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Abstract
Urothelial carcinoma (UC) comprises a heterogeneous group of epithelial neoplasms

with diverse biological behaviors and variable clinical outcomes. Distinguishing UC histologi-

cal subtypes has become increasingly important because prognoses and therapy can dra-

matically differ among subtypes. In clinical work, overlapping morphological findings between

low-grade noninvasive UC (LGNUC), which exhibits an inverted growth pattern, and inverted

urothelial papilloma (IUP) can make subclassification difficult. We propose a combination of

immunohistochemistry (IHC) and molecular cytogenetics for subtyping these clinical entities.

In our study, tissue microarray immunohistochemical profiles of Ki-67, p53, cytokeratin 20

(CK20) and cyclinD1 were assessed. Molecular genetic alterations such as the gain of chro-

mosomes 3, 7 or 17 or the homozygous loss of 9p21 were also assessed for their usefulness

in differentiating these conditions. Based on our analysis, Ki-67 and CK20may be useful for

the differential diagnosis of these two tumor types. Fluorescence in situ hybridization (FISH)

can also provide important data in cases in which the malignant nature of an inverted urothe-

lial neoplasm is unclear. LGNUCwith an inverted growth pattern that is negative for both Ki-

67 and CK20 can be positively detected using FISH.

Introduction
Because of their diverse histological features, urothelial carcinomas (UCs) can be classified into
a number of different morphological and architectural patterns [1–5]. These categories include
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an inverted or endophytic growth pattern. In practice, when only a small amount of biopsy
material is available or when transurethral resections (for which tangential sectioning and ther-
mal and crushing artifacts are important limitations) are examined, there is great overlap
microscopically between low-grade noninvasive UC (LGNUC) with an inverted growth pattern
and inverted urothelial papilloma (IUP), which is a rare benign tumor that accounts for
approximately 1% to 2% of all urothelial neoplasms[6, 7]; thus, discriminating between these
cases is problematic. However, whether to designate lesions as IUP or as LGNUC with an
inverted growth pattern is important because their biological behaviors, subsequent treatments
and prognoses differ.

We used various techniques, including immunohistochemistry (IHC) and fluorescence in
situ hybridization (FISH) to determine the intrinsic differences between these two lesions and
to correlate the findings with the need for a differential diagnosis.

Materials and Methods

Ethics statement
The study was approved by the ethics committee of Fudan University Shanghai Cancer Center.
We obtained oral informed consent from the participants or their next of kin to use their tis-
sues in this study. As the patients agreed to, their consent was recorded with their names. Addi-
tionally, the ethics committee of Fudan University Shanghai Cancer Center approved this
consent procedure. Patient records/information were anonymized and de-identified prior to
the analysis. All of the procedures were performed in accordance with the Declaration of Hel-
sinki and relevant policies in China.

Patient samples
The study comprised 38 specimens of LGNUC with an inverted growth pattern and 36 speci-
mens of IUP, all of which were obtained from the Department of Pathology of Fudan Univer-
sity Shanghai Cancer Center. The tissues were fixed with buffered formalin (pH 7.0) and
embedded in paraffin wax.

Histological classification
The IUP diagnosis was based on the criteria set forth in the World Health Organization Classi-
fication of Tumors of the Urinary System and Male Genital Organs. A diagnosis of LGNUC
with an inverted growth pattern was based on a number of histological features that have been
described the literature[1, 8–10], including very thick columns or cords of neoplastic cells,
irregularity in the width of these columns or cords, areas with unequivocal stromal invasion,
cytologic atypia (nuclear pleomorphism, irregular nuclear contours, irregular chromatin distri-
bution, and prominent nucleoli), and increased mitotic activity.

Tissue microarray and IHC
The urothelial tissue microarray (TMA) was constructed with formalin-fixed, paraffin-embed-
ded urothelial samples, and the areas of noninvasive UC or UP were identified according to the
corresponding hematoxylin and eosin (H&E) stained slides. Two tissue core samples of low-
grade UC with an inverted growth pattern and two IUP cores from the same case were
arranged on a recipient paraffin block (1 mm core). IHC was performed using the Envision
System with diaminobenzidine (DAB; Gene Tech, Shanghai Company Limited) according to
the manufacturer’s protocol.
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IHC was performed with the following antibodies: Ki-67 (clone MIB-1, DAKO Corp., Car-
pinteria, CA), p53 (prediluted antibody, DAKO Corp., Carpinteria, CA), CK20 (cloneKs20.8,
prediluted antibody; DAKO Corp., Carpinteria, CA), and CyclinD1 (prediluted antibody,
DAKO Corp., Carpinteria, CA). The extent of immunohistochemical staining was microscopi-
cally evaluated. The Ki-67 labeling was considered positive when moderate-to-strong staining
was observed in greater than 1% of the tumor cells [11, 12]. The P53 and CycliD1 labeling were
considered positive when moderate-to-strong staining was observed in greater than 10% of the
tumor cells [13–15]. The CK20 labeling was considered positive when moderate-to-strong
staining was observed in greater than 5% of the tumor cells [11, 12, 16].

