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Abstract
Cancer predisposition syndromes (CPS) are generally heritable conditions that predispose individuals to develop cancer at 
a higher rate and younger age than their representative general population. They are a significant cause of cancer related 
morbidity and mortality in the pediatric population. Therefore, recognition of lesions that may be associated with a CPS 
and alerting the clinicians to its implications is a crucial task for a diagnostic pathologist. In this review we discuss benign 
pediatric head and neck lesions associated with CPS namely: odontogenic keratocyst, juvenile nasopharyngeal angiofibroma, 
ossifying fibroma of the jaw, paraganglioma, plexiform neurofibroma, plexiform schwannoma, mucosal neuroma, and nevus 
sebaceous syndrome; along with malignant tumors such as squamous cell carcinoma. Several head and neck melanocytic, 
endocrine, and central nervous system tumors can also be associated with CPS; they are beyond the scope of this article. 
Nasal chondromesenchymal hamartoma is discussed elsewhere in this issue.
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Introduction

Cancer predisposition syndromes (CPS) are an important 
cause of morbidity and mortality in children and adoles-
cents. They account for 10% of all cancers, and as the name 
suggests, confer higher risk of cancer development when 
compared to the representative general population. Major-
ity of CPS are heritable and occur when the predisposing 
mutation(s) are passed from parents to offspring, as germline 
mutations [1]. Rarely, non-heritable CPS can develop in 
genetic mosaicism where a mutation occurs early in embry-
ogenesis, leading to its presence in a subset of cells [2]. 
Inherited mutations can function in a dominant or recessive 
manner, can have different degrees of penetrance, and can 
cause early or late-onset disease, leading to marked variation 
in clinical presentation for a given family [3]. Vast majority 
of CPS genes are tumor suppressors where mutations can 
lead to loss of function; while about 10% are oncogenes 
which predispose to cancer via gain of function muta-
tions [4]. Childhood cancer is a relatively rare occurrence, 

estimated to account for about 1% of all new cancer diagno-
sis occurring in the United States [5]. In contrast to adults, 
a significant proportion of pediatric cancers are related to 
CPS, recognition of which is vital for appropriate follow 
up, prevention, surveillance and genetic counseling for these 
patients and their families [6]. Guidelines have been pro-
posed for the identification of patients that would benefit 
from genetic work-up [7]. These incorporate family history, 
types of tumors, tumor genetics and comorbidities, among 
other parameters. Importantly, not all CPS-associated neo-
plasms are malignant in nature and an understanding of the 
protean manifestations of these syndromes is paramount 
to appropriately identify patients that may benefit from 
genetic work-up and counseling. This review summarizes 
both benign and malignant lesions of the head and neck 
region that may raise the possibility of a CPS in the pediat-
ric population.
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Benign Pediatric Head and Neck Neoplasms 
Associated with CPS

Odontogenic Keratocyst (OKC) or Keratocystic 
Odontogenic Tumor (KCOT)

It is an intraosseous, uni or multicystic tumor arising 
from the odontogenic epithelium. Per 2005 World Health 
Organization Classification of odontogenic lesions, OKC 
is a neoplasm and KCOT is the recommended designation 
representing its neoplastic nature [8]. They can occur in 
all age groups and affect mandible more frequently than 
maxilla. The most common location is the third mandibu-
lar molar near the ramus. OKC can be solitary or mul-
tiple, and when multiple can be associated with nevoid 
basal cell carcinoma syndrome (Gorlin-Goltz syndrome). 
Syndromic OKCs are more common in females, occur in 
the first decade, more likely multiple and more frequent 
in the maxillary molar region. They can be the first clue 
to the clinical diagnosis of Gorlin-Goltz syndrome. Imag-
ing shows a well-defined mostly unilocular radiolucency 
with smooth margins, with or without an unerupted tooth, 
and usually without resorption of the adjacent root. Gross 
examination can vary with the duration of the cyst and sec-
ondary infection. Early small cysts are usually unilocular 
with a smooth, thin wall; older cysts may show a fibrotic 
or inflamed wall with cheesy contents or pus. Histology 
is characterized by a stratified squamous epithelium lin-
ing a somewhat collagenous cyst wall (Fig. 1a). Surface 
is typically uneven or corrugated and cyst wall may show 
secondary changes such as fibrosis, hemosiderin, or lym-
phocytic inflammation (Fig. 1b).

