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Objectives:

The aim of this study was to investigate the relationship between pathological

classification of parotid gland tumors and conventional MRI — diffusion-weighted imaging
findings and also contribute the possible effect of apparent diffusion coefficient (ADC) to
diagnosis.

Methods: 60 patients with parotid masses diagnosed using histopathology and/or cytology
were enrolled in this retrospective study. All patients were evaluated using a 1.5 T MRI. Demo-
graphic features, conventional MRI findings, and ADC values (mean, minimum, maximum,
and relative) were recorded. MRI findings and ADC values were compared between benign—
malignant groups and pleomorphic adenoma vs Warthin’s tumor groups.

Results: 60 tumors (48 benign, 12 malignant) were evaluated in a total of 60 patients (39
males, 21 females). The mean age was 59 (£14, 18-86) years old; the mean lesion size was
26 (£10, 11-61)mm. On the texture of conventional MRI, T2 dominantly hyperintense/
with hypointensity signal was seen in 87% of pleomorphic adenomas and T2 dominantly
hypointense/with hyperintesity signal was encountered in 64% of all Warthin’s tumors. Seven
(28%) Warthin’s tumors were misdiagnosed as pleomorphic adenomas and two others (8%)
as malignant tumors. The commonly used mean ADC value was 1.6 = 0.6 X 103 mm? s™!
for benign tumors, 0.8 £ 0.3 X 10*mm? s™! for malign tumors, 1 (0.9-1.8) X 10*mm? s™! for
Warthin’s tumors, and 1.9 £ 0.3 X 103 mm?s™! for pleomorphic adenomas. There was a statisti-
cally significant difference in ADC values between benign-malignant tumors and pleomorphic
adenomas-Warthin’s tumors.

Conclusions: Warthin’s tumor may occasionally be misdiagnosed as pleomorphic adenoma
and malignant tumor because of variable morphologic features. In addition to benign—-malig-
nant differentiation, the added ADC measurement may also be useful for differentiating
Warthin’s tumors from pleomorphic adenomas.
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Introduction

Salivary gland tumors constitute of 3-12% of head and
neck region tumors and 2-3% of all body tumors. It is the
tissue with the largest tumor histopathological subgroup
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among all organs, and tumors are most frequently orig-
inated from the parotid gland."? In treatment planning
and surgical method selection for parotid gland tumors,
it is important to discriminate benign and malignant
lesions and subgroup determination.® Fine needle aspi-
ration cytology (FNAC) has been demonstrated to be a
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useful and reliable tool in the pre-operative diagnosis of
parotid gland masses.* However, in addition to general
and region-specific invasive interventional risks in
FNAC, tumor cell spreading in pleomorphic adenomas
and malignant lesions may lead to an increased recur-
rence ratio. In addition, the distinction between some
benign and malignant lesions in cytological examination
is not only difficult, but also sometimes impossible.>

MRI is superior to ultrasonography and CT in
identifying lesions and showing the surrounding tissue
interface. Although all data acquired with MRI (lesion
morphology, signal intensity and contrast pattern, etc.)
are combined for mass characterization, there may be
overlap between neoplastic lesions.” Recently, there are
studies reporting that ADC measurement obtained with
diffusion-weighted imaging (DWI), which provides
information about the microcirculation and vascular
physiology of the tumor, has high potential in iden-
tifying benign—malignant tumor bias and subgroup
determination.*'? Today, for many reasons, DWI has
become a key method due to its impact on technological
developments. The fast method (can be applied in one
breath cycle) is a non-contrast test that can be quickly
integrated into existing protocols. Despite these advan-
tages, the use of this method in salivary gland and other
head and neck tumors is still very novel and more data
are needed. There are some recent sophisticated MR
sequences, such as diffusion tensor imaging, intravoxel
incoherent motion diffusion MR imaging, proton spec-
troscopy, and dynamic susceptibility contrast imaging
have been used to characterize salivary gland tumors."
These advanced techniques are generally not applicable
in routine practice, still need to be corroborated and
require additional studies for their clinical application.

