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Introduction

Inverted papilloma (IP) is a usually benign but locally aggres-
sive tumor of the nasal cavity and paranasal sinuses, occur-
ring most commonly in white men 40 to 70 years of age.1–4

Representing between 0.4% and 4.7% of all sinonasal neo-
plasms, the overall incidence of these usually unilateral
tumors is between 0.74 and 1.5 cases per 100,000 persons
per year.3,4 Risk factors for developing IP include outdoor and
industrial occupations.5

Derived from sinonasal Schneiderian mucosa, IPs are charac-
terized histologically by hyperplastic Schneiderian mucosa en-
closed in basement membrane that grows endophytically into
the underlying stroma. This neoplasm can have unlimited
growth potential3 and can be difficult to resect for cure.1,4,6–8

Furthermore, IPs are known to degenerate into or simultaneous-
ly harbor squamous cell carcinoma in� 15% of cases.6,9 Regard-
less of endoscopic or open transfacial approaches for resection of
these tumors, the literature demonstrates an overall unsatisfac-
tory recurrence rate ranging from 5.7% to 32%.7,8,10–12
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Abstract Objective We review our institution’s experience with the treatment of inverted
papilloma (IP) with emphasis on the implications of surgical margins for disease control.
Design Retrospective chart review of patients with IP treated at the University of
Michigan from 1996 to 2011.
Setting Tertiary care center.
Participants Patients undergoing surgical resection with curative intent for IP.
Main Outcome Measures Overall survival, disease-specific survival, and locoregional
control were used as main outcome measures.
Results We studied 129 patients including 19 with carcinoma arising from IP. Disease-
free rates at 2, 3, and 5 years were 79.7%, 77.9%, and 61%, respectively. Overall, 10 of 18
recurrences were detected > 2 years from follow-up, with recurrences detected up to
8 years from surgery. For benign disease, obtaining tissue margins outside of the
primary specimen for margin control did not affect disease control rates.
Conclusion IP is a disease that requires significant follow-up periods beyond 2 years.
For IP without carcinogenesis, acquiring margins outside of the tumor specimen did not
appear to affect disease control rates in this study. No clear predictors of malignancy
were seen in this study, which highlights the need for further research to predict this
phenomenon.
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Although surgeons agree that complete tumor extirpation
is the treatment of choice for IP, no current established
standard exists regarding resection margins and manage-
ment of surrounding structures. Some authors13,14 recom-
mend drilling of underlying bone structures at the sites of
mucosal attachment, but the benefit of this additional proce-
dure has never been proven. The development of endoscopes
has improved visualization and the surgeon’s ability to dis-
cern disease from normal mucosa, perhaps changing the
paradigm of necessary negative mucosal margins taken
from adjacent tissue required in most head and neck tumor
ablations. The additional benefit of margins must thus be
investigated.

We review our institution’s experience with IP treatment
and the relationship of surgicalmargins to rates of recurrence.

Methods

The University of Michigan institutional review board ap-
proved this study. Between 1996 and 2011, 147 patients were
diagnosed with IP at the University of Michigan. These
patients were identified from the pathology archive, using
the search target “inverted papilloma” for exact matches. This
study required a stringent pathology review of all patient
blocks by a dedicated head and neck pathologist (JM). To
ensure consistency of pathology and patient reporting, other
Schneiderian papillomas such as fungiform papillomas and
cylindrical/oncocytic papillomaswere excluded for data anal-
ysis. We included any IP with or without dysplasia or carci-
nomatous degeneration.

Patient charts were reviewed for demographic data, smok-
ing status, information pertaining to number of previous
surgical procedures, follow-up duration, recurrence, and
presence of malignancy. Smoking status was recorded as
current smoker at diagnosis, previous smoker, and never-
smoker. Only patients who underwent definitive treatment
with curative intent were included. Operative details were
reviewed for site of tumor origin as well as whether addi-
tional margins were taken. If additional tissue margins were
taken outside of the primary specimen for margin control,
patients were placed into group 1. Patients in whom no
additional tissue margins were taken were placed in group
2. Surgical approaches were defined as endoscopic, open
(midfacial degloving, subcranial approach, and lateral rhinot-
omy), or combined endoscopic and open exposure. For sur-
vival analysis, a reliable online search engine for the Social
Security death index was used (http://www.genealogybank.
com/gbnk/ssdi/). Censor datewas set to December 31, 2011. A
total of 129 patients met the criteria for data analysis.