FISH
FISH analysis was performed as previously described [8]. Briefly, multiple 4-mm-thick
unstained sections of each tumor were prepared from buffered formalin-fixed, paraffin-embed-
ded tissue blocks. An H&E-stained slide from each case was examined by a pathologist to
identify neoplastic tissue areas for FISH analysis. The slides were deparaffinized with 2 15-min-
ute washes in xylene and 2 10-minute washes in absolute ethanol and were then air-dried in a
fume hood. Next, the slides were treated with 0.1 mM citric acid (pH 6.0) (Zymed, South San
Francisco, CA) at 95°C for 10 minutes, rinsed in distilled water for 3 minutes, and then washed
in 2x standard saline citrate for 5 minutes. Digestion was performed by applying 0.4 mL of pep-
sin (5 mg/mL in 0.1 N HCl/0.9 NaCl) (Sigma, St Louis, MO) at 37°C for 40 minutes. The slides
were rinsed with distilled water for 3 minutes, washed with 2x standard saline citrate for 5 min-
utes and air-dried. The α-satellite repeat (CEP) and locus-specific (LSI) probes were labeled
with fluorophores. CEP3, CEP7, and CEP17 probes were labeled with Spectrum Red, Spectrum
Green, and Spectrum Aqua. LSI p16 (9p21) was labeled with Spectrum Gold (Vysis, Downers
Grove, America). The probes were diluted with tDenHyb2 (Insitus, Alburquerque, NM) at a
ratio of 1:10. Five microliters of diluted probes were added to each slide under reduced-light
conditions. Each slide was then covered with a 22mm × 22mm cover slip, and the edge was
sealed with rubber cement. The slides were placed into an opaque plastic box that was wrapped
with aluminum foil. The slides were denatured at 83°C for 12 minutes and hybridized at 37°C
overnight. After hybridization, the slides were washed twice with prewarmed 0.1×SSC with 1.5
M urea at 45°C for 20 minutes each and were then washed with 2×SSC (saline sodium citrate)
for 10 minutes and 2×SSC/0.1% NP40 for 10 minutes at 45°C. The slides were further washed
with 2×SSC for 5 minutes at room temperature. The slides were counterstained with 10 μl
4',6-diamidino-2-phenylindole (DAPI; Vysis, Downers Grove, America) for 2 minutes and
then covered with a 50×22 cover slip; the edges were then sealed with nail polish.

The stained slides were observed and documented using a Metasystem system (Belmont,
MA) under a 100× oil objective. Positivity or negativity for specific chromosomal abnormalities
was assessed in the tumor areas that exhibited an inverted growth pattern. The following filters
were used: SP-100 for DAPI, FITC MF-101 for Spectrum Green, Gold 31003 for Spectrum
Gold, Aqua 31036V2 for spectrum Aqua, and Texas Red Sp103 for Spectrum Red. Signals from
each probe were counted from false color images in which the computer mapped each color
channel into red, green, gold, and aqua. Five sequential focus stacks with 0.4-mm intervals
were acquired and then integrated into a single image to reduce thickness-related artifacts.

For each case, 100 nuclei were counted. Each cell was simultaneously analyzed for the sig-
nals of chromosomes 3, 7, and 17 and that of 9p21. Twelve normal bladder specimens from
patients who had no concurrent or prior history of UC or in situ carcinoma were used as nega-
tive controls, from which cutoff values were defined. Typically, 2 signals from each probe were
measured in each single diploid cell.
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The chromosomal gain or loss was defined based on the Gaussian model and was relative to
normal controls. The cutoff values were set as the mean+3×SD (standard deviation) of the
number of disomic cells in control individuals. The mean+3×SD represents a specificity of
99.9%. Any tumor case with a score beyond the cutoff value was considered to have either a
gain or a loss of the designated chromosomes. Cases that exhibited a gain of 2 or more of chro-
mosomes 3, 7, and 17 or a loss of 9p21 were defined as positive.