For all of these reasons, we aimed to determine the
relationship between the histopathological results of
the parotid gland tumors and the imaging findings on
conventional MRI with an emphasis on 7, weigthed
sequence and DWI findings, with possible contribution
of DWI to the diagnosis.

Methods and materials

Ethics committee approval was received for this study
from the Adnan Menderes University Faculty of

Table 1 MRI sequence characteristics in salivary gland protocol

Medicine (April 24, 2017-E.24352). The cases with an
MRI obtained for the salivary gland in our institution
(Adnan Menderes University Faculty of Medicine
Department of Radiology) between December 2009
and 2016 were analyzed retrospectively. 122 cases with
parotid masses were identified. Those cases had no
histopathological (surgical specimen) and/or cytolog-
ical (fine needle aspiration) diagnosis, and tumors that
were inconspicuous in the ADC map were excluded
from the study. Tumors bigger than 1 cm were included.
As a result, 60 tumors of the remaining 60 cases consti-
tuted the study group. In the presence of more than one
tumor in the same gland or a similar second tumor in
the contralateral gland, only the largest tumor was taken
under consideration. Demographic features including
age and gender were recorded.

All of the morphological features and signal char-
acteristics of the masses were re-evaluated through the
Picture Archiving and Communication System (PACS).
Quantitative measurements were made on the ADC map
through the image analysis software program (Myrian,
Imoios, Montpellier, France). Histopathological and/
or cytological diagnoses were recorded according to the
pathology reports retrieved from the hospital informa-
tion system. In tumors with both histopathological and
cytological diagnosis, the histopathological diagnosis
was taken into consideration.

MRI protocol

All images were acquired by using a 1.5 T MR system
(Philips Achieva, Philips Medical Systems Neder-
land B.V.) with a superficial coil (Sense Flex-M coil).
In the salivary gland MRI protocol - axial 7\W-TSE
(T, weighted-turbo spin echo), axial T,W-TSE (T,
weighted-turbo spin eco), coronal STIR (short tau
inversion recovery), axial DW-EPI (diffusion-weighted-
echoplanar imaging) - were obtained. ADC maps were
obtained from DWIs and the b values were selected as
0 and 800. After contrast medium administration, axial
12 dynamic 7,W-TSE with fat suppression and axial
T W-TSE sequences were also obtained (Table 1). Non-
specific gadolinium contrast medium 0.15ml kg™! was
administered intravenously using an automatic injector
(Medrad Spectris Solaris EP, Bayer Radiology Solu-
tions) at 3 mls™!, followed by a flush of 25ml of saline.

T,WTSE T,W TSE-HR STIR T ,WTSE-HR FST WTSE DW-EPI
FOV 200 x 218 210 x 210 200 x 220 210 x 210 200 % 200 225 % 225
Flip angle 90 90 90 10 90
TR 528 2515 6000 444 6,8 7170
TE 14 90 140 16 3,3 70
Slice 4 3 4 5 2
Matrix 224 X 196 264 x 204 232 x 185 244 x 195 168 X 166 112 x 112

DW-EPI, diffusion-weighted echoplanar imaging; FOV, field of view; FS, fat saturated; STIR, short tau inversion recovery; Slice, slice thickness;

TE, echo time; TR, repetition time;7\W TSE, T, weighted turbo spin echo.
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d. Pure hyperintense

c. Het. hyperintense

Case samples of subgroups created according to 7,W signal intensity characteristics in parotid gland tumors, (a) hypointense, (b) heter-

ogeneous hypointense, (c) heterogeneous hyperintense, (d) pure hyperintense, (e) hyperintense dominant, including hypointensity, (f) hypointense

dominant, including hyperintensity.

MRI analysis

Conventional MRI:  All evaluations were made together
with consensus by three radiologists. One of them had
more than 25 years of experience in head and neck radi-
ology; the other two had 4 years of general radiology
experience. All researchers were blind to histopatholog-
ical results. The location of the tumor (right, left, bilat-
eral), size (the longest transverse diameter in the axial
plan), contour (smooth, lobulated, irregular), border
(well-circumscribed, irregular) and 7'W, T,W signal
intensity were recorded on conventional images. The
increased signal intensity feature in 7,W images was
divided into four subgroups to better identify common
mixed masses (Type 1: hyperintense dominant, including
hypointensity, Type 2: hypointense dominant, including
hyperintensity, Type 3: pure hyperintense, Type 4: heter-
ogeneous hyperintense) (Figure 1).

