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Abstract
Introduction The purpose of this study was to assess comput-
ed tomography (CT) and magnetic resonance (MR) imaging
findings of salivary gland tumors of the parotid gland with
emphasis on intratumoral cystic components.
Methods Seventy-two histopathologically confirmed salivary
gland tumors of the parotid gland (44 benign and 28 malig-
nant), which underwent both CT and MR imaging including
contrast-enhanced study, were included in this study. We retro-
spectively reviewed images for the presence, number, occupy-
ing rate, margin characteristics, distribution, and predominant
MR signal intensity of intratumoral cystic components.
Results The prevalence of cystic components was greater in
malignant than benign tumors (79 vs. 50 %, p<0.05). The
number and occupying rate were similar between benign and
malignant tumors. The irregular margins were more frequent
in malignant than benign tumors (73 vs. 27 %, p<0.01). The
frequency of eccentric location was greater in benign than
malignant tumors (91 vs. 55%, p<0.01), whereas the frequen-
cy of centric location was greater in malignant than benign
tumors (32 vs. 0 %, p<0.01). On T1-weighted images, the
frequency of hyperintensity was greater in benign than malig-
nant tumors (50 vs. 9 %, p<0.01), whereas that of isointensity

was greater in malignant than benign tumors (50 vs. 0 %,
p<0.01). Multiple logistic regression analysis showed that the
absence of irregular margins of cystic components only was
significantly correlated with the presence of benign salivary
gland tumors (p<0.01).
Conclusion Imaging features of intratumoral cystic compo-
nents may help to differentiate benign from malignant tumors
of the parotid salivary gland.

Keywords Parotid gland . Salivary gland tumor . Cystic
component . CT .MRI

Introduction

Computed tomography (CT) and magnetic resonance (MR)
imaging findings for the differentiation of benign and malignant
salivary gland tumors have been well described, primarily em-
phasizing on MR signal intensities [1–3], margins [2,3], growth
patterns [1–3], dynamic contrast enhancement patterns [4,5], and
apparent diffusion coefficients of diffusion-weighted MR imag-
ing [6,7]. Meanwhile, cystic degeneration and tumor necrosis
have been reported as common imaging features of salivary
gland tumors including pleomorphic adenomas [8], Warthin
tumors [9,10], basal cell adenomas [11–13], mucoepidermoid
carcinomas [14], adenoid cystic carcinomas [14], acinic cell
carcinomas [15], and salivary duct carcinomas [16].

Both cystic degeneration and tumor necrosis were shown
as similar unenhanced areas on contrast-enhanced CTandMR
imaging. However, the configuration and location of cystic
components is bound to be different between cystic degener-
ation and tumor necrosis due to the difference of mechanism
of cyst formation. In addition, because cystic components
contain various kinds of fluid material, CT attenuation or
MR signal intensity may be able to demonstrate the difference
of fluid material.
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However, our literature search did not find any reports on
CT and MR imaging findings focused on intratumoral cystic
components to differentiate benign from malignant salivary
gland tumors. Therefore, the purpose of this study was to
evaluate CT and MR imaging findings of salivary gland
tumors of the parotid gland emphasizing on intratumoral
cystic components.

Methods

Patients

The study was approved by the human research committee of
the institutional review board and complied with the guide-
lines of the Health Insurance Portability and Accountability
Act. The requirement for informed consent was waived due to
the retrospective nature of this study. We searched the elec-
tronic medical chart system of Gifu University Hospital for
patients with histopathologically confirmed salivary gland
tumors of the parotid gland between July 2004 and August
2013 and identified 163 consecutive patients. Of these, 72
patients (46 men and 26 women, mean age 63 years, age range
17–87 years) which underwent both CT and MR imaging
including contrast-enhanced study before histopathological
examination were included in the present study. Ninety one
patents were excluded, because they did not undergo contrast-
enhanced imaging or underwent either CT or MR imaging.

Histopathological evaluation was performed on the basis of
findings in specimens obtained at biopsy or surgical resection.
Although five patients with Warthin tumors had multifocal or
bilateral tumors, the maximum tumor per patient was
assessed. The histopathological diagnoses of 72 salivary gland
tumors included 44 benign tumors (20 pleomorphic adeno-
mas, 20 Warthin tumors, 3 basal cell adenomas, and 1
oncocytoma) and 28 malignant tumors [7 salivary duct carci-
nomas, 5 mucoepidermoid carcinomas, 4 epithelial
myoepithelial carcinomas, 4 acinic cell carcinomas, 3 carci-
noma ex pleomorphic adenomas, 3 adenocarcinomas not oth-
erwise specified (NOS), 1 adenoid cystic carcinoma, and 1
small cell carcinoma].

