








Learning Objectives

* The attendees will be able to list multiple examples of central

and peripheral nervous system neoplasms that can be seen in
association with hereditary tumor predisposition syndromes.

* The attendees will be able to recognize clinical situations or
morphologic features that would indicate additional IHC or

molecular tests to rule/out hereditary tumor predisposition
syndromes.

* The attendees will be able to identify further molecular
(germline) testing and/or genetic counseling when appropriate.









Case 1: 17-year-old with innumerable masses involving
lumbosacral plexus, sciatic, intramuscular, intraabdominal nerves




Neurofibromatosis Type 1

(NF1)

* Autosomal dominant
 Germline NF1 (17911. 2)
Two or more of the following

NFs -{PNF - ANNUBP|- MPNST
Low-grade glioma — Pilocytic to diffuse
High-grade glioma — HGAP to GBM

e Café-au-lait macules (6 or more)
 Axillary/inguinal freckling

* Neurofibromas (=2) or plexiform neurofibromas

* Optic pathway glioma

* Iris hamartomas (Lisch nodules >2), choroidal abnormalities

* Distinctive bony abnormalities
e NFI1 variantin normal tissues
e Parent with NF1




* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)



Case 2: 52-year-old man with history of multiple intracranial
neoplasms



Case 2: 52-year-old man with history of multiple intracranial
neoplasms



Case 2: 52-year-old man with history of multiple intracranial
neoplasms — sequencing of the meningioma




NF2-related Schwannomatosis

 Autosomal dominant
 Germline NF2 alterations (22912.2)
 Schwannomas, especially vestibular schwannomas, especially bilateral

* Multiple meningiomas
e (Spinal) ependymomas

e Posterior subcapsular cataract



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis



Case 3: 37-year-old man with history of prior NSTs involving right
peroneal nerve and C2-C3 nerve root now presents with right
L2/L3, multinodular intradural extramedullary mass

Sagittal T%FS



Case 3: 37-year-old man with history of prior NSTs involving right
peroneal nerve and C2-C3 nerve root now presents with right
L2/L3, multinodular intradural extramedullary mass




LZTR1- (or SMARCB1- DGCRS8-) related Schwannomatosis

e Autosomal dominant
e |[ZTR1, DGCR8 (22q.11.21), SMARCB1 (22q.11.23)
e 4-hit mechanism

LZTR1 (or SMARCB1) mut (#1) wsis — T2RRL |
monosomy 229 (#2&3) jﬁjjj_wm
somatic NF2 (#4) I :::_~)u_<:
* Multiple schwannomas, often spinal nerve root 1
— Occasionally unilateral vestibular schwannomas o
* Occasionally meningiomas




* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis



Case 4: 41-year-old man presented with C2/C3 intradural
extramedullary, T1-hyperintense mass



Case 4: 41-year-old man presented with C2/C3 intradural
extramedullary, T1-hyperintense mass

SOX10 HMBA45 PRKAR1A
- 50X10, HMBA45, PRhnAR 1A



Malignant Melanotic Nerve Sheath Tumor




Malignant Melanotic Nerve Sheath Tumor




Malignant Melanotic Nerve Sheath Tumor

Collagen 4




Malignant Melanotic Nerve Sheath Tumor

 “Melanotic Schwannoma” — No longer recommended

* Increased risk for local recurrence and even metastases
e SOX10, S100 +

e HMBA45, MelanA, tyrosinase +

* Pericellular collagen IV +

* PRKAR1A mutations — Carney Complex in 5-50% of cases
— Loss of PRKAR1A stain



Carney Complex (CNC1)

e Autosomal dominant

* PRKAR1A (17924.2) germline

 Myxomas, endocrinopathy, and
pigmented skin lesions

* Malignant melanotic nerve
sheath tumor

* Pituitary neuroendocrine tumor
(somatotroph)

e Follicular carcinoma of the
thyroid

Myxomas™*

Primary pigmented nodular
adrenocortical disease (Cushing S)

Lentigines™
Sertoli cell tumours
Blue nevi

Pigmented epithelioid
melanocytomas

Breast ductal adenomas
Osteochondromyxomas



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)
NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis

* Malignant melanotic nerve sheath tumor Carney Complex



Case 5: 19-year-old woman with well-circumscribed spinal cord
mass centered on C4-5 with avid enhancement

Sag T1
contrast

Hemangioblastoma

Inhibin +

D2-40 +
$100 +
CA-IX +
GFAP+/-

EMA -
CD10-
CAMS.2-



Case 5: 19-year-old woman with well-circumscribed spinal cord
mass centered on C4-5 with avid enhancement



Von Hippel Lindau Syndrome

Autosomal dominant; VHL gene (3925-26)

Retinal and CNS hemangioblastomas *

Clear cell renal cell carcinomas (CC-RCC)

Pheochromocytomas and paragangliomas

Pancreatic cysts and neuroendocrine tumors

Endolymphatic sac tumors

~25% of hemangioblastomas are a/w VHL syndrome

>80% of VHL patients have CNS hemangioblastoma (33+/-10 years)

>90% of VHL patients with hemangioblastoma have multiple



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis

* Malignant melanotic nerve sheath tumor Carney Complex

* Hemangioblastoma Von Hippel-Lindau Syndrome



Case 6: 8-year-old girl with a T1-hypo, T2-hyperintense right
intraventricular tumor with diffuse contrast enhancement

Sag T1 contrast

SubEpendymal Giant cell Astrocytoma



Tuberous Sclerosis

e Autosomal dominant

e TSC1 (9q) and TSC2 (16p) germline
mutations + LOH in tumor

* Cortical tubers

* Subependymal nodules
 SEGA

* Sporadic SEGA??

WHO — Genetic tumor syndromes (5th edition) // Growth factor receptors and related
signaling pathways // MTOR and PI3K pathway // Tuberous sclerosis (TSC1, TSC1)

Table 1 - Diagnostic Criteria of Tuberous Sclerosis

Major Criteria Minor Criteria
Hypomelanotic macules (23; at least 5 mm diameter) “Confetti” skin lesions
Angiofibroma (23) or fibrous cephalic plaque Dental enamel pits (23)
Ungual fibromas (22) Intraoral fibromas (22)
Shagreen patch Retinal achromic patch
Multiple retinal hamartomas Multiple renal cysts
Multiple cortical tubers and/or radial migration lines Non-renal hamartomas
Subependymal nodues (22) Sclerotic bone lesions
Subependymal giant cell astrocytoma
Cardiac rhabdomyoma
Lymphangiomyomatosis*
Angiomyolipomas (22)*

* A combination of these 2 major clinical features without other features does not meet criteria for a definite diagnosis.

Definite TSC: 2 major features or 1 major features with 2 minor features

Possible TSC: either 1 major feature or 22 minor features

Genetic diagnosis: A pathogenic variant in TSC1 or TSC2 is diagnostic of TSC (most TSC-causing variants are
sequence variants that clearly prevent TSC1 or TSC2 protein production. Some variants compatible with protein
production [e.g., some missense changes] are well established as disease-causing: other variants types should be
considered with caution)




* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis

* Malignant melanotic nerve sheath tumor Carney Complex

* Hemangioblastoma Von Hippel-Lindau Syndrome

* Subependymal giant cell astrocytoma (SEGA)  Tuberous sclerosis



Case 7: 26-year-old woman presented with headaches and MR
imaging showed a right cerebellar mass extending to the vermis

Coronal T2 - cube

Dysplastic Cerebellar Gangliocytoma / Lhermitte-Duclos Disease



PTEN hamartoma syndrome

Aka Cowden Disease
Autosomal dominant
Germline PTEN (10q9.23)

variants

Dysplastic cerebellar gangliocytoma (~1/3 of CS)
Mucocutaneous lesions (multiple facial trichilemmomas, acral

keratoses, mucosal papil

Gastrointestinal polyps (
ganglioneuromas) and g

omas) and fissured tongue
nyperplastic, hamartomatous,

ycogenic acanthosis of esophagus

Follicular thyroid carcinoma and breast carcinoma



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

Neurofibromatosis 1 (NF1)

