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Introduction

Warthin’s tumor, also known as adenolymphoma, cystad-
enolymphoma, or papillary cystadenoma lymphomatosum, 
is the second most common tumor of the salivary glands. 
It primarily affects male patients during the sixth and sev-
enth decades of life. Its etiology is unknown, but there is 
a strong association with cigarette smoking. It is almost 
exclusively restricted to the parotid gland and the peripa-
rotid lymph node. The great majority of these tumors are 
located in the lower pole of the parotid gland. It presents 
multifocally in 21–38% of cases and bilaterally in 6–29% 
of cases [1, 2].

Oncocytoma, also known as oncocyticadenoma or 
oxyphilicadenoma, is a rare benign epithelial tumor 
accounting for about 1% of all salivary gland neoplasms. 
It usually presents in elderly patients in the sixth to eighth 
decades of life, and there is no gender predilection. It 
occurs most commonly in the parotid gland and the remain-
ing arises in the submandibular gland. About 20% of 
patients with oncocytoma have a history of radiation expo-
sure 5 or more years before tumor discovery. The incidence 
of bilateral oncocytoma is about 7% [3], often distributed 
in both the superficial and deep lobes.

In evaluating neoplasms of the salivary gland, it is well 
known that the accumulation of 99mTc-pertechnetate is 
almost pathognomonic of Warthin’s tumor and oncocy-
toma. Although many previous articles have reported MR 
imaging findings, including diffusion-weighted (DW) 
imaging of Warthin’s tumor [4–6] and oncocytoma [7–9], 
we failed to find any reports comparing MR imaging 
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findings of Warthin’s tumor and oncocytoma. Therefore, 
the purpose of this study was to evaluate the differences 
in MR imaging findings including DW imaging between 
Warthin’s tumor and oncocytoma.

Materials and methods

Patients

The present study was approved by the human research 
committee of the institutional review board of our hospital, 
and complied with the guidelines of the Health Insurance 
Portability and Accountability Act of 1996. The require-
ment for informed consent was waived due to the retro-
spective nature of this study. We searched the electronic 
medical records at our university hospital for patients with 
histopathologically proven Warthin’s tumor or oncocytoma 
of the parotid gland who had undergone preoperative MR 
imaging, including DW imaging between June 2006 and 
August 2016. We found 48 patients with Warthin’s tumor 
and 4 patients with oncocytoma. However, 7 patients with 
purely cystic Warthin’s tumor were excluded from this 
study.

In total, 41 patients with Warthin’s tumor (age range, 
45–83 years; mean age, 63.8 years; 36 men and 5 women) 
and 4 patients with oncocytoma (age range, 49–78  years; 
mean age, 64.3  years; 4 women) were included in this 
study. Although 10 patients with Warthin’s tumor had mul-
tifocal or bilateral tumors, only MR images of the largest 
tumors were assessed. All patients with oncocytoma had a 
solitary tumor. Thus, 41 Warthin’s tumors and 4 oncocy-
tomas were evaluated in this study. The histopathological 
diagnosis of 30 Warthin’s tumors and 4 oncocytomas was 
established by surgical excision, and 11 Warthin’s tumors 
were diagnosed by biopsy. Patients’ characteristics are 
summarized in Table 1.

MR imaging

A 1.5-T MR imaging system (Intera Achieva 1.5 T Pulsar, 
Philips Medical Systems, Best, the Netherlands) was used. 
Transverse MR images were obtained using the parallel 
imaging technique at 4-mm section thickness with 1-mm 
intersection gap. Non-fat suppressed T1-weighted spin-echo 
(TR/TE, 620–827/9–15  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, 4102–5710/90 ms; imaging matrices, 512 × 512; field 
of view, 20 × 20 cm, parallel imaging factor, 1.5), and DW 
short-tau inversion recovery (STIR) single-shot spin-echo 
echo-planar (TR/TE/TI, 5490/72/170 ms; imaging matrices, 
256 × 256; field of view, 40 × 40 cm; b-value, 0 and 1000 s/
mm2; parallel imaging factor, 1.8) images were obtained.

18F‑fluorodeoxyglucose (FDG) PET/CT

Whole-body PET/CT (Biograph Sensation 16; Siemens 
Medical Solutions, Malvern, PA, USA) from the skull to 
mid-thigh was performed for 9 patients with Warthin’s 
tumor and 3 patients with oncocytoma. Briefly, after at least 
4 h of fasting, patients received an intravenous injection of 
18F-FDG (185  MBq). Blood glucose levels were checked 
in all patients before FDG injection, and no patient had a 
blood glucose level greater than 150 mg/dl. Approximately 
60  min after FDG injection, CT and subsequent whole-
body PET were performed.