CT imaging

An eight-slice CT (LightSpeed Ultra, GE Healthcare,
Milwaukee, WI, USA) was used. Unenhanced CT images
were obtained in all 72 salivary gland tumors (44 benign and
28malignant), and contrast-enhanced CT images were obtain-
ed in 59 salivary gland tumors (38 benign and 21 malignant).
Transverse CT images were reconstructed at a section thick-
ness of 2.5 mmwith no overlap. Contrast-enhanced two-phase
CT imaging was started 45 and 120 s after initiating an
intravenous bolus injection of 100 ml of nonionic iodine

contrast material [Optiray 240 (240 mg of iodine/ml);
Mallinckrodt, Hazelwood, MO, USA] at an injection rate of
2 ml/s.

MR imaging

A 1.5-T MR imaging system (Intera Achieva 1.5 T Pulsar,
Philips Medical Systems, Netherlands) was used.
Unenhanced MR images were obtained in all 72 salivary
gland tumors (44 benign and 28 malignant), and
gadolinium-enhanced MR images were obtained in 56 sali-
vary gland tumors (25 benign and 21 malignant). Transverse
MR images were obtained using the parallel imaging tech-
nique at 4-mm section thickness with 1-mm intersection gap.
Non-fat suppressed T1-weighted spin-echo (TR/TE 630–827/
9–15 ms, imaging matrices 512×512, field of view 20×
20 cm, parallel imaging factor 1.5) and non-fat suppressed
T2-weighted fast spin-echo (TR/TE 4,102–5,710/90 ms, im-
aging matrices 512×512, field of view 20×20 cm, parallel
imaging factor 1.5) images were obtained. Gadolinium-
enhanced fat-suppressed T1-weighted spin-echo images
(TR/TE 630–840/9–15 ms, imaging matrices 512×512, field
of view 20×20 cm, parallel imaging factor 1.5) were obtained
after the intravenous injection of 0.1 mmol/kg of
gadopentetate dimeglumine (Magnevist; Bayer Healthcare,
Berlin, Germany).

Image assessment

Two radiologists with 14 and 8 years of post-training experi-
ence of head and neck imaging independently reviewed im-
ages, and any disagreements were resolved in consensus. The
observer was unaware of patient names, laboratory results,
other imaging findings, or final diagnoses. The observer eval-
uated the presence, number, occupying rate, margin charac-
teristics, distribution, predominant CT attenuation, and pre-
dominant MR signal intensity of intratumoral cystic compo-
nents within salivary gland tumors. The presence of
intratumoral cystic components was assessed using contrast-
enhanced CT or MR images, and cystic components, includ-
ing cystic degeneration and necrosis, were defined as
unenhanced areas. The occupying rate of cystic components
was qualitatively graded using a four-point scale: 1 small
occupying areas of 1–25 % of the tumor, 2 moderate (26–
50 %), 3 extensive (51–75 %), and 4 diffuse (76–100 %). The
characteristics of cystic component margins were assessed for
the presence of irregularities. Intratumoral cystic components
were classified into three locations: eccentric, central, and
entire. Predominant CTattenuations and MR signal intensities
of the cystic components were assessed in comparison with
those of cerebral gray matter. The maximum diameter of
salivary gland tumors and intratumoral cystic components
were also measured.
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Statistical analysis

Statistical analysis was performed using SPSS version 18.0
statistical software (SPSS, an IBM Company, Chicago, IL,
USA). A two-sample t test for independent samples with equal
variances was used to compare the maximum diameters of
tumors and the maximum diameter, numbers, and occupying
rates of cystic components between benign and malignant
tumors. The Chi-square or Fisher’s exact test was also per-
formed to compare the presence, margin characteristics, dis-
tributions, unenhanced CT attenuations, and MR signal inten-
sities between benign and malignant tumors. The maximum
diameter, numbers, occupying rates, margin characteristics,
distributions, unenhanced CT attenuations, and signal intensi-
ties on T1- and T2-weighted images of cystic components
were used as the variables for multiple logistic regression
analysis, and the outcome was benign or malignant. The
Hosmer–Lemeshow test was used to assess the goodness of
fit of the logistic regression model [17]. Interobserver vari-
ability was assessed using kappa statistics. Null hypotheses of
no difference were rejected if p values were less than 0.05.

