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ABSTRACT

Background: Sinonasal papillomas are benign epithelial neoplasms arising from Schneiderian mucosa. The three subtypes, exophytic, oncocytic, and
inverted (inverted papilloma [IP]), should be distinguished from one another histopathologically. This study (1) highlights the histopathological and clinical
differences between the Schneiderian papilloma subtypes and (2) identifies clinical features that potentially predict papilloma subtypes.

Methods: A retrospective review was performed of patients with Schneiderian papillomas over an 11-year period.

Results: Seventy patients with sinonasal papillomas who underwent sinus surgery were identified. There were 50 (71%) male and 20 (29%) female subjects
diagnosed at an average age of 53 years (range, 13—80 years). Exophytic (n = 25), oncocytic (n = 9), and IP (n = 37) were identified. IP was associated with
transformation into squamous cell carcinoma in three (8%) cases and dysplasia in three (8%) cases. Neither oncocytic nor exophytic subtypes were associated
with dysplasia or malignancy. On multivariate analysis of potential predictors of papilloma subtype, history of chronic rhinosinusitis (CRS) and location of
papilloma were significantly associated with papilloma subtype. Using classification and regression tree model, papilloma subtypes can be predicted based on
presence or absence of CRS and papilloma location with nominal 82.4% accuracy.

Conclusion: The inverted and exophytic type are the most common sinonasal papillomas, with the inverted type having an 8% rate of malignant
transformation in this study. In contrast, the oncocytic type was not associated with dysplasia or malignancy in our series despite reports in the literature
indicating malignant potential. History of CRS and papilloma location can provide clues to the histological subtype, which is important for surgical planning
and patient counseling.

(Am J Rhinol Allergy 27, 287-292, 2013; doi: 10.2500/ajra.2013.27.3904)

Schneiderian papillomas are papillomas arising in the sinonasal

tract, which is lined with Schneiderian epithelium, ectodermally
derived respiratory mucosa.!? This distinctive epithelium can give
rise to three histologically unique types of papillomas: exophytic
(fungiform, septal, and squamous), inverted (inverting), and onco-
cytic (cylindrical cell and columnar) papillomas.

In 1854, Ward first documented the occurrence of a papilloma in
the sinonasal cavity.? Reingertz, in 1935, was the first to histologically
describe the appearance of inverted papillomas (IPs).# Since then,
several different names have been used to characterize these three
distinct types of papillomas. In 1991, the World Health Organization
classified sinonasal papillomas into three distinct histopathological
subtypes: exophytic, inverted, and oncocytic.?

The purpose of this study is to clarify the etiology, histopathology,
clinical behavior, malignant potential, and management of these dif-
ferent types of sinonasal papillomas based on a review of patients
with Schneiderian papillomas over an 1l-year period at a single
academic medical center.

MATERIALS AND METHODS

Pathology specimens were reviewed from sinus surgeries per-
formed at University of California-Los Angeles (UCLA) Medical
Center between January 2000 and July 2011. Seventy patients were
diagnosed with Schneiderian papillomas over this 11-year period. All
specimens were reviewed by the senior head and neck pathologist
(S.B.). A retrospective patient chart review was then conducted to
determine type of sinonasal papilloma, age, sex, tobacco and alcohol
exposure, history of allergic rhinitis, history of chronic rhinosinusitis
(CRS), number of prior sinus surgeries, location, associated findings,
and malignancies.
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Statistical Analysis

Age, sex, tobacco and alcohol exposure, allergic rhinitis, CRS, prior
sinus surgeries, and location were evaluated for their potential to
predict the subtype of papilloma. All potential predictors were cate-
gorical except for age. Tobacco exposure was classified as nonsmoker,
prior smoker, or current smoker. Alcohol use was classified as none,
social drinker (<1 drink/wk), regular drinker (14 drinks/wk), or
heavy drinker (=4 drinks/wk). CRS was defined by the guidelines
delineated by the 2007 Academy of Otolaryngology-Head and Neck
Surgery’s panel on adult rhinosinusitis.® Prior sinus surgery was
classified as none, one prior surgery, or two or more prior surgeries.
Sites of tumor involvement were obtained by review of the operative
report and intake history and included nasal cavity; frontal, maxil-
lary, ethmoid, or sphenoid sinuses; or nasopharyngeal soft palate. The
nasal cavity included the following: nasal septum, lateral nasal wall,
vestibule, inferior, middle, or superior turbinates.

