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IntRoductIon

The sinonasal area is affected by a wide spectrum of benign 
and malignant tumors and tumor like lesions. It is essential 
to distinguish benign from malignant sinonsal tumors for 
treatment planning as well as determining the patient’s 
prognosis. However, the presenting symptoms of benign 
and malignant sinonasal tumors, such as nasal discharge, 
epistaxis and nasal obstruction are often nonspecific. 
Moreover, although endoscopic excisional biopsy in the 

sinonasal area is performed easily and used widely, the 
diagnostic sensitivity is low due to the fact that surrounding 
inflammatory tissues may be obtained.[1] Therefore, the 
effective differentiation between benign and malignant 
sinonasal tumors is often difficult in the clinical practice.

Conventional computed tomography (CT) and magnetic 
resonance imaging (MRI) play essential roles in the 
diagnosis of sinonasal lesions.[2-8] CT provides excellent 
details about the thin bony sinonasal walls, but is of 
limited value in characterization of soft tissue mass due 
to poor soft tissue contrast resolution. MRI is now widely 
accepted as the best technique for the characterization of an 
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indeterminate mass due to the excellent soft tissue resolution, 
and many MRI features contribute a lot to the diagnosis of 
sinonasal tumors. Nevertheless, these MRI features are often 
nonspecific. For example, convoluted cerebriform pattern is 
a reliable MRI feature of sinonasal inverted papillomas,[8] but 
it is also demonstrated in a proportion of malignant tumors. 
Therefore, the discrimination between benign and malignant 
tumors on the basis of conventional CT and MRI findings is 
still difficult in a substantial number of cases,[9,10] and new 
imaging method is required to improve the discrimination.

Recent studies have demonstrated the utility of functional 
MRI techniques such as diffusion-weighted (DW) and 
dynamic contrast-enhanced (DCE) MRI in head and neck 
region, which offer better characterization of tissues and 
physiological processes in the diagnosis of tumors.[11-18] 
Apparent diffusion coefficients (ADCs) obtained from 
DW-MRI and time intensity curve (TIC) types obtained 
from DCE-MRI, have been shown to contribute to the 
diagnosis of head and neck tumors.[11-18] However, overlaps 
of ADCs and TIC types have been also shown between 
benign and malignant tumors in head and neck region 
including sinonasal region.[9,12,16] Therefore, the use of any 
single technique may not be effective enough. In this regard, 
combined use of DW-MRI and DCE-MRI have been tried 
in head and neck region and demonstrated to successfully 
improve the differentiation between benign and malignant 
tumors.[19,20] Similar studies have been also conducted in 
the sinonasal region,[21] but the study sample was small 
and more than half of the benign lesions in the study were 
inflammatory lesions, which showed extremely high ADCs. 
Therefore, in the present study, we tested whether the 
combined use of DW-MRI and DCE-MRI could provide 
effective differentiation between benign and malignant 
sinonasal tumors and tumor like lesions with a larger sample.

methods

Patient data
The protocol of this retrospective study was approved by 
Institutional Review Board of Beijing Tongren Hospital, 
and informed consent was obtained from all patients. The 
DW-MRI and DCE-MRI were retrospectively analyzed in 
197 patients (123 males and 74 females) with histologically 
proved sinonasal tumors and tumor like lesions, who received 
MR examinations from October 2011 to December 2013. The 
other inclusion criteria of the study required the following 
features: (1) the short-axis diameter of the mass >1 cm; (2) 
the mass was proved by histologic examination to be a 
malignant or benign tumor or tumor like lesion; (3) both 
DW-MRI and DCE-MRI were available; (4) no biopsy or 
treatment prior to MRI. The exclusion criteria were: (1) 
inflammatory lesions and recurrent tumors; (2) sinonasal 
angiomatous polyps were also excluded owing to the fact 
that it can be easily diagnosed by its characteristic features 
of MRI (a peripheral hypointense rim on T2-weighted image 
and progressive enhancement on DCE-MRI).[22]