Gorlin-Goltz syndrome is an autosomal dominant inher-
ited disorder with high penetrance, caused by mutations in 
PTCH, a tumor suppressor gene mapped to chromosome 
9q22.3-q31. It can present with musculoskeletal anomalies 
and/or tumors. Congenital anomalies include rib anoma-
lies (bifid, splayed, fused), calcification of the falx cerebri 
and cerebelli, palmar and plantar pits and macrocephaly. 
Tumorigenesis is seen as basal cell carcinoma, OKC, 
medulloblastoma, cardiac fibroma, and ovarian fibroma 
[9].

Juvenile Nasopharyngeal Angiofibroma (JNA)

JNA is seen almost exclusively in adolescent males, 
accounting for approximately 0.05 to 0.5% of benign 
pediatric head and neck tumors. They are usually unen-
capsulated, well-circumscribed, polypoid, and composed 
of both vascular and fibrous stromal elements. Blood 
vessels vary in size and calibre. They can be slit-like to 
ectatic with a staghorn configuration. (Figure 2a) Poorly 
developed myoid-type cells surround the endothelial lined 
vascular channels, giving the appearance of a smooth 
muscle layer. (Figure 2b) A true muscular coat or elastic 
lamina is not present, a likely explanation for the propen-
sity to bleed with minor trauma. The fibrous stroma can 
be variably myxoid or collagenous and contains spindle, 
plump, ovoid, stellate or angular cells. (Figure 2c) These 
cells are androgen receptor positive and display nuclear 
reactivity for β-catenin by immunohistochemistry. (Fig-
ure 2d) Rare multinucleate cells have been described. 
Significant cytologic atypia is absent and mitosis is 
rare. Tumors are usually surrounded by a reactive and/or 
inflamed epithelium showing respiratory, low cuboidal or 
metaplastic squamous components. Neural or glandular 

Fig. 1   Odontogenic keratocyst in an 8  year old boy presenting with 
unerupted tooth and lower jaw pain; and also had a history of cranio-
synostosis and macrocephaly. a Multiloculated cystic neoplasm is 
seen with mild to moderate lymphocytic inflammation in the cyst 

wall. (H&E, 40x). b Cyst wall is lined by a relatively flat stratified 
squamous epithelium (H&E, 200x) that shows a corrugated, undulat-
ing or wavy surface (inset, arrow). (H&E, 400x)
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tissue when present is thought to be entrapped and not 
neoplastic in nature. While benign in nature, the tumor 
can be locally aggressive with infiltration into the nose, 
paranasal sinuses, nasopharynx, and skull base.

The etiology of JNA is not well understood and hor-
monal influence is thought to play a role. Some stud-
ies have reported JNAs to be 25 times more frequent in 
patients with familial adenomatous polyposis (FAP). [10] 
Others have shown higher frequency of activating beta 
catenin mutations in JNAs [11] while some have refuted 
this finding. [12, 13] Other genetic associations include 
deletions of chromosome 17, including regions for the 
tumour suppressor gene p53 as well as the Her-2/neu 
oncogene, which are altered in many human tumors. [14] 
Another more recent association is with human papil-
loma virus and Epstein Barr virus. [15] While the vast 
majority of JNAs occur in a sporadic manner, it is impor-
tant to recognize this entity as a possible component of 
FAP and the possible role of beta catenin mutations in its 
pathophysiology.

Juvenile Ossifying Fibroma (JOF) of the Jaw

JOF are benign and slow growing tumors arising from the 
periodontal ligament in molar or pre-molar areas. Micro-
scopically they show cellular fibrous stroma with absent 
to minimal cytologic atypia intermixed with woven bone 
showing abundant reactive osteoblasts. Woven bone can 
often show anastomosing or lattice-like pattern. Mitosis 
can be seen. Periphery of the lesion shows mature lamel-
lar bone. (Figure 3a, b) Secondary changes such as stromal 
and/or cystic degeneration, hemorrhage etc. can be seen. 
Vast majority are sporadic, however about 30% have been 
reported in patients with hyperparathyroidism jaw tumor 
syndrome (HPT-JTS). [16] When syndromic, they may be 
bilateral, multifocal, and may recur. Histopathologic features 
are not distinctive for syndromic lesions that appear radio-
lucent compared to the combined radiolucent/radiopaque 
appearance in sporadic lesions. [17] HPT-JTS patients 
will have a history of hyperparathyroidism (100%) with or 
without parathyroid tumors (adenoma/carcinoma), uterine 

