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Learning Objectives

At the end of this activity learners should be able to:

• Identify at least three hereditary tumor syndromes that 
commonly present with tumors of the nervous system.

• Recognize at least three CNS or PNS tumor types that are 
highly associated with specific hereditary tumor syndromes.

• Discuss the role of the neuropathologist in establishing a 
hereditary tumor syndrome diagnosis and the implications for 
both the patient and their family.



(and PNS)



Hereditary Tumor Syndrome Concepts

• Wide range of phenotypes and penetrance

• Implications for entire family; genetic counseling

• Evolving clinical and genetic diagnostic criteria

• Highly complex and require multidisciplinary care

• Neuropathologists not infrequently get the first clues or 
are the first ones to put all the clues together

• A syndrome may also be first suspected from results of 
tumor only NGS, mainly based on allelic frequencies



Tumor types that should prompt 
consideration of an underlying 
genetic tumour syndrome



Neurofibromas and MPNSTs in NF1



Anubis -
Egyptian 

God of
Afterlife

New Term: ANNUBP -
Atypical Neurofibromatous

Neoplasm of Uncertain 
Biologic Potential



Miettinen M et al., Hum Pathol 67:1-10, 2017

ANNUBP and LG-MPNST more frequent due to surveillance 



Miettinen M et al., Hum Pathol 67:1-10, 2017



NF1 Patient (NF1 gene)



ANNUBPNeurofibroma



p16ANNUBP

NF1 Patient (NF1 gene)



ANNUBPNeurofibroma

p16



NF2 PATIENT (NF2 gene)



Schwannoma in NF2 or Schwannomatosis (SMARCB1, LZTR1, or DGCR8)

INI1



(VHL gene)

~40% of seemingly 
sporadic ELST 
assoc. with VHL



ELST





TSC (TSC1 or TSC2 gene)



Lhermitte-Duclos Disease (LDD; PTEN gene)



Lhermitte-Duclos Disease (LDD; PTEN gene)



ICC and NCCN criteria for 
Cowden syndrome without known 
family history of PTEN mutation



CASE 1

• 12-yo M with intermittent headaches for a year

• Diagnosed with migraines and treated with medication

• Suffered head trauma while playing sports

• Found to have papilledema on exam

• Neuroimaging: posterior fossa mass
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SYN
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p53



Initial Dx: Medulloblastoma, large cell/anaplastic histologic type 
with focal myogenic differentiation, SHH-activated and likely 
TP53-mutant molecular group, CNS WHO grade 4

- Recommend paired tumor/germline NGS and DNAM 
profiling studies









Final Dx: Medulloblastoma, large cell/anaplastic histologic type 
with focal myogenic differentiation, SHH-activated and TP53-
mutant molecular group, CNS WHO grade 4, arising in the setting 
of Li-Fraumeni syndrome



CASE 2

• 3-yo boy with no significant past medical history

• Presented to local ED in status epilepticus

• MRI: 6 cm left-sided contrast enhancing intracranial mass











CK



Transthyretin



p53



UCSF500 NGS



Final Dx: Choroid plexus carcinoma, CNS WHO grade 3, arising 
in the setting of Li-Fraumeni syndrome

Patient Rx’d with chemo, but radiation withheld due to LFS.  
Neither parent had TP53 mutation, but father had MSH6
mutation, c/w Lynch syndrome.  Combo presumed due to low 
level genetic instability in father, leading to germ cells with 
several de novo point mutations, including TP53



Li-Fraumeni Syndrome (TP53 gene)



Brain Tumors Associated with Li-Fraumeni Syndrome

• Choroid plexus carcinoma
– Rare tumor, but strong syndromic association
– Infant
– p53 IHC strong and extensive or completely negative

• Diffuse astrocytic gliomas (may have a giant cell component)
– Young kids: IDH-wildtype HGG, often NF1-mutant, NMYC-amplified
– Young adults: IDH-mutant astrocytomas, mostly low-grade, often IDH1

p.R132C or p.R132S

• Medulloblastoma, SHH-activated and TP53-mutant
– Most often a “middle aged kid”
– Most often large cell/anaplastic histology



CASE 3

• 2-yo M with macrocephaly, developmental delay, poor balance, 
and 3-4 weeks of headaches  

• MRI: 6.9 cm heterogeneously enhancing, midline PF mass















Reticulin



SYN



GAB1Beta catenin



Initial Dx: Medulloblastoma, extensively nodular 
histologic type, SHH-activated and likely TP53-wildtype 
molecular group, WHO grade 4