Results

Qualitative findings and quantitative measurements are sum-
marized in Table 1. The mean maximum diameter of malig-
nant tumors was significantly greater than that of benign
tumors (33.7±14.3 vs. 26.6±10.1 mm, t(70)=2.45, p<0.05).
Intratumoral cystic components were found in 44 tumors (22
benign, 22 malignant) and were significantly more frequent in
malignant than benign tumors [22/28 (79%) vs. 22/44 (50%),

p<0.05; Figs. 1–2]. Irregular margins of cystic components
were significantly more frequent in malignant than benign
tumors [16/22 (73 %) vs. 6/22 (27 %), p<0.01; Figs. 1–2].
The mean maximum diameter [17.1±12.5 and 16.1±9.8 mm,
t(42)=0.30, p=0.77], number [2.1±1.8 and 3.2±4.0, t(42)=
1.16, p=0.25], and occupying rate [2.1±1.2 and 2.1±1.2,
t(42)=0.13, p=0.90] of cystic components were not signifi-
cantly different between benign andmalignant tumors, respec-
tively. The frequencies of cystic components in each parotid
tumor are also shown in Table 2.

In 44 tumors with cystic components (22 benign, 22 ma-
lignant), intratumoral cystic components were eccentrically
located in 20/22 (91 %) and 12/22 (55 %), centrally in 0/22
(0 %) and 7/22 (32 %), and entirely in 2/22 (9 %) and 3/22
(14 %) of the benign and malignant tumors, respectively
(Table 3). Intratumoral cystic components were eccentrically
located significantly more frequently in benign thanmalignant
tumors (p<0.01), whereas a centric location was significantly
more frequent in malignant than benign tumors (p<0.01).

On T1-weighted images, intratumoral cystic components
appeared as hyperintense in 11/22 (50 %) and 2/22 (9 %),
isointense in 0/22 (0 %) and 11/22 (50 %), and hypointense in
11/22 (50 %) and 9/22 (41 %) of the benign and malignant
tumors, respectively (Table 3). On T1-weighted images,
hyperintensity of cystic components was significantly more
frequent in benign than malignant tumors (p<0.01), whereas
isointensity was significantly more frequent in malignant than
benign tumors (p<0.01). There were 11 benign tumors that
showed T1 hyperintensity of cystic components, and the
Warthin tumors occupied 9/11 (82 %) of benign tumors with
T1 hyperintensity (Table 2; Fig. 1c). T1 hyperintensity of
cystic components was observed in 9/12 (82 %) of Warthin
tumors and in 2/2 (100 %) of basal cell adenomas (Table 2).

T2 signal intensity and unenhanced CT attenuation of
intratumoral cystic components were not significantly differ-
ent between the benign and malignant tumors (Table 3).

Multiple logistic regression analysis showed that the ab-
sence of irregular margins of cystic components (odds ratio
7.11, p=0.004) only was significantly correlated with the
presence of benign salivary gland tumors. The Hosmer–
Lemeshow goodness-of-fit χ2 value was 8.07 (p=0.43).

The kappa values for the two observers with regard to
evaluating the occupying rates, margin characteristics, distri-
butions, unenhanced CTattenuations, and signal intensities on
T1- and T2-weighted images of cystic components showed
substantial agreement (mean 0.71, range 0.56–0.85).

Discussion

In pleomorphic adenomas, focal or partial cystic degeneration,
tiny hemorrhagic foci, and small infarcted areas are occasion-
ally observed on pathological examinations, but extensive

Table 1 Qualitative imaging findings and quantitative measurements
with salivary gland tumors of the parotid gland

Benign Malignant

Qualitative imaging findings

Presence of cystic components† 22/44 (50) 22/28 (79)

Irregular margin of cystic components†† 6/22 (27) 16/22 (73)

Quantitative measurements

Maximum diameter of parotid tumors† 26.6±10.1 33.7±14.3

Maximum diameter of cystic components†† 17.1±12.5 16.1±9.8

Number of cystic components†† 2.1±1.8 3.2±4.0

Occupying rate of cystic components†† 2.1±1.2 2.1±1.2

In qualitative imaging findings, data are numbers of tumors, and numbers
in parentheses are frequencies expressed as percentages. In quantitative
measurements, data are shown with the mean±1 standard deviation
†The frequency or value was compared between benign (n=44) and
malignant (n=28) tumors
††The frequency or value was compared between benign (n=22) and
malignant (n=22) tumors accompanied by intratumoral cystic
components
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cystic degeneration is rare [18]. Although the mechanism of
extensive cystic degeneration of pleomorphic adenomas is
unclear, several mechanisms may be responsible for causing
fine-needle aspiration-associated tumor necrosis [19].
Extensive squamous metaplasia, containing mucinous mate-
rial, and intratumoral hemorrhage also cause large cyst forma-
tions within pleomorphic adenomas [20]. In this study, cystic