Magnetic resonance imaging technique
MRI was performed with a 3-T MR imager (GE 
Healthcare, Milwaukee, Wisconsin, USA), using an 
8-channel phased-array head coil. DW-MRI: axial DW 
images (DWI) (repetition time [TR]/echo time [TE]/number 
of signal intensity acquisitions, 4000 ms/75 ms/4) were 
obtained using duo periodically rotated overlapping parallel 
lines with enhanced reconstruction (PROPELLER) imaging. 
A 4 mm section thickness, a 0.5 mm intersection gap, a field 
of view (FOV) of 18 cm × 18 cm and a matrix of 128 × 128 
were used. The total time was 2 minutes 16 seconds. We used 
two different settings of b values (0,700 and 0,1000 s/mm2) 
to determine ADCs.

Dynamic contrast-enhanced-magnetic resonance imaging
Transverse DCE-MRI was obtained using a fast spoiled 
gradient recalled sequence, a flip angle of 15°, one 
excitation, a matrix of 256 × 160 and a slice thickness 
of 3.2 mm. The scan time for each patient was about 344 
seconds, and in each patient, 37 scans were obtained at 
an interval of 0–2 seconds. Gadopentetate dimeglumine 
contrast agent (Magnevist; Bayer Schering, Berlin, 
Germany) was delivered intravenously (0.1 mmol/kg) at 
a flow rate of 2 ml/s using an automatic injector (Medrad, 
Indianola, Pennsylvania, USA). Conventional MRI: axial 
T1-weighted image, T2-weighted image and coronal 
T1-weighted image was obtained with fast spin echo 
sequences (T1-weighted image: TR 400–500 ms, TE 10 ms, 
matrix 320 × 256; T2-weighted image: TR 3500–4000 ms, 
TE 190 ms, matrix 512 × 256; number of excitation = 2, 
FOV = 18 cm × 18 cm; section thickness = 4–5 mm, 
intersection gap = 0.5 mm).

Imaging analysis
Image analysis was performed on a workstation (Advantage 
Workstation, AW 4.4, GE Medical Systems, Milwaukee, 
Wisconsin, USA). ADC measurements were performed 
using the following two different sampling strategies of the 
region of interests (ROIs): (1) a single DW-MRI obtained 
from the maximum area of each tumor was used. Freehand 
ROI (whole slice [WS]) were placed onto b = 0 image such that 
it encompassed as much of the tumor area as possible, avoiding 
any necrotic regions; (2) on the same slice, small ROIs about 
30 mm2 (partial slice [PS]) containing areas, where the ADC 
value was the lowest, was determined to calculate PS ADC.

For DCE-MRI analysis, a circular ROI with an area of 
10 mm2 that showed the most avidly and early enhancing 
solid component on the dynamic images was manually 
drawn. The following parameters were calculated: the 
time to peak enhancement (Tpeak), the time to 
maximum enhancement (Tmax) and maximum contrast 
index (CImax = signal intensity [max–contrast]–signal 
intensity [precontrast]/signal intensity [precontrast]). The TICs 
were referred to as persistent, plateau or washout-shaped curves.

Statistical analysis
Differences in ADCs and DCE-MRI parameters between 
benign and malignant sinonasal tumors were determined by 
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independent samples t-test and Chi-square test, respectively. 
A P < 0.05 was considered to be statistically significant. 
Multivariate logistic regression analysis was used to 
determine which model (model 1: DCE-MRI; model 2: 
DW-MRI; model 3: DW-MRI combined with DCE-MRI) 
was the best in differentiation between benign and malignant 
tumors. The statistical analyses were performed using SPSS 
17.0 (SPSS, Chicago, IL, USA).

Results

Patients and diagnosis
The diagnosis of 81 benign tumors (57 males and 24 females; mean 
age, 45.11 ± 16.33 years) and 116 malignant tumors (66 males 
and 50 females; mean age, 49.06 ± 16.44 years) were shown 
in Table 1. There was no significant difference in age or sex 
of patients between benign and malignant sinonasal tumors, 
respectively (P = 0.099 and P = 0.055).

