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Pediatric Surgical Pathology
of the Nasal Cavity, Paranasal Sinuses,

and Skull Base

Bo-Yee Ngan, Catherine Chung, and Yukichi Tanaka

Benign Conditions:

1. Chronic Eosinophilic Rhinitis or Chronic
Rhinitis with Nasal Polyps or Without Nasal
Polyps and Noneosinophilic Chronic
Rhinosinusitis

Definition

A common inflammatory condition of the paranasal sinuses
and nasal passages. This condition is classified into two sub-
types, those associated with polyps and the remaining without
polyps. Definition/subclassification is best by the incorpora-
tion of the basic pathogenic mechanism where the immune
system has a major role in both the initiation and sustaining
phases. Loss of the immune barrier is common to all types and
the subsequent manifestations by a very heterogeneous group
of inflammatory mediators from the immune system on tissue
remodeling lead to positive or negative polyp formation.
Recently, cytokines interleukin (IL)-5 and IL3 coming from
Th2 cells, type 2 innate lymphoid cells, and probably mast
cells (IgE-positive mast cells) are reported to be associated
with chronic rhinosinusitis with polyps [1, 2]. A histopatho-
logical study found that those with polyp formation had statis-
tically significant increase in basement membrane thickening,
subepithelial edema, fibrosis, eosinophilia, and in particular
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eosinophil aggregates [3]. Eosinophil aggregates are found to
be associated with significantly worse disease [3]. In noneo-
sinophilic chronic rhinosinusitis, the inflammatory cells are
dominated by Th1 types of T cell [2].

Microscopic Features
For chronic eosinophilic rhinitis, the edematous respiratory
mucosa of the polypoid mucosa is infiltrated by chronic
inflammatory cells with a prominent population of eosinophils
(Fig. 7.1). Charcot-Leyden crystals are present. The basement
membrane of the epithelium is thickened (Fig. 7.2). Acute
inflammation is light and no vasculitis and no fungi are found.
For chronic rhinitis, eosinophils are not the major compo-
nent of the inflammatory infiltrates. For inflammatory pol-
yps, mucosal edema is significant. Without eosinophils, both
forms likely represent a milder form of disease (Fig. 7.3).
Differential diagnosis for chronic eosinophilic rhinitis is
that of Langerhans cell histiocytosis where atypical histio-
cytes with nuclear grooves are admixed with histiocytes and
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Fig. 7.1 Chronic eosinophilic rhinitis. H&E. Mucosa with ulcer, pro-

fuse chronic infiltrates

eosinophils

inflammatory cellular with prominent
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Fig. 7.2 Chronic eosinophilic rhinitis. H&E. Mucosa with chronic
inflammation. Hyaline changes in the region of the epithelial basement
membrane indicates early stages of basement membrane thickening

Fig. 7.3 Inflammatory polyp. H&E. Superficial mucosal chronic
inflammation with marked mucosal edema

eosinophils. For polyps with eosinophilia, aberrant arachi-
donic acid metabolism (such as aspirin) can be the cause. For
polyps with surface infiltration of neutrophils, cystic fibrosis
can be the underlying cause.

2. Allergic Fungal Sinusitis and Invasive Fungal
Sinusitis

Definition

Five diagnostic criteria for allergic fungal sinusitis was pro-
posed by Bent and Kuhn are: Type 1 IgE-mediated hypersen-
sitivity; nasal polyposis; characteristic computed tomography

Fig. 7.4 Allergic fungal sinusitis. H&E. Marked infiltrates of chronic
inflammatory cells with large numbers of eosinophils. Fungal stains are
positive (by GMS stain, not shown)

findings such as bony erosion in the skull base and orbit and
remodeling with a pushing border in the lamina papyracea
and the skull base; and eosinophilic mucus and positive fun-
gal smear [4]. Studies on tissues show a range of observa-
tions from increase in IgE levels to increase in fungal-specific
IgE mast cells in the sinus epithelium and subepithelium [5].

Nasal polyposis is classically seen in the initial presenta-
tion as well as during recurrence.

Microscopic Features

For allergic fungal sinusitis, the respiratory mucosa and sub-
mucosa is edematous to convey a polypoid appearance and
the mucosa has inspissated and laminated mucin. Necrotic
foci with neutrophil infiltrates, some intra-epithelial, some
within mucinous debris can be present. The mucosa is infil-
trated by lymphocytes, plasma cells, eosinophils, and scat-
tered Charcot-Leyden crystals can be found (Figs. 7.4 and
7.5). Leukocytoclastic vasculitis is absent.

Special stains for fungi, namely Grocott methenamine-
silver nitrate stain (GMS) will stain the fungal elements
black. Typically, if aspergillus is the cause, the organisms
have septate hyphae with branching at acute angles, they are
nested within the acellular necrotic tissues and the adjacent
inflamed polypoid mucosa.

For Invasive Fungal Sinusitis

The respiratory mucosa shows injuries secondary to the
inflammatory infiltrates in response to the infection. A mixed
inflammatory infiltrate of neutrophils, lymphocytes, plasma
cells, and numerous eosinophils are present. The glands
within the soft tissue are distended and contain deeply
eosinophilic-impacted secretion. Lamellated necrotic tissue,
associated with heavy, mixed inflammation can be seen.
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Fig. 7.5 Allergic fungal sinusitis. H&E. Marked infiltrates of chronic
inflammatory cells with large numbers of eosinophils. A Charcot—
Leyden crystal is deposited among the inflammatory infiltrate

Infection can infiltrate into the sinus bone matrix and it is
accompanied by lymphoplasmacytic chronic inflammatory
cells.

Special stains for fungi, GMS stain, will stain the fungal
elements black. Typically, if aspergillus is the cause, the
organisms have septate hyphae with branching at acute
angles, they are nested within the acellular necrotic tissues
and the adjacent inflamed polypoid mucosa.

3. Wegener’s Granulomatosis (Now Known
as Granulomatosis with Polyangiitis)

Definition

Granulomatosis with polyangiitis formally known as
Wegener’s granulomatosis is a clinical pathological syn-
drome of unknown etiology with multiorgan histopathologi-
cal findings of necrotizing granulomatous inflammation,
vasculitis, and parenchymal necrosis and positive serology
for antineutrophil cytoplasmic antibodies. Pulmonary, oto-
logic, and ocular manifestations are common along with glo-
merulonephritis. Gastrointestinal, genital urinary, and central
nervous system manifestations can occur [6]. Nasal disease
is common and manifests as crusting, discharge, ulcers, sep-
tal perforations, and destruction of nasal cartilage leading to
saddle nose deformity [7].

