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Pathological changes from the originating to the peripheral 
sites of Sinonasal Inverted Papilloma are the underlying 
mechanisms of preoperative MRI-tumor origin prediction*

Abstract
Background: Our previous study showed that convoluted cerebriform pattern (CCP)-based reverse tracing method in preopera-

tive magnetic resonance imaging (MRI) is a reliable tool in predicting originating site of sinonasal inverted papilloma (SNIP). This 

study aimed to determine the underlying pathological mechanism of the preoperative MRI-CCP reverse tracing method by asses-

sing the histopathological changes from the origin to the peripheral sites of SNIP.

Methodology: The originating site of SNIP was predicted by preoperative MRI in 30 consecutive patients suspected to have 

primary SNIP. Samples of SNIP originating and peripheral sites were processed by pathological staining for evaluation of stroma 

score, micro-vessel density (MVD), and tight junction proteins (claudin-5, zonula occludens (ZO)-1 and occludin) expression. 

Results: The originating site of SNIP was accurately predicted by preoperative MRI in all patients. Stroma scores, and MVD were 

significantly greater in the periphery of SNIP than in the originating site. In contrast, Claudin-5 expression in micro-vessels was 

greater at the originating site than the periphery. 

Conclusions: More edematous stroma and intensive micro-vessels with defective tight junction in periphery of SNIP result in 

more contrast agent diffusing and CCP that can only be observed at the periphery of SNIP on T2 and contrast-enhanced T1 weigh-

ted MR images, which may be the mechanisms underlying the CCP reverse tracing method.
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Introduction
Sinonasal inverted papilloma (SNIP), as one of the most com-

mon benign sinonasal tumors, is characterized by its recurrence 

tendency, destructive capacity and malignant-transformation 

possibility (1-4). It is well known that the recurrence is mainly 

caused by incomplete removal of the SNIP (5), and thus, com-

plete surgical resection, especially the origin of the lesion, is 

essential for long-term control (3, 5-9).

Barns and colleagues (10) noted the gross convoluted surface of 

SNIP was like gyri and sulci of the brain; and with a physical exa-

mination revealing a polypoid growth covered by a convoluted 

cerebriform mucosa, the authors first proposed the term convo-

luted cerebriform to describe the surface mucosa of SNIP. You-

sem and colleagues (6) further demonstrated that heterogeneity 

within the SNIP could be seen in magnetic resonance imaging 

(MRI) of SNIP as septate striations, which were subsequently 

described by Ojiri and colleagues (7) as convoluted cerebriform 

patterns (CCP) of high signal intensity in T2 weighted images 
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(T2WI) and contrast-enhanced T1 weighted images (T1WI). Pre-

sently, CCP has become a major defining characteristic of SNIP 

for radiological diagnosis (4, 8, 11-13). 

Preoperative computed tomography (CT) scans have often been 

employed to predict original location of SNIP by observing focal 

hyperostosis of the SNIP’s origin (14, 15). However, almost 40% of 

patients do not show any osteitis signs on CT (13). Our recent 

study (13) has demonstrated a high accuracy of predicting the 

origin of SNIP by CCP-based reverse tracing method in preope-

rative MRI, as indicated by 95.7% correct predictions in primary 

patients. The criteria used for this method were as follows: 1) 

CCP always occurred just in the periphery but not in the origin 

of SNIP, 2) On T2WI, the originating site mainly appeared as 

homogeneous equal signal, and on contrast-enhanced T1WI 

showed mild enhancement. However, the periphery site often 

manifested as low-signal-intensity and relatively high-signal-

intensity striations in T2WI, and contrast-enhanced T1WI well en-

hancement, and 3) Typically, the SNIP showed a striated septate 

appearance and spread in a radiating fashion, which allowed 

tracing the CCP back along the radial texture, to the origin of 

SNIP.

However, previous studies mainly focused on the clinically diag-

nostic value of CCP and its underlying pathological mechanism, 

which was just shown in the periphery of SNIP in most cases. 

The difference between the origin and the periphery of SNIP, es-

pecially the histopathologic features in the originating site, was 

rarely reported. Thus, the aim of the present study was therefore 

to assess the histopathological changes from the origin to the 

peripheral sites of SNIP to determine the mechanism of the 

preoperative MRI-CCP reverse tracing method.

Materials and methods
Subjects and study design

This prospective study was approved by the Medical Ethics 

Committee of Beijing TongRen Hospital and written informed 

consent was obtained from each participant prior to entering 

into the study.

