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MR Imaging of Parotid Tumors: Typical Lesion
Characteristics in MR Imaging Improve
Discrimination between Benign and Malignant
Disease

BACKGROUND AND PURPOSE: The surgical approach to parotid tumors is different for benign and
malignant neoplasms, but the clinical symptoms do not correlate well with histology. Difficulties in
tumor classification also arise in imaging modalities, in which sonography has the lowest and MR
imaging, the highest accuracy. The purpose of this study was to review our experience using
conventional MR imaging of the neck in the evaluation of parotid tumors and to evaluate which MR
imaging findings are best able to predict malignant histology.

MATERIALS AND METHODS: Eighty-four consecutive patients (43 males, 41 females; median age, 56
years; range, 9-85 years) with parotid gland tumors who underwent MR imaging before surgery were
prospectively included in the present study and retrospectively analyzed. Histology was available for all
tumors. We analyzed the following MR imaging parameters: signal intensity, contrast enhancement, lesion
margins (well-defined versus ill-defined), lesion location (deep/superficial lobe), growth pattern (focal,
multifocal, or diffuse), and extension into neighboring structures, perineural spread, and lymphadenopathy.

RESULTS: The 57 (68%) benign and 27 (32%) malignant tumors consisted of 29 pleomorphic adeno-
mas, 17 Warthin tumors, 11 various benign tumors, 5 mucoepidermoid carcinomas, 3 adenoid cystic
carcinomas, 1 acinic cell carcinoma, 1 carcinoma ex pleomorphic adenoma, 9 metastases, and 8
various malignant neoplasms. Specific signs predictive of malignancy were the following: T2 hypoin-
tensity of the parotid tumor (P = .048), ill-defined margins (P = .001), diffuse growth (P = .012),
infiltration of subcutaneous tissue (P = .0034), and lymphadenopathy (P = .012).

CONCLUSIONS: Low signal intensity on T2-weighted images and postcontrast ill-defined margins of a

parotid tumor are highly suggestive of malignancy.

ABBREVIATIONS: DWI = diffusion-weighted imaging; FNP = fine-needle puncture; ROC = receiver
operating characteristic analysis; SENSE = sensitivity encoding; 1-SPEC = 1-specificity; S| = signal
intensity; TIRM = turbo inversion-recovery magnitude; TSE = turbo spin-echo

P arotid tumors are uncommon neoplasms that account for
approximately 3% of all head and neck tumors." Local
excision or superficial parotidectomy are established surgical
procedures for patients with benign lesions; with malignant
tumors, the patients usually undergo total parotidectomy,
with potential sacrifice of the facial nerve. Clinical findings
have limitations in diagnosing malignant parotid neoplasms:
Only a few clinical symptoms, such as facial nerve palsy, allow
the diagnosis of malignancy, and most parotid tumors grow
slowly, whether benign or malignant. Therefore, preoperative
imaging has assumed a major role in surgical planning for
assessing the location and malignancy of the tumor. It is useful
to understand typical MR imaging features of parotid tumors,
which have been reported with respect to SI characteristics.”>*
The purpose of our study was to critically assess our experi-
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ence in 84 consecutive patients to detect specific imaging find-
ings, on conventional MR imaging, predictive of malignancy.
Furthermore, our study aimed to describe the distribution of
lesions and the typical MR imaging appearances for various
parotid tumors in our cohort.

Materials and Methods

Patient Characteristics and Distribution of Tumors in
this Cohort

Ninety-nine consecutive patients with clinical suspicion of parotid
tumors underwent cross-sectional imaging at our institution between
November 2004 and January 2009. Eighty-four patients underwent
MR imaging; the remaining 15 patients underwent CT (MR imaging
contraindication) for surgical planning. Only those 84 patients (41
females, 43 males; median age, 56 years; range, 9—85 years) who un-
derwent MR imaging were prospectively included in the present study
and retrospectively analyzed. Indications for surgery were assessed by
the ear, nose, and throat surgeon of our hospital. All tumors were
surgically resected and histologically classified. The local ethics com-
mittee approved the study.

