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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. ldentify appropriate ancillary tests (IHC, NGS, methylation
profiling) for real-world cases
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NF1 — autosomal dominant tumor predisposition syndrome
caused by loss of RAS pathway control

* Genetics .
* NF1gene(chr17ql11.2) .
e Loss-of-function mutations .
* Autosomal dominant

« ~50% de novo *

* Pathophysiology
* Neurofibromin = RAS pathway

inhibitor *
* NF1loss - 1" 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) e et

AANP




Concerning Multiple Fibromas of the Skin and Their Relationship
to Multiple Neuromas¥*

by F. v. Recklinghausen
Professor in Strassburg

Recklinghausen FV. 1882.




Bothersome
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Gliomas arising in the setting of NF1 are heterogeneous

* Occur from childhood through adulthood
e 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
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Case 1l

e 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

AANP
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Chinck for

Idren with neurofibromatosis type 1 (NF1)

i

ORIGINAL PAPER

Integrated molecular and clinical analysis of low-grade gliomas

hittpsyfdolorg/ 10,1007 /s00401-021-02276-5

Acta Meuropathologlca (2021) 141:605-817
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Case 2

e 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)
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pre-op T1 w/ contrast pre-op T2/FLAIR
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Alternative lengthening of telomeres, ATRX loss and
H3-K27M mutations in histologically defined pilocytic
astrocytoma with anaplasia

n=36

Age

Location
Necrosis
BRAF duplication
NF1

MAPK other
H3-K27M
ATRX loss
ALT
CDKN2A

p53

IDH1 (R132H)

8 9 14|16/ 17| 28/ 29/ 30| 2| 4 5/ 15 19

21

26| 31| 33| 34| 36| 13| 18| 22| 23

10 11| 12| 20| 24

25| 27

32| 35

.Posltlve result by sequencing

Rodriguez FJ et al. Brain Pathol. 2019.

Wlpeds | ladut | posterior fossa
BNF1 by clinical criteria I

supratentorial | Pinealftectum

Positive result by IHC or ISH

spinal cord .Necrosis
NF1 by clinical criteria and NF1 mutation by sequencing

124136

8/26
12/36
3134
9132
20/35
25/36
3/18
6/17
0/32




Acta Meuropathologica (2018) 136:273-291
https://dol.org/10.1007/500401-018-1837-8

ORIGINAL PAPER

Anaplastic astrocytoma with piloid features, a novel molecular class
of IDH wildtype glioma with recurrent MAPK pathway, CDKN2A/B
and ATRX alterations

histological criterion

mormphology

collularity

nuclear pleomporphism

miloses

necrosis

vascular changoes

flic granular

bodies or Rosenthal ibers

infikration pattern

specification
rrainhy piloid
ot keast focally GBM like
Enr least boaly PEA ke

moderats

high

slight

moderate
bizarme nuckai

= 1 per 10 HPF
1-2 per 10 HPF
3-5 per 10 HPF
8-20 per 10 HPF
= 20 par 10 HPF
nona
non-palisading
paisading

o
hypartropyimultilayering
ghomeruioikd endothalia

present

absent

difisa

obvious demanmation
mol evalua bla

#cases 0% 10% 20% 30% 40% S50% 60% TO0% B0% 90%
3.' 't b L . . i

BrliaatceoSsrouisnlovBoel

Reinhardt A et al. Acta Neuropathol. 2018.
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Acta Meuropathologica (2018) 136:273-291
https:/fdol.org/10.1007/=00401-018-1837-8

ORIGINAL PAPER

@ Crosshlark

Anaplastic astrocytoma with piloid features, a novel molecular class
of IDH wildtype glioma with recurrent MAPK pathway, CDKN2A/B

and ATRX alterations

age

gender OO A N W

localization I I u I I I u

BRAF/KIAA1549 fus 20% (n =74)
BRAF V600E mut | 1% (n = 74)
NF1 mut/del L 30% (n = 67)
FGFR1 mut/fus il 19% (n = 64)
KRAS mut | 3% (n = 64)
any MAPK alteration  [iRENRNERNERERRERRERARERRNRARERRERRNRRRARERENEDENE 75% (n = 65)
coknz2a/B deymut — ENRNRRRRERERNRNRERERED NORNRERER DERNDEER  DAGENRGEGEEEEEEND ©NIER D DN 80% (n = 83)
ATRX loss/mut SllininanEnl il i 1 [ i 45% (n =74)
TERT promoter mut I I 3% (n=T74)
MGMT promoter meth N 1 TN 1117 N T A A [ 46% (n = 83)

age: 0-18 _ 19-39 0-88 gender:[im [Jf [Junknown/not determinable
localization: Wsupratentorial [|posterior fossa [Jspinal

Reinhardt A et al. Acta Neuropathol. 2018.
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Expanded analysis of high-grade astrocytoma with piloid features
identifies an epigenetically and clinically distinct subtype associated
with neurofibromatosis type 1
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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




o AT T A el Rt 80 Vo I, oa e
. o yyr :‘ .3: Ta) ‘....'.".."0‘\“:_"».
o A A
' ﬁ'd.o -"‘“ ‘:;:-:\“s .":".' -
S LA D ¢ .
yHTT
L . 5 -
- \ »

-
-

- .