Microscopic Features

Multiple nasal biopsies larger than 5 mm in at least one dimen-
sion had been identified as a useful means of diagnosing
Wegener’s granulomatosis [6, 8]. The important features in the
nasal tissues are: active vasculitis and foci of fibrinoid necro-
sis/microabscesses, vasculitis, epithelioid granulomas, giant

Fig. 7.6 Wegener’s granulomatosis in the turbinate. H&E. Numerous
multinucleated giant cells are present within infiltrates of lymphocytes,
plasma cells, and some eosinophils. The small blood vessels have fea-
tures of acute vasculitis. Specific histochemical stains for fungi and acid
fast bacilli are negative (not shown)

cell infiltrates (Fig. 7.6), and vasculitis involving small arteries
and veins in a majority of cases. Some nasal biopsy cases may
not have granulomatous vasculitis while extravascular necro-
sis or fibrinoid necrosis is usually present. Some samples may
also exhibit nongranulomatous vasculitis at this site perhaps as
early lesions. Intimal fibrosis, stromal inflammation, and pres-
ence of giant cells are the most frequent features [8].

4. Nasal Xanthogranuloma

Definition

Nasal juvenile xanthogranuloma (JXG) is a non-Langerhans
cell histiocytic lesion. It usually presents as a solitary cutane-
ous lesion, most often in the head and neck region. Multiple
skin lesions can be seen and a subset of patients have wide-
spread systemic involvement.

Macroscopic Features

Skin papules or nodules are usually yellow to reddish brown
and range from 0.1 to 1.0 cm in diameter. There are deep
variants that extend into the subcutis and even into skeletal
muscle.

Microscopic Features

JXGs are characterized by a dense dermal infiltrate of histio-
cytes. Several cell types have been identified including vacu-
olated or foamy, scalloped, and oncocytic [9-11]. Small
histiocytes with moderate faintly vacuolated, pale eosino-
philic cytoplasm predominate in early lesions. The nuclei are
round to oval and may be indented. Xanthomatous cells
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Fig. 7.7 Nasal juvenile xanthogranuloma, H&E, with an infiltrate of
histiocytes including xanthomatous cells and Touton-type giant cells

increase with the age of the lesion. Multinucleated giant cells
including foreign body and Touton type are common. Touton
giant cells are a histologic hallmark of JXG but are not
required for the diagnosis as they may be absent in early- or
late-stage lesions. Present in approximately 85% of JXGs,
Touton giant cells consist of a wreath of nuclei around a core
of eosinophilic cytoplasm and an outer xanthomatous layer
(Fig. 7.7). Background inflammatory cells, including eosino-
phils and lymphocytes, may be present. A proliferation of
fibroblasts with fibrosis replacing the cellular infiltrate char-
acterizes late-stage lesions. Mitoses may be seen, particu-
larly in early lesions.

Ancillary Tests

The lesional cells express macrophage markers including
CD68 (Fig. 7.8), CD163, and CD14. CD4 is positive in the
histiocytes. There is strong staining for fascin. Factor XIIla
(Fig. 7.9) staining is typically seen at the periphery of the
lesion. There is variable staining with S100. CDla and
Langerin are negative.

Differential Diagnosis

Recognition of the varying morphology of JXG is impor-
tant for making the correct diagnosis. Early lesions can
resemble Langerhans cell histiocytosis especially when
there is scant lipidization and eosinophils are prominent.
In Langerhans cell histiocytosis, the nuclei are more reni-
form and the cells are positive for CDla and Langerin.
JXGs with a prominent spindle cell component may
resemble dermatofibroma.

Fig. 7.8 Juvenile xanthogranuloma, immuno stain for CD68 for mac-
rophages shows abundant macrophages in the lesion

Fig. 7.9 Juvenile xanthogranuloma, immuno stain for Factor XIIla
shows many positively stained histiocytes

Benign Mid-Line Masses
5. Nasal Dermoid Cyst

Definition

A congenital developmental disorder that belongs to the
category of benign teratoma (germ cell neoplasm) [12].
Its presentation varies in degrees of severity. Midline con-
genital anomalies occurs one out of 20,000-40,000 births
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Fig.7.10 Dermoid cyst. H&E. Cyst wall is lined by keratinizing squa-
mous epithelium with adnexal glandular components. Hair and degen-
erated desquamated keratinized squamous cells accumulates within the
cyst lumen

and nasal dermoids are most common [13]. According to
a proposed classification from the Great Ormond Street
Hospital, the types of nasal dermoids are: superficial,
intraosseous, intracranial extradural, and intracranial and
intradural [14, 15]. Dermoid cysts are ectodermal in ori-
gin located along the lines of embryonic fusion.
Histologically, they are lined by keratinizing squamous
epithelium with attached pilosebaceous structure
(Fig. 7.10). Eccrine and apocrine glands and smooth mus-
cles may be present in the wall of 25% of these cysts. The
sebaceous glands empty into the cyst lumen which is often
filled with hair shafts and keratinous debris.

6. Hairy Polyp

Definition

A benign polyp composed of ectoderm and mesoderm. At
this location it is exceedingly rare. Nevertheless it has been
reported [16]. Most common location is the nasopharynx
with a female predominance.

Microscopic Features

The surface of the polyp is a keratinized squamous epithe-
lium containing pilosebaceous units. The polyp stroma is
fibroadipose tissue (Fig. 7.11). The histological differen-
tial diagnosis includes lipo-epithelial polyp where the
stroma of the polyp is predominantly mature adipose tis-
sue (Fig. 7.12).

Fig. 7.11 Hairy polyp. H&E. Surface of the polyp is lined by epider-
mal and dermal tissues. The squamous epithelium contains fully devel-
oped hair follicles with sebaceous glands

Fig. 7.12 Lipo-epithelial polyp. H&E. Epidermal and dermal tissues
occupy the surface with a mature lipocyte rich stroma

7. Polyp Associated with Cystic Fibrosis

Definition

Cystic fibrosis (CF) is an autosomal recessive disorder
affecting approximately 30,000 children in the US. It is asso-
ciated with mutation in the cystic fibrosis transmembrane
conductance regulator (CFTR) chloride channel that affects
mucociliary transport. The most deleterious effect is to the
lungs and the GI tract. CF patients have thick tenacious



130

B.-Y.Ngan et al.

mucin and chronic rhinosinusitis is ubiquitous. Nasal polyps
are seen in up to 86% patients [17]. Neutrophil inflammation
in the polyp mucosa is mediated by IL-8 [18]. Infection by
Pseudomonas aeruginosa or Staphylococcus aureus are
common.