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis

* Malignant melanotic nerve sheath tumor Carney Complex
* Hemangioblastoma Von Hippel-Lindau Syndrome
* Subependymal giant cell astrocytoma (SEGA)  Tuberous sclerosis

* Dysplastic cerebellar gangliocytoma PTEN hamartoma Syndrome
(Lhermitte-Duclos Disease) (Cowden Syndrome)



Case 8: 9-year-old girl presented with two weeks of emesis, progressing to
lethargy and MRI showed a third ventricular mass

Coronal T1 Contrast



Case 8: 9-year-old girl presented with two weeks of emesis,
progressing to lethargy and MRI showed a third ventricular mass

Neurofilament Synapto

Pineoblastoma



Case 8: 9-year-old girl presented with two weeks of emesis,
progressing to lethargy and MRI showed a third ventricular mass

 Pineoblastoma- MYC /FOXRZ2
 Pineoblastomaq RB1
 Pineoblastoma — miRNA —-|DICER1|// DROSHA / DHCRS8




DICER1 syndrome

Autosomal dominant

DICER1 (14932.13) encoding an RNA endonuclease
Pleuropulmonary blastoma (PPB) *
Pineoblastoma, pituitary blastoma, thyroblastoma

Primary intracranial sarcoma, DICERI-mutant

Embryonal tumor with multilayered rosettes (ETMR) — no C19MC

Ciliary body medulloepithelioma

Soft tissue PPB-like tumors



* Multiple neurofibromas : DICER1 syndrome
) i * Pineoblastoma . .
* Plexiform neurofibroma . . Familial Retinoblastoma syndrome
. . . Neurofibromatosis 1 (NF1)
* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Pituitary blastoma
* Primary intracranial sarcoma, DICER1-
* Multiple meningiomas mutant DICER1 syndrome
* Meningioma(s) in a child * Embryonal tumor with multilayered
* Meningioma(s) + schwannoma(s) +/- spinal rosettes (without C19MC)
ependymoma(s)
* Bilateral vestibular schwannomas
* Multiple schwannomas*

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCRS-

* Multiple schwannomas* )
related schwannomatosis

* Malignant melanotic nerve sheath tumor Carney Complex
* Hemangioblastoma Von Hippel-Lindau Syndrome
* Subependymal giant cell astrocytoma (SEGA)  Tuberous sclerosis

* Dysplastic cerebellar gangliocytoma PTEN hamartoma Syndrome
(Lhermitte-Duclos Disease) (Cowden Syndrome)



Case 9: 3-year-old boy presented with new-onset seizures and MRI
showed an avidly enhancing, T2 hypointense left ventricular mass
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Case 9: 3-year-old boy presented with new-onset seizures and MRI
showed an avidly enhancing, T2 hypointense left ventricular mass
PANK Synapto

HPA p53

Choroid plexus carcinoma



Case 9: 3-year-old boy presented with new-onset seizures and MRI
showed an avidly enhancing, T2 hypointense left ventricular mass

No follow-up, unclear germline testing

~40% of choroid plexus carcinomas are in the setting of germline TP53
mutations but ALL patients should be offered genetic counseling and

germline testing



Li Fraumeni Syndrome

Autosomal dominant * Choroid plexus carcinoma
TP53 tumor suppressor gene — Usually infant, 40% LFS
(17p13.1) — High-risk, ped-type type B (mc)

Breast cancer (25-30%) Medulloblastoma, SHH , TP53-mutant

Soft tissue sarcomas (12-17%) — Median age : 3 years

Osteosarcoma (12-13%) — Large ceII.anapIastlc common |
_ IDH&H3-wildtype HGG (+/- giant cells)
Brain tumors (10-12%)

Ad | 2-10% — Young kids, often NF1-mutant, MYCN amplified
renocortical carcinoma (/- . ..
( °) Diffuse astrocytic glioma, IDH-mutant

— Young adults, usually low(er) grade
— IDH1 p.R132C or p.R132S common



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

* Multiple schwannomas*

* Malignant melanotic nerve sheath tumor
* Hemangioblastoma

* Subependymal giant cell astrocytoma (SEGA)

* Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos Disease)

Neurofibromatosis 1 (NF1)

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCR8-
related schwannomatosis

Carney Complex

Von Hippel-Lindau Syndrome
Tuberous sclerosis

PTEN hamartoma Syndrome
(Cowden Syndrome)

DICER1
* Pineoblastoma ¢ SEICIIE

Familial Retinoblastoma syndrome

* Pituitary blastoma

* Primary intracranial sarcoma, DICER1-
mutant

* Embryonal tumor with multilayered
rosettes (without C19MC)

DICER1 syndrome

* Choroid plexus carcinoma

* IDH- and H3-wildtype HGG in a child

* IDH-mutant astrocytoma in an adult
(especially noncanonical IDH1)

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

Li Fraumeni syndrome



Case 10: 7-year-old girl presented with headache, nausea, vomiting
and MRI showed a diffusely enhancing left cerebellar mass



Case 10: 7-year-old girl presented with headache, nausea, vomiting
and MRI showed a diffusely enhancing left cerebellar mass
GAB1 p53

MB, LCA, SHH-activated, TP53-mutant



Case 10: 7-year-old girl presented with headache, nausea, vomiting
and MRI showed a diffusely enhancing left cerebellar mass in the
setting of Li Fraumeni Syndrome




Case 10 b: 7-year-old girl presented with headache, nausea, vomiting
and MRI showed a diffusely enhancing left cerebellar mass in the

setting of Fanconi Anemia




Fanconi Anemia

* Congenital developmental abnormalities

* Progressive bone marrow failure

* Myelodysplastic syndrome+/-blasts to AML

* Solid tumors, especially oropharyngeal SCC
 Medulloblastoma (SHH-act, TP53-mutant >others)

* Wilms Tumor, neuroblastoma, rhabdomyosarcoma, ALL (FANC-
D1/ FANC-N)



Fanconi Anemia / BRCA Repair pathway

22 genes — FA complementation groups (A, B, C, D1, D2....)

Most are autosomal recessive — homozygous or compound
heterozygous germline mutations

FANCA, FANCB, FANCC,

- FANCDZ2, FANCE, FANCEF,

Detect DNA crosslinking & Repair

Haitjema A. PLoS One. 2013 Apr 19;8(4):e62017



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

* Multiple schwannomas*

* Malignant melanotic nerve sheath tumor
* Hemangioblastoma

* Subependymal giant cell astrocytoma (SEGA)

* Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos Disease)

Neurofibromatosis 1 (NF1)

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCR8-
related schwannomatosis

Carney Complex

Von Hippel-Lindau Syndrome
Tuberous sclerosis

PTEN hamartoma Syndrome
(Cowden Syndrome)

* Pineoblastoma

* Pituitary blastoma

* Primary intracranial sarcoma, DICER1-
mutant

* Embryonal tumor with multilayered
rosettes (without C19MC)

* Choroid plexus carcinoma

* IDH- and H3-wildtype HGG in a child

* IDH-mutant astrocytoma in an adult
(especially noncanonical IDH1)

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

DICER1 syndrome
Familial Retinoblastoma syndrome

DICER1 syndrome

Li Fraumeni syndrome

Fanconi Anemia



Case 11: 3-year-old girl presented with 2-month history of ataxia,
headaches and intermittent vomiting and MRI showed a 6.6 cm,
heterogeneous, solid and cystic, enhancing right cerebellar mass

“p

oroal T1 Contrast



Case 11: 3-year-old girl with a 6.6 cm, heterogeneous, solid and
cystic, enhancing right cerebellar mass

Synapto Reticulin



Case 11: 3-year-old girl with a 6.6 cm, heterogeneous, solid and
cystic, enhancing right cerebellar mass
GAB1 p53

DNMB, SHH-activated, TP53-wildtype



Case 11: 3-year-old girl with a 6.6 cm, heterogeneous, solid and
cystic, enhancing right cerebellar mass — Gorlin (Nevoid basal
cell carcinoma) syndrome



