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Abstract: Sinonasal inverted papilloma (SNIP) has a tendency to recur; however, the factors related
to tumor recurrence remain unclear. This study aimed to analyze risk factors, including human pap-
illomavirus (HPV) infection, as well as other factors associated with SNIP recurrence. Thirty-two
patients who were diagnosed with SNIP and underwent surgery between 2010 and 2019 were en-
rolled: 24 men and 8 women, with a mean age of 59.2 years. The mean follow-up was 57.3 months.
Demographics and information about history of smoking, diabetes mellitus (DM), hypertension,
allergic rhinitis, alcohol consumption, tumor stage, surgical approach, and recurrence were re-
viewed retrospectively. Specimens were investigated using polymerase chain reaction to detect
HPV DNA (high-risk subtypes: 16, 18, 31, 33, 35, 52b, and 58; low-risk subtypes: 6 and 11). Seven
patients (21.9%) experienced recurrence. HPV DNA was detected in five (15.6%) patients (high-risk
subtypes, n=2; low-risk subtypes, n=3). Patients with recurrence of SNIP had a higher proportion of
young adults and displayed higher rates of HPV infection, DM, and advanced tumor stage than
those without recurrence. HPV infection, young adulthood, DM, and advanced tumor stage are
associated with a high recurrence rate, which suggests that patients with these risk factors require
close follow-up after surgery.

Keywords: HPV infection; sinonasal inverted papilloma; diabetes mellitus; young adult; tumor
stage

1. Introduction

Sinonasal inverted papilloma (SNIP) is a benign tumor of the nasal cavity and para-
nasal sinuses and accounts for 0.5-4% of primary nasal tumors [1]. SNIP has a tendency
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to recur (12-20%), and malignant transformation has been found in 3-7% of cases [2]. Thus,
many ear, nose, and throat surgeons are interested in understanding which factors are
related to tumor recurrence.

The etiology of SNIP remains unknown. Certain hypotheses have been proposed, but
causality has never been established for the suspected factors of smoking, allergy, and
human papillomavirus (HPV) infection [3]. Several staging systems have been suggested
to provide a recurrence rate-driven prognosis [4].

For more than 30 years, HPV has been suspected to play a major role in the patho-
physiology of SNIP. Several studies have reported higher HPV detection rates in recurrent
SNIP cases [5-7], but there is contradictory information about whether HPV-associated
SNIP has a higher risk of recurrence.

Therefore, this study aimed to analyze risk factors that are associated with the recur-
rence of SNIP, including HPV infection, as well as other factors such as age, sex, medical
history, smoking, alcohol consumption, tumor stage, and surgical approach.

2. Materials and Methods
2.1. Patients

The study population consisted of 32 patients with SNIP who were treated at Ka-
gawa Rosai Hospital between 2010 and 2019. All patients were pathologically diagnosed
with SNIP (Figure 1). The mean duration of follow-up for the patients after SNIP detection
was 57.3 months (range, 24-120 months).

We used opt-out to obtain consent for participation in this study.

Clinical characteristics were retrieved from the patient medical records, which con-
tained information on their medical history, including the presence of non-sinonasal pap-
illoma, diabetes mellitus (DM), hypertension, and allergic rhinitis, as well as information
on lifestyle characteristics (smoking and alcohol intake), occupational and industrial ex-
posures such as welding fumes and organic solvents, primary symptoms, and complica-
tions after surgery. From the medical records, lifelong nonsmokers were defined as ‘non-
smokers,” and former smokers and current smokers as ‘smokers.” We also defined lifelong
nondrinkers and social drinkers as ‘nondrinkers,” and those who regularly drink several
times per week as ‘drinkers.’

All patients underwent preoperative computed tomography. The preoperative clini-
cal stages of the initial surgeries were graded according to the Krouse staging system [8].
The tumor origin site was studied in relation to radiological features and intraoperative
findings.