.” ‘ “
\ -"‘ b -
“\ P R ?
T L -.'vﬂ-'-\‘
AV s il

4 - [ AL



DT SaT et N A Ry e N A VYT e ST
: ,,..«1.@: Pl Py t&m' 2 S ﬂoo At 8P

b L ¥ o LEIRS ﬁ g . H, ‘ P L s, .nv’..l o . * €
K2 e YW TP N @i o .“ ARG A g R Y L
LIRS s S T N S T Tl

- A1
i
L

-
:

55
o e,

~
Vs
x fe- Q)
i,
-;H:.S:".
oL

R
¥
3
-
.~
-
: I‘i,,i -
Fow
Yoo sl

Uy e £

» 7 N -

CAPh 5 2 AT T et i g I R VA
4w .,v_....wwu. o a e g I N ¥ o &
, ' \w. a. , v. ...\ . .u .. ,.‘. f .‘. < -

i 0D
N

RS

o TP
n'
’
-

.
S

S

3
s“'.: =
d‘;“."&

o
A B
.::‘b’\‘ o
¥
P;p

&
.‘ 2l
[

)
-
A

&
n’.
-

\"
-

]
-0
:Q
‘c‘s
i':-\
Py
«-e
-V
-
1
-
A
N
S
'Q
o
s
ek
>
N
. .3"
v “(
b
¥
e

%
e
‘;*,
Shas
* . ) .
2y
2
}“i\

4

e
»\
TR
.
: -~
f‘f’- -
N
&

-~
: by
RN
oy =
&

o e
: LS &
y . .,?,..4.
P BARILY B g O

Tt

‘.- ww.- § vtL. -
AR i X

| M\,,v v ¥y

g  JENTS

o R v # > '.\7-.

N

A
r. . - .’. .
AT G TR AN S T PP T Y um.u....-...“
. yh & .;\ < Vs v .-q -.W»-” .,. 3 4’.’#% .\.q\."%n.f_%r X ..JA»‘ 2 ”:%m—u.’ t.

b,
< .(\nr Q.Aﬁ'

......,. X ..\ 2 Vo . Tar oL : ‘0.\.\&. ”.r..
s 03208 TG RN V.WUJ..W\#.‘O » - *

5
TP

(vfw;.”. Naxr




pre-op T1 w/ contrast pre-op T2/FLAIR
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Glioma-specific survival of NF1-associated gliomas
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Gliomas arising in the setting of NF1 are heterogeneous
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Case 4

e 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

AANP
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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

* |[ncorporation of additional
molecular strata only recently
formalized

Vasudevan HN et al. Neurosurgery. 2021.




Histopathologic evaluation of atypical
neurofibromatous tumors and their
transformation into malignant peripheral
nerve sheath tumor in patients with

® - i A A
neurofibromatosis 1—a consensus overview "

Miettinen MM et al. Hum Pathol. 2017.

Table Proposed nomenclature for the spectrum of NF1-associated

nerve sheath tumors

Diagnosis

Proposed definition

Neurofibroma (NF)

Plexiform NF

Neurofibroma with atypia
(“ancient neurofibroma™)
Cellular NF

ANNUBP

MPNST, low-grade

MPNST, high-grade

Benign Schwann cell neoplasm with
thin, often wavy nuclei, wispy cell
processes, and a myxoid to
collagenous (“shredded carrots™)
matnx. Immunohistochemistry
includes extensive but not diffuse
S100 and SOX10 positivity and a
lattice-like CD34+ fibroblastic
network.

NF diffusely enlarging and replacing
a nerve, often involving multiple
nerve fascicles, delineated by EMA+
perineunal cells

NF with atypia alone, most commonly
manifesting as scattered bizarre nuclei
NF with hypercellularity, but retained
NF architecture and <1 mf/50 HPFs
Schwann cell neoplasm with at least
2 of 4 features: cytologic atypia, loss
of neurofibroma architecture,
hypercellulanty, mitotic index =1/50
HPFs and <3/10 HPFs

Features of ANNUBP, but with mitotic
index of 3-9/10 HPFs and no necrosis
MPNST with at least 10 mf/10 HPFs
or 3—9 mf/ 10 HPFs combined with
NECrosis
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Case 5

e 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 :

AANP
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ANNUBP Schwann cell neoplasm with at least
2 of 4 features: cytologic atyma, loss
of neurofibroma architecture,
hypercellulanty, mitotic index =1/50
HPFs and <3/10 HPFs

Miettinen MM et al. Hum Pathol. 2017.




Case 5: Atypical neuroflbromatous neoplasm

- of uncertain blologlc potentlal (ANNUBP)
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Case 6

e 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
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MPNST, low-grade Features of ANNUBP, but wath miutoac
index of 3-9/10 HPFs and no necrosis

MPNST, high- & MPNST with at least 10 mf/10 HPFs
or 3—=9 mif/ 10 HPFs combined with

Necrosis

Miettinen MM et al. Hum Pathol. 2017.
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Integrated diagnostic approach

Histology Molecular Diagnosis
NF
NF

“wildtype”

&
- ] I ANNUBP
‘ CDKNZ2A/B
ANNUBP I homozygous inactivation
| MPNST

SUZ12, EED, TP53 mutations
or significant aneuploidy

Lucas CG et al. Neuro Oncol. 2025.




Case 4 (revisited)

e 26-year-old woman
* multilobulated lesion centered on the left brachial plexus

* excisional biopsy consistent with plexiform neurofibroma
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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

Pre-procedure imaging considerations:

Targeting of radiologically-concerning but surgically accessible areas, multiple
regions if possible

Sampling considerations:

Use 14G to 18G biopsy needles

Obtain at least six core biopsies if feasible

Clearly label separate containers with biopsy site of origin (e.g. region #1,
FDG-PET avid region)

Tissue processing considerations:

No more than two cores per formalin-fixed, paraffin-embedded block

Evaluation by subspecialized pathologist

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

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

AANP
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