Fig. 1 A 68-year-old man with Warthin tumor of the right parotid gland.
a Contrast-enhanced CT shows a well-circumscribed lesion in the right
parotid gland (arrow). Intratumoral cystic components eccentrically ap-
pear as hypodense without irregular margins (arrow heads). b T2-weight-
ed fast spin-echo MR image (TR/TE, 5,710/90 ms) shows a isointense
lesion (arrow) accompanied by slightly hyperintense cystic components
(arrow heads). c T1-weighted spin-echo images (TR/TE, 779/15 ms)
shows a hypointense lesion (arrows) accompanied by intensely hyperin-
tense cystic components (arrow heads)
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components of pleomorphic adenomas almost always showed
hypointensity on T1-weighted images and hyperintensity on
T2-weighted images.

Most Warthin tumors vary from partly to predominantly
cystic, and cystic formation has been reported in approximate-
ly 30 % cases [9]. Various numbers of cystic components
filled with mucoid or brown fluid in Warthin tumors vary in
size from small slit-like spaces to several centimeters in length
and occupy a considerable portion of the entire lesion. Focal
hyperintense areas of Warthin tumors on T1-weighted images
correspond to areas with accumulations of microscopic cysts,
containing proteinous fluid with foamy cells, red cells, and
neutrophils [10]. Some hyperintense areas on T1-weighted
images show characteristic hypointensity on short tau inver-
sion recovery (STIR) images [10]. In this study, approximate-
ly half of Warthin tumors were accompanied by cystic com-
ponents, which generally appeared as hyperintense on T1-
weighted images, as previously reported.

Histopathologically, cystic formation of basal cell adeno-
mas is frequently observed, that is produced by cystic dilata-
tion of microglands in the cell clusters or by a unique stromal

alteration such as dilatation of lymphatic vessels [21]. On CT
orMR imaging, approximately half of basal cell adenomas are
accompanied by cystic components [12,13]. Cystic changes

�Fig. 2 A 69-year-old man with high-grade mucoepidermoid carcinoma
of the left parotid gland. aT2-weighted fast spin-echoMR image (TR/TE,
4,102/90 ms) shows a ill-circumscribed lesion in the left parotid gland
(arrow). Intratumoral cystic component eccentrically appears as
hyperintense with irregular margins (arrow head). b T1-weighted spin-
echo images (TR/TE, 630/9 ms) shows a hypointense lesion (arrows).
Intratumoral cystic component cannot be detected due to their isointensity
(arrow head). c Gadolinium-enhanced fat-suppressed T1-weighted spin-
echo images (TR/TE, 630/9 ms) clearly shows a irregular cystic
component (arrow head) within an infiltrative lesion (arrow)

Table 2 Frequency and MR signal intensity of cystic components in each Parotid Tumor

Histopathologic diagnoses Presence of cystic components T1-WI T2-WI

Hyper Iso Hypo Hyper Iso Hypo

Benign

Pleomorphic adenoma 8/20 (40) 0 0 8 7 0 1

Warthin tumor 12/20 (60) 9 0 3 5 2 5

Basal cell adenoma 2/3 (67) 2 0 0 2 0 0

Oncocytoma 0/1 (0)

Malignant

Salivary duct carcinoma 6/7 (86) 1 3 2 2 1 3

Mucoepidermoid carcinoma 4/5 (80) 0 3 1 4 0 0

Epithelial myoepithelial carcinoma 3/4 (75) 0 1 2 2 0 1

Acinic cell carcinoma 2/4 (50) 0 0 2 2 0 0

Carcinoma ex pleomorphic adenoma 3/3 (100) 0 3 0 3 0 0

Adenocarcinoma NOS 3/3 (100) 1 1 1 2 0 1

Adenoid cystic carcinoma 1/1 (100) 0 0 1 1 0 0

Small cell carcinoma 0/1 (0)

In the row of presence of cystic components, data are numbers of tumors, and numbers in parentheses are frequencies expressed as percentages. In the
rows of T1- and T2-WI, data are numbers of tumors which underwent MR imaging

Table 3 Imaging findings of cystic components

Benign (n=22) Malignant (n=22)

Distribution

Eccentric 20 (91)* 12 (55)