Technical parameters of the 16-row multidetector CT 
were; a gantry rotation speed of 0.5  s, a table speed of 
24 mm per gantry rotation, and quiet-breathing data acqui-
sition. Transverse images were reconstructed with 2-mm 
section thickness and no overlap. Oral or intravenous con-
trast agent was not used for CT. PET had an axial view 
of 16.2  cm per bed position with an intersectional gap 
of 3.75  mm in one bed position, which necessitated data 
acquisition in six or seven bed positions. Axial PET images 
were obtained using an imaging matrix of 256 × 256 and a 
field of view of 50 × 50 cm.

Image assessment

A radiologist with 17  years of post-training experience 
in head and neck imaging reviewed all MR images. The 
reviewer was unaware of patient names, laboratory results, 
other imaging findings, or final diagnoses.

For the quantitative measurements, the reviewer meas-
ured the maximum and minimum diameters of the parotid 
gland tumors. If the parotid gland tumors were multifo-
cal or bilateral, only the largest parotid gland tumor was 
assessed. Subsequently, the reviewer defined the regions 

Table 1   Patient characteristics

Characteristics Warthin’s tumor Oncocytoma

Number of patients 41 4

Age (year)

 Range 45–83 49–78

 Mean 63.8 64.3

Gender

 Male 36 0

 Female 5 4

Reference standard

 Tumorectomy 30 4

 Biopsy 11 0
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of interest (ROIs) and recorded the MR signal intensities. 
ROIs were placed as broadly as possible in the solid compo-
nents of the tumors while excluding cystic components. The 
reviewer also measured signal intensities of the spinal cord 
at the same level as the tumors and calculated the tumor-
to-spinal cord signal intensity ratios (SIRs). Apparent diffu-
sion coefficient (ADC) values [×10−3 mm2/s] were meas-
ured on ADC maps by placing ROIs over the tumors. ROIs 
were placed to encompass lesions as much as possible while 
avoiding cystic components by referring to the T2-weighted 
images. For the semi-quantitative analysis of FDG uptake, 
the reviewer determined the maximum standardized uptake 
value (SUVmax) of each lesion.

For the qualitative assessments, the reviewer evaluated 
the number (solitary or multiple) and laterality (hemilat-
eral or bilateral) of the parotid gland tumors. In the largest 
parotid gland tumors, the location (upper/mid pole or lower 
pole) of the parotid glands and the presence of intratumoral 
cystic components were also assessed.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 22.0 (SPSS, Inc, an IBM Company, Chicago, Illinois, 
USA). The Mann–Whitney U test was used to compare the 
size, MR signal intensities, ADCs, and SUVmax between 
Warthin’s tumors and oncocytomas. The chi-square test 
and Fisher’s exact test were performed to compare the fre-
quency of the multiplicity, bilaterality, location, and intra-
tumoral cysts of the tumors between the two pathologies. 
Null hypotheses of no difference were rejected if p-values 
were less than 0.05.

Results

The quantitative measurements are summarized in Table 2 
and Fig. 1. No significant differences were found between 

Warthin’s tumors and oncocytomas regarding the maximum 
tumor diameter (22.4 ± 8.5 vs 14.8 ± 6.0 mm, p = 0.069), 
minimum tumor diameter (16.2 ± 6.5 vs 10.5 ± 4.4 mm, 
p  =  0.075), and ratios of maximum to minimum diam-
eters (1.41 ± 0.23 vs 1.42 ± 0.12, p = 0.577). The SIRs 
on T2-weighted images (0.92  ±  0.18 vs 0.65  ±  0.13, 
p  <  0.01) and those on DW images (1.24  ±  0.42 vs 
0.43 ±  0.16, p  <  0.001) were higher in Warthin’s tumors 
than in oncocytomas (Figs.  2, 3). ADCs (0.79  ±  0.11 
vs 1.06 ±  0.06 ×  10−3  mm2/s, p  <  0.001) were lower in 
Warthin’s tumors than in oncocytomas (Figs. 2, 3). No sig-
nificant differences were found between Warthin’s tumors 
and oncocytomas regarding the SIRs on T1-weighted 
images (1.09 ± 0.12 vs 0.99 ± 0.07, p = 0.051) and SUV-
max (8.22 ± 3.86 vs 8.11 ± 1.33, p = 0.864).