All surgeries were performed under general anesthesia using endoscopy, while ex-
ternal approaches, such as the Denker procedure or Caldwell-Luc operation, were added
as needed for curative treatment. For complete surgical removal, accurate endoscopic
identification and discrimination of the tumor from the surrounding normal mucosa were
necessary. The tumor attachment site needed to be completely removed, and after it was
removed, the part that was growing into the sinus was also extracted [9]. For the diagnosis
of SNIP, histopathological examination was conducted for all patients. Patients with ma-
lignancies associated with tumors were excluded from this study. In each case, the speci-
men was analyzed and the following parameters were registered [10]: (i) enhanced hyper-
keratosis or the presence of squamous hyperplasia, (ii) elevated mitotic index, (iii) lack of
inflamed polyps, and (iv) greater number of aneuploid cells.

After surgical resection, the patients were followed up for at least two years to check
for recurrence. Recurrence was defined as the presence of recurrent SNIP after initial cu-
rative treatment during the follow-up period. To rule out recurrent disease, patients were
followed up after surgery, mainly by endoscopic examination.

2.2. HPV DNA testing

HPV DNA was detected using the consensus primer-mediated polymerase chain
reaction (PCR) assays. Surgically removed tumor lesions were trimmed from formalin-
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fixed paraffin-embedded (FFPE) blocks of inverted papillomas, followed by deparaffini-
zation, and total DN'A was extracted using the QIAamp DNA Micro Kit (Qiagen, Valencia,
CA, USA). A section with a thickness of 3 um was prepared from the FFPE block, and the
location of the lesion was confirmed by hematoxylin and eosin (HE) staining. Then, only
the area with a high density of the tumor cells was dissected from the unstained slide, and
DNA extraction was performed. PCR was performed using TaKaRa Taq™ (Takara Bio,
Tokyo, Japan) and primers that detected HPV DNA, as reported previously [11-13]. The
primers designed to target the E6 and E7 genes of HPV were a forward primer for low-
risk HPV: 5'-TGCTAATTCGGTGCTACCTG-3'; a forward primer for high-risk HPV: 5'-
TGTCAAAAACCGTTGTGTCC-3; and reverse primer: 5-GAGCTGTCGCTTAATT-
GCTC-3'. The reverse primer was fluorescently labeled, and the PCR product was ana-
lyzed using ABI PRISM 310 (Applied Biosystems, Foster City, CA, USA) and GeneMapper
v3.7 (Applied Biosystems). We defined a specimen as HPV-positive when a peak corre-
sponding to a band size of 228 to 268 bp was detected (Figure 2). Since the positive and
negative controls for the HPV PCR assay have already been reported in the past, HPV
PCR was determined based on them [13]. The seven HPV variants in Group 1 were con-
sidered as high-risk types (HPV 16, 18, 31, 33, 35, 52b, and 58), and the two HPV variants
in Group 2 were considered as low-risk types (HPV 6 and 11) [11,12].

We also performed PCR on internal control genes to assess the validity of the HPV
DNA amplification results. PCR was performed using the primers for (3-actin and GAPDH,
[14,15] and amplification products were confirmed by electrophoresis on a 3% agarose gel.
2.3. Statistical analysis

Differences in baseline characteristics were assessed using the chi-square test or
Fisher’s exact test, as appropriate. All statistical analyses were conducted using the statis-

tical software ‘EZR’ (Easy R) [16]. Values with P<0.05 were accepted as significant, while
those with P<0.1 were considered to indicate a tendency.
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Figure 1. Histopathological features of HPV-positive SNIP. A: The squamous epithelium showed
an inverted growth pattern. Objective magnification: 4x. B: Koilocytosis was observed, which has a
perinuclear halo. Some koilocytes showed nuclear atypia and binuclear cells (arrows). Objective
magnification: 40x.
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Figure 2. Criteria for fragment analysis. A: Negative case, no peak at the expected frag-
ment size of 228-268 bp B: Positive case, a peak that is detected from the PCR product and
represents a fragment size of 228-268 bp