Microscopic Features

The mucosal polypoid structure is lined by pseudostratified
ciliated columnar epithelium with focal squamous metapla-
sia. The stroma is edematous and infiltrated by mixed inflam-
matory cell infiltrate composed of lymphocytes, eosinophils,
plasma cells, mast cells, and scattered neutrophils (Fig. 7.13).
Mucicarmine or Alcian blue-periodic acid Schiff (AB-PAS)
stain shows mucin deposit within the stroma (Fig. 7.14).
Focally, the epithelium is infiltrated by neutrophils. These
findings are important to distinguish this polyp from fibro-
inflammatory nasal polyps which are the commonest in this
region.

8. Nasal Encephalocele

Definition

Encephaloceles are formed by a defect in the neural tube,
characterized by a herniation of the brain and meninges
through structural weakness in the bony structures of the
skull [19]. A developmental disturbance in the separation of
surface ectoderm and the neuroectoderm in the midline just
after the closure of the neural folds occur during the fourth

Fig.7.13 Polyp in cystic fibrosis. H&E. Mucosa of the polyp lined by
non-keratinizing squamous epithelium exhibit mild chronic inflamma-
tion mimicking an inflammatory polyp. The edema-like mucosa, how-
ever, contains abnormal sulfated mucopolysaccharides from abnormal
and excessive production caused by the underlying cystic fibrosis
(mucoviscidosis) disease, see Fig. 7.14

Fig. 7.14 Alcian Blue-PAS stain of polyp in cystic fibrosis. Positive
staining generates a magenta/blue color to the mucopolysaccharides
and mucin deposited within the polyp stroma

Fig. 7.15 Nasal encephalocele. H&E presence of brain tissue with
reactive astrocytes within a neurofibrillary matrix

gestational week results in this late neurulation defect [20].
If this occurs in the skull base (basal encephalocele) and eth-
moid bone (frontoethmoidal encephalocele), the encephalo-
cele so formed may herniate into nasal structures causing
obstruction. Both entities are rare with an incidence that
ranges from 1 in 5000 to 1 in 40,000 live births around the
world [19] and frontoethmoid encephaloceles have the high-
est incidence in Southeast Asia affecting 1 in 5000 births
[20]. Histopathologically, one expects to find both tissue
components, that is, brain tissue and meningeal tissue with
normal histological features with the tissue mass (Figs. 7.15
and 7.16).
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Fig. 7.16 Stroma of nasal encephalocele. H&E. Neurofibrillar matrix
with astrocytes and glial tissues

9. Nasal Glioma/Glial Heterotopia

Definition

Glial heterotopia are rare, benign, congenital midline, and
nonteratomatous extracranial glial tissues. Most patients
develop a mass either in the nasal cavity or on the nasal
bridge. Mean size was reported to be 2.4 cm (range: 1 to
7 cm) [1]. Histopathology findings typically are components
of astrocytes (including gemistocyte type) and neuroglial
fibers mixed with a fibrovascular connective tissue stroma
(Fig. 7.17). Neurons and ependymal cells may be present.
Immunostains for glial fibrillary acidic protein (GFAP) and
S100 are positive [21].

10. Nasal Schwannoma

Definition

A tumor of Schwann cells first described by Verocay in 1908
[22]. It is a rare tumor at this site and most reported cases occur
in adults. A review in year 200 reported 11 cases and there was
one infant and two young adults (20-21 year old) [23]. Since
then there are sporadic cases, 2 occurred in a 12-year-old boy
[24, 25] and the other in a 17-year-old boy [26].

Microscopic Features

As described by Antoni in 1920, the lesions can have two
histological patterns: Antoni type A (fasciculated with high
cellularity) and type B (reticular, with low cellularity).
Antoni A has areas with spindle cells that contain twisted
nuclei, indistinct cytoplasmic borders, and occasional
nuclear vacuoles. In the high cellularity areas, the cells are
arranged in short interlacing fascicles. They may also show

Fig.7.17 Glial heterotopia. H&E. Patchy glial tissue mingled within a
fibrous connective tissue matrix

Fig. 7.18 Nasal Schwannoma. H&E. Nasal mucosa is replaced by
palisading fascicles of schwann cells where their elongated wavy nuclei
characteristically align in parallel next to each other (Antoni A pattern)
separated by anuclear zones to form Verocay bodies

nuclear palisading, whirling of cells, and form Verocay bod-
ies (compact groups of parallel spindle-shaped nuclei)
(Fig. 7.18). In the Antoni type B, there is a degenerative pat-
tern where spindle cells are haphazardly arranged within a
fibromyxoid stroma [27]. Neither patterns are prognostic.
Sinonasal Schwannomas differs from schwannoma at other
sites by their lack of a peripheral capsule and possible ulcer-
ation of the surface epithelium [28].

Histological differential diagnosis includes neurofibroma
[29], sclerotic angiofibroma [30], and other solid stromal
tumors that are virtually unknown in children (solitary
fibrous tumors) [31].
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Immunohistological Features
Diagnostic immunohistological antibody panel should
include S100, epithelial membrane antigen, calretinin,
CD34, Factor XIIIa, and CD56 [6].

11. Lobular Capillary Hemangioma or
the So-Called Pyogenic Granuloma

Definition

A benign vascular tumor. Rare cases in nasal cavity and infe-
rior turbinate in young children have been reported [32]. The
most common sites are the gingiva, lips, tongue, and buccal
mucosa. Trigger factors proposed as the etiology are micro-
trauma to the skin or mucosa and in children or adolescents
(accidental contusion while nose picking) [32], pregnancy
(granuloma gravidarum, related to estrogen—progesterone
implantation) [33]. Intranasal presentation is commonly
located in the anterior portion of the nasal septum (Little’s
area) and on the tip of the turbinates. A case in the nasal cav-
ity has been reported [34].

Microscopic Features

Presence of varying size capillaries in lobule arrangement.
They are surrounded by a central larger caliber blood vessel.
Within each lobule, capillaries may vary from the degree of
packing and this affects the size of the lumen of the blood
vessels. They are surrounded by pericytes and a loose stroma
of spindle cells without mitotic activities. The endothelial
cells have a bland cytological appearance. The surface may
be ulcerated and secondary inflammation (usually mild) may
be seen (Fig. 7.19).