Fig. 2   Juvenile nasopharyngeal angiofibroma in a 14 year old boy. a 
Low power view shows fibrovascular stroma with slit-like to ectatic 
blood vessels, some of which display a staghorn configuration. (H&E, 
40x) b Poorly developed perivascular myoid cells (arrows) give 

impression of a muscular layer. (H&E, 100x). c Ovoid, plump spin-
dled cells within the fibrous stroma lack significant cytologic atypia. 
(H&E, 400x). d Beta-catenin immunohistochemistry shows nuclear 
positivity. (400x)
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abnormalities and tumors (45%), renal cysts and tumors 
(15%), and less commonly thyroid, colon, pancreatic and 
cholangiocarcinomas. [16] HPT-JTS is an autosomal domi-
nant condition caused by mutations in the HRPT2 gene. [18] 
CDC73 mutation testing may be recommended in the appro-
priate clinical context.

Paraganglioma (PGL)

PGLs are neuroendocrine tumors that arise from the sympa-
thetic and parasympathetic paraganglia. Although uncom-
mon in childhood with an incidence of about 0.3 cases per 
million per year, [19] they (along with pheochromocytomas) 

are the most common endocrine tumors in children. [20] 
In the head and neck region they are named by location: 
carotid body, jugulotympanic (previously called glomus 
annulare), vagal and laryngeal PGLs. Microscopically, they 
show round to oval cells with abundant granular eosinophilic 
cytoplasm with mild-moderate nuclear atypia in Zellballen 
or trabecular architecture. (Figure 4a–c) Vascular invasion 
and rare mitotic figures may be seen. Metastasis is the only 
indicator of malignancy. In an Italian (n = 22) and French 
(n = 40) study on pediatric paragangliomas, 9% and 22.5% 
tumors were seen in the head and neck region respectively 
and about 58% and 78% showed germline mutations in 
one of the pheochromocytoma paraganglioma (PPGL) 

Fig. 3   Juvenile ossifying fibroma of the right maxilla in an 11  year 
old boy. a Low power view shows lesion with peripheral mature 
lamellar bone (arrow) and central cellular fibro osseous component 

(*). (H&E, 40x). b Central portion of the lesion shows bland fibrous 
stroma (*) and woven bone with abundant reactive osteoblasts 
(arrow) (H&E, 200x)

Fig. 4   a Paraganglioma of the carotid body in a 12  year old girl. 
Large polygonal cells with abundant eosinophilic cytoplasm and 
central round nuclei are seen in Zellballen pattern. (H&E 100X). b 

Abrupt bizarre or anaplastic nuclei with pleomorphism is common 
(H&E 200X). c Tumors are richly vascular with frequent intratumoral 
acute and remote hemorrhage. (H&E, 200x)
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susceptibility genes. [21, 22] SDHB and VHL genes were 
the most commonly mutated, followed by rare instances in 
SDHD, HIF2A, SDHC, NF1, and RET. In the French study, 
incomplete excision and synchronous metastases conferred 
higher risk for adverse events such as second tumors, local 
recurrences, metastatic relapses, and death due to disease. 
However, both studies concluded that identification of a 
mutation or SDHB status did not have a significant impact 
on outcome. Notably, succinate dehydrogenase B subunit 
(SDHB) gene germline mutations also predispose to other 
non-PPGL tumors such as renal cell carcinoma, gastrointes-
tinal stromal tumor and pituitary neoplasia [23].

Plexiform Neurofibromas (PN)

PNs are benign peripheral nerve sheath tumors seen in neu-
rofibromatosis type 1 (NF1). They are thought to be con-
genital and appear to grow fast in children < 8 years old. [24] 
Gross appearance is often described as a ‘bag of worms’ due 
to their complex, tortuous and convoluted shape. Microscop-
ically, they can be nodular or diffuse and show hypocellular 
myxoid matrix with Schwann cells, fibroblasts, and mast 
cells. (Figure 5a–c) Occasional nuclear palisading and rare 
pigmented cells may be noted. S-100 immunostain shows 
scattered positivity (in contrast to strong and diffuse staining 
of a schwannoma) and EMA is positive in the perineurial 
cells.