Statistical Methods

In univariate analysis, categorical predictors were evaluated indi-
vidually for a significant association with papilloma subtype using
the chi-square test. To evaluate the quantitative variable of age, the
mean age at presentation was calculated for each papilloma subtype
and then compared using one-way analysis of variance and corre-
sponding pairwise t-test comparisons under the one-way analysis of
variance model. The eight predictors were then evaluated simultane-
ously using a multivariate classification and regression tree (CART)
model, which is a recursive binary partitioning model. The p values
for the binary partitions were computed using Fisher’s exact text.
Statistical analysis was conducted using SAS Version 9.3 (SAS, Inc.,
Cary, NC) and Answer Tree 3.0 (SPSS, Inc., Chicago IL).

Our retrospective study was approved by the UCLA Institutional
Review Board, project title IRB11-002254, and the requirement for
informed consent was waived. Our study was Health Insurance Por-
tability and Accountability Act compliant.

RESULTS

Between January 2000 and July 2011, 70 patients with Schneiderian
papillomas were identified. Patient demographics are summarized in
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Table 1 Demographics

No. of Cases

Sex
Male 50
Female 20
Types
Inverted 37
Oncocytic 9
Exophytic 25
Associated findings
Chronic sinusitis 31
NP 3
Acute or chronic inflammation 4
IP only
Squamous cell carcinoma 3
Dysplasia 3
Bony invasion 2
Bilateral 1

NP = nasal polyposis; IP = inverted papilloma.
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Figure 1. Low-power magnification, hematoxylin and eosin stain illustrat-
ing inverted papilloma (IPs) revealing markedly thick inverted growth of
nonkeratinizing transitional cells.

Table 1. Of these 70 patients, 50 (71%) were male and 20 (29%) were
female subjects. The average age at diagnosis was 53 years (range,
13-80 years).

Inverted (n = 37; Fig. 1), oncocytic (n = 9; Fig. 2), and exophytic
types (n = 25; Fig. 3) were identified (one patient had a papilloma
with features of both IP and exophytic papilloma), providing a total
of 71 observations. The differences among the different types are
summarized in Table 2. IPs were associated with transformation into
squamous cell carcinoma in three (8%) cases, dysplasia in three (8%)
cases, and bony invasion in two (6%) cases (Table 1). Neither onco-
cytic nor exophytic subtypes were associated with dysplasia or ma-
lignancy.

In univariate analysis, history of CRS (p < 0.001)), location (p <
0.0001), and age (p = 0.0097) were significantly associated with sub-
type of papilloma. Thirty-five of the tumors (50%) were associated
with CRS as diagnosed on history and physical exam findings on
presentation. Three (4%) of the papillomas with CRS also were asso-
ciated with nasal polyposis (NP). Given the small number of patients
with CRS with NP, these were combined with cases of CRS without
NP, forming a single group of patients with CRS. Fifty-three percent
(15/28) of patients without a history of CRS had an exophytic papil-
loma on final pathology. For patients with CRS, 66% (23/35) of the
papillomas proved to be the inverted subtype (Table 2).
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Figure 2. Low-power magnification, hematoxylin and eosin stain showing
oncocytic Schneiderian papilloma exhibiting both exophytic and endophytic
patterns with several layers of pseudostratified columnar (cylindrical) cells
containing uniform small dark round nuclei and eosinophilic cytoplasm.

Figure 3. Low-power magnification, hematoxylin and eosin stain depicting
exophytic papilloma with branching, exophytic proliferations, and a fibro-
vascular core, lined by well-differentiated stratified squamous epithelium.

