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Introduction

Inverted papilloma (IP) is a benign sinonasal epithelial 

tumour that belongs to a group of transitional cell papillomas 

[1,2]. It was fi rst described by Vart, more than a hundred 

years ago, but the real nature of the disease was explained by 

Ringertz in 1938 [3].

Inverted papilloma has a potential to infi ltrate surrounding 

tissue, has a high recurrence rate and a potential of malignant 

transformation [4,5]. It grows on the mucosal surface in an 

exophytic form with a villous surface. Histologically the villi 

have a vascular and fi brous basis, covered by epithelium that 

invaginates into stroma at places, thus leading to its name: 

inverted papilloma4. The epithelium is usually squamous, but 

sometimes it can be cylindrical or mixed. Malignant alteration 

is morphologically seen as a cell polymorphism, the presence 

of pathological mitoses, desmoplastic stromal reaction, bone 

invasion, architectural disorder, paradoxical maturation, keratin 

pearl formation and high epithelial to stromal ratio [6,7].

Aetiology of the inverted papilloma remains unknown. 
Risk factors include outdoor and industrial factors; the role 
of human papilloma virus (HPV) is still controversial while 
infl ammatory disease, smoking, and alcohol are not considered 
to be involved [8,9].

Dominant symptoms of inverted papillomas include 
unilateral nose congestion, which is often the only symptom, 
recurrent nasal bleeding, nasal discharge, sometimes blood 
tinged, and impaired olfactory function. Pain is sometimes 
present, but it is rarely the main symptom. Insuffi cient 
resection of the tumour, a large extension of the disease and 
the diffi culty to reach surgically some of the locations where 
papillomas are situated, contribute to high recurrence rates. 
The other important factor is already multifocal nature of the 
tumour at the moment the diagnosis is set. In most of the 
patients recurrence is present 3 years after the initial operation, 
although recurrences 10 years postoperatively have been 
reported [9,10]. Therefore, all of the patients, including those 
without recurrent disease, demand long-term monitoring 
[11,12]. Malignant transformation is also well documented [13-
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The aim of this study was to evaluate the expression of Epidermal Growth Factor Receptor (EGFR) and 
Vascular Endothelial Growth Factor (VEGF) in patients with primary inverted papilloma (IP), recurrence of 
IP and carcinoma based on IP.

The study was performed on an archived material of the 52 patients that were surgically treated 
because of the primary IP, recurrent IP and carcinoma that developed on the ground of IP on the Tertiary 
care University Center in the period of 18 years. The expression of the EGFR and VEGF were measured by 
an immunohistochemistry method using commercially available antibodies.

There is a signifi cant difference in expression of EGFR comparing primary IP to recurrence and 
squamous cell carcinoma (SCC) in the region of squamous and dysplastic epithelium, and also in the 
region of metaplastic epithelium between primary IP and carcinoma. There is a signifi cant difference 
in expression of VEGF compared primary IP to recurrence and SCC in the region of the squamous and 
dysplastic epithelium.

The recurrence of IP presents step in tumour’s transformation between benign lesion and carcinoma.
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16], and according to some studies, it takes about 63 months 
(6-153 months) for malignant transformation [17].

There are two options regarding the correlations between 
inverted papilloma and squamous cell carcinoma:

1. squamous cell carcinoma is present together with inverted 
papilloma at the time of diagnosis as a small focus or it 
forms the majority of the neoplasm (synchronous)

2. squamous cell carcinoma develops in the same anatomical 
unit where the inverted papilloma without malignant 
characteristics was previously resected (metachronous)

Because of this correlation, it is possible that inverted 
papilloma represents a form of the lesion with malignant 
transformation potential. 

One of the important factors of malignant transformation 
is epidermal growth factor (EGF). It has an important role in 
the regulation of cellular growth and in their proliferation 
and differentiation [18]. It also marks increasing risk of the 
malignant transformation [14,19]. 

Its receptor – EGFR (EGFR) is a 170 kDa transmembrane 
receptor encoded by the human HER1 gene. The EGFR protein 
contains an extracellular ligand binding domain, a transmembrane 
region and an intracellular domain with intrinsic protein-
tyrosine kinase activity. Ligand binding of the EGF receptor 
activates the EGFR tyrosine kinase which results in cell growth 
and differentiation [20]. It is more expressed in malignant 
cells and is related to poor prognosis and shorter survival of 
the patients, though it is present on the normal cells as well.