NF1 is caused by mutations in the NF1 tumor suppres-
sor gene located on chromosome 17q11.2, which encodes 
the protein neurofibromin. Major clinical findings include 
neurofibromas (including conventional and plexiform types); 
pigmentary abnormalities (café au lait macules, freckling, 
Lisch nodules); optic glioma; brainstem glioma; learning, 
behavioral, and attention deficits; and long bone dysplasia. 
In addition, affected individuals exhibit an increased risk 
for developing malignant peripheral nerve sheath tumors 
and other malignancies [25]. In a study of 59 children with 
NF1, median age at diagnosis was 2 years with 15% tumors 

occurring in the head and neck region [26]. About 54% had 
a history of other tumors including gliomas and malignant 
peripheral nerve sheath tumors (MPNST).

PNs are characterized by biallelic mutations in the NF1 
gene. Malignant transformation through stepwise progres-
sion to atypical neurofibroma can occur in PN and attributes 
to 45% of MPNST [27, 28]. Atypical neurofibromas show 
additional frequent loss of CDKN2A/Ink4a/Arf and may be 
precursor lesions to MPNST [28]. A study of 15 MPNSTs 
(6 NF1 associated) identified a loss of function somatic 
alterations of the Polycomb repressive complex 2 (PRC2) 
components (EED or SUZ12) in 70% of NF1 associated 
MPNSTs. Tumors with PRC2 loss showed complete loss 
of H3K27me3 nuclear expression by immunohistochemis-
try [29]. MPNST is a leading cause of mortality in patients 
with NF1.

Plexiform Schwannoma (PS)

Schwannomas are benign peripheral nerve sheath tumors 
originating from the Schwann cells with up to 40% occurring 
in the head and neck region. PS is a rare variant account-
ing for only 5% of all schwannomas. Most cases occur in 
the skin and subcutaneous tissue and show a predilection 
for the head and neck region, similar to ordinary schwan-
nomas [30]. Head and neck tumors can occur in the vestibu-
lar region, oral cavity or as cutaneous lesions. Plexiform 
schwannomas usually occur in younger adults and are rare 
in children. Most schwannomas in the head and neck region 
are sporadic; however, multiple or plexiform tumors suggest 
a possible association with neurofibromatosis type (NF2) or 
schwannomatosis.

PS are characterized by intraneural multinodular growth; 
they are less circumscribed, and often lack a capsule [31]. 
Microscopically they show a multinodular growth pat-
tern with individual nodules surrounded by a thin fibrous 
capsule. Nodules are composed of hyper (Antoni A) and 
hypocellular (Antoni B) areas of slender, elongated, and 

Fig. 5   Plexiform neurofibroma involving the eyelid in a 4 year old girl. a Low power view demonstrates multinodular configuration. (H&E, 40x) 
b, c Nodules are composed of hypocellular, myxoid stroma containing Schwann cells, fibroblasts and mast cells (arrows). (H&E, 100x and 200x)
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largely bland spindle cells. Hypercellular areas can show 
nuclear palisading, called Verocay bodies. Hyalinized and 
thick-walled vessels are common. Cells are diffusely and 
strongly positive for S-100 and Sox-10. (Figure 6a, b)

Neurofibromatosis type 2 (NF2) is an autosomal domi-
nant genetic condition caused by mutations in the NF2 tumor 
suppressor gene, which is located on chromosome 22 and 
encodes the protein merlin (schwannomin). It is character-
ized by the development of schwannomas, meningiomas, 
ependymomas, low grade gliomas, cerebral calcifications; 
juvenile posterior subcapsular lenticular opacities and 
peripheral cortical cataracts; retinal hamartomas; large café 
au lait macules (typically fewer in number compared to 
NF1), and bilateral vestibular schwannomas (BVS). BVS are 
considered the hallmark of this disorder and usually do not 
develop before adolescence which can delay the diagnosis of 
NF2. Cutaneous schwannomas can take two forms in NF2: 
subcutaneous tumors of variable size covered by normal skin 
or congenital, well-circumscribed brownish plaques, soft on 
palpation with hypertrichosis. Identification of the latter can 
facilitate early diagnosis of NF2. [32]