Differentiation between benign and malignant sinonasal 
tumors with diffusion-weighted-magnetic resonance 
imaging alone
The ADCs of malignant sinonasal tumors were 
significantly (P < 0.001) lower than those of benign 
tumors [Table 2 and Figures 1-4], and the performance of 
ADCs in the differentiation of benign and malignant tumors 
was shown in Table 3. The ADCsb0,700 of sinonasal tumors were 
significantly higher than ADCsb0,1000 (PS ADCs, P < 0.001; 

WS ADCs, P < 0.001), but there was no significant difference 
in the performance between ADCsb0,700 and ADCsb0,1000 
(PS ADCs, P = 0.689; WS ADCs, P = 0.741). Additionally, 
PS ADCs of sinonasal tumors were significantly lower 
than WS ADCs (ADCsb0,700, P < 0.001; ADCsb0,1000, 
P < 0.001), but no significant difference was found in 
diagnostic ability between these two different ROI sampling 
strategies (ADCsb0,700, P = 0.578; ADCsb0,1000, P = 0.561).

Differentiation between benign and malignant sinonasal 
tumors with dynamic contrast-enhanced magnetic 
resonance imaging alone
Dynamic contrast-enhanced-MRI parameters of benign and 
malignant sinonasal tumors were demonstrated in Table 4. 
Cut-off points for Tpeak (76.5 seconds), Tmax (143.5 
seconds), and a washout-shaped TIC differentiated benign 
from malignant sinonasal tumors with an accuracy of 71.0%, 
70.6% and 71.1%, respectively [Table 5].

Differentiation between benign and malignant sinonasal 
tumors with combination of diffusion-weighted and 
dynamic contrast-enhanced magnetic resonance 
imaging
Diagnostic abilities of different MRI methods were described 
in Table 6. The logistic regression model 3, based on the 

Table 1: Diagnosis of 197 sinonasal tumors

Diagnosis of lesions Number (n) Percentage
Malignant tumors 116 100

Lymphoma 22 18.9
Adenoid cystic carcinoma 16 13.8
Malignant melanoma 11 9.5
SCC 11 9.5
Rhabdomyosarcoma 10 8.6
Inverted papilloma with 
malignant transformation

10 8.6

Olfactory neuroblastoma 9 7.8
Ewing’s sarcoma 4 3.4
Adenocarcinoma 4 3.4
Primitive neuroectodermal tumor 2 1.7
Plasmacytoma 2 1.7
Osteosarcoma 2 1.7
Metastasis of renal carcinoma 2 1.7
Undifferentiated carcinoma 2 1.7
Other 9 7.8

Benign tumors 81 100
Inverted papilloma 48 59.3
Hemangioma 9 11.1
Schwannoma 5 6.2
Ossifying fibroma 4 4.9
Fibroangioma 4 4.9
Ameloblastoma 2 2.5
Hemangiopericytoma 2 2.5
Other 7 8.6

SCC: Squamous cell carcinoma.

Table 2: Mean ADCs of benign and malignant sinonasal 
tumors

ROI b 
values

ADC value (×10−3 mm2/s) P

Malignant (n = 116) Benign (n = 81)
WS 0,700 1.259 ± 0.361 1.892 ± 0.332 <0.001
WS 0,1000 1.084 ± 0.317 1.659 ± 0.281 <0.001
PS 0,700 1.068 ± 0.340 1.637 ± 0.273 <0.001
PS 0,1000 0.924 ± 0.294 1.436 ± 0.241 <0.001
ROI: Region of interest; WS: Whole slice; PS: Partial slice; 
ADC: Apparent diffusion coefficient.