Apparent diffusion coefficient (ADC)

The ADC value was automatically calculated by drawing
a manual region of interest (ROI) from a single section
in the axial plan via the software program. Conven-
tional sequences were examined prior to measurement.
The periphery of the mass and necrotic components, if
any, was avoided during measurement. Measurements
were made from the widest plan covering the entire
tumor. Mean, minimum and maximum ADC values
were recorded on the automatically generated histogram
analysis table. The relative ADC value is the ratio of the
mean ADC value of the tumor to the mean ADC value
measured from the normal parotid gland parenchyma
(at least 1 cm away from the tumor or from the opposite
parotid gland) (Figure 2).

Statistical analysis

Statistical analysis was performed using Statistical
Package for Social Sciences v. 22.0 (IBM Corp.; Chicago,
IL). All tumors were divided into two main groups, malig-
nant and benign, and with subgroups within these two
groups. Appropriation of mean, minimum, maximum
and relative ADC values to normal distribution in all
groups was investigated using the Kolmogorov—Smirnov
test. Those that are suitable for normal distribution were
recorded as “mean * standard deviation” and those
outside were “median (25th-75th percentile)”. Statis-
tical significance was investigated for all subgroups for
T1 and T2 signal intensities and ADC (mean, minimum,
maximum, relative) between benign—malignant tumors
and the two most common benign tumors, pleomorphic
adenoma—Warthin tumor. The optimal threshold value
for differentiation was calculated using receiver oper-
ating characteristic (ROC) analysis. “Student’s ¢ Test”
was used for normally distributed groups and “Mann—
Whitney U” test was used for others. x> test was used to
evaluate the categorical data. The specificity, sensitivity,
positive-predictive value (PPV) and negative-predictive
value (NPV) of the optimal threshold value in groups
were calculated. Findings with a p-value < 0,05 were
considered significant.

Results

There were 60 tumors in 60 patients in the study group.
39 of them were male, 21 female. Mean age was 59 * 14
years (age range 18-86 years). The maximum width of
the lesions ranged between 11 and 61 mm, and the mean
was 26 + 10mm.
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Figure 2 Warthin tumor in the right parotid gland, (a) 7\ W, (b) T, W, (c) post-contrast fat-saturated 7\W, (d) DWI, (e) ADC, (f) histogram anal-
ysis was obtained by drawing a manual ROI on the ADC map (f). Mean, minimum, maximum ADC value of tumor (g) Relative ADC: tumor
ADC/Normal parotid gland ADC ratio. ADC, apparent diffusion coefficient, DWI, diffusion-weighted imaging.

The final diagnoses were obtained by histopathology
in 38 patients and cytology in 22. 48 of 60 tumors were
diagnosed as being benign and 12 (20%) malignant.
Warthin tumor was the most frequent tumor in the
series (n: 25, 42%), followed by pleomorphic adenoma
(n: 15, 25%) were the most common benign tumors.
Other benign tumors were basal cell adenoma (n: 1,
2%). Five tumors were diagnosed as benign on cytology.
There were five squamous cell carcinomas (8%), four
follicular cell lymphomas (7%) and three adenocarci-
nomas (6%) in the malignant group. 7 of the 60 tumors
were bilateral.

The majority of tumors had a well-defined border
(91%) and lobulated contour (62%) (Table 2).

