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A B S T R A C T

Purpose: To evaluate the potential contribution of quantitative DWI parameters including ADCmean and ADCratio

values to help in distinguishing the histopathological types of sinonasal neoplasms.
Methods: This retrospective study included 83 patients (50 males, 33 females; mean age 61 years) with patho-
logically proven untreated sinonasal neoplasms who have undergone diffusion-weighted MRI imaging from
February 2010 to August 2017. Diffusion-weighted MRI was performed on a 3 T unit with b factors of 0 and
1000 s/mm2, and ADC maps were generated. Mean ADC values of sinonasal tumors and ADC ratios (ADCmean of
the tumor to ADCmean of pterygoid muscles) were compared with the histopathological diagnosis by utilizing the
Kruskal-Wallis non-parametric test.
Results: Mean ADCmean and ADCratio were 0.8 (SD,± 0.4)× (10−3 mm2/s) and 1.2 (SD,± 0.5), respectively,
and each parameter was significantly different between histopathological types (p < 0.05). Mean ADCmean and
ADCratio were higher in adenoid cystic carcinoma (ACC) than in SCC, lymphoma, neuroendocrine carcinoma and
sinonasal undifferentiated carcinoma (SNUC) (p < 0.05). Optimized ADCmean thresholds of 0.79, 0.81, 0.74 and
0.78 (10−3 mm2/s) achieved maximal discriminatory accuracies of 100%, 79%, 100% and 89% for ACC/SNUC,
ACC/SCC, ACC/neuroendocrine carcinoma, and ACC/lymphoma, respectively.
Conclusions: The optimized ADCmean threshold of 0.80 (10−3 mm2/s) could be used to differentiate ACC from
non-ACC sinonasal neoplasms with maximal discriminatory accuracy (82%) and sensitivity of 100%. However,
there is considerable overlapping of the ADCmean and ADCratio values among non-ACC sinonasal neoplasms hence
surgical biopsy is still needed.

1. Introduction

Sinonasal malignancies are the heterogeneous group of tumors with
a wide variety of biologic activity [1,2]. Since the treatment strategy for
the sinonasal malignancies differs regarding the histopathological type,
the development of an imaging technique that accurately identifies
these features is substantial to ascertain a suitable treatment approach
[3,4]. Recently, diffusion-weighted imaging (DWI) with a calculated
apparent diffusion coefficient (ADC) value has been recognized as an
important tool to improve the diagnosis of sinonasal tumors [5].

DWI is commonly utilized to gather information related to the cel-
lularity and biological activity of tumors [6,7]. Because DWI is non-
invasive and quick to perform, it could be utilized as an adjunct to
conventional imaging in the characterization of sinonasal malignancies
[8]. In the light of these data, since the various histopathological type of

tumors would have different biological activities and cellularities [9],
we performed this study to investigate the potential contribution of
DWI in the characterization of sinonasal tumors.

Recent studies on sinonasal tumors have shown that ADC values of
DWI may provide substantial information to discriminate benign from
malignant sinonasal lesions as well as to identify different histopatho-
logical types of sinonasal malignancies [10]. However, information was
limited for a few histopathological types only, and most studies using
DWI were based on small sample size. At present, no large studies re-
garding ADC of sinonasal malignant tumors are available, and to our
knowledge, the ADCs of adenoid cystic carcinoma, neuroendocrine
carcinoma, and other rare tumors remain unknown.

Our aim was to assess the usefulness of quantitative DWI parameters
including ADCmean and ADCratio values to help in distinguishing the
histopathological types of sinonasal neoplasms.
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2. Materials and methods

2.1. Subjects

This retrospective study was approved by our hospital's institutional
review board and conducted in compliance with the Health Insurance
Portability and Accountability Act guidelines.