Central 0 (0) 7 (32)**

Entire 2 (9) 3 (14)

Signal intensity on T1-weighted images

Hyperintense 11 (50)* 2 (9)

Isointense 0 (0) 11 (50)**

Hypointense 11 (50) 9 (41)

Signal intensity on T2-weighted images

Hyperintensity 14 (64) 16 (73)

Isointensity 2 (9) 1 (5)

Hypointensity 6 (27) 5 (23)

Unenhanced CT attenuation

Hyperdensity 3 (14) 2 (9)

Isodensity 4 (18) 9 (41)

Hypodensity 15 (68) 11 (50)

Data are numbers of tumors, and numbers in parentheses are frequencies
expressed as percentages
* The frequency of benign tumors was significantly greater than that of
malignant tumors (p<0.01)
** The frequency of malignant tumors was significantly greater than that
of benign tumors (p<0.01)
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mostly occur in tumors at the deeper parts of the superficial
lobe or in the deep lobe [13]. Basal cell adenomas in the
present study tended to contain hyperintense cystic compo-
nents on T1-weighted images, because the cystic lumens were
generally filled with mucinous materials.

Pathologically, low-grade mucoepidermoid carcinomas
contain abundant mucous cells accompanied by their prod-
ucts, resulting in a cystic architectural pattern. Therefore,
low-grade mucoepidermoid carcinomas are characterized
by cysts containing mucinous materials that appear as
hyperintense spots within the tumors on both T1- and T2-
weighted images [14]. Large low-grade adenoid cystic
carcinomas have been reported to contain hyperintense
areas on T1-weighted images, corresponding to hemor-
rhagic necrosis [14]. Acinic cell carcinoma is one type of
low-grade malignant salivary gland tumor, and hyperin-
tense portions on T1- and T2-weighted images can be
observed, reflecting hemorrhage on microscopic examina-
tion [15]. Despite these previous reports, hyperintense
areas on T1-weighted images were not observed in low-
grade malignant salivary gland neoplasms in this study.

In high-grade malignant salivary gland neoplasms, includ-
ing salivary duct carcinomas, high-grade mucoepidermoid
carcinomas, high-grade adenoid cystic carcinomas, and
high-grade adenocarcinomas NOS, hemorrhage and necrosis
are generally observed on gross specimen. Therefore, cystic
components can show various signal intensities dependent on
the time after hemorrhage and the degree of concentration of
necrotic tissue. In this study, although high-grade malignan-
cies tended to contain isointense cystic components on T1-
weighted images, one salivary duct carcinoma and one high-
grade adenocarcinoma NOS contained hyperintense cystic
components on T1-weighted images.

According to these references, cystic components of be-
nign tumors usually result from cystic degeneration, whereas
those of malignant tumors usually result from necrosis or
hemorrhage. Therefore, we assumed that malignant tumor
tended to show irregular margin of cystic components due to
necrosis or hemorrhage. Meanwhile, prolonged deprivation of
oxygen will lead to chronic hypoxic stress, leading to tumor
necrosis. Tumor hypoxia appears to be strongly associated
with tumor propagation and malignant progression, and ma-
lignant tumors frequently outgrow their oxygen supply.
Because hypoxic areas usually occur in the center of tumors,
we assumed that centric location of cystic components was
more frequent in malignant tumors.

However, because the imaging findings of cystic compo-
nent in parotid salivary gland tumors were widely overlapping
between benign and malignant tumors, it is difficult to use
these findings with great confidence. Particularly in benign
tumors, the imaging findings showed widely divergent results
of MR signal intensity between Warthin tumors and pleomor-
phic adenomas.

The present study has several limitations. First, the study
sample was small, because this study was conducted at a
single institution. Second, although we did not perform both
contrast-enhanced CT and MR imaging in all patients, we
could assess the presence of cystic components on contrast-
enhanced CT or MR imaging. Third, we assessed only trans-
verse images, but coronal or sagittal images are also necessary
for evaluating the distribution and configuration of cystic
components.

In summary, intratumoral cystic component formation and
irregular margins of cystic components were more frequently
observed in malignant than benign tumors. Intratumoral cystic
components tended to eccentrically occur in benign tumors
and centrally in malignant tumors. On T1-weighted images,
hyperintensity of cystic components were more frequently
observed in benign than in malignant tumors. The absence
of irregular margins was most reliable findings of cystic
components for the diagnosis of benign salivary gland tumor.
These imaging features may incrementally add useful infor-
mation to the differentiation of parotid salivary gland tumors.
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