Papillomas arose from 11 possible locations (Table 2). Those pap-
illomas where the specific site of attachment could not be determined
from the medical record were excluded (n = 11: 1 oncocytic, 8 exo-
phytic, and 2 inverted). The majority of papillomas were found within
the nasal cavity (29/60). The ethmoid (10/60) and maxillary sinuses
(9/60) represented commonly involved sites of the paranasal sinuses.
All 25 cases of exophytic papillomas were confined to the nasal cavity,
with the majority originating from the nasal septum (9/25). One
hundred percent (9/9) of papillomas confined to the maxillary sinus
were the inverted subtype. Another common subsite within the nasal
cavity, the lateral nasal wall, harbored papillomas of the inverted
subtype 87.5% (7/8). Within the ethmoid sinuses, papillomas were
oncocytic in 40% of cases (4/10) and inverted in 60% of cases (6/10).
Papillomas that were seen arising from two or more subsites were
given their own classification.

The mean age at presentation of the patients with the oncocytic,
exophytic, and inverted subtype were 59.6, 44.2, and 56.9 years,
respectively. Patients with the exophytic subtype were younger, pre-
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Table 2 Potential predictors of papilloma subtype

Predictor Inverted (37) Oncocytic (9) Exophytic (25) p Value
Age, mean, yr 56.9 59.6 44.2 0.0097
Sex, % (n)
Male 6.9 (29) 9.8 (5) 33.3(17) 0.34
Female 40 (8) 20 (4) 40 (8)
Tobacco, % (n)
Nonsmoker 50 (15) 16.7 (5) 33.3 (10) 0.26
Prior smoker 64.7 (11) 0(0) 35.3 (6)
Current smoker 75 (3) 25(1) 0(0)
Alcohol, % (n)
None 65.4 (17) 15.4 (4) 19.2 (5) 0.26
Social (<1 drink/wk) 412 (7) 59 (1) 52.9 (9)
Regular (1-4 drinks/wk) 75 (3) 0(0) 25 (1)
Heavy (>4 drinks/wk) 33.3(1) 33.3(2) 33.3(1)
AR, % (n)
Absent 52.3 (23) 15.9 (7) 31.8 (14) 0.97
Present 53.3 (8) 13.3(2) 33.3(5)
CRS, % (n)
Absent 429 (12) 3.6(1) 53.6 (15) <0.001
Present 65.7 (23) 229 (8) 114 (4)
Prior surgery, % (n)
None 42.4 (14) 8.2 (6) 39.4 (13) 0.11
1 80 (12) 133 (2) 6.7 (1)
=2 56.3 (9) 6.3 (1) 37.5(6)
Location, % (1)
Nasal septum 18.2 (2) 0 (0) 81.8 (9) <0.0001
Ethmoid sinus 60 (6) 40 (4) 0(0)
Maxillary sinus 100 (9) 0(0) 0(0)
Lateral nasal wall 87.5(7) 0 (0) 12.5(1)
Sphenoid sinus 100 (4) 0(0) 0(0)
Vestibule 0(0) 0 (0) 100 (3)
Ethmoid + maxillary sinuses 50 (1) 50 (1) 0(0)
Frontal sinus 50 (1) 50 (1) 0(0)
Inferior turbinate 0(0) 0(0) 100 (2)
Middle turbinate 50 (1) 0(0) 50 (1)
Middle turbinate + nasal septum 50 (1) 0(0) 50 (1)
Maxillary + sphenoid sinuses 100 (1) 0(0) 0(0)
Ethmoid sinus + vestibule 0(0) 100 (1) 0(0)
Middle turbinate + ethmoid and frontal sinuses 100 (1) 0(0) 0(0)
Nasopharyngeal soft palate 100 (1) 0(0) 0(0)
Superior turbinate 0(0) 100 (1) 0(0)

AR = allergic rhinitis; CRS = chronic rhinosinusitis.

senting in their fourth decade of life (p = 0.0097) and the remaining
two subtypes were more likely to occur in older patients.

A history of CRS and tumor location were simultaneously signifi-
cant together on multivariate analysis (Fig. 4). Once these two factors
were controlled, the remaining patient characteristics of tobacco use,
alcohol use, and age were not significant on multivariate analysis.