The qualitative imaging findings are summarized in 
Table 3. The location of lower pole (88 vs 25%, p < 0.05) 
was more frequent in Warthin’s tumors than in oncocy-
tomas. No significant differences were found between 
Warthin’s tumors and oncocytomas regarding the fre-
quency of multiplicity (24 vs 0%, p = 0.351), bilaterality 
(12 vs 0%, p = 0.613), and intratumoral cysts (37 vs 0%, 
p = 0.184).

Discussion

In the imaging for autoimmune and inflammatory dis-
ease of the salivary gland, 99mTc-pertechnetate scintigra-
phy may be useful for assessing salivary gland function. 
In evaluating salivary gland neoplasms, the accumula-
tion of 99mTc-pertechnetate is almost pathognomonic 
of Warthin’s tumor and oncocytoma. Because 99mTc-
pertechnetate retention within Warthin’s tumor is well dif-
ferentiated from the normal parotid gland, which drains 
99mTc-pertechnetate after gustatory stimulation, 99mTc-
pertechnetate scintigraphy with gustatory stimulation is 
useful for the detection and differentiation of Warthin’s 

Table 2   Quantitative 
measurements of Warthin’s 
tumor and oncocytoma

Data are shown as the mean ±1 standard deviation

* The value of Warthin’s tumors was significant higher than those of oncocytomas (p < 0.01)

** The value of Warthin’s tumors was significant lower than those of oncocytomas (p < 0.01)

Warthin’s tumor (n = 41) Oncocytoma (n = 4) p value

Maximum diameter (mm) 22.4 ± 8.5 14.8 ± 6.0 0.069

Minimum diameter (mm) 16.2 ± 6.5 10.5 ± 4.4 0.075

Tumor-to-spinal cord signal intensity ratios

 T2-weighted images 0.92 ± 0.18 0.65 ± 0.13 0.006*

 T1-weighted images 1.09 ± 0.12 0.99 ± 0.07 0.051

 Diffusion-weighted images 1.24 ± 0.42 0.43 ± 0.16 0.000*

ADC values (×10−3 mm2/s) 0.79 ± 0.11 1.06 ± 0.06 0.000**

SUVmax 8.22 ± 3.86 8.11 ± 1.33 0.864
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tumor [10, 11]. Reports suggest that the degree of uptake 
in Warthin’s tumor on 99mTc-pertechnetate scintigraphy 
after gustatory stimulation depends on the tumor size 
[2, 12], histologic subtype [12], and presence of large 
cystic components [2]. The increased concentrations of 
99mTc-pertechnetate have also been observed in oncocy-
tomas [13]. Warthin’s tumor and oncocytoma concentrate 
pertechnetate because they originate from the salivary 
duct epithelium [14].

Pleomorphic adenomas are the most common parotid 
gland tumors, and their characteristic MR imaging findings 
have been previously reported. On T2-weighted images, 
pleomorphic adenoma is typically demonstrated as a hyper-
intense lesion with lobulated contours. On DW imaging, 
ADCs of pleomorphic adenomas were significantly higher 
than those of all other entities, except for myoepithelial 
adenomas [6]. In addition, pleomorphic adenoma does not 
retain 99mTc-pertechnetate, in contrast to Warthin’s tumor 

Fig. 1   Box and whisker plots 
showing quantitative measure-
ments of SIRs on T2-weighted, 
T1-weighted, and DW images, 
and ADCs of the two patholo-
gies. Boundary of boxes closest 
to zero indicates 25th percen-
tile, line within boxes indicates 
median, and boundary of boxes 
farthest from zero indicates 75th 
percentile. Error bars indicate 
smallest and largest values 
within 1.5 box lengths of 25th 
and 75th percentiles. Outliers 
are represented as individual 
points. a SIRs on T2-weighted 
images were higher in Warthin’s 
tumors (0.92 ± 0.18) than in 
oncocytomas (0.65 ± 0.13) 
(p < 0.01). b No signifi-
cant differences were found 
between Warthin’s tumors 
(1.09 ± 0.12) and oncocytomas 
(0.99 ± 0.07) regarding the 
SIRs on T1-weighted images 
(p = 0.051). c SIRs on DW 
images were higher in Warthin’s 
tumors (1.24 ± 0.42) than in 
oncocytomas (0.43 ± 0.16) 
(p < 0.001). d ADCs were 
lower in Warthin’s tumors 
(0.79 ± 0.11 × 10−3 mm2/s) 
than in oncocytomas 
(1.06 ± 0.06 × 10−3 mm2/s) 
(p < 0.001)
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and oncocytoma. Therefore, MR imaging or 99mTc-pertech-
netate scintigraphy can usually differentiate pleomorphic 
adenoma from Warthin’s tumor and oncocytoma. How-
ever, 99mTc-pertechnetate scintigraphy cannot discriminate 
between Warthin’s tumor and oncocytoma.