Electronic medical and imaging records of patients diagnosed with
sinonasal malignant lesions at the University of Minnesota Medical
Center (M-Health) between February 2010 and August 2017 were
analyzed, and 93 patients with tumors in the sinonasal region who
underwent pretreatment head and neck MRI including DWI were
identified. Total of 6 patients was not included in the study because
their images revealed motion (n=3) or susceptibility artifacts (n= 3).
It was not possible to measure the ADC values of two lesions located
adjacent to paranasal sinus air, because of susceptibility artifacts and
susceptibility artifacts seriously affected DW images in one patient with
fixed partial dentures. Tumors originating from nasal vestibule were not
included (n=1). Nasopharyngeal carcinoma (n=1) and tumors ori-
ginating from the oral cavity and extending into the paranasal sinuses
(n=2) were excluded. Therefore, the study cohort consisted of 83
patients (50 men, 33 women; mean age 61 years; age range
20–95 years).

The clinical records of patients were reviewed for demographic,
radiographic, and histopathological data. Patients were staged ac-
cording to American Joint Committee on Cancer criteria (AJCC) [11];
the University of California Los Angeles staging system [12] was used
for olfactory neuroblastoma from documented clinical and pathologic
findings.

2.2. Technique

Images were acquired on a 3 Tesla MRI scanner (Siemens MAGNE-
TOM Trio or Siemens MAGNETOM Skyra) by using a 16-channel head
coil. The sequence parameters for conventional images were as follows;
T1WI (TR, 450–600ms; TE, 12ms; matrix size, 288×224; field of
view, 24× 24 cm; acquisition time, 1.44min; 1 excitation), T2WI (TR,
3000–5000ms; TE, 90–105ms; matrix size, 288×288, field of view,
24×24 cm; acquisition time, 2.30min; 2 excitations), followed by
contrast-enhanced, fat-saturated T1-weighted spin-echo images.

DWI was performed by using a spin-echo, single-shot echoplanar
imaging (EPI) sequence (TR, 5500ms; TE, 92ms; section thickness of
4mm, with an interslice gap of 1mm; matrix size, 256× 128; field of
view, 20×24 cm; acquisition time, 1.44min; 1 excitation). The re-
sultant acquisition time varied from 1 to 2min.

2.3. Image analysis

Interpretation of MR images was performed by a dedicated radi-
ologist (Z.C.) with clinical experience of 10 years in head and neck
imaging re-reviewed all images without knowing the final histopatho-
logical results.

The ADC measurements were performed on ADC maps which were
generated from DWIs with b factors of 0 and 1000 s/mm2 by using
Philips Extended MR Workspace (version 2.6.3.2 Philips Medical
Systems). Three region-of-interests (ROIs) from the solid portion of the
sinonasal lesion were obtained to calculate a mean ADC value. ROIs
were placed as broadly as possible while excluding necrotic or cystic
portions of the tumors (Figs. 1 and 2). Three separate ROI measure-
ments were made each in the lateral pterygoid muscles to obtain mean
ADC value to validate our method by calculating the sinonasal tumor-to
muscle signal intensity ratios on the ADC map (ADCratio). The size of the
ROIs was kept constant by utilizing a copy-and-paste function.

DW images at b values of 0, and 1000 s/mm2 were interpreted
qualitatively to determine whether lesion demonstrate facilitated or
restricted diffusion. If the lesion retained its signal intensity or showed

a minimal decrease with increasing b values, it was labeled as restricted
diffusion, while a decrease in signal intensity on increasing b values was
regarded as facilitated diffusion. Corresponding ADC maps showed
hypointense signal in lesions with restricted diffusion and hyperintense
signal in those with facilitated diffusion.

2.4. Statistical analysis

Continuous variables were expressed as a mean ± standard de-
viation, and categorical variables were expressed as frequencies and
percentages. Shapiro Wilk test was performed for the normality of the
test. The Kruskal-Wallis non-parametric analysis of variance test was
utilized to compare the mean ADCmean and ADCratio to detect any sta-
tistically significant difference between different histopathologies and
was also utilized to evaluate any correlation between the stage and the
mean ADC values of sinonasal tumors. Analysis of statistical sig-
nificance was performed by one-way analysis of variance (ANOVA)
with posthoc Bonferroni tests for pairwise multiple comparisons of
histopathological types. Diagnostic ability was calculated by receiver
operating characteristic (ROC) analysis to determine ADC cutoff values
to differentiate various types of sinonasal neoplasms on the basis of
mean ADCratio and ADCmean. The differences in the number of patients
with facilitated and restricted diffusion were calculated using a x2 or
Fisher's exact test, as appropriate. The p-values < 0.05 were con-
sidered to indicate statistically significant differences. All statistical
analyses were performed with commercially available software (SPSS
23.0 for Windows; SPSS Inc., Chicago, IL, USA). Data were entered into
Excel spreadsheets (Microsoft, Redmond, WA).