Differential histopathological diagnosis include foreign
body, simple granulation tissue, and infantile/juvenile hem-
angioma. To distinguish infantile/juvenile hemangioma,
from others, immunostain of the endothelial cells of juvenile
hemangioma capillaries is positive for glucose transporter
(GLUT-1) [35, 36]. In newborns or early infancy, another
vascular lesion known as noninvoluting congenital heman-
gioma should be considered. They have irregular lobules of
compact capillary growth with slit-like vascular lumen
(Figs. 7.20 and 7.21). In the peripheral aspects of these capil-

Fig. 7.20 Nasal noninvoluting congenital hemangioma (NICH).
H&E. Lobules of densely packed collections of capillary size vessels
are separated by wide fibrotic septae. Some forms are elongated vascu-
lar lumen that are mildly compressed

Fig. 7.19 Capillary Hemangioma. H&E. Mucosal stroma contains
lobulated collections of small blood vessels and capillary tufts. A mild
chronic inflammatory cellular infiltrates. Superficial ulceration causing
mild acute inflammation is common

Fig. 7.21 Nasal noninvoluting congenital hemangioma (NICH).
H&E. High magnification shows compacted capillaries with bland
appearing endothelial cells and some pericytes
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Fig. 7.22 Nasal noninvoluting congenital hemangioma (NICH).
H&E. High magnification of the periphery of the vascular lobules
reveal vessels with open lumina that bear the characteristic feature of
endothelial cells of NICH that have a hobnail-like appearance

lary lobules, ectatic vascular lumen lined with hobnail endo-
thelial cells are the cardinal features (Fig. 7.22).

Other histological differential diagnosis which is rare
includes arteriovenous (A-V) malformation or other vas-
cular tumors (hemangiopericytoma, angiosarcoma, or epi-
thelioid hemangioendothelioma (uncommon at this site in
children but is discussed in Chap. 31) and another rarer
lesion such as an extranasopharyngeal angiofibroma of
the inferior turbinate in a 9-year-old boy has also been
reported [37].

12. Nasal A-V Malformation

Definition

A developmental anomaly where the intervening capillaries
are absent and the arteries and veins are connected directly.
At the nasal site, spontaneous and recurrent epistaxis
occurs. Congenital A-V malformations of the head and
neck are uncommon but its presence can present with dis-
figurement to cardiovascular consequences. It is considered
as a high-flow lesion and hence is a high-risk lesion and
despite combined treatment of embolization, surgical
resection, and reconstruction, incurable situations can be a
challenge [38, 39]. Of note are those multiorgan A-V mal-
formation associated with hereditary hemorrhagic telangi-
ectasia (HHT), an autosomal dominant trait that presents
with epistaxis around the age of 12 years due to telangiec-
tasis in the nasal mucosa and skin [40, 41]. Genetic testing
identifies pathological mutations in ENG (HHT1) and
ACVRI (HHT?2) in 80% and other mutations such as GDF?2
or SMAD4 [40].

Fig. 7.23 Arterial-venous malformation. H&E. Collection of large
vessels with abnormally formed wall and mural and intravascular
thrombi

Microscopic Features

Lesional tissue exhibits collections of blood vessels with
large ectatic lumen. There is abnormal muscularization
within the blood vessel walls and secondary intimal thicken-
ing formed in response to aberrant flow dynamics and lumi-
nal pressure or jet stream effects. In low-flow areas, thrombi
may be formed within the lumen (Fig. 7.23). Elastic tissue
histochemical stain reveals abnormal elastic fibril layering or
absence of elastic fibrils that is not consistent with the size of
the blood vessel.

13. Nasal/Extranasopharyngeal Angiofibroma

Definition
A locally aggressive fibrovascular neoplasm of variable cel-
lularity. It usually arise within the nasopharynx and it is prev-
alent in adolescent males. It can spread from the nasal cavity
to the nasopharynx, paranasal sinuses, and orbital skull base
with intracranial extension [42]. A review in 2012 on nasal/
extranasopharyngeal angiofibroma showed that of the 11
cases, there were four pediatric/adolescent cases (ages 8, 9,
13, and 19 years old) involvement of the nasal septum, nasal
cavity [43]. Two other cases were reported since and one
involved the nasal septum and the inferior turbinates [44,
45]. Overall, this is a rare lesion at this location. Hypotheses
of its developmental origin include an ectopic nidus of fascia
basalis or turbinate-like vascular tissue [46, 47].
Microscopic Features: Same features are present as those
in the nasopharynx (see Chap. 9). There is a dense fibrous
stroma with spindled or stellate cells with bland cytological
appearances. Thin-walled vascular spaces permeated through-
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Fig. 7.24 Nasal angiofibroma. H&E. Cytologically bland endothelial
cells lining vascular lumen with simplified walls that blend into a
fibrotic stroma with spindle-shaped fibroblastic cells

out the stroma of the poorly demarcated lesion (Fig. 7.24). In
the nasal septal angiofibromas, the vessel density, however,
may be markedly reduced at this site, resembling the long-
standing lesions of the nasopharyngeal angiofibromas [44].

The histological differential diagnosis includes lobular
capillary hemangioma (pyogenic granuloma), antrochoanal
polyp [48], angiomatous polyp, or sinonasal type hemangio-
pericytoma (rare in children).

Immunohistochemistry Features

Immunodiagnostic features are the same as those in the naso-
pharynx as described in Chap. 9. In a previous study of the
pathogenic relationship between the vascular and stroma
cells, an autocrine and paracrine relation is observed. Stromal
cells express vascular endothelial growth factor (VEGF)
while the endothelial cells express both VEGF and its recep-
tor VEGFR [49].

14. Schneiderian Papillomas

Definition

A rare nasal, paranasal sinus, or septal neoplasm in children.
Two histological types occur in children. Inverted papilloma,
defined by proliferative growth of the nasal (squamous or
respiratory epithelium) into the mucosal stroma and exo-
phytic squamous papilloma where the proliferative squa-
mous epithelium are associated with exophytic fibrovascular
cores forming papillary fronds on its surface. In adults, there
are other histological types such as oncocytic type. Due to
the rarity, there are very few case reviews on pediatric papil-
loma in the literature and nearly all are inverted papilloma
[50, 51] and one exophytic papilloma is noted in the Armed
Force Institute of Pathology files [52]. Pediatric-inverted

papilloma is noted to behave similar to adults and local
recurrences prompted the necessity of comprehensive sur-
gery. For other squamous papilloma, a laryngeal papilloma
was also noted by Hefner, as well as a rare occurrence of
pleomorphic adenoma in this location [52].