Because malignant transformation of Warthin’s tumors 
is extremely rare, occurring in only 0.3% [15], a limited 
partial parotidectomy is the recommended treatment for 
Warthin’s tumor. If reliable cytologic reporting is available, 
conservative management of Warthin’s tumors is also con-
sidered appropriate for patients with significant comorbidi-
ties, making anesthesia high risk [16]. In contrast, because 
the recurrence rate of oncocytoma has been reported to be 
20–30% in incomplete excision or multinodularity cases 

[8], complete surgical excision is the treatment of choice 
for oncocytoma. In addition, oncocytic carcinomas are usu-
ally seen in association with a pre-existing oncocytoma 
[17]. Therefore, we emphasize the clinical significance 
of differential diagnosis between Warthin’s tumor and 
oncocytoma.

Warthin’s tumor is characterized by male predominance 
and lower pole location of parotid glands. However, an 
increase in the number of females over time and a decrease 
in the male–female ratio were observed [18]. One expla-
nation for the decreasing male predominance may be the 
growing number of female smokers, because smoking 
is one of the main risk factors for developing Warthin’s 
tumor [18, 19]. In addition, most Warthin’s tumors involve 

Fig. 2   A 59-year-old man with Warthin’s tumors of the parotid 
gland. a T2-weighted MR image (TR/TE, 4102/90  ms) shows 
a homogeneously isointense lesion (arrow) in lower pole of the 
left parotid gland. b T1-weighted MR image (TR/TE, 779/15  ms) 

shows an isointense lesion (arrow). c DW MR image (TR/TE/TI, 
5490/72/170 ms) shows a strong hyperintense lesion (arrow). d ADC 
map shows low ADC value (0.69 × 10−3 mm2/s) (arrow)
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the lower pole, but 10% are in the deep lobe. Therefore, 
because these clinical characteristics cannot always differ-
entiate Warthin’s tumor from oncocytoma, the differential 
diagnosis by MR imaging is expected.

The solid components of Warthin’s tumor usually dem-
onstrate iso- to hypointensity on T2-weighted images 
because it histopathologically consists of epithelial cells 
and lymphoid stroma with fibrovascular tissue. Most 
Warthin’s tumors vary from partly to predominantly cystic, 
and cystic formation has been reported in 30–60% of cases 
[4, 20]. Various numbers of cystic components filled with 
mucoid or brown fluid in Warthin’s tumor vary in size from 
small slit-like spaces to several centimeters in length and 

Fig. 3   A 49-year-old woman with oncocytoma of the parotid gland. 
a T2-weighted MR image (TR/TE, 4102/90  ms) shows a homo-
geneously hypointense lesion (arrow) in the right parotid gland. b 
T1-weighted MR image (TR/TE, 827/9  ms) shows an isointense 

lesion (arrow). c DW MR image (TR/TE/TI, 5,490/72/170 ms) shows 
a hypointense lesion (arrow). d ADC map shows intermediate ADC 
value (1.05 × 10−3 mm2/s) (arrow)

Table 3   Qualitative imaging findings of Warthin’s tumor and onco-
cytoma

Data are numbers of patients, and numbers in parentheses are fre-
quencies expressed as percentages

* The frequency of Warthin’s tumors was significant higher than 
those of oncocytomas (p < 0.05)

Warthin’s tumor
(n = 41)

Oncocytoma
(n = 4)

p value

Lower pole location 36 (88) 1 (25) 0.014*

Multiplicity 10 (24) 0 (0) 0.351

Bilaterality 5 (12) 0 (0) 0.613

Intratumoral cysts 15 (37) 0 (0) 0.184
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occupy a considerable portion of the entire lesion. Focal 
hyperintense areas of Warthin’s on T1-weighted images 
correspond to areas with accumulations of microscopic 
cysts, containing proteinous fluid with foamy cells, red 
cells, and neutrophils [5].

The solid components of oncocytoma usually demon-
strate hypointensity on T2-weighted images, because it 
histologically consists of solid clusters or cords of tightly 
packed oncocytes separated by thin strands of fibrovascular 
stroma [7, 9]. Oncocytoma shows isointensity to the native 
parotid gland on both fat-suppressed T2-weighted images 
and fat-suppressed contrast-enhanced T1-weighted images 
[7].