MR Imaging

After exclusion of contraindications, all patients gave their written
informed consent to undergo MR imaging of the neck. A 1.5T MR
imaging unit (Magnetom Sonata; Siemens, Erlangen, Germany) with



a neck coil (CP Neck Array; Siemens) was used for imaging. The
standard MR imaging neck protocol included 7 sequences from the
base of the skull to the apex of the lung, and the examination time did
not exceed 1 hour. The parameters were the following—a coronal
TIRM sequence: TR, 5620 ms; TE, 28 ms; section thickness, 4 mmy;
distance factor, 30%; FOV, 340 mm; resolution, 512; voxel size, 1.3 X
0.7 X 4.0 mm; an axial TIRM sequence: TR, 4000 ms; TE, 20 ms;
section thickness, 3 mm; distance factor, 20%; FOV, 280 mm; resolu-
tion, 512; voxel size, 1.1 X 0.5 X 3.0 mm; an axial T2-weighted TSE
sequence: TR, 3930 ms; TE, 76 ms; section thickness, 3 mm; distance
factor, 20%; FOV, 280 mm; resolution, 512; voxel size, 1.1 X 0.5 X 3.0
mm; an axial T1-weighted TSE sequence: TR, 687 ms; TE, 12 ms;
section thickness, 3 mm; distance factor, 20%; FOV, 280 mm; resolu-
tion, 512; voxel size, 1.1 X 0.5 X 3.0 mm; an axial gadolinium-en-
hanced T1 TSE fat-saturated sequence; TR, 693 ms; TE, 12 ms; section
thickness, 3 mm; distance factor, 20%; FOV, 280 mm; resolution, 512;
voxel size, 1.1 X 0.5 X 3.0 mm; a coronal gadolinium-enhanced T1
TSE fat-saturated sequence: TR, 693 ms; TE, 12 ms; section thickness,
4 mm; distance factor, 30%; FOV, 340 mm; resolution, 512; voxel size,
1.3 X 0.7 X 4.0 mm; and a sagittal gadolinium-enhanced T1 TSE
fat-saturated sequence: TR, 693 ms; TE, 12 ms; section thickness, 4
mm; distance factor, 30%; FOV, 340 mm; resolution, 512; voxel size,
1.3 X 0.7 X 4.0 mm.

Image Analysis

Two board-certified radiologists (subspecialized in head and neck
radiology) evaluated the MR images on a PACS workstation (Philips
Medical Systems, Best, the Netherlands) by consensus. Image findings
are classified in the On-line Table.

SI on T1-weighted images was judged as low (hypointense) when
the SI of the parotid tumor was equal to or lower than the SI of
muscles, moderate (hyperintense) when the SI was brighter than
muscle, and strong (highly hyperintense) when the ST was closer to the
SI of fatty tissue than of muscle. T2-weighted and TIRM characteris-
tics were reported as low (hypointense) when the SI of the tumor was
lower than that of parotid tissue, moderate (hyperintense) when the
SI was equal to or brighter than that of normal parotid tissue, and
strong (highly hyperintense) when the SI was closer to that of water
(CSF) than of parotid tissue. For heterogeneous lesions, the SI of the
portion representing >50% of the tumor was used to classify the SI.
Enhancement of the tumor was divided into low (equal or less en-
hancement than muscle), intermediate (more enhancement than
muscle, similar to normal parotid tissue), and strong (more enhance-
ment than parotid tissue, like vessels).

Furthermore, the tumor appearance was classified into homoge-
neous and heterogeneous, on both pre- and postcontrast sequences.
The tumor was classified as inhomogeneous when >10% of the tu-
mor had a different ST on T2- or T1-weighted images after intrave-
nous contrast administration. The lesion border was classified as well-
defined and ill-defined on both pre- and postcontrast imaging. When
the border was blurred or ill-defined at only 1 point, the whole border
was deemed ill-defined. The lesion growth pattern was graded into
focal, multifocal, and diffuse (involving the entire parotid gland).
Appearance was classified into polylobulated (convex outpouchings)
and cystic/necrotic, with the latter defined as an area without en-
hancement. We assessed the following lesion locations: unilateral,
bilateral, superficial lobe, parotid tail, deep lobe, or both lobes. A
virtual line drawn from the lateral border of the posterior belly of the
digastric muscle and the retromandibular vein to the lateral edge of

the mandible was used for locating the superficial and deep lobes.'*®

The approximate tumor volume was calculated by using the product
of tumor length, width, and depth and the multiplication factor /6.

Infiltration of surrounding tissue was classified as extension into
the subcutaneous tissue, skin, masticator space, or mandible. Infiltra-
tion was confirmed by visualization of a T1 hypointense enhancing
mass. Perineural spread was defined as an enhancing mass along cra-
nial nerve V and VII. Lymphatic spread was defined as a visualized
lymph node with a longitudinal diameter of >12 mm'? and a short-
axis diameter of >10 mm or with visualized necrosis. All nodal sta-
tions of the neck were searched.

