 

Weak 7.10 & 9.10 (rec. 1  
and 3) 
 

Breast cancer 
MRI Yearly 30 - 50 Moderate 7.11 & 9.11 (rec. 2-3) 

Breast screening per national guideline for the general population > 50 Moderate 7.11 & 9.11 (rec. 2-3) 

Glomus tumours 
of the digits 

Screening for symptoms and visual inspection  Every visit All ages, clinical suspicion Moderate 
(Age, weak)  

7.12 & 9.12 (rec. 1-3) 

Juvenile myelomonocytic 
leukaemia 

As part of normal clinical routine: patient history and physical 
examination 

Every visit <12  Moderate 7.13 & 9.13 (rec. 1-2) 

Psychosocial needs Psychosocial wellbeing and neuropsychological functioning  Every visit All ages  Weak 7.14 & 9.14 (rec.1-3) 

* This grading is based on published articles and expert consensus: strong – expert consensus AND consistent evidence, moderate – expert consensus WITH inconsistent evidence 
AND/OR new evidence likely to support the recommendation, weak – expert majority decision WITHOUT consistent evidence.  ^ If manifestation is found, please refer to the following 
chapters in the guideline for management and treatment of observed manifestation. MPNST = Malignant peripheral nerve sheath tumour, ANNUBP = Atypical neurofibromatous 
neoplasm with uncertain biologic potential. Note. MRI = magnetic resonance imaging; 18FDG PET MRI = 18F-fluorodeoxyglucose positron emission tomography magnetic resonance 
imaging; 18FDG PET CT = 18F-fluorodeoxyglucose positron emission tomography computed tomography; CT = computed tomography. 

 

Carton C et al. eClinicalMedicine.2023;56:101818.doi: 10.1016/j.eclinm.2022.101818. 



Neurofibromatose Typ 1: Leitlinien und Handlungsempfehlungen 

Azizi A. et al.,

Monatsschr Kinderheilkd 2024
doi.org/10.1007/s00112-024-01955-3

Checkliste für die Untersuchung von NF1-

Patientinnen und –Patienten in Deutschland
Farschtschi S, Vaassen P, Kluwe L, Hartung T, Rosenbaum T

Eingereicht beim Dt. Ärzteblatt

auch verfügbar unter

www.nfkinder.at



Neurofibromatose Typ 1: Langzeiterfahrungen mit Selumetinib-Therapie 

Gross et al., Neurooncology 2024; doi.org/10.1093/neuonc/noad086

Kim et al., Neurooncology 2024;doi.org/10.1093/neuronc/noae121 

Vaassen et al., Neuropaediatrie 2024; 23:122-130 

Cacchioneet al. Cancer Control. 2023;30:1-13

Selumetinib-Indikation
Symptomatische, inoperable plexiforme Neurofibrome bei NF1-Patienten von 3 – 18 Jahren (Europa), zugelassen in Deutschland seit 2021
(USA: NF1-Patienten von 2 – 18 Jahren)



Cacchione et al. Cancer Control. 2023;30:1-13

Gross et al., Neurooncology 2024; doi.org/10.1093/neuonc/noad086

Kim et al., Neurooncology 2024; doi.org/10.1093/neuonc/noae121

Vaassen et al., Neuropaediatrie 2024; 23:122-130

Neurofibromatose Typ 1: Langzeiterfahrungen mit Selumetinib-Therapie 

Zusammenfassung der Langzeiterfahrungen

• Zuverlässige Volumenreduktion plexiformer Neurofibrome

• Verbesserung klinischer Symptome (oft schon vor einer messbaren Tumorvolumenreduktion)

• Hauptnebenwirkungen: Hautausschläge, Nagelbettentzündungen, asymptomatische CK-Erhöhung,

gastrointestinale Beschwerden

• Keine bislang unbekannten Nebenwirkungen im Langzeitverlauf

• Bessere Verträglichkeit bei jungen Kindern

Selumetinib-Indikation
Symptomatische, inoperable plexiforme Neurofibrome bei NF1-Patienten von 3 – 18 Jahren (Europa), zugelassen in Deutschland seit 2021
(USA: NF1-Patienten von 2 – 18 Jahren)