Figure 1: Whole slice (WS) apparent diffusion coefficients (ADCs) b0,700 
and ADCsb0,1000 of benign and malignant sinonasal tumors were 
demonstrated in the graph (box plots). WS ADCs of malignancy were 
lower than those of benign tumors, and ADCsb0,700 were significantly 
higher than ADCsb0,1000 (*P < 0.001).
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combined use of DW-MRI and DCE-MRI, was superior to 
DCE-MRI (P < 0.001) and DW-MRI (P < 0.001) alone in 
discriminating benign from malignant tumors in the sinonasal 
region. The best MRI parameters of model 3 in discriminating 

benign from malignant tumors were Tpeak (odds ratio [OR] 
= 3.419, 95% confidence interval [CI] 1.184–9.875), 
WS ADCsb0,1000 (OR = 0.005, 95% CI (0.001–0.021) and 
washout-type TIC (OR = 4.215, 95% CI 1.924–9.234).

Figure 3: A 49‑year‑old man with inverted papilloma in the left nasal cavity. (a) Axial T2‑weighted magnetic resonance image showed a 
mass with heterogeneously intermediate signal intensity.  (b) The mass appeared hypointense on transverse diffusion‑weighted imaging 
at b  =  1000  s/mm2. (c) Corresponding apparent diffusion coefficient  (ADC) map demonstrated hyperintense mass with whole slice 
ADCb0,1000 = 1.610 × 10−3 mm2/s. (d) Time‑intensity curve in this patient was characterized as a persistent curve.

d
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Figure 2: Magnetic resonance images (MRI) of a 28‑year‑old man with NK/T‑cell lymphoma in right nasal cavity. (a) Axial T2‑weighted MRI 
demonstrated a homogeneously isointense mass in right nasal cavity. (b) The mass showed hyperintense on transverse diffusion‑weighted imaging 
at b = 1000 s/mm2. (c) On axial apparent diffusion coefficient (ADC) map at b = 0,1000 s/mm2, the mass appeared low signal intensity with 
whole slice ADCb0,1000 = 0.803 × 10−3 mm2/s, suggesting a malignant tumor. (d) Time‑intensity curve was characterized as a washout curve.
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dIscussIon

Sinonasal tumors consist of a large number of benign and 
malignant tumors.[2-5] The malignant sinonasal tumors, a 
variety of histological types mainly including squamous cell 
carcinoma, adenoid cystic carcinoma and lymphomas, can 
invade into the critical structures of the anterior and central 
skull base and threaten one’s life.[3] Thus, distinguishing 
between benign and malignant sinonasal tumors is crucial 
for treatment planning as well as determining the patient’s 
prognosis. However, despite imaging developments, 
effective diagnosis of sinonasal lesions only on the basis of 
conventional CT and MRI is still difficult. Many signs of 
malignant tumors are interpreted as rhinosinusitis or benign 
lesions.[2-5] Therefore, new imaging methods are required to 
improve the discrimination between benign and malignant 
tumors in sinonasal region.

DCE-MRI has been applied to differentiate between benign 
and malignant tumors in head and neck region.[14-18] It has 
been reported that DCE-MRI parameters, especially TIC, 
play important roles in the diagnosis of head and neck tumors 
including orbital, salivary gland and thyroid tumors.[14-18] 

However, few similar studies focused on sinonasal tumors.[21] 
Sasaki et al.[21] reported that significant overlaps in overall 
TICs were present between benign and malignant sinonasal 
tumors, but successful discrimination was achieved on 
pixel-by-pixel basis. Nevertheless, besides the small sample 
of their study (n = 44), pixel-by-pixel based TIC analysis 
was time-consuming and difficult to carry out in clinical 
practice. The present study showed that washout-shaped 
TICs discriminated the benign and malignant sinonasal 
tumors with an accuracy of 71.1%. The possible reason for 
the relatively low differentiating performance may be that a 
large number of vascular tumors including hemangiomas and 
fibroangiomas were included in the study, which also showed 
washout-shaped TIC as same as the malignant tumors.[23] 
Thus, differentiation between benign and malignant tumors 
based on DCE-MRI alone has the limitation for those tumors.