The other factor of the malignant transformation is vascular 
endothelial growth factor (VEGF). It is a signal protein and 
proangiogenic factor; it is secreted by tumoral and endothelial 
cells and has a very important role in tumour angiogenesis, 
growth and metastasis [21]. The whole VEGF family 
exerts their biological functions through the interaction with 
transmembrane receptors such as tyrosine kinase receptors 
VEGFR1 and predominantely VEGFR2. VEGFR2 stimulates cell 
proliferation and migration and thus promotes the formation 
of new vessels; which can produce plaque progression and 
eventusl hemorrhage [22-24]. 

Clinical and pathohistological analysis so far couldn't 
determine the characteristics of the tumour that will show its 
future biological development and clinical course in every single 
patient. High recurrence rates and the possibility of malignant 
transformation, together with the impossibility to predict 
in which cases will it occur, demands to fi nd the objective 
characteristics, which will help to fi nd adequate therapy and 
determine the need for close postoperative monitoring of every 
single patient. In that manner, the role of EGFR and VEGF is to 
be examinated.

The hypothesis in our study is that the patients with the 
recurrence of the inverted papilloma, or the carcinoma that 
developed on the ground of inverted papilloma, have higher 
expression of epidermal growth factor receptor (EGFR) and 
vascular endothelial growth factor (VEGF).

Such fi nding could help to establish those patients who 
have a higher risk of recurrence or malignancy, and therefore 
require more careful monitoring and more aggressive treatment 
modalities.

Materials

With institutional review board approval, an archived 
material from 52 patients with inverted papilloma was obtained. 

These patients were surgically treated at the tertiary care 
university hospital in the period from 1985 till 2003. 52 patients 
with primary tumour, recurrent tumour, and carcinoma that 
developed on the ground of IP were included in the study. They 
were both genders and none of them was previously treated 
with some other method. 

The specimens were grouped into following three groups: 

• Patients with inverted papilloma

• Patients with recurrent inverted papilloma

• Patients with carcinoma that developed on the ground of 
the previous IP

Reagents

The expression of the epidermal growth factor receptor 
and vascular endothelial growth factor were measured by 
immunohistochemistry method using commercially available 
antibodies. VEGF (C-1): sc-7269 (Santa Cruz Biotechnology, 
Inc.) and EGFR (Dako, Glostrup, Denmark) were used applying 
proposed manufacturer's protocol, and the PBS incubation was 
used as a negative control. 

Methods

After the fi xation in buffered formaldehyde and transfer 
into paraffi n blocks, the tissue was cut to the thickness of 4-5 
μm, and then put on the glass. After the fi xation, the tissue was 
put to 70 0C during 2 hours. It was deparaffi nised in xylene and 
rehydrated in ethanol solutions of decreasing concentrations. 
The activity of endogenic peroxidase was blocked with 3 % 
hydrogen peroxide solution during 10 minutes. 

The standard avidin-biotin immunohistological method was 
used for dying using the automatic dyeing machine (TechMate, 
Dako) that uses capillary activity. At the end, specimens were 
dyed with haematoxylin-eosin.

Overnight incubation with VEGF antibodies was performed 
in 1% buffered phosphoric acid /bovine serum albumin (1% PBS-
BSA) in 1:50 ratio. Optimal antibody concentration of 2,5 μg/ml, 
was determined by titration and was within recommended range 
(0,5-5 ug/ml). The specimens were washed three times with PBS 
for 2 minutes and incubated with biotin categorized anti- goat 
or mice IgG for 1 hour at the room temperature. Concentration of 
the antibody was also determined by titration, it was 3,5 μg/ml 
and was within recommended range of 1-5 μg/ml.

After washing 3 times with PBS during 2 minutes, the cuts 
were dyed with the streptavidin-peroxidase detection system. 
The incubation with PBS instead of antibody was used as a 
negative control. 
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Immunohistochemmistry

All specimens were examined by one pathologist in a 
semiquantitative manner [scoring 0-3. 0 – no reaction (up 
to 10% positive cells), 1 – weak reaction (up to 25% positive 
cells), 2 – middle reaction (26-50% positive cells), 3 – strong 
reaction (more than 50% positive cells)]. 