Statistical analysis
The data were analyzed using the SPSS 18.0 software package (SPSS, Chicago, Illinois, USA). A
blinded comparison of the sensitivity and specificity of histological analysis compared with
that of immunocytochemistry analysis was performed, with independent researchers analyzing
the H&E sections and ICC stains. Fisher's exact test was performed to compare the IHC and
FISH results between IUP and LGNUC with an inverted growth pattern. In this study, disease-
free survival (DFS) was calculated using the Kaplan–Meier estimator implemented in the
GraphPad Prism 5 software package (GraphPad Software Inc., San Diego, CA, USA), and sta-
tistical significance was defined as P<0.05.

Results

1. Morphological analysis
The morphological comparison of IUP and LGNUC with an inverted growth pattern is sum-
marized in Table 1. All 36 inverted papillomas mainly comprised anastomosing cords, which
were thin and congruous in width, or nests, which were small and regular (Fig 1). Cysts were
occasionally observed in the interiors of the nests. Of the 36 inverted papillomas, peripheral
palisading nuclei were observed in 31 cases (86.1%), and streaming in the inferior of cords or
nests was observed in 28 cases (77.8%). Mitotic figures were seldom observed; they were only
observed in the basal layer. Less than 1/10 high-power field (HPF) mitotic figures were found
in all of the inverted papilloma cases in this study. The cords of LGNUC with an inverted
growth pattern were usually thick and irregular, and the nests were usually large and inordinate
(Fig 2). Definite fibrovascular cores were observed in 17 of 38 cases (44.7%). Mitotic figures,
which were common in superficial or middle layers, were easy to detect in 20 of the 38 cases
(52.6%) that exhibited>1/10 HPF in this study.

Table 1. The morphological comparison of IUP and LGNUCwith an inverted growth pattern.

IUP LGNUC with inverted
growth pattern

Endophytic cords of urothelial
cells

24/36 (63.2%), thin and congruous in
width, cysts could be seen

30/38(78.9%), thick and
irregular

Endophytic nests of urothelial
cells

12/36 (36.8%), small and regular 8/39(21.1%), big and
inordinate

Peripheral palisading 31/36 (86.1%) 19/38 (50%)

Streaming in the inferior of
cords or nests

28/36 (77.8%) 15/38 (44.7%)

Fibrovascular cores 0 17/38 (44.7%)

Mitotic activity

<1/10 HPF 36/36 (100%) 18/38 (47.4%)

≥1/10 HPF 0 (0%) 20/38 (52.6%)

doi:10.1371/journal.pone.0133530.t001
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Fig 1. Clinicopathological features of inverted papilloma. IUPs were mainly comprised anastomosing
cords, which were thin and congruous in width (A), or nests (C). Cysts were occasionally observed in the
interiors of the nests (B). Peripheral palisading nuclei were observed (D).

doi:10.1371/journal.pone.0133530.g001

Fig 2. Clinicopathological features of low-grade noninvasive UC with an inverted growth pattern. The
cords of LGNUCwith an inverted growth pattern were usually thick and irregular (A), and definite
fibrovascular cores were observed (B). Nests were usually large and inordinate (C), and mitotic figures, which
were common in the superficial or middle layers, were easy to detect (D).

doi:10.1371/journal.pone.0133530.g002
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2. IHC results (Table 2)

1. Ki-67 expression was significantly lower in IUP (Fig 3A), for which only 1 of 36 cases (2.8%)
was positive, than in LGNUC with an inverted growth pattern (Fig 3B), for which 18 of 38
cases (47.4%) were positive (P<0.001). CK20 expression was significantly lower in IUP (Fig
3C), for which 2 of 36 cases (5.6%) were positive, than in LGNUC with an inverted growth
pattern (Fig 3D), for which 14 of 38 cases (36.8%) were positive (P = 0.001). P53 expression
was lower in IUP (Fig 3E), for which 10 of 36 cases (27.8%) were positive, than in LGNUC
with an inverted growth pattern (Fig 3F), for which 16 of 38 cases (42.1%) were positive, but
the difference between them was not statistically significant (P = 0.230). CyclinD1 expression
was slightly lower in IUP (Fig 3G), for which 25 of 36 cases (69.4%) were positive, than in
LGNUCwith an inverted growth pattern (Fig 3H), for which 28 of 38 cases (73.7%) were pos-
itive, but the difference between them was not statistically significant (P = 0.798).