Microscopic Features
For inverted papilloma, the low-magnification appearance is
the presence of thick convoluted ribbon of hyperplastic squa-
mous cells that are delineated by an intact basement mem-
brane within the nasal mucosa. These endophytic epithelium
are multilayered nonkeratinizing squamous cells (5-30 cells
thick) or respiratory epithelial cells. Mild intra-epithelial
infiltrates of neutrophils may be present (Fig. 7.25). The
cytology is bland without dyskeratosis and mitosis is infre-
quent and may be seen in the basal regions. Loss of mucous
glands in the mucosa is seen. Malignant transformation to
squamous cell carcinoma is rare but has been reported [51].
For exophytic squamous papilloma, papillary fronds that
are covered by thick layers (2-20) squamous cells, respira-
tory type or transitional types of epithelial cells with scat-
tered mucocytes. The squamous cells are rarely keratinized
and atypical mitotic figures are present. Those in the nasal
vestibule are cutaneous squamous cell papilloma and they
exhibit extensive surface keratinization (Fig. 7.26).

Immunohistology and Molecular

Features

Immunostain for cell cycle-related proteins and p53 in adult-
inverted papilloma show strong pl6, p21, p27, pRB, and
cyclin D1 staining and little or no p53 expression in a major-
ity of tumors. Tumors with dysplasia were significantly more

Fig. 7.25 Inverted papilloma. H&E. Endophytic Schneiderian squa-
mous epithelium forming downward growths of thick/multilayered epi-
thelial cells forming crypt or glandular-like differentiation. Sporadic
mucous secreting cells and sporadic intra-epithelial neutrophils are
commonly seen
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Fig.7.26 Exophytic papilloma. H&E. Flat or verrucoid exophytic pro-
liferation of hyperplastic, acanthotic, hyperparakeratotic, nonkera-
tinized squamous epithelium occurs in the mucosal lining

likely to be p53 positive and had upregulated p21 and p27
[4]. Using in situ hybridization and PCR of human papillo-
mavirus (HPV) 11/16; 20% of adult-inverted papilloma are
positive for HPV 6/11 [54], and HPV presence is correlated
with p53 positivity [53].

Malignant Conditions
1. NUT Carcinoma (NUT Midline Carcinoma)

Definition

NUT carcinoma (NC) is a rare and highly aggressive subset
of poorly differentiated squamous cell carcinoma not always
but often arising from midline epithelial structure, harboring
unique chromosomal translocation with resultant rearrange-
ments of the gene encoding nuclear protein in testis (NUT) at
15q14. NC predominantly affects children and young adults.
Most common sites of involvement are head and neck (e.g.,
sinonasal tract, nasopharynx, larynx, orbit, parotid gland,
and tonsils) and thorax (e.g., mediastinum/thymus, trachea,
and lung) [55-57].

Macroscopic Features

In most cases, the tissue samples are obtained as piecemeal
materials and there have been few cases in which the NC was
totally resected, thus no specific macroscopic feature has
been obtained.

Microscopic Features

The tumor consists of nests or sheets of undifferentiated cells
with/without focal squamous differentiation (Figs. 7.27 and
7.28). Abrupt squamoid differentiation is common. Lack of
squamous differentiation does not exclude the diagnosis of

Fig. 7.27 NUT Carcinoma. H&E. Invasive diffuse growth of undif-
ferentiated tumor cells is shown

Fig. 7.28 NUT Carcinoma. H&E. Features of abrupt transition from
undifferentiated cells to foci of differentiation is one of the hallmarks of
this tumor

NC. The undifferentiated tumor cells included rounded,
polygonal, or oval nuclei with relatively vesicular chromatin
and often distinct nucleoli, and small amount of eosinophilic
to amphophilic cytoplasm. Nuclear pleomorphism may be
present. Mitotic feature is frequently seen and individual cell
and/or large confluent necrosis may be seen. Foci of squa-
mous differentiation are usually seen as nests of mature,
well-differentiated squamous cells and often appear abruptly
from the adjacent nests of undifferentiated cells (abrupt tran-
sition) (Fig. 7.28).

Immunopathological Features

Typical immunophenotypes are as follows: positive—NUT
(nuclear) (Fig. 7.29), cytokeratin (e.g., pan cytokeratin, CK7,
and CK8), Epithelial Membrane Antigen (EMA), p63, and
p40 negative—myogenic markers, hematolymphoid mark-
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Fig.7.29 Nut Carcinoma. Immunostain with antibody to the NUclear
protein of Testis (NUT) marks the expression of the NUT protein
within the tumor cell nuclei as a result of the gain of function type of
translocation that involve the gene locus of NUT

ers, S-100, CD99, Alpha Feto-Protein, placental alkaline
phosphatase variable—CD34 and synaptophysin.

Molecular/Cytogenetic Features

Approximately, two-thirds of NC harbor t(15;19)(q13;p13.1)
and resultant BRD4-NUT chimeric gene. In the remaining
one-third cases, the NUT gene fuses to other genes (NUT
variants).

2. Secondary Carcinomas in Children

Definition
Extremely rare malignant glandular epithelial neoplasm in
children at this site following treatment of a primary
malignancy.

One patient in the pathology archive of Hospital for Sick
Children who has oral rhabdomyosarcoma treated at age 5
developed a nasal mass, 6 years later with sinonasal adeno-
carcinoma (Figs. 7.30, 7.31, and 7.32).

A further literature search reveals that only one case had
been reported, as a complication after treatment of retino-
blastoma or in survivors of retinoblastoma [58]. Two other
cases of neuroendocrine carcinoma were also reported in
post treatment retinoblastoma patients [59].

3. Salivary Gland Tumors

Definition

Primary salivary gland tumor occurring in children and ado-
lescents at this site is extremely rare. Survey of the literature
reveals sporadic reports of various types (from adenomas to
pleomorphic adenomas) at this site [60-63].