3. Results
3.1. Overall outcomes

The 32 unoperated patients with SNIP included 24 men and 8 women, with a mean
age of 59.2 years (range, 27-84 years) at the time of papilloma detection. In all cases, gross
total resection was performed. Seven patients (21.9%) experienced a recurrence. Nineteen
(59.4%) were smokers, and 9 (28.1%) drinkers. The number of patients with non-sinonasal
papilloma, allergic rhinitis, DM, or hypertension was 0 (0%), 10 (31.3%), 5 (15.6%), and 11
(34.4%), respectively. There were no patients with occupational and industrial exposures,
such as welding fumes or organic solvents. There were 27 patients with nasal obstruction,
4 with epistaxis, and 1 with postnasal drip. The number of tumor attachment sites varied
between groups. There were 2 patients (6.3%) with Krouse stage T1, 9 (28.1%) with Krouse
stage T2, 21 (65.6%) with Krouse stage T3, and 0 (0%) with Krouse stage T4. An endoscopic
approach was performed in 29 patients, and combined approaches (both endoscopic and
external approaches) in 3 patients. There were two patients with epistaxis and two with
numbness of the cheek as complications. We could control epistaxis in both patients using
bipolar cautery. The numbness of the cheek in two patients was resolved a few months
after surgery. No major complications were observed. There were 15 patients (46.9%) with
enhanced hyperkeratosis or presence of squamous hyperplasia, 0 (0%) with an elevated
mitotic index, 0 (0%) with a lack of inflamed polyps, and 0 (0%) with a greater number of
aneuploid cells. HPV DNA was detected in 5 (15.6%) of the 32 patients with SNIP. Of these,
two were positive for high-risk HPV subtypes, and three were positive for low-risk HPV
subtypes.

3.2. Association between recurrence and clinical characteristics (Table 1)

Younger adults (<40 years) showed significant associations with recurrence com-
pared to older adults (40 years; P=0.025). Patients with DM showed significant associa-
tions with recurrence compared to those without DM (P<0.01). Patients with Krouse stage
T3 showed significant associations with recurrence compared to those with Krouse stages
T1 or T2 (P=0.030). Additionally, patients who had HPV high- or low-risk variants showed
significant associations with recurrence, compared to those who were negative for HPV
variants (P=0.025).



Diagnostics 2022, 12, x FOR PEER REVIEW 50f11

Table 1. Association between recurrence and clinical characteristics in patients with sinonasal inverted papilloma.

Recurrence
+) -) p value
Sex Male 6 18
Female 1 7 0.46
Age =40 4 23
<40 3 2 0.02
Smoker Yes 5 14
No 2 11 0.46
Drinker Yes 3 6
No 4 19 0.33
History of allergic Yes 3 7
rhinitis
No 4 18 0.45
History of DM Yes 4 1
No 3 24 <0.01
History of hyper- Yes 3 8
tension
No 4 17 0.59
Staging T1 or T2 0 11
T3 7 14 0.03
Surgical methods Endoscopic excision 6 23
Endoscopic excision combined with ex- 1 2 0.61
ternal approach
EH or presence of +) 3 12
SH
(-) 4 13 0.81
HPV high or low (+) 3 2
risk (PCR)
(-) 4 23 0.02

DM= diabetes mellitus; EH = enhanced hyperkeratosis; SH = squamous hyperplasia.