Neurofibromatose Typ 1: Nebenwirkungsmanagement bei Selumetinib-Therapie

Klesse L et al., The Oncologist 2020; 25:e1109-e1116. 

www.TheOncologist.com

Azizi A. et al., Neuro-OncologyPractice 2024

doi.org/10.1093/nop/npae038



Figure 1. Molecular pathway of Neurofibromatosis type 1 (Dilworth et al., 2006): Neurofibrin (NF-1)
downregulates RAS signal transduction pathway. In the presence of mutations in NF-1, aberrant activation of RAS
pathways ensues which leads to clinical manifestations seen in Neurofibromatosis type 1. Targeted therapies with
growth factor receptor inhibitors and small molecule tyrosine kinase inhibitors are also shown that may have a role
in targeted therapy.
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Neurofibromatose Typ 1: MEK-Inhibitoren auch für andere Indikationen?

„...NF1 patients demonstrate cognitive improvement, 

in visuo-motor abilities, processing speed and verbal 

comprehension, when treated with MEKi...“



Neurofibromatose Typ 1: MEK-Inhibitoren auch für andere Indikationen?

Epileptic Disorders. 2024;26:133–138.     | 133wileyonlinelibrary.com/ journal/epd2

1 |  I N T RODU CT I ON

Neurofibromatosis type 1 (NF1) is an autosomal domi-

nant inherited neurocutaneous disease, with a prevalence 

ranging from 1/2000 to 1/5000.1–7 This condition is caused 

by heterozygous loss-of-function mutations of the NF1 

gene, which encodes the tumor suppressor protein neu-

rofibromin, resulting in phenotypically heterogeneous 

systemic manifestations.8 Central nervous system (CNS) 

manifestations of NF1 include neoplasms (mainly low-

grade gliomas, LGG), learning disabilities, macrocephaly, 

hydrocephalus, and epilepsy.1
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Antiseizure effect of  M EK inhibitor in a child with 

neurofibromatosis type 1—Developmental and epileptic 

encephalopathy and optic pathway glioma
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Abstract

Background: Neurofibromatosis type 1 (NF1) is an autosomal dominant genetic 

disorder due to a mutation in NF1 gene, resulting in phenotypically heterogene-

ous systemic manifestations. Patients with NF1 are prone to develop neoplasms 

of the central nervous system (CNS) and are particularly at risk for optic pathway 

gliomas (OPG). Epilepsy is another recognized neurologic complication in pa-

tients with NF1, with a prevalence estimated between 4% and 14%. Several case re-

ports and early phase clinical trials have demonstrated that the mitogen-activated 

protein kinase inhibitors (MEKi) are effective in NF1-low-grade gliomas (LGGs), 

but their influence on seizure activity in humans has not been established.

Case study: Here, we report a patient with NF1 and developmental and epilep-

tic encephalopathy (DEE) harboring pharmacoresistant tonic seizures, and pro-

gressive optic pathway glioma (OPG). By using a MEKi therapy for her OPG, 

we observed an end to epileptic seizures as well as a significant improvement of 

interictal EEG abnormalities, despite a lack of tumor reduction.

Conclusion: MEK inhibitor therapy should be considered for patients with NF1 

and refractory epilepsy.

K E Y W O R D S

epilepsy, MEK inhibitor, neurofibromatosis type 1, optic pathway glioma, trametinib

NF1
10  Jahre altes Mädchen
West-Syndrom
Übergang in epileptische 
Enzephalopathie
Versuche mit multiplen AEDs
Progredientes Optikusgliom
Trametinib-Therapie

1 Jahr vor MEKi Therapie
Anfälle mindestens 3x/Woche

3 Monate nach Beginn MEKi Therapie
Keine Anfälle seit > 2 Monaten

4 Monate nach Ende MEKi Therapie
Anfälle 1x/Woche



Tibia-Pseudarthrose
Bei 4-5 % der NF1-Patienten

Kongenital, bildet sich unter mechanischer Belastung aus

Therapie sehr herausfordernd

Neurofibromatose Typ 1: MEK-Inhibitoren auch für andere Indikationen?
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BONE