3. Results

The mean age of the patients at the time of diagnosis was 61 years
(range, 20–95 years), and a slight male predilection was noted. No
significant differences with regard to the mean age or gender dis-
tribution were identified according to histopathological types
(p > 0.05). Tumor size assessed by the longest diameter measured in
the axial plane on MRI according to RECIST criteria was 48 ± 18mm
(range 12–97mm). The majority of patients presented with locally
advanced disease according to the AJCC and the University of
California Los Angeles staging system.

As regards the histopathological results, the study group included
SCC (n=26), olfactory neuroblastomas (n=6), adenocarcinoma
(n= 2), sinonasal undifferentiated carcinoma (SNUC) (n=7), lym-
phoma (n=9), malignant melanoma (n= 5), sarcoma (n= 9), poorly
differentiated carcinoma (n=2), adenoid cystic carcinoma (n=10),
high grade neuroendocrine carcinoma (n=4) and metastatic tumor
(n= 3). Of the 9 lymphomas; 7 were diffuse large B-cell lymphoma and
2 were natural killer-cell/T-cell lymphoma. Out of the 9 sarcomas; 3
were carcinosarcoma, 3 were alveolar rhabdomyosarcoma, 2 were fi-
brosarcoma and 1 was angiosarcoma. Patient and tumor characteristics
are summarized in Table 1.

3.1. DWI features

Eighty-three patients with documented numerical values had a
mean ADCmean and ADCratio of 0.8 (SD,± 0.4; range,
0.04–2.2)× (10−3 mm2/s) and 1.2 (SD,± 0.5; range, 0.2–3), respec-
tively.

The overall population was heterogeneous in terms of histopatho-
logical, and Table 2 shows the mean ADC values according to the dif-
ferent histopathology of sinonasal neoplasms. The ADCmean and AD-
Cratio values were significantly different between tumor types according
to the Kruskal-Wallis non-parametric test (p=0.002, p < 0.001), re-
spectively.

The mean ADCmean and ADCratio values were not statistically dif-
ferent between various stages (p > 0.05) (Fig. 3).
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Total of 14 lesions demonstrated facilitated diffusion, while 69 le-
sions revealed restricted diffusion on DW images and ADC maps. The
qualitative analysis of SIs could not distinguish between the different
histopathological type of sinonasal malignancies.

Among all significant ADCmean and ADCratio cut-off values in the
differentiation of sinonasal tumor types, the diagnostic ability of ADCs
to differentiate sinonasal ACCs from different types of carcinomas
provided the best discriminatory classification (p < 0.05).

3.2. Comparison according to ADCmean

Mean ADCmean was higher in ACC (1.28 ± 0.44)× (10−3 mm2/s)
patients than in SNUC (0.47 ± 0.3)× (10−3 mm2/s) (p=0.001), SCC
(0.76 ± 0.38)× (10−3 mm2/s) (p=0.017), neuroendocrine carci-
noma (0.45 ± 0.29)× (10−3 mm2/s) (p=0.017) and lymphoma
(0.61 ± 0.44)× (10−3 mm2/s) (p=0.009) (Fig. 4).

Using ROC curve analysis, optimized ADCmean thresholds of 0.79,
0.81, 0.74 and 0.78 (10−3 mm2/s) achieved maximal discriminatory
accuracies of 100%, 79%, 100% and 89% for ACC/SNUC, ACC/SCC,
ACC/neuroendocrine carcinoma, and ACC/lymphoma, respectively.