Gorlin (Nevoid basal cell carcinoma) syndrome

Autosomal dominant
Germline PTCH1 (9g22) less likely PTCH2 (1p34) or SUFU (10g24) variants
— Germline GPR161 (1g24.2) =2 Gorlin-like syndrome

DNMB or MBEN, SHH-activated and TP53-wildtype (median age 2 years)
— 2% in pts with PTCH1 - 20% in pts with SUFU mutations — Might be the first presentation

Meningioma
Basal cell carcinomas & odontogenic keratocyst (>90% by age 40)

Calcification of the falx cerebri, tentorium cerebelli and/or sella turcica,
palmar and plantar pits, and bifid or fused ribs

Macrocephaly, congenital facial abnormalities (e.g. cleft lip or palate, frontal
bossing, and hypertelorism), skeletal abnormalities (e.g. digit syndactyly)



Case 11 b: 3-year-old girl with a 6.6 cm, heterogeneous, solid and
cystic, enhancing right cerebellar mass - ELP1 MB Syndrome

Pathogenic or Likely Pathogenic ALTERATIONS IN THE NORMAL SAMPLE’




ELP1 Medulloblastoma Syndrome

Autosomal dominant

Germline ELP1 variants (9g31.3)

3-step process — leading to SHH activation

Mutually exclusive with TP53 mutations

ELP1 germline mutations present in ~¥15% of MB-SHH

Patients older than those with germline PTCH1 and SUFU (Nevoid basal cell
carcinoma syndrome), younger than those with TP53 mutations (Li Fraumeni
syndrome)

Favorable outcome with >90% 5-year overall survival rate



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

* Multiple schwannomas*

* Malignant melanotic nerve sheath tumor
* Hemangioblastoma

* Subependymal giant cell astrocytoma (SEGA)

* Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos Disease)

Neurofibromatosis 1 (NF1)

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCR8-
related schwannomatosis

Carney Complex

Von Hippel-Lindau Syndrome
Tuberous sclerosis

PTEN hamartoma Syndrome
(Cowden Syndrome)

* Pineoblastoma

* Pituitary blastoma

* Primary intracranial sarcoma, DICER1-
mutant

* Embryonal tumor with multilayered
rosettes (without C19MC)

* Choroid plexus carcinoma

* IDH- and H3-wildtype HGG in a child

* IDH-mutant astrocytoma in an adult
(especially noncanonical IDH1)

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

* Medulloblastoma, SHH-activated TP53-
wildtype

DICER1 syndrome
Familial Retinoblastoma syndrome

DICER1 syndrome

Li Fraumeni syndrome

Fanconi Anemia

*Gorlin (Nevoid basal cell
carcinoma) syndrome

*GPR161 (Gorlin-like) syndrome
*ELP1-medulloblastoma syndrome



Case 12: 11-year-old girl presented with headaches and optic
disc swelling, and MRI showed a 3.7 cm, 4t ventricular mass
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Case 12: 11-year-old girl presented with headaches and optic
disc swelling, and MRI showed a 3.7 cm, 4t ventricular mass

YAP1 GAB1 LEF1

MB, Classic, WNT-activated



Case 12: 11-year-old girl presented with headaches and optic
disc swelling, and MRI showed a 3.7 cm, 4t ventricular mass

e ~90% of WNT-MB have CTNNB1 mutations
e 70% of CTNNB1-wildtype WNT-MB are in the setting of
germline APC mutations



Familial Adenomatous Polyposis Syndrome

Autosomal dominant

Germline APC variants (5g22.2)
Increased WNT signhaling

Colorectal polyps (>100-thousands)
Colorectal adenocarcinoma (100%)

Cribriform morular thyroid carcinoma,
hepatoblastoma, adrenocortical
adenoma/carcinoma, desmoid fibromatosis

WNT-activated MB
— 70% of CTNNB1-wildtype WNT-MB are a/w FAP



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

* Multiple schwannomas*

* Malignant melanotic nerve sheath tumor
* Hemangioblastoma

* Subependymal giant cell astrocytoma (SEGA)

* Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos Disease)

Neurofibromatosis 1 (NF1)

Neurofibromatosis 2 (NF2)

NF2-related schwannomatosis

LZTR1-, SMARCB1-, DGCR8-
related schwannomatosis

Carney Complex

Von Hippel-Lindau Syndrome
Tuberous sclerosis

PTEN hamartoma Syndrome
(Cowden Syndrome)

* Pineoblastoma

* Pituitary blastoma

* Primary intracranial sarcoma, DICER1-
mutant

* Embryonal tumor with multilayered
rosettes (without C19MC)

* Choroid plexus carcinoma

* IDH- and H3-wildtype HGG in a child

* IDH-mutant astrocytoma in an adult
(especially noncanonical IDH1)

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

* Medulloblastoma, SHH-activated TP53-
mutant, often large cell/anaplastic*

* Medulloblastoma, SHH-activated TP53-
wildtype

* Medulloblastoma, WNT-activated
(CTNNB1-wildtype)

DICER1 syndrome
Familial Retinoblastoma syndrome

DICER1 syndrome

Li Fraumeni syndrome

Fanconi Anemia

*Gorlin (Nevoid basal cell
carcinoma) syndrome

*GPR161 (Gorlin-like) syndrome
*ELP1-medulloblastoma syndrome

Familial adenomatous polyposis



Medulloblastoma and hereditary syndromes

* Highest rate of germline alterations in MB-SHH group (20%)
* Clinical signs or family history to suggest a syndrome present only in 40-50% of cases

* Germline APC (Familial adenomatous polyposis) 2 MB-WNT
— 70% of MB-WNT without somatic CTNNB1 mutations have germline APC mutations
— Median age: 9 years

 Germline PTCH1 & SUFU (Nevoid BCC— Gorlin- Syndrome) > MB-SHH

— Infants, median age: 2 years

 Germline ELP1 (ELP1 medulloblastoma syndrome) - MB-SHH, TP53-wildtype

— Median age: 6 years

 Germline TP53 (Li Fraumeni syndrome) - MB-SHH, TP53-mutant
— Median age: 9 years

* Germline PALB2, BRCA2 - MB-SHH, MB-group3, MB-group4
— Usually childhood, but can be infancy through adulthood



Case 13: 42-year-old woman presented with loss of consciousness
and MRI a large, necrotic, peripherally enhancing mass
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Axial T2 FLAIR




IDH1 R132H

ATRX

Ki-67



MLH1 PMS2

MSH2 MSH6



Case 13: 42-year-old woman presented with loss of consciousness
and MRI a large, necrotic, peripherally enhancing mass




Lynch Syndrome

Autosomal dominant (incomplete penetrance)
DNA mismatch repair genes — MLH1, MSH2, MSH6 and PMS2

Colorectal, endometrium, stomach, small bowel, hepatobiliary tract,
pancreas, urothelial, ovary and prostate...

Risk of malignancy MSH2>MLH1>MSH6>PMS2
De novo replication repair deficient Glioblastoma, IDH-wildtype
Poor prognosis, decreased response to standard GBM tx

Potential role of immune check point inhibitors



* Multiple neurofibromas

* Plexiform neurofibroma

* Massive soft tissue neurofibroma

* MPNST arising from a neurofibroma

* Multiple meningiomas

* Meningioma(s) in a child

* Meningioma(s) + schwannoma(s) +/- spinal
ependymoma(s)

* Bilateral vestibular schwannomas

* Multiple schwannomas*

* Multiple schwannomas*
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Case 14: 5-year-old boy presented with a left eye deviation and
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Diagnosis: CMMRD



Case 14: 5-year-old boy presented with a left eye deviation and
blurry vision and MR imaging showed a right parietal lobe mass




Constitutional mismatch repair deficiency (CMMRD)

Autosomal recessive

Constitutional biallelic variants in PMS2, MSH6, MLH1, MISH2
Ultrahypermutated (>100 mutations/Mb)

Mismatch repair—deficient cells resistant to temozolomide
May respond to immune check point inhibitors (High TMB)
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