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Introduction
Parotid tumors comprise about 3% of head and neck neoplasia. Most 
of these are finally diagnosed as benign. They are frequently located in 
the parotid gland (1,2). Within parotid gland tumors there are various 
benign and malignant pathologic subtypes. Differentiation between not 
only malignant and benign subtypes but also within the benign tumor 
group is important to make the right choice of treatment strategy, as in 
the case of potentially malignant pleomorphic adenoma (3,4).

Ultrasound is a preliminary imaging tool for parotid tumor evaluation. 
It could also guide aspiration cytology. There are some drawbacks of 
ultrasound: it is only efficient when tumors are superficially located and 
applied by an expert sonographer (1,4).

Except few indications like sialolithiasis or bone invasion of deep-located 
tumors, computed tomography is not frequently used because of the 
relatively low soft tissue resolution (1,5).

Although contrast-enhanced magnetic resonance imaging (MRI) provides 
detailed structural information, it may accumulate in cerebral tissues 
even in patients without renal insufficiency (6,7).

Diffusion-weighted imaging (DWI) besides routine MRI series have been 

frequently used in parotid gland imaging. DWI is known to provide 

valuable quantitative information not only about components of 

tissues but also about the microscopic motion of water molecules (8). 

Apparent diffusion coefficient (ADC) derived parameters have been 

used for imaging in various organs to differentiate between benign and 

malignant lesions successfully. In contrast, there are also a few authors 

reporting that ADC data cannot be helpful in distinguishing between 

benign and malignant lesions (7,9-11).

In many studies mean ADC values, alone, have been reported not to 

be discriminative especially in Warthin and malignant groups. Many 

studies in the English literature also support current research that 

there is significant overlap between ADC measurements of these lesions 

(3,11,12).

Histogram analysis has been accepted as the first step texture analysis. 

In recent literature, there are many reports about histogram analysis of 

various tumors proven to be a diagnostic tool (13-19).

Introduction: In this retrospective study, our purpose was to research the usefulness of apparent diffusion coefficient (ADC) histogram 
graphics for the preoperative diagnosis of parotis tumors with heterogeneous signal distribution.

Methods: Our patient group included 50 patients with total 52 parotid gland masses who had diffusion-weighted imaging and 
ADC maps before operation or biopsy, which were archived in our instutional Picture Archiving and Communications System. Free-
hand region of interest-based ADC histogram parameters were minimum (ADC min), maximum (ADC max), mean (ADC mean) and 
standard deviation (SD) (ADC SD). Statistical analyses were performed with the SPSS 17.0 using Kruskal-Wallis, Mann-Whitney U tests, 
Spearmans’ rho correlation and receiver operating characteristic (ROC) curve.

Results: ADC min, ADC max and especially the ADC mean were statistically significant in differentiating pleomorphic adenoma 
(PA) from Warthin tumor (WT). ADC min and ADC max values were also significant in differentiating PA from malignant tumor (MT) 
(p<0.05). In PA-WT differentiation ADC mean value with 1465.50 cut-off level, sensitivity was 94.1% and specificity was 88.6%. For PA-
MT differentiation, ADC min value with 962.00 cut-off level, sensitivity was 82.4% and specificity was 94.3%. Whereas, ADC histogram 
values for WT-MT differentiation were statistically insignificant (p>0.05).

Conclusion: Our results support the assumption that ADC histogram parameters can help discriminate PA from WT and PA from MTs 
preoperatively. However, they are unhelpful in the differential diagnosis of malignant masses from WT.
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In this study, our aim was to evaluate the preoperative discriminative 

ability of ADC histogram values not only between malignant and benign 

parotid tumors but also within each group.

Methods

Study Population

We retrospectively searched the local Picture Archiving and 

Communications System archive between January 2015 and December 

2018. MR DWI of 50 patients, 17 females and 33 males, with parotid 

masses were evaluated. In two patients ipsilateral multiple lesions were 

sampled separately. The age range of patients was between 17 and 90 

years; the average age was 57.2 years.