DW-MRI, which was used to quantify the diffusional 
motion of water with the ADC, has also been employed for 
diagnosing head and neck lesions.[11-13,24-26] Previous studies 
reported that ADCs were useful in discrimination not only 
between benign and malignant tumors but also between 
benign and metastatic lymphnodes in the head and neck 

Table 3: The performance of ADCs in differentiation between benign and malignant sinonasal tumors

ROI b 
values

Threshold of ADCs (×10−3 mm2/s) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

WS 0,700 1.615 80.2 87.7 90.3 75.5 83.2
WS 0,1000 1.370 85.3 81.2 86.4 79.5 83.7
PS 0,700 1.245 68.1 93.7 94.0 67.3 78.7
PS 0,1000 1.175 78.4 82.2 86.7 72.8 80.2
ROI: Region of interest; WS: Whole slice; PS: Partial slice; PPV: Positive predictive value; NPV: Negative predictive value; ADC: Apparent diffusion coefficient.

Figure 4: (a) Axial T2‑weighted magnetic resonance image in a 76‑year‑old man showed a left‑sided tumor mass in the maxillary and ethmoid 
sinus with heterogeneously intermediate signal intensity. (b) On axial diffusion‑weighted imaging at b = 1000 s/mm2, the mass showed limited 
signal loss. (c) Corresponding apparent diffusion coefficient (ADC) map showed the mass with whole slice ADCb0,1000 = 1.170 × 10−3 mm2/s. 
(d) Time-intensity curve in this patient was characterized as a washout-shaped pattern.
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region.[13] For sinonasal tumors, a previous study showed 
effective differentiation between benign and malignant 
sinonasal lesions (93% accuracy) was achieved by ADCs.[27] 
Nevertheless, inflammatory polyps that showed extremely 
high ADCs were also included in the benign tumor group, 
which only consisted of 12 cases. Another study showed 

ADC mapping based on a pixel-by-pixel analysis of the 
whole tumor volume facilitated the differentiation between 
benign/inflammatory lesions and malignant tumors in 
the sinonasal area.[11] However, despite its promising 
results (85% accuracy), the ADC mapping based on a 
pixel-by-pixel analysis of the whole tumor volume may be 
difficult for routine clinical use. In our study, PROPELLER 
DWI was used to decrease distortion and severe artifacts, 
and two different b-value settings and sampling strategies 
of ROIs were compared. Based on our results, even though 
ADCs with different b-value settings and sampling strategies 
of ROIs were different, no significant difference in the 
performance was found between two strategies of ROIs or 
different b-value settings, consistent with the previous study 
which focused on differentiation between lymphomas and 
carcinomas.[28] However, performance in differentiating 
malignant and benign tumors using ADCs alone was still 
not very high (it was 83.7% in our study).

Given that the single use of either DCE-MRI parameters or 
ADCs was not effective enough for differentiating benign 
and malignant tumors, the combined use of DW-MRI 
and DCE-MRI has been employed in the head and neck 
region.[19,20] Previous studies reported that the combined use 
of DW-MRI and DCE-MRI improved the performance of 
head and neck tumors compared with the use of DW-MRI 
or DCE-MRI alone. Consistent with the previous findings, 
improved performance was also achieved by combination 
of ADCs and DCE-MRI parameters for sinonasal tumors 
in a large un-selected patient data set in our study. The 
comparison of performance between DCE-MRI parameter 
and ADCs was also performed in the present study and 
showed that performance of ADCs was significantly 
higher than that of DCE-MRI parameters. On the basis of 
this result, DW-MRI was recommended in patients with 
sinonasal tumors to increases the diagnostic accuracy, 
particularly for the patients who cannot undergo contrasted 
enhanced MRI because of an abnormality in renal function.

Table 5: The performance of DCE‑MRI parameters in differentiation between benign and malignant sinonasal tumors

ROIs Threshold of 
time (seconds)

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Tpeak 76.5 74.1 66.7 76.1 64.3 71.0
Tmax 143.5 76.7 61.7 74.2 64.9 70.6
Wash out TIC – 69.0 74.1 79.2 62.5 71.1
Tpeak: Time to peak enhancement; Tmax: Time to maximum enhancement; TIC: Time-intensity curve; PPV: Positive predictive value; NPV: Negative 
predictive value; ROI: Region of interest; DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging.