2) After combining Ki-67 with CK20 for the differential diagnosis (Table 3), 3 of 36 cases of
IUP (8.3%) had one positive marker, and 13 of 38 cases of LGNUC with an inverted growth
pattern (34.2%) were not positive for either of these two markers.

3. FISH results
Cases that exhibited a gain of at least 2 of chromosomes 3, 7 and 17 or a homozygous loss of
9p21 (Fig 4A and 4B) were defined as UroVysion FISH positive, and the normal values are
listed in Table 4. Positive results were obtained in 24 of the 38 cases (63.2%) of LGNUC with
an inverted growth pattern, whereas negative results were obtained in all of the IUP cases; 9 of
the 13 (69.2%) cases that were negative in terms of both Ki-67 and CK20 were positive in terms
of UroVysion FISH. We compared the sensitivity and specificity of Ki-67, CK20, and FISH
between IUP and LGNUC with an inverted growth pattern (Table 5). When Ki-67 and CK20
were combined with UroVysion FISH, the sensitivity and specificity were 89.5% and 97%,
respectively.

4. Survival analysis
LGNUC with an inverted growth pattern and IUP are associated with different treatment
approaches and prognoses. These conclusions are also verified in our study. Follow-up data
were available for 47 patients, including 22 IUP and 25 LGNUC with an inverted growth pat-
tern. The Kaplan–Meier estimate indicated that the groups of patients with these two tumors
had significantly different DFS values (P = 0.0001, Fig 5).

Table 2. Comparison of immunohistochemical features of IUP and LGNUCwith an inverted growth pattern.

Types Cases Ki-67 CK20 P53 CyclinD1

IR P IR P IR P IR P

IP 36 1 0.000 2 0 10 0.001 25 0.798

LGNUC 38 18 14 16 28

IR, Immunoreactivity.

doi:10.1371/journal.pone.0133530.t002

LGNUC and IUP Can Be Distinguished by IHC and FISH

PLOSONE | DOI:10.1371/journal.pone.0133530 July 24, 2015 6 / 13



Discussion
IUP is an uncommon urinary tract tumor that is usually regarded as benign [17–20]. Of a sam-
ple of 1829 urothelial tract tumors, only 2.2% were IUPs [21]. Since the first description of IUP
by Potts and Hirst in 1963 [22], more than 1000 cases have been reported. Witjes et al [19]

Fig 3. IHC results for the two tumor types. Ki-67 was negative for IUP (A) but positive for LGNUC with an
inverted growth pattern (B). CK20 was negative for IUP (C) but positive for LGNUC with an inverted growth
pattern (D). IUP (E) and LGNUCwith an inverted growth pattern (F)were both positive for P53. IUP (G) and
LGNUCwith an inverted growth pattern (H)were both positive for CyclinD1.

doi:10.1371/journal.pone.0133530.g003

LGNUC and IUP Can Be Distinguished by IHC and FISH

PLOSONE | DOI:10.1371/journal.pone.0133530 July 24, 2015 7 / 13



concluded that IUP was not a risk factor for transitional cell carcinoma (TCC) of the urinary
tract and that frequent and long-term follow-up was not required if the histological diagnosis
was definitive. Christopher Cheng et al [20] reviewed urinary bladder cases and determined
that cystoscopic surveillance may not be necessary in histologically proven solitary bladders
with no associated TCC. Although IUP has been described to undergo malignant transforma-
tion to some extent [21, 23–28], most studies have classified IUP as a benign neoplasm.

However, in practice, distinguishing between these two diseases based on morphology alone
is sometimes difficult. Because of this difficulty, Risio et al[29] stated that some IUP cases are
possibly diagnosed as LGNUC with an inverted growth pattern and that the actual incidence of
IUP might be higher than indicated by the reported figures. During the present study, we
examined a series of 38 cases of LGNUC with an inverted growth pattern and 36 cases of IUP
using IHC and FISH. Timothy D. Jones et al [8] demonstrated that these ancillary techniques
can validate the diagnosis of these diseases, but their sample size was not sufficiently large to
provide convincing results. To the best of our knowledge, the present study represents the larg-
est series used to differentiate these clinical entities that has been presented to date.