3.3. Association between HPV infection and clinical characteristics (Table 2)

Younger patients (<40 years) showed significantly stronger associations with HPV
infection (positive for high- or low-risk HPV DNA) than older patients did (=40 years;
P<0.01).
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Table 2. Association between HPV infection and clinical characteristics in patients with sinonasal inverted papilloma.
HPV high or low risk (PCR)
+) -) p value

Sex Male 5 19
Female 0 8 0.16

Age =40 2 25
<40 3 2 <0.01

Smoker Yes 4 15
No 1 12 0.31

Drinker Yes 1 8
No 4 19 0.66

History of allergic Yes 2 8
rhinitis No 3 19 0.65

History of DM Yes 2 3

No 3 24 0.1

History of hyper- Yes 2 9
fension No 3 18 077

Staging T1 or T2 0 11
T3 5 16 0.08

Surgical methods Endoscopic excision 5 24
Endoscopic excision combined with ex- 0 3 0.43

ternal approach

EH or presence of +) 3 12
SH ) 2 15 0.52

Recurrence Yes 3 4
No 2 23 0.02

4. Discussion

DM= diabetes mellitus; EH = enhanced hyperkeratosis; SH = squamous hyperplasia.

The results of our research on the relationship between clinical or demographic data
and recurrence of SNIP showed that younger age (<40 years), presence of DM, advanced
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tumor stage, and HPV DNA were associated with higher recurrence rates. Pahler et al.
also reported that patients who presented with recurrent papilloma infection were signif-
icantly younger (48.7 years old on average) at the time of initial diagnosis than those (60.2
years old on average) with non-recurrent tumors (P=0.0194), and multivariate logistic re-
gression revealed that a younger age at initial diagnosis was the strongest risk factor for
tumor recurrence [17]. In contrast, several reports found no relationship between recur-
rence and younger age [4,18,19]. Therefore, a detailed investigation with a large sample
size is needed.

Patients with impaired immune responses have a greater tendency to develop HPV-
associated disorders [20-22]. In patients with DM, a common chronic disease in Japan, the
proliferation of T cells and macrophages is altered, and the function of NK cells and B cells
is impaired, which results in abnormal innate and adaptive immunity [23]. Several bio-
logical mechanisms may potentially increase the incidence of HPV-related anogenital pre-
cancer and cancer occurrence in women with diabetes [24]. As one such mechanism, hy-
perglycemia in diabetes is related to an increased susceptibility to viral infections and cell-
mediated immune deficiencies, which may compromise clearance of HPV infections and
thus enhance progression to precancer and cancer development [24-26]. Moon et al. re-
ported no relationship between recurrence and DM in 132 cases of SNIP [18]. The present
study is the first to report a relationship between DM and SNIP recurrence, in addition to
DM and HPV infections among patients with SNIP, partially because a limited number of
studies examined SNIP and HPV infections.

Krouse [8], Han et al. [27], Cannady et al. [28], and others have proposed several
classification staging systems for SNIP. The most widely used classification system is that
of Krouse, which emphasizes that tumor extension beyond the medial maxillary sinus or
to the sphenoid or frontal sinus is an important prognostic factor [18,29]. Of the recur-
rences reported by Gras-Cabrerizo et al. according to the Krouse system: 0% occurred in
the T1 stage, 16% in the T2 stage, 25% in the T3 stage, and 60% in the T4 stage (P=0.05)
[29]. Furthermore, Moon et al. reported that the Krouse stage T4 group experienced more
frequent recurrences than the T1, T2, and T3 groups did [18]. This study found that pa-
tients with Krouse stage T3 showed significant associations with recurrence, compared to
those with T1 or T2.