All of the malignant tumors appeared hypointense on
T’ weighted images, and 41% were homogeneous and 41%o
were heterogeneous. Similarly, 81% of benign masses were
hypointense on 7', weighted images. When T1 signals were
compared, no significant difference was found between
malignant and benign tumors (p = 0.266). T2 signal was
hyperintense in 80% of the masses. When T, weighted
images were evaluated, 94% of benign lesions were hyper-
intense and 75% of malignant lesions were hypointense.
There was a statistically significant difference between
the groups (p < 0.001). Among the subgroups, “hyper-
intense dominant, including hypointensity” (35%) and
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hypointense dominant of T2 signal, “including hyperin-
tensity” (28%) were more common. In 16 of 25 Warthin
tumors, “hypointense dominant, including hyperinten-
sity” T2 signal intensity characteristics were observed. All
Warthin tumors with hyperintense T2 signal were found
to be in the “hypointense dominant, including hyperinten-
sity” subgroup. The T2 intensity type was “hyperintense
dominant, including hypointensity” were detected in 13 of
15 of pleomorphic adenomas and there was also a statis-
tically significant difference between benign masses for 7,
weighted hyperintensity subgroups (p < 0.001). (Table 3).

Mean, minimum, maximum and relative ADC values
were calculated for all tumors. ADC values in all tumor
groups are summarized in Table 4. The mean ADC value
for benign tumors (1.6 £ 0.6 X 10 mm? s™") was found to
be higher than the malignant ones (0.8 + 0.3 X 10 mm?
s™!). There was statistically significant difference between
benign-malignant tumor groups for all subgroups of
ADC [ADCmean: (p: 0.0005), ADC minimum: (p: 0.013),
ADC maximum: (p: 0.001), relative ADC: (p: 0.009),
Student’s 7 test)].

The ADC values of Warthin were lower than those
of pleomorphic adenoma. These two benign tumors
showed a statistically significant difference on behalf of
all subgroups of ADC values [ADCmean: (p: 0.001),
ADCminimum: (p: 0.002), ADC maximum: (p: 0.001),
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Table 2 Demographic features and conventional MRI findings of tumor subgroups
Tumors Benign (n:48) Malign (n:12)
PA WA BCA Cyst Lipoma BC Adeno scc FL Total
Number of cases 15 25 1 1 1 5 3 5 4 60
Age? 55 57 52 34 77 70 60 64 70 59
Gender (M/F) 7/8 17/8 F M M 4/1 M 2/3 M 39/21
Size (mm)“ 25 26 18 28 33 21 27 24 38 26
Location Right 7 (%46) 7 (%28) 1 - - 2 (%40) 3 (%100)  5(%100) 1 (%25) 26 (%43)
Left 8 (%54) 12 (%48) - 1 1 3 (%60) - - 2 (%50) 27 (%645)
Bilateral - 6 (%24) - - - - - - 1(%25) 7 (%12)
Contour Smooth 6 (%40) 4 (%16) - - - 4(%80)  1(%33)  1(%20) - 16 (%26)
Lobulated 8 (%53) 19 (%76) 1 1 1 1 (%20) - 3 (%60) 3 (%75) 37 (%62)
Irregular 1 (%7) 2 (%8) - - - - 2 (%67) 1(%20) 1(%25) 7 (%12)
Border Circumscribed 14 (%93) 24 (%96) 1 1 1 5(%100)  1(%33)  4(%80) 3 (%75) 54 (%90)
Irregular 1% 14 - - - - 2(%67)  1(%20) 1(%25) 9 (%10)

Adeno, adenocarcinoma; BC, benign cytology; BCA, basal cell adenoma; Cyst, lymphoepithelial cyst; FL, follicular lymphoma; PA, pleomorphic

adenoma; SCC, squamous cell carcinoma; WA, Warthin tumor.
“If the number of tumors is more than one, it is given as a mean.

ADOC relative: (p: 0.001)/Mann—Whitney U). There was
also significant difference between Warthin tumor in
comparison to all malignant tumors for mean-maximum-
relative ADC [ADCmean: (p: 0.015), ADC maximum:
(p: 0.002), ADC relative: p: 0.025], and no difference was
found for the minimum ADC value (p: 0,215, Mann-
Whitney U). While there was statistically significant differ-
ence for mean-maximume-relative ADC between follicular
lymphoma—other malignant tumors [ADCmean: (p:
0.025), ADC maximum: (p: 0.015), ADC relative: (p:
0.035), but no difference for the minimum ADC (p: 0,518,
Mann-Whitney-U), (Table 4).