Performance of Radiologists

The blinded readers stratified the tumors into malignant and benign
and tried to make the histologic diagnosis in consensus on the basis of
their knowledge and experience (10 and 5 years of experience in head
and neck MR imaging).

Statistical Analysis

Each MR imaging finding among benign parotid tumors was com-
pared with those in malignant tumors by the Fisher exact test, except
for patient age and the volume of the tumor, which were compared by
the Wilcoxon rank sum test. An MR imaging finding with a P value
< .05 (2 SD) was considered significant. MR imaging signs with P
values = .05 were rated as not significant. P values between .05 and .32
(1 SD) were considered indicative of a certain tumor. Radiologic per-
formance was reported as the sensitivity and specificity for malignant
tumors and the percentage of correct diagnoses. Furthermore, MR
imaging findings of the most frequent histologic entities were com-
pared with the rest of the tumors by the same statistical analysis, to
define typical signs for each tumor. ROCs were calculated for signif-
icant numeric values like patient age and tumor volume.

Results

Patients: Distribution of Tumors

The consecutive sample of 84 clinical tumors consisted of 57
(68%) benign and 27 (32%) malignant tumors. Of the benign
entities, there were 29 (34%) pleomorphic adenomas, 17
(20%) Warthin tumors, 3 (4%) granulomatous inflamma-
tions, and 8 (10%) various tumors, including 3 oncocytomas,
2 intraductal papillomas, 1 basal cell adenoma, 1 schwan-
noma, and 1 epidermoid cyst. The 27 malignant tumors con-
sisted of 5 (6%) mucoepidermoid carcinomas, 3 (4%) adenoid
cystic carcinomas, 1 (1%) acinic cell carcinoma, 1 (1%) carci-
noma ex pleomorphic adenoma, 2 (2%) adenocarcinomas
and 2 (2%) lymphomas, 1 (1%) myoepithelial carcinoma,
1 (1%) Ewing sarcoma, 1 (1%) undifferentiated carcinoma,
1 (1%) salivary duct carcinoma, and 9 metastases (11%, com-
prising 5 squamous cell carcinomas of the skin, 3 melanomas,
1 thyroid cancer).

MR Imaging Findings

A low SI on T2-weighted images was significantly more likely
in malignant than in benign tumors (P = .048): Twenty-six
percent of malignant cases and only 9% of benign tumors
showed a hypointense mass on T2-weighted images (Fig 1,
On-line Table). Conversely, a tumor that showed strong SI on
T2-weighted images was likely benign (P = .038). The best MR
imaging finding for differentiating malignant from benign tu-
mor was an ill-defined margin after intravenous contrast ad-
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Fig 1. Low Sl on axial T2-weighted images as a sign of malignancy. A, Non-Hodgkin lymphoma of a 44-year-old male patient. B, A 76-year-old man with parotid infiltration of a squamous
cell carcinoma of the skin. C, Myoepithelial carcinoma of a 54-year-old female patient in the deep parotid lobe. D, Adenoid cystic carcinoma of a 54-year-old woman.

ministration (Fig 2): Fifty-nine percent of malignant tumors
and only 21% of benign entities showed ill-defined borders
(P = .001). Before contrast administration, ill-defined or
blurred borders of malignant tumors were a little less obvious
(P = .016). Malignant tumors typically showed a diffuse (P =
.012) or multifocal (P = .031) growth pattern, with infiltration
of the subcutaneous tissue (P = .003) and the masticator space
(P = .012). Subcutaneous tissue infiltration appeared in 33%
of malignant tumors and in only 7% of benign lesions. Fre-
quently malignant tumors showed perineural spread (P =
.003, Fig 3), and lymphadenopathy (P = .012) occurred in
22% of malignant lesions versus only 4% of benign tumors.
Benign tumors had a predilection for the superficial parotid
lobe (P = .005), with malignant lesions tending to arise in the
deep lobe or in both lobes (P = .081 or .048).

The tumor volume and patient age did not significantly
correlate with benignity, though there was a tendency for be-
nign tumors to appear at an earlier age (P = .069). The median
age of patients with benign tumors was 55 years (mean, 51
years; range, 14—81 years) compared with 61 years for malig-
nant tumors (mean, 57 years; range, 9—85 years). The ROC
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predicted the highest accuracy for detection of malignancy ata
cutoff age of older than 47 years but still only reached a sensi-
tivity of 78% with a specificity of 44%. There was no sex pref-
erence in benign or malignant tumors.