When sinonasal neoplasms were divided into ACC and non-ACC
groups, the optimized ADCmean threshold of 0.80 (10−3 mm2/s)
achieved maximal discriminatory accuracy (82%) with sensitivity and
specificity of 100% and 66%, respectively (Fig. 5).

3.3. Comparison according to ADCratio

Mean ADCratio was higher in ACC (1.8 ± 0.5) patients than in
SNUC (0.8 ± 0.2) (p=0.003), SCC (1.1 ± 0.4) (p=0.005), neu-
roendocrine carcinoma (0.7 ± 0.1) (p=0.008) and lymphoma
(1.0 ± 0.4) (p=0.019) (Fig. 6).

Using ROC curve analysis, optimized ADCratio thresholds of 1.22,
1.29, 0.99 and 1.21 achieved maximal discriminatory accuracies of
94%, 83%, 100% and 84% for ACC/SNUC, ACC/SCC, ACC/

neuroendocrine carcinoma, and ACC/lymphoma, respectively.
When sinonasal neoplasms were divided into ACC and non-ACC

groups, the optimized ADCratio threshold of 1.31 achieved maximal
discriminatory accuracy (84%) with sensitivity and specificity of 90%

Fig. 1. Adenoid cystic carcinoma. A.
Axial T2-weighted image demonstrates
a mass (arrow) with intermediate
signal intensity in the sphenoid sinus.
B. Axial contrast enhanced T1-
weighted image shows marked contrast
enhancement (arrow). C. Axial ADC
map demonstrates a high ADCmean

value in the mass (1.38×10−3 mm2/s)
(Red ROI) denoting facilitated diffu-
sion. (For interpretation of the refer-
ences to color in this figure legend, the
reader is referred to the web version of
this article.)

Fig. 2. Sinonasal malignant melanoma.
A. Axial T2-weighted image demon-
strates a mass (arrow) with iso- to hy-
pointense signal intensity in the eth-
moid air cells associated with retained
secretions in the sphenoid sinus. B.
Axial contrast enhanced T1-weighted
image shows marked contrast en-
hancement (arrow). C. Axial ADC map
demonstrates a low ADCmean value in
the mass (0.52× 10−3 mm2/s) (Red
ROI) denoting restricted diffusion and a
high ADCmean value in the retained
fluid. (For interpretation of the refer-
ences to color in this figure legend, the
reader is referred to the web version of
this article.)

Table 1
Patients and tumors characteristics.

Characteristics No. of patients %

Sex
Male 50 60.2
Female 33 39.8

Mean age, y 61 (Range= 20–95)
Mean diameter, mm 50 (Range= 11–92)
American Joint Committee on Cancer Stage
I 6 7.2
II 18 21.7
III 25 30.1
IV 34 41

Primary sites
Nasal cavity 40 48.2
Maxillary sinus 28 33.7
Ethmoid sinus 7 8.5
Sphenoid sinus 6 7.2
Frontal sinus 2 2.4

Histological type
Squamous cell carcinoma 26 31.3
Adenoid cystic carcinoma 10 12
Malignant melanoma 5 6
Olfactory neuroblastoma 6 7.2
Sinonasal undifferentiated carcinoma 7 8.5
Neuroendocrine carcinoma 4 4.8
Adenocarcinoma 2 2.4
Metastatic tumor 3 3.6
Poorly differentiated carcinoma 2 2.4
Rhabdomyosarcoma 9 10.9
Lymphoma 9 10.9

Abbreviations: No., number; mm, millimeter.
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and 78%, respectively (Fig. 5).

4. Discussion

DWI has emerged as a powerful imaging tool for the diagnosis of
various head and neck malignancies with promising outcomes [13].
DWI may offer a better characterization of tumors because it reflects the
Brownian motion of water protons, quantified by using the ADC value
[14]. In oncological imaging, decreased ADC may be regarded as a
signal of increased cell proliferation and correlates with the cellularity
of tumor tissue [15].

Recently, Razek et al. [16] demonstrated that ADC values might
provide practical information to distinguish malignant from benign

sinonasal lesions as well as may help to differentiate sinonasal carci-
noma from sarcoma. However, none of the previous reports specifically
determined ADCmean and ADCratio values of different sinonasal neo-
plasms in a larger study population.