All cases had cytological and/or histological diagnoses after MRI. 

Insufficient sequences or images with prominent artefacts were 

excluded from our study.

Ethical approval was obtained from the Local Ethics Committee of 

University of Health Sciences Turkey, İstanbul Training and Research 

Hospital (approval number: 2337, date: 22.05.2020).

MRI Protocols

MRI examinations were completed on a 1.5-T Signa Hdx MR unit (GE 

Medical Systems, Milwaukee, WI). Craniovascular or head coils with 8 

channels were used to evaluate the upper head and the neck region. 

Axial and coronal TSE T1W (TR: 580 ms, TE: 13, NEX: 0.50; 5 mm slice 

thickness); axial, coronal and sagittal TSE T2W (TR: TSE 5400 ms TE: 99 

ms; with 90 degrees flip angle: thickness: 4 mm), axial and coronal STIR 

(TR: 7260 TE: 65 ms; slice thickness: 4 mm) and postcontrast fat-sat T1W 

(TR: 880 ms TE: 16 ms; slice thickness: 4 mm) sequences were obtained.

Diffusion Weighted Imaging Protocol

At our institution, DW sequence is part of routine head and neck MR 

examination due to its contribution to differential diagnosis.

Single-shot spin-echo echo-planar imaging sequence (epiDWI) was 

performed. Imaging parameters were TR: 6250 ms, TE: 97 ms; flip 

angle: 90; thickness: 4.0 mm; spacing: 1.5 mm; field of view: 20X20 cm; 

matrix: 128x128; NEX: 1.00 and two sequences with B values 0 and 1000 

s/mm2 were obtained, respectively.

Image Processing and Interpretation

DWI data were transferred to Advantage Workstation (AW Volumeshare 

7, GE Healthcare, Chicago, IL). ADC maps and histogram graphics were 

derived from epiDWI sequences by integrated software.

Only the solid components were included in the region of interest (ROIs) 

using data from the fusion of enhanced axial T1W and axial DW images. 

Gross unenhancing components (possible cystic or necrotic areas) and 

the surrounding glandular tissue were excluded while drawing free-

hand ROIs (Figure 1-3). Slices with largest transverse dimensions of the 

solid parts were chosen.

Histogram graphics of these ROIs were evaluated to acquire parameters 

of min, mean, max and standard deviation (SD).

Statistical Analysis

Frequency analysis results were used to describe the distribution of 
pathological diagnoses within the groups. Mann-Whitney U test was 
used for differences between tumor groups.

The diagnostic significance of histogram parameters is shown in receiver 
operating characteristic (ROC) curve analysis. Spearmans’ rho correlation 
was used for relational analysis for pathological diagnosis within groups. 
Statistical analysis was conducted using the IBM SPSS® Statistics 17 
software within 95% confidence interval.

Results
The distribution of histopathological diagnoses of tumors is shown in 
Table 1.

In the benign group, 56.4% were diagnosed with Warthin tumor, and 
43.6% as pleomorphic adenoma (PA). The distribution and statistical 
relations of mean histogram values of the study groups are shown in 
Table 2.

Figure 1. (a, b) Pleomorphic adenomas. Apparent diffusion coefficient 
maps. ROI  with free-hand technique (a) and histogram graphic of the 
selected ROI (b)
ROI: Region of interest

Figure 2. (a, b) Warthin tumor. Apparent diffusion coefficient maps. ROI  
with free-hand technique (a) and histogram graphic of the selected ROI (b) 
ROI: Region of interest

Figure 3. (a, b) Mucoepidermoid cancer. Apparent diffusion coefficient 
maps. Apparent diffusion coefficient maps. ROI  with free-hand technique 
(a) and histogram graphic of the selected ROI (b)
ROI: Region of interest
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All three parameters (ADC min, max and mean) were highest in PAs, 

while ADC min and mean were the lowest in WTs. The ADC SD parameter 

was higher in the WTs. Comparisons showed that min, max and mean 

values were significantly different between the tumor groups (p<0.05). 