Cystic/necrotic areas did not help distinguish malignant
from benign tumors, being present in even more benign
(54%) than malignant tumors (41%, P = .35). The highest
accuracies for prediction of malignant tumors were found for
perineural spread and subcutaneous tissue infiltration (both
74%, On-line Table), followed by ill-defined borders after
contrast administration (73%), and low SI on T2-weighted
images (70%). While the first 2 mentioned MR imaging find-
ings had low sensitivities (19% and 33%, respectively) com-
pared with high specificities (100% and 93%, respectively), the
feature “ill-defined border postcontrast” reached a sensitivity
of 59% with a specificity of 79%.

Performance of Radiologists

In prediction of malignancy, the 2 readers reached a sensitivity
0f 67% and a specificity of 81% in consensus reading (On-line
Table). A large difference was found in the correctness of the



Fig 2. Ill-defined margins as a sign of malignancy. A, Warthin tumor with a well-defined border on axial T2-weighted imaging (arrows) in a 66-year-old man. B, Postcontrast T1-weighted
imaging of Warthin tumor (arrows). C, lll-defined margin (arrows) of a mucoepidermoid carcinoma in a 61-year-old male patient with SI similar to that in the Warthin tumor (A). Note the
low Sl on the T2-weighted image, which is also a malignant predictor. D, Postcontrast T1-weighted image of the ill-defined mucoepidermoid carcinoma (arrows).

Fig 3. Undifferentiated carcinoma with perineural spread in a 43-year-old male patient. A, T1-weighted image shows perineural spread along the auriculotemporal (thin white arrow) branch
of trigeminal nerve VIII, the facial nerve (black arrow), and the superficial branch of the facial nerve (thick white arrow). B, T1-weighted image of the same patient, a caudal view of image
A. Note the longitudinal spread along the auriculotemporal (thin white arrow) and facial nerves: backward spread (black arrow) toward the stylomastoid foramen and forward spread along
the superficial branch (thick white arrow).
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Typical appearance of parotid tumors

P Value,
Fisher
Tumor Appearance Exact Test
Pleomorphic adenoma Strong enhancement .000026
Defined boarders .0018
Polylobulated .0024
Superficial lobe .0045
Age, =57 yr°® 015
High SI T2-weighted ++ .022
Warthin tumor Parotid tail .0103
Moderate SI TIRM + 013
Low enhancement .015
Mucoepidermoid carcinoma Low SI T2-weighted .019
Volume =1350 mm3 037°
Adenoid cystic carcinoma Low SI T2-weighted .0499
Metastases Subcutaneous infiltration .0012
Perineural spread .0056
Ill-defined margins .0092
Diffuse growth pattern 011
Multifocal .014
Located in both lobes .016
Moderate S| T2-weighted .016

@ Cutoff age and volume by ROC.
b Wilcoxon rank sum test.

tumor diagnosis (pathologic entity) between the benign and
malignant group: Seventy percent of diagnoses of the benign
cases and 37% of the malignant tumors were correct.

Typical MR imaging findings for the most frequently en-
countered parotid tumors in our cohort are listed in the Table.

Discussion

Among the well-known imaging findings that favor malig-
nancy">>!'%1>1%2! from the current experience, “ill-defined
margins postcontrast” was the single best discriminator with
the lowest P value of .001.

Furthermore, our study confirms that T2 hypointensity of
a parotid tumor is a useful indicator for malignancy (P =
.048).%° This finding has been previously linked to highly cel-
lular tumors.>'*?" A simple malignancy test can be done by
noting the presence of either T2 hypointensity or ill-defined
margins postcontrast. The sensitivity and specificity of this
simple MR imaging malignancy test are 0.70 and 0.73, respec-
tively, which is very comparable with the original radiologic
malignancy prediction (sensitivity of 0.67 and specificity of
0.81). Infection and inflammatory disease, particularly gran-
ulomatous inflammation, are very important differential di-
agnoses to consider because with inflammation, the edema-
tous blurred lesional borders and diffuse involvement of the
parotid gland mimic malignant tumor. Usually, inflammatory
diseases display high SI on T2-weighted images, though
chronic stages may have a somewhat lower SI.