The clinical features of LGNUC with an inverted growth pattern and IUP are not specific,
and these conditions maybe share similar histological appearances. However, histological
examination may still hold the key for diagnostic accuracy, and most cases can be diagnosed
on morphological grounds alone. Amin et al [30] analyzed 18 UCs with a prominent endo-
phytic growth component and emphasized the problems associated with the histological
assessment of invasion and the different patterns of invasion observed in these tumors. They
then established a number of morphological criteria that can be used to distinguish IUPs from
UCs with a prominent endophytic growth pattern These same criterion were used and vali-
dated in the current study, as detailed above, but when they share very similar morphological
features, these criterion maybe ineffective clinically. Henderson et al [31] defined six diagnosis
criteria for inverted papilloma. Moreover, Broussard et al [32] subdivided the IUP cases with
atypia into five groups (although the classification was not widely accepted). As described in
the literature, the typical appearance of an IUP is that of a polyploid lesion covered in a flat-
tened but otherwise normal-looking layer of transitional cell epithelium[1, 3, 19]. Beneath
this surface, numerous communicating and interdigitating epithelial strands lie within a

Table 3. The distribution of Ki-67 and CK20 in IUP and LGNUCwith an inverted growth pattern.

Types All negative At least one positive All positive Cases

IUP 33 (91.7%) 3 (8.3%) 0 36

LGNUC with an inverted growth 13 (34.2%) 25 (65.8%) 7(18.4%) 38

doi:10.1371/journal.pone.0133530.t003

Fig 4. FISH results for the two tumor types. The cases that exhibited a gain of at least 2 of chromosomes 3
(B), 7 (B) and 17 (A, B) or a homozygous loss of 9p21 (B) were defined as UroVysion FISH positive.

doi:10.1371/journal.pone.0133530.g004
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characteristic loose connective tissue stroma. Although slight atypia may be observed, the
tumor cells have a monomorphic and often basaloid appearance, with a tendency toward pali-
sading at the periphery and spindling in the center of the epithelial strands, and mitotic figures
are rare or absent[7, 33]. In contrast, the surface of an inverted papilloma-like UC is sometimes
exophytic and variable, and the ramifying cords and trabeculae have irregular widths, which
are not characteristic features of inverted papillomas. Cell atypia, nuclear pleomorphism, chro-
matin distribution irregularities, and a faster mitotic rate are the prominent features in the
diagnosis of TCCs. However, the typical appearance above does not always occur for low-grade
noninvasive UC with an inverted growth pattern, thereby making diagnosis based only on
microscopic findings difficult. In our series, the selected tumors were all LGNUC with an
inverted growth pattern, which enabled a better comparison between these two tumors.

Numerous reports have investigated the immunohistochemical reactivity of UC and IUP.
Urakami et a1 [23] investigated p53 and proliferating cell nuclear antigen immunoreactivity in
addition to intense Feulgen staining in IUPs and concluded that these lesions might have high
proliferative activity and that IUPs with a high immunoreactivity for p53 may be susceptible to
malignant transformation. Similar findings were also reported by Kunimi et al [34]. Deoxyri-
bonucleic acid (DNA) analysis of 8 patients revealed diploid histograms in all except 1 patient,
but the IUPs had relatively higher proliferative activity (the average percentage of the S phase
in the tumor DNA histograms was 9.78%, whereas in normal DNA, it was 4.87). One patient
exhibited an aneuploid DNA pattern (index 1.26) and subsequently had a bladder carcinoma.
Valero Puerta et al[35] determined the proliferative activity using Ki-67 antigen expression in
12 patients with IUPs. They also concluded that a higher proliferative activity was generally
associated with poorer outcomes. Generally, TCCs and non-advanced, high-grade TCCs fre-
quently express biomarkers such as Ki-67, p53, and CK20, although IUPs rarely exhibited
immunoreactivity for these biomarkers. CyclinD1 expression varies, but higher expression has
been reported in superficial low-grade TCCs and not in advanced high-grade TCCs [9, 23, 36].
These biological characteristics of IUPs or inverted papilloma-like TCCs have not yet been
sufficiently evaluated. However, one report demonstrated a single case of TCC with inverted
papilloma-like growth with high p53 immunoreactivity, similar to the current study[23]. In
the present study, we chose to use Ki-67, P53, CK20, and cyclinD1 as biomarkers, and
cases of LGNUC with an inverted growth pattern expressed one or more of these proteins

Table 4. The normal values of chromosomes 3, 7 and 17 or of 9p21.