Finally, we used a CART method to predict papilloma type by
tumor location. The classification tree initially partitions cases based
on the presence or absence of CRS and subsequently divides patients
according to location of the papilloma. The resultant predictive algo-
rithm is presented in Fig. 4. (1) Patients with CRS and papillomas
arising from any sinonasal site excluding ethmoid, frontal, and max-
illary sinuses and vestibule were shown to be the inverted subtype, as
they were in 81.8% (p < 0.0001). (2) Patients with CRS whose papil-
loma is localized to the ethmoid, frontal, or maxillary sinuses or
vestibule are predicted to be oncocytic, as 61.5% of these cases were
oncocytic (p < 0.0001). (3) Patients without CRS whose papilloma
stems from either the nasal septum, the inferior or the middle turbi-
nate and vestibule are predicted to be exophytic, as they were in
83.3% of these cases (p < 0.001). (4) Patients without CRS whose
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papilloma originates from any sinonasal subsite excluding the nasal
septum, inferior or middle turbinate, and vestibule are predicted to be
inverted, as they were in 91.7% of these cases (p < 0.001). Using this
CART model, papilloma subtype can be predicted based on these two
risk factors with a nominal unweighted accuracy of 82.4%.

DISCUSSION

Sinonasal papillomas account for 0.5-4% of all nasal tumors.” IP
and exophytic papillomas are the most commonly diagnosed sub-
types, each accounting for almost one-half of all sinonasal papillomas,
and oncocytic papillomas are the rarest type, found only in 3-5% of all
papillomas.?® This trend persisted in this study, with IP and exo-
phytic papillomas comprising 87%, and the oncocyltic (OSP) subtype
was seen in only 13% of cases. A 3:1-8:1 male/female predominance
exists with exophytic papillomas and IP, whereas OSP have shown no
sex predilection.? However, in this patient population gender did not
show a significant relationship to any papilloma subtype. The major-
ity of sinonasal papillomas occurs between the fourth to sixth decades
of life, which is corroborated in our study, with younger patients at an
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p < 0.0001

p<0.001

p<0.001

Any subsite excluding
ethmoid, frontal, and
maxillary sinuses,
and vestibule

Ethmoid, frontal, and
maxillary sinuses,
and vestibule

Nasal septum,
inferior or middle
turbinate, or

l

Inverted
81.8%
n=22

Any subsite excluding
nasal septum, inferior
or middle turbinate,

vestibule or vestibule

Oncocytic Exophytic Inverted
61.5% 83.3% 91.7%
n=13 n=24 n=12

Figure 4. Classification and regression tree (CART) model

nominal unweighted accuracy 82.4%

average age of 44 years being more likely to have an exophytic
papilloma, and patients one decade older were more likely to show
one of the remaining two types.-11

Exophytic papillomas almost exclusively arise from the nasal sep-
tum with rare cases arising from the vestibule or middle turbinate,
which was supported with our data.’? In contrast, IP and OSP gen-
erally originate from the lateral nasal wall, ethmoid sinus, maxillary
sinus, and, less commonly, from the frontal and sphenoid sinuses or
nasal septum.®® In this series, the association between papilloma
subtype and location proved to be statistically significant on univar-
iate and multivariate analysis. IPs tended to arise from the maxillary,
ethmoid, and sphenoid sinuses and the lateral nasal wall. Exophytic
papillomas were most common within the nasal cavity on the nasal
septum and within the vestibule, and OSP exhibited a predilection for
the ethmoid sinuses.

Although there are no pathognomonic findings on radiographic
imaging distinguishing each sinonasal papilloma type from inflam-
matory polyps or chronic sinusitis, certain findings can suggest its
presence. CT findings highly suggestive of papilloma include a con-
tiguous nasal cavity and sinus mass with heterogenous contrast en-
hancement and unilateral sinus opacification.®-1° Thinning or bowing
of adjacent bone can be seen with progressive enlargement of this
tumor, most commonly at the medial wall of the maxillary sinus and
the lamina papyracea. When bony erosion or destruction is seen,
associated malignancy must be considered. Focal hyperostosis and
osteitis within the opacified sinus has been shown to predict the site
of origin of IP on both retrospective and prospective analysis; how-
ever, this finding is generally not seen with the oncocytic and exo-
phytic types.”!3 When this was studied for predictive value in pro-
spective analysis, focal osteitis on preoperative CT of the paranasal
sinuses predicted the correct site of origin of the IP in 95% of cases.!®
The mechanism by which IP causes this bony reaction may possibly
be secondary to the secretion of bone morphogenic peptide tumor
cells.’* Although focal osteitis would have been another useful factor
to investigate for its ability to discern papilloma subtypes, the major-
ity of our cases in our retrospective review did not have scans
available to include in this review. MRI can be useful in defining the
extent of the tumor and differentiating the tumor mass from inspis-
sated mucus and for detecting intracranial and intraorbital extension
of tumor.
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for multivariate analysis assessing significance of chronic
rhinosinusitis (CRS) status and papilloma location in pre-
dicting papilloma subtype.