The predilection of deep lobe involvement was only indic-
ative but not significant for malignancy in our setting, because
inflammatory disease and some benign tumors, like schwan-
noma and Warthin tumors, also affected the deep lobe. Be-
cause a schwannoma is located centrally along the facial nerve
(VII), it may easily extend into both lobes. However, involve-
ment of both lobes was significant for malignant lesions, like
the superficial lobe affinity seen with benign tumors. Cystic/
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necrotic areas were not statistically significant for the diagno-
sis of malignant tumors because there was a high prevalence of
cystic/necrotic regions in benign tumors like Warthin tumor
or pleomorphic adenoma.

For determination of benign disease, a strong SI on T2-
weighted images, well-defined borders, and a location in the
superficial lobe were significant MR imaging findings for be-
nignity. The degree of tumor enhancement after contrast ad-
ministration did not help to distinguish benign from malig-
nant tumors, though there was a tendency toward strong
enhancement of benign tumors (P = .16).

The high SI on T2-weighted images of pleomorphic ade-
noma and their strong enhancement after contrast adminis-
tration are well-known specific MR imaging findings, shown
to be consistent with fibromyxoid stroma.>® Furthermore, a
polylobulated margin and younger patient age (<57 years)
proved to be additional specific features for pleomorphic ad-
enoma. From the previously described typical MR imaging
findings of Warthin tumor,”>°'* our study confirmed the
typical findings of heterogeneity of the tumor, moderate SI on
TIRM images, absence of strong enhancement, and a location
in the parotid tail. However, older age, bilaterality, and male
predominance did not show a significant association with
Warthin tumor. One explanation for the decreasing male pre-
dominance may be the growing number of female smokers,
because smoking is one of the main risk factors for developing
Warthin tumor.*”?® As stated above, mucoepidermoid carci-
noma has been previously described as a solid mass with cystic
components (low-grade type) or an infiltrating lesion (high-
grade type).>>'® In our study, the single best MR imaging
finding for mucoepidermoid carcinoma and also for adenoid
cystic carcinoma was a low SI on T2-weighted images.

Sonography as a first line of investigation is particularly
advantageous for assessing submandibular glands because
they are superficial structures. The disadvantage of sonogra-
phy is that it is operator-dependent, and assessment of deep
structures, such as the deep lobe of the parotid gland and the
relationship to the facial nerve, is suboptimal.**°

The role of CT in assessing salivary gland tumors is limited.
CT evaluates cortical mandibular involvement better and the
presence of calculus disease in sialadenitis (which may mimic
a tumor). MR imaging is superior in defining tumor charac-
teristics and extension, particularly perineural spread.*® It is
especially useful when imaging is performed for suspected
pleomorphic adenoma, because these lesions are typically hy-
perintense on the T2-weighted sequences and may be invisible
on CT.*® The drawbacks of MR imaging include the higher
cost and longer examination time. Recently, new MR imaging
techniques such as DWI and proton MR spectroscopy have
shown promising results in the differentiation between benign
and malignant salivary gland tumors.’' > However, the good
DWI results for differentiating benign from malignant parotid
gland lesions in 45 histologically proved tumors>* could not be
confirmed by the same group in a larger scale study evaluating
136 parotid tumors.*> Although DWI was able to differentiate
pleomorphic adenomas and myoepithelial adenomas from all
other entities, a final differentiation between benign and ma-
lignant parotid gland tumors based on apparent diffusion co-
efficient values was not possible due to an overlap between the
group of benign and malignant lesions and between groups.”



Limitations

We observed rare lesions, such as acinic cell carcinoma and
granulomatous inflammation, which showed typical imaging
appearances but which statistically could not be distinguished
from other tumors. This result is likely related to the very small
number of these lesions in our cohort, limiting statistical
evaluation.

Because our study was designed for evaluation of the pa-
rotid gland and neck by using a standard neck MR imaging
protocol, hematogenous spread of parotid tumors was not as-
sessed, because the presence of hematogenous spread is rare
and not an issue. Likewise, our standard protocol did not in-
clude dynamic contrast-enhancement and DWI sequences,
which could add additional discriminatory information re-
garding tumor physiology. Nevertheless, as previously men-
tioned, recent studies also showed that DWI is not able to
predict malignancy.’® Future studies have to assess combined
DWTI and standard MR imaging.

Conclusions

Most benign and malignant parotid lesions can be discrimi-
nated by their appearance on MR imaging using a standard
neck protocol before and after contrast medium administra-
tion. Low SI on T2-weighted images is a useful indicator for
malignancy (P = .048). The presence of either T2 hypointen-
sity or ill-defined margins after contrast administration can be
asimple MR imaging malignancy test for parotid tumors, with
a sensitivity and specificity of 0.70 and 0.73, respectively.
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