Fig. 7.30 Secondary, post-rhabdomyosarcoma poorly differentiated/
nonintestinal sinonasal carcinoma. H&E. Features of in situ carcinoma
in the superficial sinonasal mucous glands

)

Fig. 7.31 Secondary, postrhabdomyosarcoma poorly differentiated/
nonintestinal sinonasal carcinoma. H&E. Areas showing extensive and
destructive invasion and the presence of poorly differentiated and
hyperchromatic carcinoma cells. Left upper corner shows surface epi-
thelium with carcinoma in situ

Microscopic Features
Histopathological features of the subtypes of salivary gland
tumors in children are presented by Dr. Chami in Chap. 17.

4, Olfactory Neuroblastoma
(Esthesioneuroblastoma)

Definition

Olfactory neuroblastoma (ONB) or esthesioneuroblastoma
is a rare type of neuroectodermal tumor that arises from
progenitor cells of the olfactory epithelium [64]. ONB
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Fig. 7.32 Secondary, post-rhabdomyosarcoma poorly differentiated/
nonintestinal sinonasal carcinoma. H&E. Perineural invasion is shown

accounts less than 5% of malignant intranasal tumors, mostly
occurs between fifth and sixth decade of age, and is seen
equally in males and females. ONB is typically found in
upper nasal cavity with extension mostly to ethmoid sinus,
orbit, and anterior skull base. Some rare examples with ecto-
pic occurrence have been reported [65]. ONB is a locally
aggressive with a tendency to metastases to the cervical
lymph nodes and less than 10% of distant metastases. ONB
is rare in children but is the most common malignant tumor
of the nasal cavity [66].

Macroscopic Features

The tumors are soft, glistening, reddish-gray, and hypervas-
cular. Hemorrhage/necrosis is usually absent in low-grade
tumors but is common in high-grade tumors.

Microscopic Features

Low-grade ONBs are typically composed of lobules of
small-to-medium-sized atypical rounded cells with fibrillary
matrix and delicate fibrovascular stroma (Fig. 7.33). Higher
grade tumors display pleomorphic features, brisk mitotic
activity, decreased neural matrix, and less conspicuous lobu-
lar growth. Pseudo- and true-rosette formation may be pres-
ent. The variability such as poorly differentiated morphology
and divergent epithelial and/or mesenchymal differentiation
are also seen and may cause difficulty in diagnostic
differentiation.

Immunopathological Features
The tumor cells are positive for neuronal markers such as
CD56, chromogranin, neurofilament, neuron specific eno-

Fig. 7.33 Low-grade olfactory neuroblalstoma. H&E. Lobules con-
sisting of small-to-medium-sized atypical round cells are seen

Fig. 7.34 Low-grade olfactory neuroblalstoma. Immunostain for syn-
aptophysin. Positive cytoplasmic staining is present

lase, and synaptophysin (Fig. 7.34). S-100 positive cells are
characteristically seen along periphery of neoplastic lobules.
Cytokeratin may be focally positive.

Molecular/Cytogenetic Features

Some early studies referred to the association with Ewing
sarcoma family of tumor, but subsequent reports have not
supported the hypothesis. So far there has been no consistent
pattern of molecular/cytogenetic abnormality in ONB,
although a large number of chromosomal aberrations, gains,
and deletions have been reported.
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5. Melanotic Neuroectodermal Tumor
of Infancy

Definition

Melanotic neuroectodermal tumor of infancy (MNTI) is a
rare pigmented neoplasm of neural crest origin that occurs in
the first year of life. The majority of cases occur in the cra-
niofacial region, most frequently the anterior maxilla, but
other sites of involvement include the skull, mandible, brain,
and paratesticular region [67]. It is postulated to recapitulate
the early embryonic retina [68].

Macroscopic Features
Grossly, the tumors are firm, unencapsulated masses, usually
2-4 cm in diameter but tumors up to 20 cm have been
reported [69].

The cut surface varies from tan to gray-white with vari-
able blue-black pigmentation.

Microscopic Features

MNTI is characterized by a dual population of cells: small
neuroblast-like cells with hyperchromatic nuclei and scant
cytoplasm, and larger polygonal epithelioid cells with vesic-
ular nuclei and pale eosinophilic cytoplasm containing vari-
able melanin pigment. The larger epithelioid cells are
typically arranged in an alveolar to tubular architecture
(Fig. 7.35) and they often surround nests of the small
neuroblast-like cells (Fig. 7.36). There is surrounding dense
collagenous stroma. The small neuroblastic cells may con-
tain neurofibrillary elements (Fig. 7.37). The proportion of
each cell type varies between and within tumors. Mitoses are
rare or absent [68]. Metastases are rare and consist of the

tumor  of
H&E. Pigmented epithelioid cells arranged in irregular alveolar and
tubular structures with in densely collagenous stroma is shown

Fig. 7.35 Melanotic  neuroectodermal infancy.

Fig. 7.36 Melanotic  neuroectodermal tumor of infancy.
H&E. Characteristic biphasic morphology with nests of small
neuroblast-like cells surrounded by larger pigmented epithelioid cells is
shown

Fig. 7.37 Melanotic neuroectodermal tumor of infancy. H&E. Small
neuroblastic component with neurofibrillary elements and pigmented
cells at the periphery is shown

small neuroblastic component. There are no histologic fea-
tures that are known to predict behavior.

Ancillary Tests

MNTTI demonstrates multiphenotypic expression of epithe-
lial, melanocytic, and neural markers [4, 5]. The large
melanin-producing epithelioid cells stain positively for cyto-
keratin (Fig. 7.38) and HMB45 (Fig. 7.39), but are negative
for other melanoma markers, and show variable staining for
EMA. The small round cells stain for CD56 with variable
staining for synaptophysin (Fig. 7.40), S100, and glial fibril-
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Fig. 7.38 Melanotic neuroectodermal tumor of infancy. Immunostain
for pan-cytokeratin is positive

Fig. 7.39 Melanotic neuroectodermal tumor of infancy. Immunostain
for HMB45 is positive

lary acidic protein (GFAP). Both cell types express
neuron-specific enolase (NSE) and vimentin. Focal staining
for desmin and chromogranin has been described [70]. There
are inconsistent reports of NB84 expression.

Genetic Features
Flow cytometry studies have revealed both diploid and aneu-
ploid MNTIs [2, 4].

One case harboring the BRAFV600E mutation has been
reported [71].

Differential Diagnosis
The histology of MNTI is distinct, however, misdiagnosis
may occur due to its rarity.

Fig. 7.40 Melanotic neuroectodermal tumor of infancy. Immunostain
for synaptophysin is positive

The differential diagnosis includes other small, round,
blue cell tumors such as Ewing sarcoma, neuroblastoma,
rhabdomyosarcoma, and lymphoma. The characteristic clini-
cal features, biphasic morphology, and immunostaining pat-
tern of MNTI should help to distinguish it from these other
entities.