The intensity of the immunohistological reaction was 
determined in the tumour in 3 big magnifi cation optical fi elds 
(magnifi cation 40x) in the area of highest exposition ("hot 
spot") in following regions:

• cylindrical epithelium

• metaplastic epithelium

• squamous epithelium (more metaplastic)

• dysplastic epithelium

Statistical analysis

The results were analysed by non-parametric statistical 
tests. The differences between the groups for qualitative data 
will be analysed using Fisher exact test. Statistically signifi cant 
were considered differences p<0.05.

Results 

There were 52 patients included in the study, with the 
age between 18 and 72 years and the median of 54. They 
were divided into three groups - patients with primary IP (34 
patients), patients with recurrent IP (11 patients) and patients 
with carcinoma on the ground of IP (7 patients). 

EGFR expression was analysed in the area of cylindrical 
epithelium, that represents normal nasal mucosa, and in three 
zones of changed epithelium, metaplastic, dysplastic and 
squamous. There was no signifi cant difference between groups 
in the area of cylindrical epithelium, i.e. the normal nasal 
mucosa. In the area of metaplastic epithelium, there was no 
signifi cant difference between groups of patients with primary 
IP and recurrent IP, and recurrent IP and carcinoma, but the 
difference was signifi cant between primary IP and carcinoma 
groups. 

In the area of squamous epithelium, that represents 
the area of stronger metaplastic transformation, there was 
signifi cant difference between groups of patients with primary 
IP and recurrent IP, and primary IP and carcinoma while the 
difference between groups of patients with recurrent IP and 
carcinoma was not signifi cantly different. 

In the area of dysplastic epithelium, that represents the 
heaviest transformation, the relations are similar: signifi cant 
between groups with primary and recurrent IP, and groups 
with primary IP and carcinoma, while the difference was not 
signifi cant between groups with recurrent IP and carcinoma. 

Similar results are obtained in the squamous epithelium 
area regarding the expression of VEGF between patients with 
primary IP and recurrent IP, and the groups of patients with 

primary IP and carcinoma, while there was no signifi cant 
difference between recurrent IP patients and the ones with the 
carcinoma.

The results in the dysplastic epithelium areas were also similar.

Results of the immunohistochemical analysis on EGFR 
and VEGF are shown in the tables below (Tables 1-4). Figures 
of inverted papilloma and EGFR and VEGF expression are 
represented in fi gures 1-3.

Discussion

Inverted papilloma is a rare sinonasal tumour and represents 
0,5 – 7% of all tumours in the sinonasal region [1,2]. It has 
a high recurrence rate and a high malignant potential. It is 
characterized by stromal invasion, thus if the resection of the 
inverted papilloma is insuffi cient, the recurrence rate is high 
[3]. It amounts, according to different studies, between 5.7–
32% [25]. On the other side, the correlation among inverted 
papilloma and squamous cell carcinomas is well documented. 
Current literature shows this correlation somewhere between 
10-25 % [13-16].

Measuring of the expression of EGFR and VEGF could help 
to determine the patients with high risk of recurrence and 
carcinoma.

There were 52 patients, 37 males and 15 females included in 
the study. The number of male patients was 2.5 times higher, 
which supports the data from the literature about the higher 
incidence of inverted papilloma in males [3,26]. There was a 
signifi cant difference in expression of EGFR in metaplastic 
epithelium between primary IP and carcinoma groups. In 
groups of squamous and dysplastic epithelium signifi cant were 
differences between of patients with primary and recurrent IP, 
and primary IP and carcinoma.

In the study of Katori et al. [19], signifi cant increase of EGFR 
was observed in IP with severe dysplasia, IP with carcinoma 
and invasive carcinoma compared to IP with mild dysplasia 
and control group. According to the study of Kong et al. [27], 
there was a signifi cant difference between EGFR expression 
in severe atypical hyperplasia of IP then that in mild atypical 
hyperplasia of IP, i.e. those fi rst was much stronger. That 
means the stronger the epithelium transformation is, the 
stronger expression of EGFR is. 