Staging information was determined from previous docu-
mentation or after thorough perusal of operativefindings and
radiographic imaging. The Krouse staging system15 was used
to categorize disease extent. Briefly, stage I disease is limited
to the nasal cavity alone, stage II includes ethmoid andmedial
and the superior portion of maxillary sinus involvement,
stage III indicates lateral or inferior aspect of maxillary sinus
extension or into the frontal and sphenoid sinuses, and stage
IV is reserved for malignancy or tumor spread outside of

paranasal sinuses. Staging is assigned for each patient based
on the initial operative intervention. For example, if a patient
presents with a stage III tumor that recurs 12 months after
resection and is restaged as stage IV due to new finding of
squamous cell carcinoma, the initial stage (III) was recorded.

SPSS software v.19 was used for all statistical calculation
and analysis. The product limit method of Kaplan and Meier
was used to calculate rates of locoregional control, overall
survival, and disease-specific survival.

Results

Patient Demographics
Of the 129 patients with IP included in this study, 101 were
male and 28 were female. The average age at initial diagnosis
was 51.8 years. Patient ethnicities consisted of 106 whites, 16
blacks, 1 Hispanic, and 7 Asians. The median follow-up was
51.8 months.

The mean overall survival was 182.8 months, and the
mean disease-specific survival was 199.3 months. Among
the 129 patients, 28 recurrences were recorded. Although
most of the recurrences occurred within the first 2 years of
follow-up (18 of 28 recurrences [64.3%]), recurrence was
detected up to 8 years postresection. Themedian locoregional
control rate was 95.6 months. Tumor control rates at 2, 3, and
5 years were 79.7%, 77.9%, and 61%, respectively. The median
time to recurrence was 17.1 months. The impact of patient
demographics (sex, age, and ethnicity) was analyzed, and no
factor significantly affected tumor control or patient survival
(►Table 1).

Pathology
The pathologic diagnosis was IP in 105 patients (81.4%)
(►Table 2). Five patients (3.9%) harbored dysplasia in the
final surgical specimen, and 19 patients (14.7%) were diag-
nosed with malignancy arising in IP. Of the 19 cases of
carcinoma, 16 were conventional keratinizing squamous
cell carcinomas. One patient developed mucoepidermoid
carcinoma, one patient harbored cylindrical cell (nonkerati-
nizing) carcinoma, and one patient’s pathology showed com-
bined spindle cell carcinoma and adenocarcinoma. Overall, 11
(57.8%) of these 19 patients presented with carcinoma at the
initial consultation (synchronous tumors); 8 patients (42.2%)
developed malignancy during the follow-up period (meta-
chronous tumors). Among patients who developed malig-
nancy on follow-up, the mean interval between initial
resection and diagnosis of malignancy was 73 months. The
number of recurrences or surgical resections per patient did
not correlate with the chance of developing malignancy, and
patient demographics also did not significantly predict future
malignancy during the follow-up period.

Survival analysis based on tumor pathology was per-
formed and is shown in ►Fig. 1. The 5-year overall survival
for IP, IP with dysplasia, and IP with carcinomawas 95%, 100%,
and 62%, respectively. This finding is statistically significant
for poorer survival with carcinoma (p < 0.001). The 5-year
disease-specific survival for IP, IP with dysplasia, and IP with
carcinomawas 98.6%, 100%, and 66%, respectively. This is also
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statistically significant for poorer survival for patients with
carcinoma (p < 0.001). The locoregional control rates for IP, IP
with dysplasia, and IP with carcinoma were 78%, 100%, and
77% at 2 years and 60%, 100%, and 65% at 5 years. Therewas no
statistical significance in this analysis.