According to the ROC analysis, a threshold 1.2 X
1073 mm? s™! for the mean ADC value revealed a sensitivity

of 100%, specificity: 71%, PPV: 46%, NPV: 100%, in differ-
entiating malignant from benign. The 1.4 X 107 mm? s™!
threshold value showed a sensitivity of 100%, specificity:
70%, PPV: 65%, NPV: 100% in differentiating pleomor-
phic adenoma and Warthin tumor (Figure 3).

Discussion

Surgical resection is currently the best treatment for sali-
vary gland tumors. It is favorable to define the tumor type
precisely before surgery, in order to choose the surgical
method and to predict possible complications. FNAC is
accepted as the standard diagnostic method for parotid

Table 3 Conventional MRI, T1 and T2 characteristics of all tumor types

Tumors Benign (n:48) Malign (n:12)
PA wA BCA Cyst Lipoma  BC Adeno  SCC FL Total
Number of cases 15 25 1 1 1 5 3 5 4 60
TIW Pure hypointense 8 (%53) 8(%32) - 1 - 3 (%60) 2 (%67) 1 (%20) 3 (%75) 26 (%43)
Pure hyperintense 1 (%7) 1 (%4) - - 1 - - - - 3 (%5)
Heterogeneous hypointense 4 (%27) 13 (%52) 1 - - 1(%20) 1(%33) 4 (%80) 1 (%25) 25 (%42)
Heterogeneous hyperintense 2 (%13) 2 (%8) - - - - - - - 4 (%7)
Isointense - 1 (%4) - - - 1 (%20) - - - 2 (%3)
2W Pure hypointense - - - - - - - - 2 (%50) 2 (%3)
Heterogeneous hypointense 1 (%7) 2 (%8) - - - - 2 (%67) 3 (%60) 2 (%50) 10 (%17)
Isointense - - - - - - - - - -
Hyperintense* Type 1 13 (%86) 7 (%28) - - - 1 (%20) - - - 21 (%395)
Type 2 - 16 (%064) - - - 1 (%20) - - - 17 (%28)
Type 3 1 (%7) - - 1 1 3 (%60) - — - 6 (%10)
Type 4 - - 1 - - - 1 (%33) 2 (%40) - 4 (%7)

Adeno, adenocarcinoma; BC, benign cytology; BCA, basal cell adenoma; Cyst, lymphoepithelial cyst; FL, follicular lymphoma; PA, pleomorphic

adenoma; SCC, squamous cell carcinoma; WA, Warthin tumor.

“Increased signal intensity feature in 7,W images was divided into four subgroups; Type 1: hyperintense dominant, including hypointensity, Type
2: hypointense dominant, including hyperintensity, Type 3: pure hyperintense, Type 4: heterogeneous hyperintense.
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Table 4 ADC values in tumor groups

ADC (x107 mm™ s7)

Tumor types Number Mean Minimum Maximum Relative
Benign 48 1,6 £ 0,6 0,5(0,4-0,9) 2,4%0,7 1,6 £0,6
Pleomorphic adenoma 15 1,9+03 0,8 (0,5-0,9) 28106 1,9+0,3
Warthin tumor 25 1(0,9-1,8) 0,5+0,3 240,6 1,1 (0,9-1,8)
Lipoma 1 2,6 1,3 34 2
Lymphoepithelial cyst 1 2 1,5 2,5 2
Basal cell adenoma 1 1.4 0,7 1.8 1
Benign cytology 5 21+0,6 0,8+0,3 2,7%+0,6 2,3+0,7
Malignant 12 0,8%0,3 0,4 %0,1 1,5%0,5 1+0,6
Adenocarcinoma 3 0,9 (0,8-1,2) 0,5(0,4-0,7) 1,5 (1,0-2,1) 0,9 (0,8-1)
Squamous cell carcinoma 5 0,8 (0,7-1,0) 0,3 (0,2-0,6) 1,6 (1,2-2) 1(0,9-2)
Follicular lymphoma 4 0,6 (0,5-0,7) 0,3 (0,1-0,4) 1(0,8-1,3) 0,5 (0,4-0,6)

ADC, apparent diffusion coefficient.