6. Non-Hodgkin Lymphoma B-Cell or T-Cell
Lymphomas

Burkitt Lymphoma, T-cell lymphoma, leukemia, and extra-
nodal NK/T-cell lymphoma, nasal type

Definition

Malignant clonal proliferative lymphoid neoplasm that origi-
nate from various lymphoid lineages at various stages of
their maturation and hence there are many subtypes (see
Chap. 27 for details). Prevalence of certain types of lympho-
mas differs by age or geographic locations as well as ana-
tomical sites. At this particular sites in children, Burkitt
lymphoma is most frequent [52]. A case example is shown
(Figs. 7.41 and 7.42). Burkitt lymphoma is discussed in
detail in Chap. 27. The most common mature T-cell lym-
phoma in pediatric population is anaplastic large cell lym-
phoma which can manifest in extranodal sites. A case
example is shown Fig. 7.43. Details of anaplastic large cell
lymphoma are discussed in Chap. 27. Leukemic infiltrates
can involve tissues. Shown is a case of acute megaloblastic
leukemia (M7) invading the sinuses (Figs. 7.44, 7.45, and
7.46). T-cell lymphomas in general are less frequent in the
western hemisphere, however, one type in particular that
arises primarily in the nasal region is worth discussing here.
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Fig.7.41 Nasal Burkitt lymphoma. H&E. Replacement of the mucosa
by a monomorphous population of small neoplastic lymphoid cells
interspersed with a few reactive histiocytes in the background is shown

Fig. 7.42 Nasal Burkitt lymphoma. H&E. Packed small abnormal
lymphoid cells with scanty cytoplasm, high nuclear-cytoplasmic ratio,
square-shaped surface edges, high mitotic activity, and background
phagocytotic (tangible body) macrophages (starry-sky pattern) are the
usual features of this lymphoma

Extranodal NK/T-cell lymphoma, nasal type (ENKTL-N)
is a neoplasm with NK cell-phenotype and, and less often,
cytotoxic T-cell-phenotype [72, 73]. ENKTL-N is associated
with EBV infection and is more common in Asia and Central/
Latin America than in Western countries. The affected
patients are broad-aged (median, fifth decade), and children
are occasionally affected. The male-to-female ratio is
approximately 2:1. The patients mostly present with local-
ized disease, and 10-20% with advanced stage of disease.

Fig. 7.43 Anaplastic large cell lymphoma. H&E. Infiltrates of mono-
morphic abnormal appearing large lymphoid cells, some with bi-
nucleated cells mimicking Reed Sternberg cells of Hodgkin lymphoma
is shown. Immunophenotype (not shown) of this lymphoma is typically
CD30+ve, ALK-1+ and exhibit aberrant loss of T-cell lineage cell sur-
face antigens. This biopsy is Alk —ve but is clonal for T-cell receptor
gene construct by molecular analyses (not shown)

Fig.7.44 M7 leukemic infiltrate in sinusoidal bone H&E

ENKTL-N can occur in immunosuppressed setting, such as
post-transplant state.

Macroscopic Features
Macroscopic features are nonspecific. Most samples of
ENKTL-N are submitted as piece-meal biopsies.

Microscopic Features
The histopathology of ENKTL-N is characterized by poly-
morphic neoplastic infiltrate composed of small-to-medium
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Fig.7.45 M7 Leukemic infiltrate. H&E. Cluster of infiltrates of leuke-
mic blasts. The cells are small with scanty cytoplasm. Nuclei are near
spherical and the nuclei contain fine stippled chromatin, some contain
small nucleoli

Fig. 7.47 Extranodal natural kKiller T-cell lymphoma, nasal type.
H&E. Medium-sized, atypical rounded cells are seen admixed with
lymphocytes and histiocytes

Fig. 7.46 M7 leukemic cells positive for CD61 immunostain. Other
positive staining included hematolymphiod marker CD43. These cells
in contrast with acute myeloid leukemias are negative for
myeloperoxidase

sized, occasionally large, anaplastic, lymphocytic cells, with
angioinvasive and/or angiodestructive growth pattern, admix-
ture of inflammatory cells, and extensive coagulative necrosis
(Figs. 7.47 and 7.48). Because of these features, differential
diagnosis often includes inflammatory diseases and autoim-
mune diseases such as Wegener granulomatosis. Presence of
EBYV in tumor cells is usually confirmed by in situ hybridiza-
tion of EBV-encoded small nuclear RNA (EBER) (Fig. 7.49).

Al .-'md.’ic" &

Fig. 7.48 Extranodal natural killer T-cell lymphoma, nasal type.
Elastic Von Gieson Stain. Angiocentric invasion by lymphoma cells is
shown

Immunopathological Features

Tumor cells of NK cell lineage are usually positive for CD2,
cytoplasmic CD3, CD43, CD56 (Fig. 7.50), perforin, gran-
zyme B, and T-cell intracellular antigen. Surface CD3, CD4,
CD5, and CDS are negative. Tumor cells of T-cell lineage
may be positive for surface CD3, CD5, and CDS8. CD30-
expression, high labeling index of Ki-67 and MYC-
expression are reported to be possibly related to
aggressiveness of the tumor [74].
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Fig. 7.49 Extranodal natural killer T-cell lymphoma, nasal type. In
situ hybridization for EBV encoded RNA shows that the lymphoma
cells are positive

Fig. 7.50 Extranodal natural kKiller T-cell lymphoma, nasal type.
Immunostain for CD56 is positive

Molecular/Cytogenetic Features

The EBV in tumor cells shows a clonal episomal form and
type II latency pattern (EBNA-1 positive, EBNA-2 negative,
and LMP1 positive). Some defect in immune surveillance
due to common 30-base pair deletions of the LMPI gene has
been suggested. T-cell receptor gene rearrangement is not
present in tumors of NK cell lineage and is found in tumors
of T-cell lineage. Neither specific chromosomal transloca-
tion nor relevant cytogenetic abnormality has been
established.