Staging
Initial staging details were available for all 129 patients. The
distribution of stages is shown in ►Table 3; survival analysis
illustrated in ►Fig. 2. Most patients presented with stage III
disease (57 of 129 [44.2%]). The 5-year overall survival and
disease-specific survival for stages I to IVat presentationwere
88, 88, 100, and 64.2%, respectively, for overall survival and
100, 92, 100, and 63.7%, respectively, for disease-specific
survival. Stage IV significantly affected both overall survival
and disease-specific survival. Staging did not significantly
affect locoregional control rates in this study (►Table 1).

Surgical Approach
Overall, 72 cases were performed with endoscopic resection,
40 caseswith the open approach, and 17 caseswith combined
approaches. The open approach was more likely to be used in
patients whose disease harbored malignancy (16 of 40 cases
with malignancy versus 2 of 65 with malignancy for endo-
scopic and 1 of 16 for the combined approach; p ¼ 0.05).
Analyzing recurrence rates for benign disease alone, 2-year
locoregional control rate was 82% for endoscopic approach,
74% for the open approach, and 67% for the combined
approach (not significant).

Margins at Surgery
All tumors were resected in their entirety. Additional surgical
margins were obtained for 64 of 129 patients (group 1) from

surrounding tissue for confirmation of negative margins.
These 64 patients included 14 cases of carcinoma. Only 5 of
64 patients whose surgery did not include additional margins
(group 2) had carcinoma. This difference was statistically
significant (p ¼ 0.05). Thus for outcome analysis, we analyzed
only the 110 cases of benign disease for locoregional control.
The two groups were similar demographically as were the
distribution of surgical approaches chosen (►Table 4). Local
control rate was 80% at 2 years for group 1 and 78% for group
2. The differences in locoregional control rates between
groups were not significant (►Fig. 3).

Smoking
Medical recordswere definitive for patient smokinghistory in
128 of 129 patients. Overall, 56 were never-smokers, 34 were
previous smokers, and 38 were smokers at tumor diagnosis.
Smoking significantly affected overall survival (p ¼ 0.013),
with current smokers (p ¼ 0.009) and previous smokers
(p ¼ 0.007) both performing worse than never-smokers
(►Table 2). However, on disease-specific survival analysis,
the smoking status was not significant. Smoking also did not
affect locoregional control rates. The Fisher exact test dem-
onstrates only a trend (p ¼ 0.1) that active smoking may
predict the chance of malignant degeneration comparedwith
previous smoking and never-smokers combined.

Tumor Location
►Table 5 details the distribution of tumor sites of origin. The
most common location for tumorigenesis is the lateral nasal
wall (45 of 129 [35%]), followed by the maxillary (25 of 129
[19.4%]) and ethmoid sinuses (24 of 129 [18.6%]). Overall
survival, disease-specific survival, and locoregional control
were not statistically significant for this study, and the
location of the tumor was also not predictive of malignancy
at presentation or on follow-up.

Primary Resection versus Secondary Resection
A total of 97 patients underwent primary resection of their
tumor; 32 patients were treated after previous resectionwith
recurrence performed outside our institution. Primary resec-
tion and secondary resection showed similar results in regard
to overall survival, disease-free survival, and locoregional
control. No statistical significance was detected (►Table 1).

Table 1 Significance of factors influencing overall survival, disease-specific survival, and locoregional control

OS DSS LRC

Sex NS NS NS

Race NS NS NS

Smoking status p ¼ 0.013 (worse survival for smokers) NS NS

Tumor subsite NS NS NS

Primary/Reoperation NS NS NS

Stage < 0.05 (worse survival for stage IV) < 0.05 (worse survival for stage IV) NS

Additional margins NS NS NS

Presence of malignancy p < 0.001 p < 0.001 NS

Abbreviations: DSS, disease-specific survival; LRC, locoregional control; NS, not significant; OS, overall survival.