Final Dx: Medulloblastoma, extensively nodular 
histologic type, SHH-activated and TP53-wildtype 
molecular group, WHO grade 4, arising in setting of 
nevoid basal cell carcinoma (Gorlin) syndrome





NBCCS (Gorlin syndrome)

• Germline PTCH1 variants more common than SUFU, but the 
latter associated with much higher risk of medulloblastoma 

• Typically, D/N or EN medulloblastoma histology

• SHH-activated and TP53-wildtype molecular group

• Radiation therapy withheld if possible since high risk of BCC 
and other secondary tumors (e.g., meningioma)

• Malformations in PTCH1 variants; less clear with SUFU



Rhabdoid tumor predisposition syndrome (RTPS)

• 25–35% of all AT/RT arise in setting of RTPS

• Most patients under 1 year of age

• Predisposed to multiple MRTs and AT/RTs

• Germline variants of either SMARCB1 (RTPS1) or SMARCA4
(RTPS2-exceedingly rare)

• IHC surrogates include INI1 (RTPS1) and BRG1 (RTPS2), but 
tumor staining doesn’t distinguish familial from sporadic AT/RT



CASE 4

• 60-yo F with right sided hearing loss

• MRI: 2.3 cm enhancing mass in R prepontine cistern extending 
to the jugular bulb









SOX10 Melanoma



Col IV



BRAF V600E BAP1



PRKAR1A



Review of Medical Records: Prior history of cardiac 
myxoma



Final Dx: Malignant melanotic nerve sheath tumor 
(MMNST), arising in the setting of Carney Complex



Carney Complex

• CNC1 due to germline PRKAR1A variant (~70%) 

• CNC2: uncertain genetics; usually milder disease



Carney Complex





CASE 5

• 15-yo F with a known dx of NF1

• PF “diffuse infiltrating astrocytoma, WHO grade II” 11 years 
prior 

• L parietal “poorly-differentiated high grade neoplasm, most 
c/w gliosarcoma, WHO grade IV” 4 years prior

• Now with recurrence at margin of resection cavity and dura







Reticulin



GFAP



Desmin



Initial Dx: Poorly differentiated neoplasm with features 
suggestive of gliosarcoma, CNS WHO grade 4, clinically recurrent





Final Dx: Primary intracranial sarcoma, DICER1-mutant, 
clinically recurrent



Primary intracranial sarcoma, DICER1-mutant

• New WHO sarcoma type with inactivation of DICER1 gene

• Somatic or germline (mostly DICER1 syndrome, but rare NF1)

• Pleomorphic spindled to primitive small round blue cells, often 
with prominent eosinophilic granules

• May have limited myogenic and/or chondroid differentiation

• Mimicry of astrocytic neoplasms includes focal infiltration, 
ATRX loss, p53 overexpression, H3K27me3 loss



DICER1 Syndrome: CNS manifestations

• Metastatic PPB

• Primary intracranial sarcoma, DICER1-mutant

• Pineoblastoma

– miRNA processing-altered molecular groups

• ETMR, DICER1-mutant

• Pituitary blastoma 

• Ciliary body medulloepithelioma



CASE 6

• 9-yo M

• 2-3 weeks of headaches, N/V

• MRI: 5.4 cm solid and cystic right temporal lobe mass









GFAP



IDH1 R132H H3 G34R/V



ATRX p53



PMS2







Final Dx: Diffuse pediatric-type HGG with giant cell features, H3-
wildtype and IDH-wildtype, arising in the setting of constitutional 
mismatch repair defect syndrome, CNS WHO grade 4



Similar example in FAP1 (Lynch syndrome)

MLH1



CMMRD

• Autosomal recessive (Lynch syndrome autosomal dominant)
• Biallelic germline inactivation of MMR gene (heterozygous variant 

in Lynch syndrome)
• Parental consanguinity common
• Cutaneous café-au-lait macules causes confusion with NF1
• GI polyposis/cancers (100%), T-cell leukemia/lymphoma (30%), and 

less often, soft tissue sarcomas and GU cancers
• Ultra-hypermutation genotype (>100 mutations per mb) due to 

MMR plus POLE or POLD deficiency
• CMMRD pts c HGG now treated with immune checkpoint blockade



Not covered



Conclusions

• A growing number of hereditary tumor syndromes with CNS 
and/or PNS involvement are being recognized

• The neuropathologist often gets some of the first clues and 
therefore, plays a critical role in diagnosis of the syndrome

• Further clinical workup, germline testing, and/or referral to a 
genetic counselor should be recommended in such cases
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