The study recruited 30 consecutive patients with primary 

unilateral neoplasm, who had undergone MRI examination, and 

found to have CCP in T2WI and contrast-enhanced T1WI. These 

patients subsequently underwent primary surgery for SNIP 

removal in Beijing TongRen Hospital, during the period from No-

vember 2014 to December 2015. Tissue samples were obtained 

from the originating site and the periphery of the SNIP in all 

patients, and processed for histologic and immunohistological 

evaluation. Patients with concomitant squamous cell cancer and 

atypical hyperplasia were excluded from the study.

MRI 

All preoperative MRI was performed on a 1.5-T unit (Signa Twin 

Speed Excite, GE Healthcare, France) or 3-T unit MR (SignaHDx, 

GE Health-care, France). Precontrast axial and coronal T1 weigh-

ted spin-echo images (TR/TE/NEX, 500-600 ms/ 10-15 ms/2) 

and T2 weighted fast spin-echo images (TR/TE/NEX, 3000-3500 

ms/120-130 ms/1) were obtained, and immediately after admi-

nistration of gadopentetate dimeglumine (Gd-DTPA) (Magnevist, 

Schering, Germany) at a dose of 0.1 mmol/kg at a rate of 2 ml/

sec followed by 20 ml normal saline, contrast- enhanced axial, 

coronal, and sagittal T1 weighted spin-echo images (with and 

without fat saturation) were obtained. The same imaging para-

meters (section thickness of 4-5 mm, intersection gap of 0.5 mm, 

matrix of 256 × 256, bandwidth of 41.67 kHz, and FOV of 20×20 

cm) were applied in all the patients enrolled.

Prediction of SNIP originating site

All MR images were analysed by two radiologists with more 

than 10 years of experience in head and neck imaging. In order 

to reduces the bias caused by clinical data (eg. the location of 

the initial symptom, the location description on the diagnoses, 

etc), both radiologists were blinded to the medical histories and 

diagnoses of the patients. In case of disagreement between their 

assessments of any image, a consensus was reached by revie-

wing the images within the research team. 

Using the method previously described (13), the originating 

location of the SNIP was predicted from preoperative MRI by 

CCP-based reverse tracing method, and the actual attachment of 

the SNIP was confirmed at surgery. 

Histologic and immunohistochemistry staining 

SNIP specimens collected from the originating site and the 

periphery of the SNIP of each patient were fixed in 10% formal-

dehyde overnight at 4°C and processed further according to 

standard procedures for hematoxylin and eosin (H&E) staining 

and immunohistochemical staining for CD34, claudin-5, zonula 

occludens (ZO)-1 and occludin (antibodies all purchased from 

Thermo Fisher Scientific, USA). Negative controls were prepa-

red by incubating duplicate sections in the absence of primary 

antibodies.

Histologic and immunohistochemical assessment

The H&E stained sections were evaluated for the presence of 

stroma, by examination of 10 consecutive fields at 100 × magni-

fication scored on a scale of 1-4: with 1= <25% stroma, 2= 26%-

50% stroma, 3= 51%-75% stroma, and 4= >75% stroma.

The immunohistologically stained sections were evaluated for 

the density of CD34+ micro-vessels and the expression of clau-

din-5 in micro-vessels at the originating and the peripheral sites 

of the SNIP. Micro-vessels were defined as those with a diameter 

<20μm (16, 17), and based on the microvascular count standard by 

Weidner et al. (18), the density of CD34+ micro-vessels was evalu-

ated in 10 consecutive fields at × 100 magnification. According 

to the method used for SNIPs (19, 20), the expression of claudin-5 
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originating site was evaluated. The data obtained from the his-

topathologically evaluated samples were expressed as mean ± 

SD, and differences between the SNIP origin and peripheral data 

sets were analyzed using the Wilcoxon matched pairs signed 

rank test. A value of p <0.05 was considered significant.

Results
Patient demographics and actual originating site of SNIP

The study cohort included 21 males and 9 females, with a mean 

age of 46.5 years (age range 34-62 years). The most common site 

of SNIP origin in primary SNIP was the maxillary sinus (36.7%). 

SNIPs also originated less frequently from ostiomeatal complex 

(OMC) (23.3%), the posterior ethmoid sinus (10.0%), frontal sinus 

(10.0%), middle turbinate (10.0%), and anterior ethmoid sinus 

(6.7%).

Accuracy of originating site prediction by CCP

Preoperative MR images and findings following surgery (fol-

lowing procedures shown in Figure 1) were compared in all 30 

patients to validate the CCP-based reverse tracing predictive 

method. CCP occurred in all patients enrolled, the median SNIP 

size was 4.2 cm in diameter (range, 2.1–7.0 cm). Two radiologists 

had very good agreement on the evaluation of the originated 

location of SNIP (Kappa=0.952), and the diagnostic accuracy of 

CCP to predict SNIP originating site was 100%, as confirmed by 

surgery.