Table 2 Pathology results for all patients in study

Pathology n

IP 105

IP and dysplasia 5

IP and carcinoma 19

Abbreviation: IP, inverted papilloma.
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Discussion

Although otolaryngologists have treated sinonasal IP for
many decades, the significant rates of recurrence continue
to be well documented and present significant challenges for
the head and neck or endoscopic surgeon.1,7,8,10–12,16,17 This
clinical review highlights the importance of follow-up in
these patients given the high recurrence rates of 20.3%,
22.1%, and 39% at 2, 3, and 5 years of follow-up. Similar to
previous studies,3,8,18–20 most tumors recur during the first
2 years of follow-up (18 of 28 recurrences). However, longer
follow-up periods are recommended given multiple recur-

rences after 2 years in this study and recurrences up to 8 years
of follow-up. In the largest retrospective review of IPs to date,
Kim et al21 divided patients into a group with < 3 years of
follow-up and another with at least 3 years of follow-up. The
authors were able to detect recurrence more often when
following patients for at least 3 years (26.1% and 8.5%,
respectively).

Multiple authors12,15,21–23 have found staging systems
for IP to be helpful for reporting and predicting treatment
outcome. The stages proposed by Krouse15 in 2000 contin-
ue to be the most widely used today. This system was
refined by Cannady et al23 in 2007 by staging patients
based on recurrence rates. By grouping Krouse stages I
and II into a single category (stage A) and maintaining
Krouse stage III as stage B and Krouse stage IV as stage C, the
authors demonstrated a significant difference in recur-
rence rates between the three groups. Given that almost
all stage IV patients in this study harbored carcinoma, it is
not surprising that survival was significantly decreased in
this study group. However, similar to the study by Kim et
al,21 we did not find staging to be a significant predictor of
locoregional control. The lack of statistical significance may
be explained by the overall high recurrence rates for tumors
of all subsites as well by the lack of power to detect small

Fig. 1 Kaplan-Meier survival curves for overall survival, disease-specific survival, and locoregional control based on the presence of dysplasia or
carcinoma. IP, inverted papilloma.

Table 3 Staging distribution for all patients

Stage n

I 16

II 35

III 57

IV 21

Total 129

Journal of Neurological Surgery—Part B Vol. 75 No. B2/2014

Sinonasal Inverted Papilloma Lin et al. 143

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



differences in this study. Similar arguments can be used to
explain the lack of statistical significance for tumor origin
as a predictor of overall survival, disease survival, and
locoregional recurrence.

Endoscopic resection has become the procedure of choice
for the treatment of the vast majority of cases of IP, withmany
authors8,12,21,22,24 reporting comparable control rates com-
pared with transfacial and other open approaches. Similarly,

we did not find any statistical difference in recurrence rates
between endoscopic, open, and combined approaches for IP.
Cases with malignancy were excluded in this particular
analysis because open approaches in this study were much
more likely to be used for malignant pathology. Endoscopic
resection has replaced open surgery in our institution for
almost all IPs except for cases with massive frontal or supra-
orbital extension.

Fig. 2 Kaplan-Meier survival curves for overall survival, disease-specific survival, and locoregional control based on stage.

Table 4 Surgical approach for inverted papilloma without carcinogenesis separated by presence and absence of additional surgical
margins

Additional margins: group 1 No additional margins: group 2

Age, y 47.8 52.8

Sex M ¼ 40; F ¼ 10 M ¼ 46; F ¼ 14

Race 80% white 83% white

Smoking 60% never, 14% previous, 26% current 39% never, 33% previous, 28% current

Approach Endoscopic ¼ 31; open ¼ 15; combined ¼ 4 Endoscopic ¼ 39; open ¼ 9; combined ¼ 12

Total 50 60
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Obtaining separate surgical margins outside of the re-
sected tumor specimen did not affect recurrence rates in
this study. The two study groups were evenly divided includ-
ing a similar distribution of surgical approaches used for
tumor extirpation. As expected,weweremore likely to obtain
surgical margins in those patients with malignancy. For this
reason, we excludedmalignant cases in this analysis to create
more uniform and comparable groups. Mortuaire et al25

evaluated the quality of surgical margins in 65 patients
treated with open or endoscopic approaches but did not
elaborate on specific criteria for specimen quality or whether
margins were taken from surgical specimen or outside the
specimen after resection. They concluded that “safe”margins
are ideal but did not affect the rate of local recurrence. Our
study is the first to define and analyze the effect of obtaining
separate surgical margins for IP. Although separate surgical
margins did not affect local control in our analysis, the
retrospective nature of the study makes this finding more
difficult to interpret. The exact reason for or against separate