MEK- SHP2 inhibition prevents tibial pseudarthrosis 
caused by NF1 loss in Schwann cells and skeletal 
stem/progenitor cells

Simon Perrin1, Sanela Protic1, Vincent Bretegnier1, Ingrid Laurendeau2,  

Oriane Duchamp de Lageneste1, Nicolas Panara2, Odile Ruckebusch3, Marine Luka4,5,  

Cécile Masson6,7, Théodora Maillard8, Fanny Coulpier1, Stéphanie Pannier9, Philippe Wicart9, 

Smail Hadj- Rabia10, Katarzyna J. Radomska1, Mohammed Zarhrate7,11, Mickael Ménager4,5, 

Dominique Vidaud2,8, Piotr Topilko1, Béatrice Parfait2,8, Céline Colnot1*

Congenital pseudarthrosis of the tibia (CPT) is a severe pathology marked by spontaneous bone fractures that fail 
to heal, leading to  brous nonunion. Half of patients with CPT are a ected by the multisystemic genetic disorder 
neuro bromatosis type 1 (NF1) caused by mutations in the NF1 tumor suppressor gene, a negative regulator of 
RAS–mitogen- activated protein kinase (MAPK) signaling pathway. Here, we analyzed patients with CPT and 
Prss56- Nf1 knockout mice to elucidate the pathogenic mechanisms of CPT- related  brous nonunion and explored 
a pharmacological approach to treat CPT. We identi ed NF1- de cient Schwann cells and skeletal stem/progenitor 
cells (SSPCs) in pathological periosteum as a ected cell types driving  brosis. Whereas NF1- de cient SSPCs ad-
opted a  brotic fate, NF1- de cient Schwann cells produced critical paracrine factors including transforming 
growth factor–  and induced  brotic di erentiation of wild- type SSPCs. To counteract the elevated RAS- MAPK
signaling in both NF1- de cient Schwann cells and SSPCs, we used MAPK kinase (MEK) and Src homology 2 con-
taining protein tyrosine phosphatase 2 (SHP2) inhibitors. Combined MEK- SHP2 inhibition in vivo prevented  -
brous nonunion in the Prss56- Nf1 knockout mouse model, providing a promising therapeutic strategy for the 
treatment of  brous nonunion in CPT.

INTRODUCTION

Congenital pseudarthrosis of the tibia (CPT) is a rare but severe pa-
thology that manifests mostly in children before 2 years of age. Pa-
tients with CPT present with tibial bowing at birth leading to 
spontaneous fracture and failure to heal due to brous nonunion. 
CPT treatment is exclusively surgical and remains highly challeng-
ing, with a substantial risk of refracture or amputation (1, 2). Phar-
macological treatments are needed to improve CPT management, 
but the pathogenic mechanisms remain poorly understood, and a 
relevant preclinical model for CPT is lacking. CPT can be classi ed 
as isolated CPT of unknown etiology or NF1- related CPT in patients 
diagnosed with neuro bromatosis type 1 (NF1). NF1 is one of the 
most common multisystemic genetic disorders, a ecting 1 in 3000 
individuals. Patients with NF1 can exhibit a variety of symptoms, in-
cluding benign nerve sheath tumors called cutaneous and plexiform 

neuro bromas (NFBs), skin hyperpigmentation (café- au- lait mac-
ules, CALMs), learning disabilities, and bone manifestations (3). 
NF1 is caused by heterozygous mutations in the NF1 gene encoding 
the tumor- suppressor neuro bromin, a negative regulator of RAS 
and the mitogen- activated protein kinase (MAPK) pathway. e di-
verse NF1 symptoms result from a second somatic mutational event 
in speci c tissues and cell types. NFBs and CALMs have been shown 
to result from NF1 biallelic inactivation in Schwann cells and mela-
nocytes, respectively (4–8).