Warthin’s tumor might be indistinguishable from 
oncocytoma by traditional cross-sectional imaging alone 
[9]. Multiple or bilateral salivary gland tumors include 
Warthin’s tumor, oncocytoma, basal cell adenoma, acinic 
cell carcinoma, adenoid cystic carcinoma, mucoepidermoid 
carcinoma, and other carcinomas [21]. Although cystic for-
mation is a frequent imaging finding of Warthin’s tumor 
[20], cystic components have been observed in 2 of 10 
oncocytomas on contrast-enhanced CT [22]. In our study, 
although the SIRs on T2-weighted images were higher in 
Warthin’s tumors than in oncocytomas, a considerable 
overlap was found between the two pathologies regard-
ing the SIRs on T2-weighted images. Dynamic contrast-
enhanced MR imaging can distinguish Warthin’s tumor 
from other possible tumors except for oncocytoma [23]. 
Due to the hypervascular nature of Warthin’s tumor, the 
high diagnostic accuracy of arterial spin labeling (ASL) 
allows the differentiation of Warthin’s tumor from malig-
nant tumor and pleomorphic adenoma [24]. However, 
oncocytomas also show a high signal intensity on ASL, 
suggestive of their hypervascular nature [9]. Some benign 
parotid tumors including pleomorphic adenoma, Warthin’s 
tumor, and oncocytoma are known to be FDG avid, which 
decreases the specificity of PET/CT to differentiate malig-
nant from benign parotid tumors [25–27].

DW imaging is useful to differentiate salivary gland 
tumors. However, ADCs alone did not allow the differ-
entiation between benign and malignant salivary gland 
tumors because low ADCs for Warthin’s tumor can over-
lap with those of malignant tumors. Low ADCs have 
been reported for Warthin’s tumor due to the presence of 
epithelial and lymphoid stroma with microscopic slit-
like cysts filled with proteinous fluid [5], and ranged 
from 0.78 to 0.89 ×  10−3 mm2/s [6, 20, 28]. Meanwhile, 
ADCs for oncocytoma are reported to range from 1.0 to 
1.16 × 10−3 mm2/s [8], and from 0.8 to 1.0 × 10−3 mm2/s 
[9]. However, we failed to find any reports comparing 
ADCs for Warthin’s tumor and oncocytoma. In our study, 
the SIRs on DW images were higher in Warthin’s tumors 
than in oncocytomas and ADCs were lower in Warthin’s 

tumors than in oncocytomas. In addition, little overlap was 
found between the two pathologies regarding the SIRs on 
DW images and ADCs. We assumed that the pathological 
characteristics of hypercellular lymphoid stroma with ger-
minal centers in Warthin’s tumor caused stronger diffusion 
restriction.

However, our study had some limitations. First, the 
study population was small, because this study was con-
ducted at a single institution. Because oncocytoma is a rare 
salivary gland tumor, the number of oncocytoma cases was 
especially low. However, in spite of small number of onco-
cytoma cases, significant differences were found between 
Warthin’s tumor and oncocytoma regarding the important 
MR findings for differential diagnosis. Second, we did not 
evaluate contrast-enhanced MR images, because contrast-
enhanced MR imaging had only been performed in 1 of 4 
patients with oncocytoma. Thus, we assessed the presence 
of cystic components on unenhanced MR images. Third, 
the visible solid components of Warthin’s tumor have a 
broad range of MR signal intensity, because the extent of 
the signal intensity reflects the proportion of microcytic 
components and lymphoid stroma. Therefore, we might 
not be able to accurately evaluate solid components of 
Warthin’s tumor on unenhanced MR images.

In conclusion, the localization of lower pole was more 
frequent in Warthin’s tumors than in oncocytomas. The 
SIRs on T2-weighted images and those on DW images 
were higher in Warthin’s tumors than in oncocytomas. 
ADCs were lower in Warthin’s tumors than in oncocyto-
mas. A considerable overlap was found between the two 
pathologies regarding the SIRs on T2-weighted images, 
whereas little overlap was found between the two patholo-
gies regarding the SIRs on DW images and ADCs. If the 
accumulation of 99mTc-pertechnetate is observed in the 
parotid gland tumors, DW imaging with ADC measure-
ments would be useful for the differentiation of Warthin’s 
tumor from oncocytoma of the parotid gland.
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