To understand tumor intergroup differences, Mann-Whitney U analysis 

test was applied (Table 3).

Pair group analysis results showed that SD of ADC did not show a 

significant difference for any paired group (p>0.05). Additionally, 

Warthin tumor-malignant tumor differences were statistically 

insignificant (p>0.05). However, min, max and mean ADC levels were 

statistically significant for WT-PA and PA-MT pairs (p<0.05). Spearmans’ 

rho correlations for malignancy are given in Table 4.

Correlation analysis for malignancy showed that ADC min (r=-0.728; 

p<0.001), max (r=-0.547; p<0.001) and mean (p=-0.776; p<0.001) 

values had significant correlations with tumor pairs.

Results of the ROC analysis showed that both ADC min, max and mean 

levels have diagnostic value for pleomorphic tumor (p<0.001). area 
under the curve for ADC min was 0.931, for ADC max was 0.872, and for 

ADC, mean was 0.965. This shows that ADC min has 93.1%, ADC max has 

87.2%, and ADC mean has 96.5% predictive values.

For ADC min with 663.50 cut-off value, sensitivity was 94.1% and 

specificity was 77.1%. For ADC min with 962.00 cut-off value, sensitivity 

was 82.4% and specificity was 94.3%.

For ADC max with 2156.50 cut-off value, sensitivity was 94.1% and 

specificity was 68.6%. For ADC max with 2349.00 cut-off value, sensitivity 

was 82.4% and specificity was 82.9%.

For ADC mean with 1465.50 cut-off value, sensitivity was 94.1%; specificity 

was 88.6%. For ADC mean with 1591.50 cut-off value, sensitivity was 

88.2% and specificity was 91.4%.

Discussion

Salivary gland tumors are mostly benign involving 54-79% of all. Parotid 

is the most frequently involved gland. The majority (70-85%) of parotid 

lesions are also known to be benign (2,18). It is clinically crucial to 

differentiate between benign and malignant tumors preoperatively 

because the operator’s choice of surgical procedure would change 

drastically with this information (20). While local excision would be 

sufficient to excise most benign tumors (with exception of PA), total 

parotidectomy with or without the sacrifice of the facial nerve would be 

performed in case of malignancy.

PAs have a high risk of recurrence and malignant transformation. 

Preoperative diagnosis would change the surgical approach, which will 

be different to other benign tumors (3,4,9).

Repeated aspiration cytology may be necessary because of insufficient 

sampling or successful access to deeply located tumor. Therefore, 

preoperative imaging plays an important role in surgical planning (7,20).

Although there are some clinical findings pointing to malignancy, most 

parotid tumors grow slowly and the findings such as facial nerve palsy 

occur late in the disease course (1).

Although sensitivities and specificities are not significant MRI findings 

of malignant salivary gland tumors include poorly defined borders, 

low T2W signal intensity, and heterogeneous structure (5,7,8,12,21). 

Advanced MRI techniques have also been studied for imaging salivary 

gland tumors. One of the most frequently used additional MRI sequences 

is DWI (9,19,20,22).

The Yuan et al. (23) also claimed that by adding DWI, MRI would be 

more powerful diagnostically. In contrast, Eida et al. (19) proposed 

a multiparametric method using DCE and DW MRI techniques and 

reported to differentiate benign and malignant tumors. There are 

other studies suggesting ADC histogram data and time intensity curve 

derived from gadolinium-enhanced dynamic MR data could be useful 

for differentiating benign and malignant salivary gland tumors (6,7,24). 