HPYV is an epitheliotropic DNA virus that can infect the epidermis or mucosa in hu-
mans. During infection, viral DNA sequences of HPV are integrated into cellular DNA
and play a pivotal role in the promotion of tumor growth and malignant transformation
of SNIP [30]. The detection method and detection rate of HPV-PCR are important points,
and there have been several studies that employ HPV-PCR in FFPE samples [31-33]. The
internal control gene amplification was performed to assess the validity of the results ob-
tained in this study. B-actin and GAPDH were used as the internal controls [14,15]. 3-actin
(258 bp) was amplified in 31 of 32 cases, and GAPDH (226 bp) was amplified in all cases
(Supplemental Figure). These results suggest that HPV-PCR approach is unlikely to result
in false negatives due to DNA fragmentation because of formalin fixation. Consistent with
findings from previous studies, those with benign and malignant clinical courses could
be separated based on low- and high-risk types of HPV, respectively. HPV-6 and -11 are
regarded as low-grade risk types, while HPV-16 and -18 are regarded as high-grade risk
types [34]. The reported detection rate of HPV was increased in SNIP with high-grade
dysplasia and carcinoma as compared to that in SNIP with no dysplasia or mild dysplasia
[35]. Meta-analyses showed a significant association between HPV infection and malig-
nant transformation of SNIP [36,37]. Additionally, several studies reported that patients
who were SNIP positive for HPV DNA sequences showed higher levels of recurrence than
those who were SNIP-negative for HPV DNA sequences [5-7]. In contrast, a study of 57
patients reported HPV DNA in seven SNIP lesions, all of which were grades I and II (be-
nign) SNIP cases. All other specimens were grade III or grade IV (carcinoma arising from
SNIP) and negative for HPV DNA. High-risk HPV subtype DNA was detected in five of
seven specimens, suggesting that infection, particularly with high-risk HPV subtypes, was
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an early and inciting event in tumorigenesis [38]. Taken together, these studies suggest
that HPV plays a role in not only malignant transformation, but also early lesion develop-
ment and recurrence [34].

Smoking is considered the most important risk factor for the development and recur-
rence of neoplasms occurring in the head, neck, and uterine cervix regions [34,39]. As one
of the environmental risk factors, smoking has been associated with recurrence of SNIP.
In a study of 132 patients, SNIP recurred in 21 of 132 (15.9%) patients. While 11 of the 39
smokers (28.2%) had recurrence of the disease, only 10 of the 93 nonsmokers (10.7%) had
recurrence, which showed a significantly higher recurrence rate among smokers (P=0.012)
[18]. This study found no significant difference between smokers and nonsmokers in the
incidence of SNIP recurrence.

A systematic review and meta-analysis indicated that an endoscopic approach was a
favorable treatment option for SNIP and confirmed a global recommendation that it is the
gold standard in the treatment of such nose lesions, revealing a lower recurrence rate than
that in external approaches. However, the rate of recurrence did not differ significantly
between the endoscopic and combined approach groups [40]. Even when an external ap-
proach is necessary, the combination of an endoscopic approach is important for sup-
pressing recurrence, as it was observed in this study.

Despite being performed in a single institution, this study had limitations. First, the
low positivity rate of HPV DNA made it difficult to analyze the influence of HPV infection
on the recurrence of SNIP. Only 5 of 32 patients (15.6%) were positive for HPV DNA in
the present study. Three recent PCR-based studies detected HPV in 11 of 90 patients
(12.2%) [35], 2 of 19 patients (10.5%) [41], and 8 of 54 patients (14.8%) [4]. The low preva-
lence of HPV reflects the possibility that HPV infection is not the main causal factor for
the pathogenesis of SNIP. Second, there were few patients with the T1 stage according to
the Krouse system, and no patient with T4 stage. Furthermore, the number of young pa-
tients recruited in this study was small. A multicenter study with a large sample size is
needed to establish the relationship between recurrence of SNIP and HPV infection and
identify additional risk factors associated with recurrence.

5. Conclusions

This study examined the risk factors for SNIP recurrence after surgical resection.
HPYV infection, young adulthood, DM, and advanced tumor stage were associated with a
high recurrence rate. These results suggest that patients with these risk factors require
information about risk factors and close follow-up after surgery. In the future, a multicen-
ter study with a large sample size will be conducted to establish the relationship between
recurrence of SNIP and HPV infection, and the relationship between recurrence and other
risk factors.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Supplemental Figure.
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