Histopathologic differences between the originating site 

and the periphery of the SNIP

The gross tumor structure and typical histopathologic mani-

in micro-vessels was evaluated as immunohistochemical score 

(IHS), which was calculated by multiplying the percentage of po-

sitive micro-vessels and the staining intensity. Staining intensity 

was subdivided into four categories: 0 = negative, 1 = weakly 

positive, 2 = moderately positive, 3 = strongly positive; and per-

centage of positive micro-vessels represented the percentage of 

micro-vessels of each staining intensity.

All samples were evaluated by two independent pathologists 

with more than 15 years of experience in sinonasal tumors. 

Evaluators were blinded to the clinical data of the patients, and 

the result for each sample was presented as the average value 

of 10 consecutive fields. In case of disagreement, when the two 

observers’ counts differed by >10%, a consensus was reached by 

several members of the research team reviewing the specimen 

at the same time using a multi-head microscope.

Statistical analysis

All statistical analyses were carried out by SPSS version 21.0 

(IBM Corp., USA). The diagnostic accuracy of CCP to predict SNIP 

Figure 1. The patient suspected of sinonasal inverted papilloma (SNIP) 

underwent the modified endoscopic maxillary medial sinusotomy. In 

magnetic resonance imaging (MRI), contrast-enhanced fat-suppressed 

T1 weighted images (T1WI) (A) and T2 weighted images (T2WI) (B) 

expressed characteristic convoluted cerebriform pattern (CCP). The red 

arrow and circles pointed the originating site of the SNIP. As shown in 

the schematic diagram of the CCP-based reverse tracing MRI method (C), 

SNIP grows from the originating site to the periphery. The originating 

site of the SNIP was easily found on the anterolateral wall of left maxil-

lary sinus (red circle) by tracing back along the growing direction (arrow 

direction) of CCP. The actual originating site of SNIP was confirmed by 

surgery (D, inside the white dotted circle).

Figure 2. Histological features of SNIP. The gross convoluted surface like 

gyri and sulci of the brain. Tracing these striated septations back (white 

rectangle), there is the origin of the SNIP (black circle). The microscopic 

feature presents as the increasing thickness and hyperplastic epithelium 

inverting into the stroma (the curve black arrow) from the periphery to 

the origin (× 100 magnification).



62

Ma et al.

festations are shown in Figure 2. The original tissue was more 

homogeneous and denser than the periphery of the SNIP. At the 

site of origin, the vast majority of tissue comprised meta-plastic 

epithelial cells. Stroma increased gradually from the origin to 

the periphery of the SNIP and varied from being fibrous to 

edematous. There is a more clustered epithelium, with little or 

no stroma under the epithelium in the originating site of the 

SNIP, compared with less inverted epithelium and looser stroma 

in the periphery of the SNIP (Figure 3A). The mucoserous glands 

were sparse and the inflammatory components were usually 

variable and minimal. The stroma score was significantly higher 

for the periphery than for the originating site of the SNIP (Figure 

3B; Table 1), and it also indicated for more interstitial space in 

the periphery of SNIP. These factors resulted in the manifestation 

of CCP in the periphery of SNIP in T2WI and contrast-enhanced 

T1WI (Figure 3C & 3D).

Micro-vessels in the SNIP tissue around the originating site were 

confined to narrow fibrous connective tissue, and spread along 

the columnar stroma between clustered SNIP epithelia. Arteries 

with vascular smooth muscle were mostly present at the ori-

ginating site of the SNIP. At the periphery of the SNIP, micro-

vessels were characterized by dilated and tortuous vessels, and 

widely distributed in the loose stroma (Figure 4A). Expression 

of CD34 was detected in all specimens; with the average MVD 

determined by CD34 staining being significantly higher in the 

Figure 3. Histopathologic differences between the origin and the 

periphery of the SNIP. Gross morphology in the originating site (× 30 

magnification) and periphery (× 7.5 magnification) of the SNIP under 

stereomicroscope. Stroma proportion was evaluated by H&E staining 

in the originating site with plaque-like hyperostosis and the periphery 

of SNIP at 100 × magnification (A). Stroma increased significantly in the 

periphery of SNIP than in the originating site (p<0.001) (B), which indi-

cated larger interstitial space in the periphery. The difference of stroma 

proportion and interstitial space in the origin and the periphery lead to 

the CCP manifestation in T2WI and contrast-enhanced T1WI (C&D).