Table 6: The performance of different MRI methods

Models Parameters Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
DCE-MRI Tpeak and washout TIC 69.1 74.1 77.5 65.1 72.1
DWI-MRI WS ADCsb0,1000 85.3 81.2 86.4 79.5 83.7
DW-MRI combined 
with DCE MRI

Tpeak, Washout TIC 
and WS ADCsb0,1000

90.5 82.7 88.2 85.9 87.3

Tpeak: Time to peak enhancement; PPV: Positive predictive value; NPV: Negative predictive value; WS: Whole slice; TIC: Time intensity curve; 
DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; DWI-MRI: Diffusion-weighted imaging magnetic resonance imaging; 
MRI: Magnetic resonance imaging.

Table 4: Frequency distribution of DCE‑MRI parameters 
of sinonasal tumors

DCE-MRI 
parameters

Types of lesions, n (%) P

Overall 
(N = 
197)

Malignant 
(n = 116)

Benign 
(n = 
81)

Tpeak (seconds) <0.001
T ≤ 60 91 (46.2) 70 (60.3) 21 (25.9)
60 < T ≤ 80 36 (18.3) 21 (18.1) 15 (18.5)
80 < T ≤ 100 18 (9.1) 12 (10.3) 6 (7.4)
100 < T ≤ 120 18 (9.1) 4 (3.4) 14 (17.3)
T > 120 34 (17.3) 9 (7.8) 25 (30.9)

Tmax (seconds) <0.001
T ≤ 60 40 (20.3) 33 (28.4) 7 (8.6)
60 < T ≤ 80 24 (12.2) 17 (14.7) 7 (8.6)
80 < T ≤ 100 20 (10.2) 15 (12.9) 5 (6.2)
100 < T ≤ 120 19 (9.6) 13 (11.2) 6 (7.4)
T > 120 94 (47.7) 38 (32.8) 56 (69.1)

CImax 0.564
Contrast index ≤ 0.5 5 (2.5) 5 (4.3) 0 (0.0)
0.5 < contrast index 
≤ 1.0

61 (31.0) 34 (29.3) 27 (33.3)

1.0 < contrast index 
≤ 1.5

73 (37.1) 44 (37.9) 29 (35.8)

Contrast index > 1.5 58 (29.4) 33 (28.4) 25 (30.9)
TIC type

Persistent 34 (17.3) 9 (7.8) 25 (30.9) <0.001
Plateau-shaped 62 (31.5) 27 (23.3) 35 (43.2) <0.001
Washout-shaped 101 (51.3) 80 (69.0) 21 (25.9) <0.001

Tpeak: Time to peak enhancement; Tmax: Time to maximum 
enhancement; TIC: Time-intensity curve; DCE-MRI: Dynamic 
contrast-enhanced magnetic resonance imaging.
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There are several limitations in our study. Firstly, the analysis 
of DWI was not based on the intravoxel incoherent motion 
imaging, which can quantitatively image both molecular 
diffusion of water and microcirculation of blood.[29] 
Secondly, the diagnostic accuracy provided by combined 
use of DW-MRI and DCE-MRI was still insufficient for 
preoperative differentiation between benign and malignant 
lesions. Thirdly, we did not show an analysis for the 
differentiating performance that was improved between 
different histological types of tumors in the sinonasal region, 
and we will submit it separately.

In conclusion, combination of ADCs and DCE-MRI 
parameters efficiently differentiated between benign and 
malignant sinonasal diseases. The findings suggested that 
a multiparametric approach using ADCs and DCE-MRI 
parameters differentiated between benign and malignant 
tumors, and the combination approach has the potential to 
improve diagnostic accuracy and to provide added value in 
patient management for these tumors.
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