In the study of Chao JC et al. [28], investigated was the 
expression of EGFR in IP and synchronous carcinoma and in 
IP and metachronous carcinoma. This expression was much 
stronger when compared to normal mucosa and polypoid 
nasal mucosa, which suggested a possible role of EGFR in the 
malignant transformation of IP. The study of Sauter A. et al. [2], 

also confi rmed that an increased EGFR expression is associated 
with early events in IP carcinogenesis. 

In VEGF expression, in the region of squamous and 
dysplastic epithelium, there was the statistically signifi cant 
difference between patients with primary and recurrent IP and 
primary IP and carcinoma. 
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Table 1: Cylindrical epithelium area: Immunohistochemical analysis of EGFR 
and VEGF expression in cylindrical epithelium area in the patients with primary IP, 
recurrent IP and carcinoma on the ground of IP.

GROUP PRIMARY 
TUMOUR RECURRENT CARCINOMA TOTAL

Cylindrical 
epithelium

EGFR

negative
N 0 0 0

0
% 0 0 0

low
N 6 4 0

10
% 18 36 0

middle
N 28 5 6

39
% 82 46 86

high
N 0 2 1

3
% 0 18 4

total
N 34 11 7

52
% 100 100 100

VEGF

negative
N 14 2 1

17
% 41 18 14

low
N 3 1 1

5
% 9 9 14

middle
N 10 8 4

22
% 29 73 58

high
N 7 0 1

8
% 21 0 14

total
N 34 11 7

52
% 100 100 100

The comparison between EGFR and VEGF expression in the cylindrical epithelium 
area in patients with primary and recurrent IP. Fisher exact test for EGFRp=0.1868 
and for VEGF p=0.1666
The comparison between EGFR and VEGF expression in the cylindrical epithelium 
area in patients with primary IP and carcinoma. Fisher exact test for EGFR p=0.2991 
and for VEGF p=0.2709
The comparison between EGFR and VEGF expression in the cylindrical epithelium 
area in patients with recurrent IP and carcinoma. Fisher exact test for EGFR p=0.1078 
and for VEGF p=0.6765

Table 2: Metaplastic epithelium area: Immunohistochemical analysis of EGFR and 
VEGF expression in metaplastic epithelium area in the patients with primary IP, 
recurrent IP and carcinoma on the ground of IP.

GROUP PRIMARY 
TUMOUR RECURRENT CARCINOMA TOTAL

Metaplastic 
epithelium

EGFR

negative
N 2 0 1

3
% 6 0 14

low
N 19 6 0

0
% 56 55 0

middle
N 13 5 1

30
% 38 45 14

high
N 0 0 5

19
% 0 0 72

total
N 34 11 7

52
% 100 100 100

VEGF

negative
N 6 2 3

11
% 18 18 43

low
N 5 0 0

5
% 15 0 0

middle
N 17 6 3

26
% 49 55 43

high
N 6 3 1

10
% 18 27 14

total
N 34 11 7

52
% 100 100 100

The comparison between EGFR and VEGF expression in the metaplastic epithelium 
area in patients with primary and recurrent IP Fisher exact test for EGFR p=0.4669 
and for VEGF p=0.3109
The comparison between EGFR and VEGF expression in the metaplastic epithelium 
area in patients with primary IP and carcinoma Fisher exact test for EFGR p=0.0302 
and for VEGF p=0.4494
The comparison between EGFR and VEGF expression in the metaplastic epithelium 
area in patients with recurrent IP and carcinoma Fisher exact test for EGFR 
p=0.1127 and for VEGF p=0.2721.

Table 3: Squamous epithelium area:  Immunohistochemistry analysis of EGFR and 
VEGF expression in the area of squamous epithelium in the patients with primary IP, 
recurrent IP and squamous cell carcinoma.