The exact pathogenesis of papillomas has not yet been delineated.
The human papilloma virus (HPV) types 6, 11, 16, and 18 have been
implicated as a leading factor in the development of IP and exophytic
papillomas, although HPV does not seem to be related to the forma-
tion of OSP.1%-11 HPV-6 and -11 were positive in the two patients that
were subtyped with exophytic papillomas. However, the mere pres-
ence of HPV may not be enough to support the viral etiology of these
papillomas.’> Chronic inflammation and CRS have also been hypoth-
esized as a precursor for the development of sinonasal papillo-
mas.'11215 In our series, 62% of cases were associated with CRS;
however, the exact nature of this relationship between papillomas
and CRS may be simply associative rather than causative.

In this study, a variety of patient and surgical characteristics were
analyzed to identify risk factors of each papilloma subtype. On uni-
variate analysis of a series of 70 patients, age, history of CRS, and
originating subsite were found to be statistically significant predictors
of papilloma subtype. This significant predictive value was upheld
for CRS history and originating subsite on multivariate analysis,
providing not only clues on how to predict papilloma subtype but a
proposed diagnostic algorithm (Fig. 4). If information regarding CRS
history and site of papilloma origin within the paranasal sinuses are
known, the papilloma subtype can potentially be predicted before
surgery. This would carry great clinical efficacy for the rhinologist
planning excision. Although final pathological analysis is the gold
standard by which to classify papillomas, having the ability to pos-
sibly deduce the papilloma subtype would enable better surgical
planning and preoperative counseling.

Presence and absence of CRS were found to be a significant risk
factor in both univariate and multivariate analysis for oncocytic and
IP subtypes in specific locations of the paranasal sinuses (Fig. 4).
Other potential risk factors, including alcohol use, tobacco use, and
history of prior sinus surgery, failed to show a significant association
with any subtype of papilloma. It should be noted that a sample size
of only nine oncocytic patients limits the ability to detect or confirm
univariate and multivariate associations. Some associations not seen,
such as the lack of association with alcohol or tobacco, may be an
artifact of this limited sample size.

Transformation of sinonasal papillomas into malignancy has been
described in IP and oncocytic papillomas, but not in exophytic pap-
illomas.! Five to 15% of cases of IP can be associated with malignancy
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and 4-17% of cases of oncocytic papillomas have been associated with
malignancy.>1¢17 Malignant transformation can occur at the time of
diagnosis or develop later at the site of previous resection.” In this
series, all cases of dysplasia or malignancy were seen with IP, and of
these, all were diagnosed at the initial resection. The predominant
malignancy associated with IP and oncocytic papillomas is squamous
cell carcinoma, although verrucous carcinoma and adenocarcinoma
have also been reported with IP. In contrast, mucoepidermoid carci-
noma, epidermoid carcinoma, and sinonasal undifferentiated carci-
nomas have been seen with oncocytic papilloma.?*1¢ The etiology of
carcinoma development is controversial, with theories attributing
malignant transformation to HPV-16 and -18. Some suggest that
infection with HPV may occur early in the process of tumorigenesis
with several other insults required to transform benign IP to dysplasia
or malignancy.® Another proposed theory suggests that differential
expression of certain cell cycle proteins may significantly contribute
to this transformation process.'® Recurrences or atypical features do
not seem to be related to the carcinomatous transformation.!s

The histopathological examination is needed to differentiate each of
these papillomas. On gross analysis, IP usually appears large, firm,
and gray in color with a multinodular, polypoid, uneven surface.’
Histologically, IP shows markedly thick inverted or endophytic
growth of nonkeratinizing transitional cells (Fig. 1). The thick epithe-
lium undergoes squamous maturation and inverts into the stroma
with a distinct basement membrane that separates the epithelium
from the underlying connective tissue stroma. Surface keratinization
and a granular cell layer are uncommon. Numerous intraepithelial
microcysts containing cell debris, macrophages, and mucin are pres-
ent.