Number of lesions > 5: If values fit for normal distribution: Mean * std. if does not fit: Median (25th—75th percentile).

+ 2 <Number of lesions <5: Median (minimum-maximum).
+ Number of lesions = 1: Only measured value.

gland masses.*'* Although FNAC has a high diagnostic
accuracy in the hands of experienced cytologists, it is often
difficult to differentiate parotid tumors with multivariate
histology.!>!¢ Relatively invasive and expensive techniques
such as ultrasound guided tru-cut biopsy and intraopera-
tive biopsy had been proposed for being higher diagnostic
accuracy.'”!8

In recent years, MRI has been proposed as a non-
invasive diagnostic tool that may obviate the need for
FNAC.Y Fassnacht et al?® reported a sensitivity of 45%,
specificity 89%, and accuracy 84% in predicting malig-
nancy for FNAC. These values were 40, 88, and 81%
For MR, respectively. The cumulative sensitivity of
MRI and FNAC was 50%, specificity 85% and accuracy
%380. Furthermore, MRI together with DWI showed a
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better success rate with a sensitivity of 70%, specificity
and accuracy 91%.%°

MRI has been accepted to be the most sensitive
and specific imaging test to determine the type, loca-
tion, spread, and relationship with adjacent soft tissues
of parotid tumors.?' Irregular border, extraglandular
extension, and accompanying enlarged lymph node
were proposed as signs for malignancy, which can be
easily evaluated by conventional MRI.3>?2% Although
T2 hypointensity and inhomogeneity may suggest
malignant tumors, it is not adequate enough for the
differentiation.* Although benign masses tend to have
relatively homogeneous signal intensity, hemorrhage
and calcification may cause a heterogeneous appear-
ance mimicking malignancy.® In our study, only 33%
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Figure 3 ROC curves in selected tumor groups. AUC, area under the curve; ROC, receiver operating characteristic.
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of the malignant tumors showed irregular margins and
58% appeared hypointense and heterogeneous in 7,W
images. In result, malign—benign distinction may barely
rely on morphological characteristics neither irregular
margins nor heterogeneous/hypointense on T2 alone.

Intravenous administration of contrast material,
better with dynamic techniques, has been shown to
enhance the diagnostic performance of MRI. However,
the use of gadolinium chelates in under debate for the
side-effects like accumulation in tissues of the body. In
addition to the increase in costs and other known side-
effects, intravenous gadolinium chelates causes nephro-
genic systemic fibrosis as a serious side-effect in patients
with renal failure.”>?” These reasons brought the need to
develop MR techniques that can be performed without
using intravenous gadolinium.

As a functional imaging method DWI that comple-
ments routine MRI, has increased its importance in
recent years by providing both qualitative and quan-
titative data, and may preclude the need for contrast
agents. Yuan et al®® has compared the diagnostic efficacy
of conventional MRI, dynamic contrast-enhanced MRI
and DWI in the differentiation of benign-malignant
parotid tumors in a study of 207 cases. They reached
to a conclusion that the post-contrast images did not
improve the value of conventional MRI, while DWI
had a positive impact on the diagnostic efficiency. In
our study, although there were contrast enhanced series,
they were not taken under consideration due to the
difference in the techniques used for contrast adminis-
tration. Hence, our study was based on the morphologic
analysis and DWI alone.