Schwannomatosis is a rare condition associated with 
mutations in the LZTR1 and SMARCB1 (INI1) genes on 
chromosome 22. Affected individuals tend to develop 
peripheral and spinal schwannomas, meningiomas, and 
chronic pain; however, they do not meet the diagnostic cri-
teria for NF2 (e.g., they exhibit no evidence of vestibular 
schwannoma or NF2 mutation) [25, 33]. A study has shown 
that solitary peripheral schwannomas and NF2-associated 
vestibular schwannomas retained the immunohistochemi-
cal expression of INI1/SMARCB1 in 97–100% of neo-
plastic cells, while those associated with schwannoma-
tosis showed a mosaic pattern ranging from 10 to 70% of 
neoplastic cells. The study concluded that partial loss of 
nuclear INI1/SMARCB1 expression was a reliable marker of 

schwannomatosis regardless of the involved gene (SMARCB, 
LTZR1, NF2). [34]

Mucosal Neuromas

Mucosal neuromas in the head and neck region can occur in 
the oral cavity, eyelid or conjunctiva. They are firm, painless, 
yellowish white, slow growing nodules that show bundles of 
disorganized and tortuous nerve fibers surrounded by EMA 
positive perineurium. Histopathologic features can mimic 
plexiform neurofibromas that lack EMA positive perineu-
rium surrounding the tumor nodules. (Figure 7) Mucosal 
neuromas have been described in multiple endocrine 

Fig. 6   Plexiform schwannoma in a 17 year old girl. a Sub-epidermal multinodular tumor is seen (H&E, 20x) with hypo and hypercellular areas 
of bland spindle cells in a somewhat fibrillary matrix. (inset, H&E, 200x), b Immunostain for S-100 shows diffuse reactivity. (20x)

Fig. 7   Mucosal neuroma involving the tongue in a 10  year old girl. 
Uneven, papillomatous and hyperkeratotic squamous mucosa overly-
ing the lesion. Lesion is sub-epithelial and composed of disorganized 
bundles of neural tissue. (H&E, 40x) Photomicrograph courtesy of 
Dr. John Hicks, MD PhD 
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neoplasia type 2B (MEN2B) syndrome. Rare instances of 
“pure mucosal neuroma syndrome” have also been reported 
[35] along with cases of neuromas accompanying lipoma-
tosis in patients with PIK3CA inactivating mutations [36].

MEN2B is a rare, but often fatal, hereditary autosomal-
dominant cancer syndrome, caused by activating germline 
mutations in the RET proto-oncogene (M918T in about 
95% of patients with MEN2B). [37] The syndrome is char-
acterized by early onset medullary thyroid cancer (MTC), 
pheochromocytoma, and extra endocrine features such as 
marfanoid habitus, skeletal abnormalities, mucosal neuro-
mas, and ganglioneuromatosis of the gastrointestinal tract. 
About 90% of patients carry de novo mutations, hence 
diagnosis of MEN2B may get delayed until late childhood 
or adolescence when MTC has already developed and/or 
metastasized. Improved awareness of the early nonendocrine 
signs of MEN2B, such as mucosal neuromas, can facilitate 
early diagnosis and intervention. In a study of 38 patients 

with MEN2B, 35 were sporadic, 22 were diagnosed after an 
endocrine manifestation at the mean age of 10.6 years but 
21 had one or more physician referrals for a MEN2B related 
feature at a mean of 5 years before the diagnosis. [37]

Nevus Sebaceous and the Nevus Sebaceous 
Syndrome

Nevus sebaceous is a cutaneous hamartomatous lesion 
involving epidermis and adnexal structures. It is either con-
genital or identified in early childhood as a smooth plaque 
devoid of hair, most commonly in the scalp. Pathologic find-
ings vary with the age of the lesion, as originally described 
by Mehregan et al., due to lesional components responding 
to hormonal changes [38]. Epidermal acanthosis and papil-
lomatosis is a relatively constant feature but may become 
more prominent in older lesions. Sebaceous glands and hair 
follicles tend to be smaller and underdeveloped in younger 