3(%) 7(%) 17(%) 9p21(%)

Mean value 2.76 1.18 0.97 9.27

Standard deviation 2.39 1.36 1.47 4.02

Reference range 0~9.92 0~5.25 0~5.37 0~21.32

doi:10.1371/journal.pone.0133530.t004

Table 5. Comparison of the sensitivity and specificity of Ki-67, CK20, FISH in IUP and LGNUCwith an
inverted growth pattern.

sensitivity specificity

Ki-67 18/38(47.4%) 35/36(97.2%)

CK20 14/38(36.8%) 34/36(94.4%)

FISH 24/38(63.2%) 33/33(100%)

Ki-67 combining with CK20 25/38(65.8%) 33/36(91.7%)

The combination of the three 34/38(89.5%) 33/33(100%)

doi:10.1371/journal.pone.0133530.t005
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similarly to their non-inverted counterparts. In contrast, IUP specimens exhibited sparse
immunoreactivity.

A variety of molecular genetic alterations in urothelial tumors have been reported and have
been detected using many techniques, including loss of heterozygosity (LOH) analysis and
FISH [37–43]. Most low-grade, noninvasive papillary UCs and some high-grade lesions are
characterized by the loss of chromosome 9[44–46]. In contrast, p53 gene mutations and the
loss of chromosome 17p are primarily observed in high-grade, invasive UCs [44, 47, 48]. A
model of urothelial carcinogenesis in which the loss of chromosome 9 is the initial step that
leads to a low-grade papillary lesion, with invasion and progression characterized by later p53
gene mutations, has been proposed. In in situ UCs, p53 gene mutations occur earlier [44, 49].
Additionally, IUPs do not exhibit the genetic-alteration-based molecular features that UCs
often exhibit. Our study employed UroVysion, which is a multitarget FISH assay, to detect
aneuploidy in chromosomes 3, 7, and 17 and loss of the 9p21 locus using a fluorescence micro-
scope. This test has been approved by the FDA for use in urine cytology both for monitoring
for recurrence in patients with a history of bladder cancer and for detecting new malignancies
in patients with hematuria. In this study, we applied the principles of UroVysion FISH to for-
malin-fixed, paraffin-embedded tissues using statistically derived cutoff values, as discussed
above. We observed that 24 of 38 cases (63.2%) of LGNUC with an inverted growth pattern
were positive, while all cases of IUP were negative; 9 of 13 (69.2%) cases that were negative for
both Ki-67 and CK20 were determined to be positive by UroVysion FISH. When Ki-67 and
CK20 were combined with UroVysion FISH, the sensitivity and specificity were 89.5% and
97%, respectively. Thus, IUP likely arises from pathogenetic mechanisms that differ from those
that produce UC. Additionally, UroVysion FISH may be an important approach in cases in
which the malignant nature of an inverted urothelial neoplasm is unclear.

Although not included in the current study, other techniques or biomarkers such as flow
cytometry or proliferating cell nuclear antigen (PCNA) have been used to distinguish these two
tumors. Sung and colleagues [50] examined a series of 39 IUPs using LOH analysis and dem-
onstrated a very low incidence of LOH at genetic loci that are frequently lost in both UCs and
papillary urothelial neoplasms of low malignant potential. In fact, the incidence of LOH in
these IUPs was similar to that previously reported for normal urothelium. Our results are con-
sistent with those of Sung et al in the sense that none of the IUPs in this study exhibited molec-
ular features of urothelial cancer via the UroVysion FISH analysis. Jun Cheon et al[51] studied
the indicators of cellular proliferative activity in seven bladder IUPs, including two cases of
malignant IUP. In that study, the PCNA expression rates in two cases of malignant inverted

Fig 5. Comparison between the DFS of the IUP group and that of the LGNUCwith an inverted growth
pattern group.

doi:10.1371/journal.pone.0133530.g005
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papilloma were higher than in benign IUPs. The mean numbers of argyrophilic nucleolar orga-
nizer regions (AgNORs) per nucleus in malignant inverted papillomas were much higher than
in benign inverted papillomas. The c-erbB-2 oncoprotein was expressed only in malignant
inverted papillomas. Thus, the above phenomenon may explain the favorable prognosis and
benign clinical course of inverted papilloma.

In summary, our study is the largest series to date to differentiate between these two tumors.
Because LGNUC with an inverted growth pattern and IUP sometimes have an analogous histo-
logical appearance, ancillary techniques such as IHC and FISH can help in the differential diag-
nosis of LGNUC with an inverted growth pattern and IUP.
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