Our findings showed a statistically significant difference of ADCmean

and ADCratio parameters between the different types of sinonasal tu-
mors. Mean ADCmean and ADCratio were significantly higher in adenoid
cystic carcinoma (ACC) than in SCC, lymphoma, SNUC, and neu-
roendocrine carcinoma. Interestingly, the mean ADC of ACC was higher
than any other sinonasal tumors.

The differences in ADC values between some sinonasal tumor types
may have a few possible explanations [17]. Firstly, tumors may differ
systematically in terms of cellularity which is well correlated with re-
duced water diffusivity [18]. Lymphoma is a major example of this
phenomenon due to its hypercellular nature likely explains the sig-
nificantly lower ADC values [19]. Although necrotic and cystic changes
in tumors (i.e., sarcoma, SNUC) [20] have been shown to enhance
diffusivity on a macroscopic level, we believe that these factors had
minimal impact in our study because they were excluded in ROIs as
possible. Small cystic areas in the tumor have been shown to produce a
speckled diffusion pattern on DWI and may explain the higher observed
ADC values in the sinonasal adenoid cystic carcinomas [21].

Some other histopathological features can have a substantial impact
on ADC values. The diffusivity of water molecules can be restricted by
keratinous debris in the tumor [22]. In our series, SCCs had low ADC
values, implying that these tumors can potentially have keratinous
debris within the hypercellular tumoral structure. In our series, SNUCs
and neuroendocrine carcinoma demonstrated the lowest mean ADC
values, possibly due to their characteristic histopathological pattern
which reveals small malignant cells with little cytoplasmic space for
random movement of water molecules [23].

We recognized no difference between malignant melanoma, poorly
differentiated carcinoma, metastasis, sarcoma, olfactory neuro-
blastoma, and adenocarcinoma on DWI regarding the quantitative ADC
measurement. This was likely due to the comparatively small number of
cases and due to the fact that the ADC ranges overlap in each tumor
type. Further studies are necessary because our series contained only

Table 2
Mean ADCmean and ADCratio according to sinonasal tumor histopathology. ADC
values with bold characters demonstrate statistically significant pairwise com-
parisons according to one-way ANOVA test

Histopathological type (n) ADCmean ± SD
(10−3 mm2/s)

ADCratio ± SD

Adenocarcinoma (n=2) 1.12 ± 0.54 1.64 ± 0.87
Adenoid cystic carcinoma (n=10) 1.28 ± 0.44 1.80 ± 0.57
Lymphoma (n= 9) 0.61 ± 0.44 1.03 ± 0.42
Malignant melanoma (n= 5) 0.88 ± 0.45 1.16 ± 0.56
Metastasis (n= 3) 0.77 ± 0.23 1.08 ± 0.30
Neuroendocrine carcinoma

(n= 4)
0.45 ± 0.29 0.75 ± 0.13

Olfactory neuroblastoma (n= 6) 0.97 ± 0.20 1.44 ± 0.42
Poorly differentiated carcinoma

(n= 2)
0.61 ± 0.01 0.83 ± 0.008

Sarcoma (n= 9) 0.76 ± 0.29 1.26 ± 0.35
Squamous cell carcinoma (n=26) 0.76 ± 0.38 1.11 ± 0.45
SNUC (n= 7) 0.46 ± 0.30 0.85 ± 0.20
p-Value (Kruskal-Wallis Test) 0.002 0.0001

SNUC, sinonasal undifferentiated carcinoma; SD, standard deviation; n,
number.
Bold characters demonstrate statistically significant pairwise comparisons
(p < 0.05).