Salivary gland tumors are rare. Most of the tumors
are benign. The most common benign tumors are pleo-
morphic adenoma and Warthin tumor.>? The possibility
of the existing tumor to be one of these two histopatho-
logical types should be considered first. Pleomorphic
adenoma is seen as a well-circumscribed, smooth or
slightly lobulated contour, encapsulated mass, containing
myxoid, mucoid or chondroid areas within the epithelial
tissue, microscopically. The myxoid stroma provides the
characteristic T2 hyperintense signal, while the epithe-
lial component is seen as T2 hypointense. Warthin
tumor, on the other hand, is a well-circumscribed, lobu-
lated contour, non-encapsulated mass. On microscopy,
epithelial tissue with lymphoid hyperplasia, and a vari-
able size cystic component containing approximately
30% proteinous fluid or viscous colloid. Although this
tumor frequently appears hypointense in 7,W images,
it can also contain hyperintensities if cystic component
exist.*3* There are studies that rely on the 7,W signal
intensity characteristics to discriminate these two, most
frequently encountered benign tumors. In a quantita-
tive study by Eiji et al” it was shown that 7,W intensity
in pleomorphic adenoma was significantly higher than
Warthin tumor and malignant tumors. Tsushima et al*?
reported a high probability for pleomorphic adenoma
when the mass appeared brighter than the cerebrospinal
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fluid signal on T2. Benign lesions of the parotid gland
may contain a varying amount of dark and bright areas
on T,W sequence, which is formed as a reflection of
its histopathological structures. It was the reason why
we tried to focus on the radiological morphology of
the tumors on 7,W series, and group them according
to the signal intensity dominance. In our study, 13 of
15 pleomorphic adenomas had Type 1 and, 16 of 25
Warthin tumors had Type 2 (Table 3). We could not
come across a similar classification in the related litera-
ture, but came to a conclusion that the T2 hyperintense
dominant signal might primarily suggest pleomorphic
adenoma among masses with heterogeneous appear-
ance. However, 9 of 25 Warthin tumors were misdi-
agnosed as pleomorphic adenoma and 2 as malignant
tumor. This might be explained by the amount of cystic
component that can be encountered in Warthin tumor.
As the size of cystic component increases, the internal
structure looks bright on 7,W images that may simu-
late pleomorphic adenoma (Figure 4). Conversely as the
cystic component gets smaller, the T2 signal of Warthin
tumor gets darker very similar with malignant tumors.
The T,W signal of 7 of the 9 malignant tumors in our
series were categorized as hypointense/heterogeneous
or hypointense (78%). By the way, in the absence of
other well-known features of malignancy, like irregular
contour or blurred margins, the 7,W signal properties
alone may cause some misdiagnosis.

The additive role of DWI to conventional MRI in
the differentiation of benign and malignant masses and
the histopathological types has been explored in recent
years. DWI uses regional differences in the movement
of water molecules within the extracellular/extravas-
cular compartments of biological tissues. When the
compact structure of the extracellular space, such as
with lymphoma, carcinoma and abscess, causes the
barrier effect in the movement of the water molecules,
water diffusion is said to be “restricted” in these tissues.
Conversely, in necrotic or fluid-filled (cysts) tissues that
are said to be “free”, there is unlimited movement of
water molecules. Therefore, DWI gives information
about diffusion properties in different tissues, cellu-
larity and cellular membrane features.’**> ADC that is
obtained from DWI provides quantitative data about
the water diffusion properties of tissue. ADC gives the
absolute value of the magnitude of the measured diffu-
sion and is independent from diffusion direction and T2
effect. Many studies have shown that benign tumors have
higher ADC values than malignant tumors,®!%:11:19.36.37
Different mean ADC values have been reported in the
relevant literature, beyond this disagreement ADC was
found to be beneficial in differentiating benign and
-malignant tumors. In contrast, Matsushima et al®
found the mean ADC value of 1.09 £ 0.34 X 10~ mm?
s7!in malignant tumors, and 1.40 + 0.43 X 107> mm?s™!
for benign tumors and there was no statistical signifi-
cance (p > 0.05). They concluded that the ADC value
increased with the increase of extracellular components,
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£

Cyst Pleémorphicadenoma

Warthin tumor

Figure 4 MRI signal characteristics of pleomorphic adenoma and Warthin tumor; (a) PA: T1 heterogeneous hypointense, mixed signal
containing T2 hyperintense dominant, including hypointensity. Typical appearance with cystic dominant nodular/septal component. (b) Warthin
tumor: Mixed signal containing T1 heterogeneous hypointense, T2 hyperintense dominant, including hypointensity. When Warthin tumor’s cystic
component size increases, imaging features show similarity with PA. (c¢) lymphoepithelial cyst and pleomorphic adenoma cases: in small PA’s,
nodular/septated component cannot be clearly seen in some cases. (d) Two different Warthin tumor cases: The size of the cystic components in
Warthin tumors is variable. If the size is small, it is difficult to distinguish it from malignant tumors. PA, pleomorphic adenoma.