First-order histogram studies are simple and accessible to many 

investigators. ADC histogram analysis also appears be a real advantage for 

Table 4. Spearmans’rho correlation results

Histogram values* r p

ADC min -0.728 <0.001

ADC max -0.547 <0.001

ADC mean -0.776 <0.001

ADC SD -0.005 0.975

*Controlled for malignancy, ADC: Apparent diffusion coefficient, min: Minimum, max: 
Maximum, SD: Standard deviation

Table 1. Distribution of tumors

Benign (n=39) Malignant (n=13)

Warthin tumor 22 (56.4) -

Pleomorphic adenoma 17 (43.6) -

Malignant 13 (100.0)

Table 2. Mean values of each histogram parameter (min, mean 
and max) for each group

Warthin tumor 
(n=22)

Pleomorphic 
adenoma 
(n=17)

Malignant 
(n=13) p

Minimum 430.32±249.98 1148.65±336.47 544.46±319.01 <0.05a

Maximum 1959.91±616.06 2754.94±598.68 1913.08±564.11 <0.05a

Mean 1076.28±342.88 2000.29±336.04 1125.44±377.77 <0.05a

SD 259.69±74.77 242.52±130.04 223.42±99.41 0.260a

aKruskal-Wallis test, min: Minimum, max: Maximum, SD: Standard deviation

Table 3. Differences within tumor pairs (p-values)

Histogram parameters
Warthin tumor-
pleomorphic 
adenoma

Warthin 
tumor-
malignant

Pleomorphic 
adenoma-
malignant

ADC min <0.05 0.489 <0.05

ADC max <0.05 0.960 0.001

ADC mean <0.05 0.699 <0.05

ADC SD 0.172 0.180 0.967

ADC: Apparent diffusion coefficient, min: Minimum, max: Maximum, SD: Standard 
deviation
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patients with renal incapacity as it doesn’t require intravenous contrast 

enhancement also considering many recent reports emphasizing 

intracranial gadolinium deposition (24-26).

Parotid gland tumors have different elements, including tumor cells, 
lymphoid tissues, myxomatous and necrotic components. Therefore, 
the analysis of all components of a tumor may cause unreliable results 
regarding tumor subtyping of tumors (18). Yabuuchi et al. (9) used 
dynamic enhanced T1W images to choose the tumor section with the 
lowest ADC value, which enhanced most vividly. Our results were similar 
to previous report of Habermann et al. (12), using mean ADC values 
Warthin tumors were found to be distinguishable from PAs and some 
other benign tumors. They have also failed to reveal any significant 
differences between WTs and most malignant tumors (12).

There are also some conflicting results in the literature, as in the study of 
Ma et al. (4), in their study including seventy-three parotid masses they 
reported that only ADC 10 value was the potential histogram parameter 
for discriminating malignant and benign tumors.

There are various studies demonstrating the potential of histogram 
analyses not only for diagnosis but also for grading, differentiating, 
assessing progression and tumor responses. Higher specificity, sensitivity 
and accuracy of histogram parameters have often been shown compared 
with conventional MRI methods or histopathological data (17,18).

In the future, the standardization of histogram data in larger patient 
populations may be reliable additional tool for MRI to characterize 
salivary tumors non-invasively.

Study Limitations

The current study was a retrospective study including a small sample 
size, particularly the number of malignant tumor subtypes. We have 
included only macroscopically enhancing parts of mass so discarding 
some parts, which would have added diagnostic value. Studies with 
larger numbers of both malignant and benign subtypes and with 
comparisons to whole tumor ROIs would yield more objective results.

Conclusion
Histogram analysis of ADC maps as first line texture analysis appears 
to provide valuable information about tumor heterogenity. Although 
Warthin tumors and malignant lesions could not be differentiated from 
each other, solely on the basis of histogram values, minimum, mean 
and maximum ADC histogram parameters are found to be significant to 
diffentiate Warthin tumors from pleomorphic adenomas and pleomorfic 
adenomas from malignant tumors.
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