surgical margins could not be defined in each individual case.
The decision of whether extra tissue margin is necessary
likely depends on the surgeons comfort with the resection.
Our data show that if the surgeon feels confident with a
particular resection, additional tissue margins are unneces-
sary for benign disease. As in any clinical data for rare disease,
there is always a question of sample size, and a multi-
institutional trial of a larger cohort of patients may further
clarify the necessity of separate tissue margins. The number
ofmalignant tumors from IP in this studywas not sufficient to
comment on the effect of separate surgicalmargins on patient
outcome, but it remains our protocol to obtain margins under
frozen section control for all malignant tumors.

Our analysis failed to show any difference in survival or
recurrence between patients undergoing primary or second-
ary operation for tumor recurrence. Higher recurrence rates
have been reported26 for recurrent IP comparedwith primary
cases, with other authors8,12,27 noting its importance at least
in surgical planning given the skewed anatomical landmarks,
scarring resulting in difficult visualization, and reactive bone
sclerosis. Lawson and Patel12 reported a higher rate of adju-
vant procedures such as the Caldwell-Luc procedure and
lateral rhinotomy for secondary surgery, but this association
was not investigated in our report.

Aside from the high rates of recurrence, the malignant
potential of IP remains a major concern. The malignancy rate
in this study of 14.7% is congruent with the literature.6,9,27

Lesperance and Esclamado9 reported a mean interval of
63 months of follow-up before metachronous malignancy is
detected, compared with 73 months in this study. The high
rates of synchronous tumors in this analysis and in the
literature likely represent the bias of studying these rare
tumors in tertiary referral centers. Despite close follow-up
for tumor recurrence and aggressive treatment with curative
intent when malignancy is detected, the survival among
patients with malignancy remains poor (66% disease-specific
survival at 5 years). Virtually no patients succumbed to IP in
this study if nomalignancywas detected. The rate of dysplasia
without malignancy was low in this cohort (5 of 129), and
although no recurrence or deaths were detected among this
population, no clear conclusions can be drawn for this
subgroup given the small numbers.

The predictors of malignancy continue to be elusive for
IP,4,18,28 and we similarly did not find additional high-risk
factors for this feared sequela of the disease. Active smoking
in this study demonstrated only a trend to eventual carcino-
matous progression, and tobacco use did not affect disease-
specific survival or locoregional control of IP. The number of
recurrences and surgical resections did not correlate with
eventual development of malignancy, a finding that may be
surprising but is consistent with previous reports.3,28 Re-
gardless, our preference continues to be complete definitive
resection using any approach necessary for complete tumor
extirpation given the possibility of malignancy, local aggres-
sive growth, and biopsy sample error for larger tumors and
tumors with radiologic aggressiveness. The likelihood of
malignancy during follow-up is likely inherent in the tumor
biology. Human papillomavirus16,17,29 and chromosomal

Fig. 3 Local control rates for inverted papilloma without carcino-
genesis based on the presence or absence of additional surgical
margins. The difference between groups was not statistically
significant.

Table 5 Distribution of primary tumor sites

Site n

Lateral nasal wall/medial maxillary sinus 45

Nasal cavity 15

Ethmoid sinus 24

Maxillary sinus 25

Frontal sinus 8

Sphenoid sinus 2

Septum 2

Unknown 8

Total 129
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aneuploidy30 have been suggested as markers, but further
investigations are needed to confirm these findings.

Conclusion

IP is a locally aggressive tumor with malignant potential that
requires prolonged follow-up. Because additional surgical
margins taken outside of tumor specimens did not change
disease recurrence in this study, we conclude that sending
separate tissue margins is unnecessary for IP if the surgeon
deems a resection to be adequate. Similarly, tumor site of
origin and surgery for recurrence do not clearly affect out-
come. Stage IV tumors are associated with worse survival, but
staging criteria did not affect recurrence rates in this study.
Because no clear predictors of malignancy were seen in this
study, further research to predict this phenomenon is needed.

Disclaimer
The authors have no financial interests, disclosures, or
conflicts of interest regarding the content of this original
manuscript.
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