Although NF1 biallelic inactivation has been reported in CPT, the 
speci c cell types harboring NF1 loss have not been identi ed. e 
presence of a pathological periosteum suggests the involvement of 
the periosteum in the pathogenesis of CPT (9–11). Located on the 
outer layer of bones, the periosteum is essential for bone regenera-
tion and contains a major source of skeletal stem/progenitor cells 
(SSPCs) as well as immune, endothelial, and neural cells (12–18). 
Until now, investigations of NF1 bone manifestations in mouse mod-
els have focused mainly on the skeletal lineage, and the consequences 
of Nf1 gene inactivation on fracture repair have been examined using 
bone- speci c Cre lines (19–23). However, targeting Nf1 solely in 
bone lineages does not recapitulate other NF1 features. Recent work 
by Radomska et al. (24) reported the Prss56- Nf1 knockout (KO) 
mouse model that faithfully recapitulates several NF1 symptoms, 
demonstrating that Prss56- expressing boundary cap (BC) cells are 
the cellular origin of cutaneous and plexiform NFBs, as well as skin 
hyperpigmentation. Located at the surface of the neural tube during 
development, BC cells are transient neural crest–derived populations 
giving rise to various derivatives in nerves and skin such as Schwann 
cells, broblasts, and melanocytes (25). e common BC origin of 
NF1 dermatological and neurological lesions raises the question of a 
common cellular origin with NF1 bone manifestations.

1Université Paris Est Creteil, INSERM, IMRB, 94000 Creteil, France. 2INSERM UMR 
S1016, Institut Cochin, Université Paris Cité, 75014 Paris, France. 3Université Paris Est 
Creteil, INSERM, IMRB, Plateforme de Cytométrie en ux, 94000 Creteil, France. 4Paris 
Cité University, Imagine Institute, Laboratory of In ammatory Responses and Tran-
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NF1-Inaktivierung in skelettalen Stammzellen und 
Schwannzellen im Periost führt zu Fibrosierung und 
behindert Frakturheilung
MEK-/SHP2-Inhibition überwindet Fibrosierung und 
ermöglicht Frakturheilung

neue Therapieoption mit Selumetinib? 



MEK-Inhibitoren auch für andere Indikationen bei NF1 / für andere Erkrankungen?

Zahlreiche Studien zum Vergleich
Standard-Chemotherapie vs. MEK-Inhibitoren

• bei NF1-Pat. mit Optikusgliomen / LGG
• bei non-NF1-Pat mit LGG mit bekannter Mutation 

im RAS-Pathway



MEK-Inhibitoren auch für andere Erkrankungen?

Bouffet E et al, N Engl J Med 2023; 389:12 
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Case report: MEK inhibitor as treatment
for multi-lineage mosaic KRAS
G12D-associated epidermal nevus
syndrome in a pediatric patient
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Figure 1. Molecular pathway of Neurofibromatosis type 1 (Dilworth et al., 2006): Neurofibrin (NF-1)
downregulates RAS signal transduction pathway. In the presence of mutations in NF-1, aberrant activation of RAS
pathways ensues which leads to clinical manifestations seen in Neurofibromatosis type 1. Targeted therapies with
growth factor receptor inhibitors and small molecule tyrosine kinase inhibitors are also shown that may have a role
in targeted therapy.
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MEK-Inhibitoren für andere Erkrankungen?
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Figure 1. Molecular pathway of Neurofibromatosis type 1 (Dilworth et al., 2006): Neurofibrin (NF-1)
downregulates RAS signal transduction pathway. In the presence of mutations in NF-1, aberrant activation of RAS
pathways ensues which leads to clinical manifestations seen in Neurofibromatosis type 1. Targeted therapies with
growth factor receptor inhibitors and small molecule tyrosine kinase inhibitors are also shown that may have a role
in targeted therapy.
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7 Jahre altes Mädchen mit

epidermalem Nävus Syndrom
nach 3 Monaten Selumetinib-

therapie:

• Abblassung des verrukösen 

Nävus epidermalis
• Volumenreduktion der      

hypertrophen Neuropathie
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