In contrast, oncocytic papillomas appear as soft, fleshy pink papil-
lary tissue. On histological evaluation, these papillomas exhibit both
exophytic and endophytic patterns and have several layers of pseu-
dostratified columnar (cylindrical) cells with uniform small dark
round nuclei, eosinophilic cytoplasm, and minimal epidermoid com-
ponent (Fig. 2).81° Similar to IP, numerous intraepithelial mucus-
containing microcysts can be seen within the epithelium; however,
the diffuse oncocytic nature of the epithelium distinguishes OSP from
the other sinonasal papillomas.®20 OSP must be differentiated from
well-differentiated adenocarcinoma by the presence of stratified epi-
thelium, intact basement membranes, and the absence of nuclear
pleomorphism, mitotic activity, and bony destruction.

Exophytic papillomas grossly appear as gray-tan, exophytic,
“mushroom-shaped” verrucous papillary proliferations classically
arising from the anterior nasal septum attached to the underlying
mucosa by a narrow stalk.”1019 Histologically, exophytic papillomas
have a cellular composition like IP with branching, exophytic prolif-
erations with a fibrovascular core lined by well-differentiated strati-
fied squamous epithelium (Fig. 3). Unlike IP, keratin formation can be
present in the surface epithelium, seen as hyper- and parakeratosis,
and chronic inflammatory cells are uncommon. Koilocytosis may be
seen in the superficial cells.

Treatment of all sinonasal papillomas includes complete surgical ex-
cision; however, in practice, feasibility of achieving this depends on the
extent of disease, available technology, and the comfort and skill of the
surgeon. Although external approaches were once exclusively used,
endoscopic resection has been gaining popularity because of decreased
morbidity without compromising recurrence rates. Ultimately, the type
of approach depends on the site of tumor attachment and extension.?20-24
The site of tumor attachment is crucial to identify to ensure complete
resection, which involves complete removal of the affected mucosa and
mucoperiosteum, because incomplete or limited resections are thought
to be the leading cause of recurrence.?> Additionally, complete resection
allows pathological analysis to rule out a synchronous malignant trans-
formation.?> Microscopic foci of residual papilloma can be concealed
within the bone at the attachment site. Therefore, drilling the bone at the
site of attachment can further reduce the risk of recurrence?® These
practices typically apply to IP and oncocytic types, which appear to
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behave similarly in terms of local destruction and malignant transfor-
mation, sparing the exophytic type.'”

Radiation therapy is generally not recommended for the treatment
of sinonasal papillomas unless associated with malignancy, although
some reports suggest the use of radiation therapy for locally ad-
vanced papillomas or papillomas with multiple recurrences.?? In the
case of an IP, another goal of surgery is the creation of cavity that
allows for easy endoscopic surveillance.

Recurrence after surgical resection varies widely in the literature
and usually suggests incomplete resection.»?* Five to 60% of IP cases
can recur, and 25-35% of OSP cases can recur within 5 years of
resection.891617 Although much less common, recurrences can occur
with exophytic papillomas in up to 22%.%10 Several factors have been
shown to increase the risk of recurrence for IP including tobacco
exposure, increased tumor size, increased hyperkeratosis, squamous
epithelial hyperplasia, increased number of mitoses, bilaterality, and
the lack of inflammatory polyps.!*?-2° In addition, IP originating
from the frontal sinus tend to have multiple recurrences, likely be-
cause of technical difficulties operating in this location.”?® Most re-
currences usually occur within the first 3 years, although recurrences
10 years postoperatively have been reported.®?* Long-term follow-up
is recommended given that recurrences can occur after prolonged
periods of time.

CONCLUSION

Sinonasal papillomas are benign epithelial neoplasms arising from
Schneiderian mucosa. Although the incidence of IP is much higher
compared with the other papilloma subtypes, oncocytic and exo-
phytic papillomas must be recognized and differentiated. Age, his-
tory of CRS, and papilloma location were found to be statistically
significant predictors for papilloma subtype.
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