Figure 4. According to the immunofluorescence staining for CD34 in the 

origin and the periphery of SNIP, more micro-vessels characterized by 

dilated, tortuous, and hyper-permeable vessels and thin-layer vessel wall 

were observed in the periphery of the SNIP compared with the origin 

(× 100 magnification) (A). Micro-vessel density (MVD) was evaluated by 

anti-CD34 immunohistochemical staining in the originating site and the 

periphery of SNIP at 100 × magnification. MVD increased to a significant-

ly greater extent in the periphery of SNIP compared to the originating 

site (p<0.001) (B). More intensive micro-vessels in the periphery lead to 

the CCP manifestation in contrast-enhanced T1WI.

Figure 5. Immunohistochemical staining for claudin-5 in the origin 

and the periphery of the SNIP. Anti-claudin-5 immunofluorescence 

and immunohistochemical staining expressed significantly stronger 

claudin-5 positivity in the origin than the periphery of the SNIP (× 200 

magnification) (A). Immunohistochemical score (IHS) was evaluated by 

immunohistochemical staining in the originating site and the periphery 

of SNIP at 200 × magnification. The difference of IHS in the periphery 

and the origin (p = 0.025) (B). Hyper-permeability caused by loss of clau-

din-5 lead to intense CCP in contrast-enhanced T1WI.
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periphery than in the originating site of the SNIP (Figure 4B, Ta-

ble 1), which strengthen the change of contrast-enhanced T1WI 

in the peripheral site of SNIP.

Furthermore, the micro-vessels in the periphery had thinner 

walls and lower expression of tight junctions than the micro-

vessels in the originating site (Figure 5A). The defective endo-

thelial layer was hyper-permeable to the contrast agent used for 

MRI, and resulted in more agent diffusing within the peripheral 

stroma. Positive expression of claudin-5 was observed in 80% 

of the slides (all in pairs); with the IHS of claudin-5 positive 

micro-vessels for the originating site of the SNIP being signifi-

cantly higher than for the periphery of the SNIP (Figure 5B, Table 

1), which reinforce the contrast agent diffusing in contrast-

enhanced T1WI. The expression of ZO-1 and occludin was poor 

in micro-vessels, whereas epithelium showed no difference 

between the origin and the periphery. The schema of all this 

research is demonstrated in Figure 6.

Discussion
The present study has partially confirmed the findings for the 

high accuracy of CCP reverse-tracing method as a means to 

locate the origin of SNIP, based on different manifestation in 

MR images between origin and periphery of the SNIP (13). More 

importantly, this study further explored the underlying histopa-

thological changes, and demonstrated that the origin of SNIP 

exhibited a dense hyperplastic squamous epithelium inverting 

into fibrous stroma, while the periphery of the SNIP exhibited a 

sparse squamous epithelium inverting into the polypoid edema-

tous stroma, which resulted in the classical peripheral CCP on 

MR images. Indeed, a significantly higher stroma score, indica-

ting more interstitial space in the periphery, and significantly 

higher MVD and claudin-5, indicating more micro-vessels with 

more defective endothelial barrier properties in the periphery of 

SNIP, explains the greater diffusion and presence of contrast-en-

hanced agent resulting in the CCP in contrast-enhanced T1WI. In 

contrast, the origin of SNIP presented as homogeneous imaging 

and light enhancement without any CCP.

In this study, the accuracy of predicting the originating site 

using this method was found to be 100%; however, this is not 

entirely unexpected because the patients recruited to the study 

were primary cases with typical MRI features. 

The different distribution of stroma and epithelial in the origin 

Table 1. Radiologic and histopathologic differences between the origin and periphery of SNIP (N = 30).

Figure 6. Experimental scheme of the study. Black arrows indicate the different radiological manifestations of originating and peripheral sites of SNIP, 

and the red arrows indicate the histological features of the originating and peripheral sites of SNIP. Dotted arrows indicate the point to point MRI-

histopathologic mechanisms of CCP reverse-tracing method.

Features Origin Periphery P value

Radiologic
T2WI homogeneous equal signal striations of high signal intensity -

Contrast-enhanced T1WI mild enhanced signal well enhanced signal -

Histopathologic

Stroma score 1.92 ± 0.26 3.45 ± 0.23 < 0.001

Micro-vessel density counts 35.20 ± 6.008/HPF 52.48 ± 8.244/HPF < 0.001

Immunohistochemical score of 
claudin-5 expression 

2.386 ± 0.252 2.009 ± 0.402 0.025
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and the periphery indicated that in T2WI of SNIP, the lower 

signal-intensity striations were considered to correspond to the 

higher cellular metaplastic epithelium and the higher signal-

intensity striations related to less cellular edematous stroma, 

which possibly explaining the absence of CCP in the originating 

site, but not in the periphery of SNIP. 