Fig. 3. Scatterplot demonstrates the result of analysis of variance test between ADCmean and T stages of sinonasal neoplasms. Correlation is not significant. The best
fit-line is shown as solid line, curves above and below best fit-line represent upper and lower bounds of 95% confidence interval.
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two cases of adenocarcinoma and poorly differentiated carcinoma.
Our results were in line with the previous reports that are evaluating

the sinonasal neoplasms with DWI. In a study by Razek et al. [16], a
significant difference in ADC values between sinonasal carcinoma and
sarcoma as well as between well and poorly differentiated sinonasal
tumors were reported. The mean ADC values of SNUCs were sig-
nificantly lower than the most of other sinonasal tumor types in our
study. These results conflicted with a study by Sasaki et al. [24] which
demonstrated a significant lower overall ADC values for sinonasal
lymphomas than for SNUCs. On the other hand, we could only find one
report of the radiologic features of the sinonasal sarcomas in the lit-
erature. Wang et al. [25] found a statistically significant difference in
ADC between adult rhabdomyosarcoma and carcinomas. The lower
ADC of rhabdomyosarcoma was linked with the tumor structure

including a large number of undifferentiated cells with minimal cyto-
plasm. Nevertheless, we could not identify any statistical significance
between sarcoma and carcinomas in regard to DWI evaluation in our
study. Das et al. [26] studied a total of 18 pathologically proven ma-
lignant lesion and found significant differences between the mean ADC
value of lymphoma, adenocarcinoma and adenoid cystic carcinoma.
Olfactory neuroblastoma was found to have the lowest mean ADC
value, in contrast with chondrosarcoma having the highest mean ADC
value.

In the current study, the majority of sinonasal neoplasms were
staged as T3 and T4. This may be related to the delayed presentation, or
because MR studies were possibly only obtained for the advanced stage
cases due to treating physician's discretion. Large tumors are usually
associated with micro- or macrocytic areas that may be associated with

Fig. 4. Box plot shows mean ADCmean values and range.
(ACC, adenoid cystic carcinoma; Neuroendocrine Ca.,
neuroendocrine carcinoma; Olfactory N., olfactory neu-
roblastoma; Poorly D. Ca., poorly differentiated carci-
noma; SCC, squamous cell carcinoma; SNUC, sinonasal
undifferentiated carcinoma) (error bars represent
the± SD).

Fig. 5. Receiver operating characteristic (ROC) curve. A. The cutoff ADCmean value was used to differentiate ACCs from non-ACCs was 0.80 (10−3 mm2/s). The AUC
was 0.86 with 100% sensitivity, 66% specificity, and 82% accuracy. B. The cutoff ADCratio value was used to differentiate ACCs from non-ACCs was 1.31. The AUC
was 0.87 with 90% sensitivity, 78% specificity, and 84% accuracy.
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higher ADC value. We selected the ROI from the solid part of the tumor
to avoid bias from cystic or necrotic regions in this work. Our method of
analysis can be performed routinely by obtaining ADC values at a PACS
station with ROI measurement, without any additional post-processing.

The limitations of our study include that there was an imbalance
between the number of available histopathological types including a
low number of cases of adenocarcinoma (n=2), poorly differentiated
carcinoma (n= 2), and metastasis (n= 3). A second potential con-
founding factor is the lack of benign sinonasal lesions. Another lim-
itation is that DWI is challenging to perform in the sinonasal region due
to patient movements and susceptibility artifacts. This artifact could be
greatly reduced when the tumors located in the nasal cavity, paranasal
sinuses, and the adjacent skull base are relatively large. In this study,
73/83 (88%) cases had lesions with a largest diameter of> 3 cm. No
case with visible susceptibility artifact was revealed in these larger si-
nonasal lesions. Besides, in a total of three cases with sinonasal tu-
mors < 3 cm, imaging artifacts interfered with the analysis of diag-
nostic images. Future application of advanced MR technology, such as
propeller and parallel imaging, may eliminate these confounding MRI
artifacts in the sinonasal region and skull base [27].

In conclusion, the optimized ADCmean threshold of 0.80 (10−3 mm2/
s) could be used to differentiate ACC from non-ACC sinonasal neo-
plasms with maximal discriminatory accuracy (82%) and sensitivity of
100%. We also found that there is considerable overlapping of the
ADCmean and ADCratio values among non-ACC sinonasal neoplasms
hence surgical biopsy is still needed. Further studies comparing the
ADC value, especially in benign sinonasal tumors and ACCs are re-
commended.
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