and therefore the ADC value alone was not sufficient
to differentiate benign from malignant.’ In Habermann
et al.’s study in 2009, the ADC value was found to be
significantly higher in pleomorphic adenomas than
other tumors (2.09 = 0.16 x 10 mm? sec™!, p: 0.054).
However, they could not detect a significant differ-
ence between benign-malignant tumors.' Celebi et
al® investigated the usefulness of quantitative analysis
with ADC measurement in parotid gland tumors and
determined the threshold value of 1,165 X 10*mm? s~!
to distinguish benign and malignant masses in 2013,
which was very similar value of our study. Also they
reported a sensitivity of 63%, specificity 72%, PPD 79%
and NPD 79% for this threshold value.* Tissue micro-
structure, cellularity, tumor types or device dependent
factors like screening protocol (b value) and measure-
ment technique may explain the difference of ADC
values between studies. Although diagnostic success
was higher than the previously discussed studies, PPV
was lower. The reason for this might be the very low
ADC value of Warthin tumor in regard to other benign
tumors. Also, the relatively high number of Warthin
tumors in our study group compared to other studies.
In 14 of 25 Warthin tumors, the ADC value was lower
than the threshold in our study. On the other hand,
this value was still higher than malignant tumors (p:
0.015). One-third of the malignant cases in our study
were lymphomas. It is known that lymphomas show a
lower ADC value compared to other common malig-
nancies.”’ In this study, lower ADC values were found in
lymphoma cases compared to other malignant masses.

Dentomaxillofac Radiol, 50, 20200391
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This may have further reduced the mean ADC value of
the malignant tumor and sharpened the sensitivity.

Studies have shown that ADC values are important
and usable in the diagnosis of pleomorphic adenoma. In
literature, there are many studies especially examining
the ADC values of pleomorphic adenoma and Warthin
tumor, which were reported to be useful #3442 We had
similar results with the literature. When using the mean
ADC threshold value of 1.4 X 10*mm? s! to differen-
tiate these two benign masses, the sensitivity, specificity,
PPV and NPV was found as 100, 70, 65, and 100%,
respectively.

A recent study on diffusion tensor imaging showed
near similar results by using fractional anisotropy value
and mean diffusivity value equivalent to ADC value in
DWI. They concluded that these two values could differ-
entiate malignant from benign tumors and Warthin
tumors from pleomorphic adenomas. Fractional anisot-
ropy alone was stated to differentiate Warthin tumors
from malignant salivary gland tumors.*

It is the “mean ADC” value that was in majority of
in the related literature. Other ADC parameters are the
minimum, maximum and relative ADC. The minimum
ADC value represents the most proliferative area with
the highest cellularity in heterogeneous tumors. In
contrast, the maximum ADC indicates the area with
the lowest cellularity and the highest extracellular
fluid. There are studies in the literature showing that
minimum ADC in breast and brain tumors is successful
parameters in benign-malignant differentiation and
tumor grading.** Relative ADC value was defined
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to optimize the ADC value, which was calculated by
dividing ADC value of the lesion by the adjacent gland
parenchyma. Different from the other studies, we also
evaluated minimum, maximum and relative ADC values
in this cohort, but no significant advantages were found
on mean ADC values.

The retrospective design and limited number of
malignant cases were the major limitations of our study.
Furthermore, DWI used has several limitations, mostly
due to the sequence being obtained by EPI method.*
SE-EPI provides limited image quality with low spatial
resolution and poor SNR (signal-to-noise ratio) and is
sensitive to blurring and ghosting artifacts. Also, the
repeatability of quantitative ADC values has been ques-
tioned. It should also be noted that ADC values could
vary significantly depending on hardware, human or
biological factors. It will be beneficial to increase and
confirm the existing knowledge with the studies to be
performed with more cases.*
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