Moreover, the CCP on contrast-enhanced T1WI was clearer than 

on T2WI. It is a well established fact that lesion enhancement is 

determined by a variety of factors. However, previous studies 

indicated that three factors were important for MRI contrast en-

hancement in any tissue; including an efficient vascular supply, 

“leaky” intercellular junctions for the contrast agent to effuse out 

of the vessels, and increased interstitial space to sequester the 

contrast agent (21-23). In accordance with this, the present study 

has demonstrated that all the factors facilitating the diffusion of 

contrast enhancement agent were significantly increased in the 

periphery of the SNIP compared to the origin of the SNIP.

In particular, more dilated and tortuous micro-vessels were 

distributed in the edematous stroma of the SNIP’s periphery, 

resulting in a significantly greater MVD and consequently a 

larger microvascular supply of contrast agent for diffusion. In 

contrast, the SNIP origin had lower MVD, which contributed to 

low enhancement on contrast-enhanced T1WI. 

Secondly, our study revealed a significantly weaker expression 

of claudin-5 in the periphery of the SNIP than in the origin, 

suggesting that the endothelial barrier in the micro-vessels was 

likely to be weakened and thus provide a route for Gd-DTPA 

contrast agent, which generally does not cross intact cell mem-

branes (21, 24), to diffuse out to a greater extent in the periphery 

of the SNIP than in the originating site of the SNIP. Claudin-5 is 

a major component of endothelial tight junction (TJ) strands in 

non-neuronal tissues, and shown to a reliable marker of vascular 

endothelium (25-27). Moreover, the endothelial barrier in blood 

vessels has been shown to tightly regulate the passage of fluids 

and molecules (28), in which the tight junctions play an important 

role (29).

Thirdly, our study demonstrated that the periphery site of the 

SNIP had a larger interstitial space compared to the SNIP origi-

nating site. Following injection, the Gd-DTPA contrasting agent 

diffused rapidly into the extravascular space until it reached the 

equilibration between extra- and intravascular compartments. 

In this regard, the origin of SNIP, with a smaller interstitial space, 

sequestered less contrast-enhanced agent than the periphery 

of the SNIP; with the different amounts of sequestered Gd-DTPA 

presenting different appearances on contrast-enhanced T1WI. 

To our knowledge, no studies has correlated the preoperative 

MRI-CCP reverse tracing method to detailed histology findings, 

but in MRI studies of breast tumors, some literatures evaluating 

the relationship between peripheral rim enhancement and his-

tologic features might be considered discrepant to our findings. 

Studies by Teifke et al. (30) and Boné et al. (31) showed no relation-

ship between MVD and contrast enhancement. The explanation 

for the difference is probably the fact that the contrast enhance-

ment of SNIP that explain the MRI method is determined by the 

entire status of vessels (eg. permeability), rather mere number of 

vessels (23, 32).

However, the current study has several limitations. Firstly, as 

SNIP patients without CCP were not included, this may be of 

relevance as previous studies have shown the sensitivity of 

CCP to range from 97.2-100% (13, 33). Thus, SNIP patients without 

CCP may demonstrate different histopathological changes and 

therefore need to be investigated more thoroughly in future 

studies. Similarly, this limitation is equally applicable for the 

SNIP patients with recurrence and SNIP patients with conco-

mitant malignant transformation that were not included in the 

current study, and possibly demonstrate pathological features 

and underlying mechanisms of these SNIP different to those 

demonstrated in the present cohort of patients. Besides, the 

limited number of patients in each originating site (eg. maxillary, 

ethmoids, sphenoid, frontal sinuses, etc) of SNIP made it difficult 

to demonstrate the radiologic and histopathologic differences 

between different sites of the origin, which restricted the clinical 

significance of this study and needs our further efforts. 

Conclusion
In conclusion, CCP-based reverse-tracing method in MRI is a re-

liable tool in predicting the originating site of SNIP. Our findings 

further demonstrate that differences in cellularity, vascularity 

and claudin-5 expression in micro-vessels may be the underly-

ing pathological mechanisms between the originating site and 

periphery of SNIP. Thus, a better detection of SNIP originating 

site by preoperative MRI and better understanding of the patho-

logical features of SNIP originating site and periphery may lead 

to better treatment strategy for management of SNIP origina-

ting site, which could further improve surgical plan and reduce 

recurrence rate.
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