Fig. 7.51 Ewing Sarcoma. H&E. Infiltrates of small round blue cells
are typical features. Some Ewing exhibit cells with two cytological
appearances: those with light pale cytoplasm (glycogen containing) and
others with less and nonclear cytoplasm and hyperchromatic nuclei
(dark cells); seen in the left side of the figure

Fig.
H&E. Presence of a horizontal band of condensed layer of hyperchro-
matic plump spindle cells in the superficial mucosa is a typical appear-
ance of this type. In the deep part of the mucosa, the tumor cells are
widely dispersed and are randomly located (scattered)

7.52 Embryonal = rhabdomyosarcoma,  botryoid  type.

7. Pediatric Sarcoma

The pathology of specific spindle cell lesions such as fibro-
matosis and low-grade myofibroblastic sarcoma is discussed
in Chap. 27 by Dr. Allagio. The highly malignant pediatric
small round blue cell tumor group which includes Ewing sar-
coma (Fig. 7.51), botryoid rhabdomyosarcoma (Fig. 7.52),
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Fig. 7.53 Primitive neuroblastic component of teratocarcinosarcoma.
H&E

fibrosarcoma, synovial sarcoma, and pleomorphic undiffer-
entiated tumor and its subset (with BCOR translocation) are
discussed in Chap. 31 by Dr. Alagio.

8. Teratocarcinosarcoma

Definition

A histologic combination of malignant teratoma and carci-
nosarcoma with a triphasic growth pattern including epithe-
lial, mesenchymal, and primitive neuroectoderm components
[75, 76]. It is highly aggressive and has been reported to
occur in the nose, paranasal sinuses, and other locations such
as nasopharynx and oral cavity primarily of adults with an
average age of 60 years [76]. Two pediatric cases have been
reported in the literature [77, 78]. The one in our institutions
(Hospital for Sick Children) involves the nasopharynx and it
is associated with a cleft palate and the congenital replace-
ment or absence of the ipsilateral Eustachian tube [78].

Microscopic Features

Malignant tissue components are present within tissue com-
ponents of an otherwise teratoma. As shown in Figs. 7.53
and 7.54, patchy primitive neuroepithelial tissue and papil-
lary epithelial tissues with malignant features present.

Other Benign Conditions
1. Nevus Sebaceous of Jadassohn
Definition

A complex congenital hamartoma located usually on face
or scalp that is reported to occur in 0.3% of neonates and a

Fig. 7.54 Papillary carcinoma component of teratocarcinosarcoma.
H&E

case report on the side of the nose has been reported [79].
Familial cases have been reported. Histologically, it exhib-
its epidermal hyperplasia, immature pilosebaceous which
can be reduced in infants. In young adolescents, there is
enlargement of the pilosebaceous units which are placed
abnormally superficial within the dermis (Figs. 7.55 and
7.56) with increased numbers of closely set lobules and
malformed ducts. Although in adults, evolution to neo-
plasms such as trichoblastoma, syringocystadenoma papil-
liferum, sebaceous epithelioma, basal cell carcinoma,
trichilemmoma, adnexal carcinoma, and eccrine poroma
[79-81] occurs, rare case examples of transformation to
these neoplasms had been reported in children [81, 82].

2. Hamartoma of the Nasal Cavity/
Chondromesenchymal Hamartoma

Definition

Nasal chondromesenchymal hamartoma is a rare benign, but
locally destructive, lesion arising most commonly in the
nasal cavity, paranasal sinuses, and orbit [83]. It occurs pre-
dominantly in infants under 1 year, but can be seen in older
children and adults [84]. Intracranial and skull base exten-
sion can occur. Bony erosion and displacement on imaging
can raise suspicion of malignancy. Histologically, it is char-
acterized by a focal lobular arrangement of irregular islands
of mature and immature hyaline cartilage set within myxoid
to fibrous stroma containing bland spindle cells. The stroma
shows variable cellularity but there is no nuclear atypia or
atypical mitoses. The proportion of chondroid and stromal
components varies. Reactive bone, blood-filled cystic spaces,
and thick-walled vessels may be seen. The stromal cells are
immunoreactive for smooth muscle actin and negative for
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Fig. 7.55 Nasal nevus sebaceous of Jadassohn. H&E. Hyperplastic,
hyperkeratotic squamous epithelium with superficially placed hair fol-
licles and sebaceous glands

Fig. 7.56 Nasal nevus sebaceous of Jadassohn. H&E. From the neck
of the same patient

cytokeratin. Chondromesenchymal hamartoma is part of the
DICER] familial tumor susceptibility syndrome associated
with pleuropulmonary blastoma [85, 86].

3. Fibrous Dysplasia

Definition

Fibrous dysplasia (FD) is a benign fibro-osseous lesion in
which normal bone is replaced by spicules of disorganized
bone and fibrous tissue. A single site (monostotic) or multi-
ple (polyostotic) bones may be involved. Any bone can be

affected but the most common sites are the craniofacial
bones and the femur.

Macroscopic Features
The involved bone is often expanded and replaced by firm,
grey-white tissue with a gritty texture.

Microscopic Features

Varying proportions of fibrous and osseous components are
present. The fibrous tissue consists of bland fibroblastic cells
demonstrating variable cellularity. Mitotic figures are uncom-
mon. Irregular, curvilinear, trabeculae of woven bone charac-
terize the osseous component [87] (Figs. 7.57 and 7.58).

Fig.7.57 Fibrous dysplasia. H&E. Irregular anastomosing trabeculae
of woven bone and hypocellular fibrous stroma

Fig. 7.58 Fibrous dysplasia. H&E. Bland fibroblastic cells character-
ize the fibrous component
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Osteoblasts are inconspicuous. Craniofacial lesions, in
particular, may show progressive maturation to lamellar
bone. Islands of hyaline cartilage undergoing endochondral
ossification can be seen. Spherules or globules of cementum-
like material may be seen. Secondary aneurysmal bone cyst
(ABC)-like changes may be present.

Genetic Features

Fibrous dysplasia is caused by postzygotic activating mis-
sense mutations in the GNAS gene that encodes the a-subunit
of the stimulatory G-protein-o [88]. GNAS mutations are
also present in McCune—Albright syndrome.

Differential Diagnosis

FD shares overlapping histological features with other fibro-
osseous lesions, including ossifying fibroma and cemento-
osseous dysplasia, and they can be distinguished by clinical
and radiological features. Osteoblastomas can occur in the
maxillofacial region but differ in its distinct loose fibrovas-
cular stroma and by the presence of prominent osteoblasts.
The healing phase of giant cell reparative granuloma may be
devoid of giant cells and resemble FD but can be distin-
guished from FD by its zonal pattern of reactive bone and
fibrous tissue [89].
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