Fig. 8   Nevus sebaceous in an 8  month old infant (panels a, b) and 
a 13  year old boy (panels c, d). a Low power view of a skin exci-
sion showing non-lesional epidermis (thick arrow) adjacent to a pap-
illomatous lesion (arrow head). Lesional dermis shows malformed 
and aborted hair follicles (*) that do not reach the underlying fat, in 
comparison to the adjacent normal ones (thin arrow). (H&E, 20x). 
b An area marked in panel a, under medium power, shows an acan-

thotic epidermis with proliferation of hair follicle cells. Sebaceous 
glands are not seen. (H&E, 100x). c Low power view of a skin exci-
sion showing non-lesional epidermis (thick arrow) adjacent to a pap-
illomatous lesion (thin arrow). Lesional dermis shows prominent, 
malformed and aborted pilosebaceous units. (H&E, 20x). d An area 
marked in panel c, under medium power, shows a hyperplastic seba-
ceous gland with mature hair follicle and a shaft. (H&E, 100x)
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lesions whereas older lesions may show sebaceous hyper-
plasia and have mature hair follicles with well-developed 
hair shafts (Fig. 8a–d). [39]. Tumors may arise from unre-
sected nevus sebaceous, mostly benign, the most common 
being trichoblastomas [40, 41]. Once thought to be a rela-
tively common occurrence, malignant transformation is now 
known to occur rarely with the most common malignancy 
being basal cell carcinoma. This is exceedingly rare in the 
pediatric population and prophylactic removal before adoles-
cence is generally not necessary [40]. The vast majority of 
nevus sebaceous are isolated with an incidence of 1 in 1000 
live births and no gender predilection.

The epidermal nevus syndromes are a group of disorders 
characterized by the presence of epidermal nevi and associ-
ated extracutaneous manifestations. The nevus sebaceous 
syndrome (NSS) is the best known of these disorders and 
as the name implies it is characterized by the presence of 
sebaceous nevi. In patients with this syndrome, the cuta-
neous nevi are associated with neurologic manifestations, 
most commonly mental retardation and seizures, ocular 
manifestations such as epibulbar lipodermoid and coloboma 
and skeletal manifestations [42–45]. Rarely, patients may 
develop hypophosphatemic, vitamin D-resistant rickets. [46, 
47]. The underlying molecular mechanism was unknown 
until recently HRAS or KRAS mutations were reported in all 
of 65 cases of NSS, making it a RASopathy. The mutations 
were present only in lesional tissue confirming the long time 
suspected genetic mosaicism [48].

Malignant Pediatric Head and Neck Lesions 
Associated with CPS

Majority of malignant pediatric head and neck lesions that 
are associated with CPS are within the central nervous sys-
tem or endocrine system and are therefore beyond the scope 
of this review. We discuss the rare occurrence of squamous 
cell carcinoma of the head and neck in the pediatric popula-
tion and its possible associations.

Squamous Cell Carcinoma (SCC)

Pediatric SCCs are extremely rare and account for < 1% of 
pediatric head and neck malignancies. They are associated 
with previous malignancies, immunosuppressive therapy 
and/or genetic conditions such as Fanconi anemia (FA), 
xeroderma pigmentosum and keratitis ichthyosis and deaf-
ness syndrome [49]. They are rarely associated Epstein-Barr 
virus and human papilloma virus, which in turn can confer 
increased risk to development of other tumors [50]. Oral 
cavity is the most common location followed by larynx [51] 
and treatment by wide resection is favored over resection 
followed by radiotherapy. They are staged using the adult 

literature and staging system. Due to the rarity of this dis-
ease, there is no definitive data on difference in prognosis 
when compared to stage matched adult tumors.

Concluding Remarks

This review includes benign and malignant pediatric neo-
plasms largely within the soft tissue compartment of the 
head and neck region that may be associated with CPS. 
There are other entities in the endocrine, ophthalmic, and 
central nervous systems that may be associated with a CPS. 
They are beyond the scope of this article. While many of 
these associations are rare, recognition of their existence is 
crucial for early identification of patients that may benefit 
from a more thorough diagnostic work up including genetic 
studies and counseling.
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