GROUP PRIMARY 
TUMOUR RECURRENT CARCINOMA TOTAL

Squamous 
epithelium

EGFR

negative
N 27 4 0

31
% 79 36 0

low
N 0 0 0

0
% 0 0 0

middle
N 3 4 4

11
% 9 36 57

high
N 4 3 3

10
% 12 28 43

total
N 34 11 7

52
% 100 100 100

VEGF

negative
N 15 0 0

8
% 44 0 0

low
N 8 1 0

4
% 23 9 0

middle
N 11 9 5

33
% 33 82 71

high
N 0 1 2

7
% 0 9 29

total
N 34 11 7

52
% 100 100 100

The comparison between EGFR and VEGF expression in the squamous epithelium 
area in patients with primary and recurrent IP. Fisher exact test for EGFR p=0.0121 
and for VEGF p=0.0009
The comparison between EGFR and VEGF expression in the squamous epithelium 
area in patients with primary IP and carcinoma. Fisher exact test for EGFR p=0.0002 
and for VEGF p=0.0014
The comparison between EGFR and VEGF expression in the squamous epithelium 
area in patients with recurrent IP and carcinoma. Fisher exact test for EGFR p=0.1078 
and for VEGF p=0.6111

Table 4: Dysplastic epithelium area:  Immunohistochemistry analysis of EGFR and 
VEGF expression in the area of dysplastic epithelium in the patients with primary IP, 
recurrent IP and squamous cell carcinoma.

GROUP PRIMARY 
TUMOUR RECURRENT CARCINOMA TOTAL

Dysplastic 
epithelium

EGFR

negative
N 33 6 2

40
% 97 55 29

low
N 0 0 0

1
% 0 0 0

middle
N 1 2 2

5
% 3 18 29

high
N 0 3 3

6
% 0 27 42

total
N 34 11 7

52
% 100 100 100

VEGF

negative
N 20 1 0

21
% 59 9 0

low
N 1 0 0

1
% 3 0 0

middle
N 7 6 4

17
% 21 55 57

high
N 6 4 3

13
% 17 36 43

total
N 34 11 7

52
% 100 100 100

The comparison between EGFR and VEGF expression in the dysplastic epithelium 
area in patients with primary and recurrent IP. Fisher exact test for EGFR p=0.0020 
and for VEGF p=0.0026
The comparison between EGFR and VEGF expression in the dysplastic epithelium 
area in patients with primary IP and carcinoma. Fisher exact test for EGFR 
p=0.0002 and for VEGF p=0.0034
The comparison between EGFR and VEGF expression in the dysplastic epithelium 
area in patients with recurrent IP and carcinoma. Fisher exact test for EGFR 
p=0.2783 and for VEGF p=0.6111
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In the study of Kong et al. [27], expression of VEGF and 
his receptor in epithelium was signifi cantly stronger in severe 
atypical hyperplasia than that in mild atypical hyperplasia and 
was signifi cantly stronger in mild atypical hyperplasia than in 
inverted papilloma.

There are also studies that showed that expression of 
VEGF and his receptor is also stronger expressed in the tissue 
of inverted papilloma than in normal sinus nasal mucosa i.e. 
inferior turbinates [30,31]. Those studies have shown that the 
expression of EGFR and VEGF and his receptor is the stronger, 
the more epithelium changed is. Also, EGFR could have a role 
in the process of malignant transformation. This study has 
supported the data from the literature. 

Thus the fi ndings of EGFR and VEGF proteins could help to 
determine the group of patients with inverted papilloma with 
the higher risk of recurrence or malignant transformation, and 
to determine the need for more intensive monitoring of those 
patients.

Also, different ways to determine EGFR and VEGF could 
be used, such as RT-PCR, which would enable the real 
quantifi cation of the results. 

Another limitation of the study is its retrospective nature and 
small sample which are result of the fact that the disease is still 
pretty rare. The lack of control group is due the fact that there 
are known expressions of these antibodies in healthy tissues 
in every chart that comes with antibody. Anyway, multicenter 
study with a large series of cases should be performed to 
confi rm our results. 

Future investigations are also still needed. Beside the fact that 
all patients with inverted papilloma should be monitored more 
closely, especially in recurrent papillomas, it is also possible 
to reveal and emphasise the importance of the development of 
targeted therapy such as monoclonal antibodies against tumour 
cells. This treatment would give a totally new dimension in 
the treatment of patients with recurrent inverted papilloma or 
carcinoma, and it would open them new possibilities. 

Ethical statement

The study was approved by institutional review board of the 
University center. All known ethical principles were respected. 
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