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Abstract
Purpose We investigated PET/CT diagnostic criteria for
differentiating benign from malignant parotid lesions with
focal 18F-FDG uptake.
Methods The subjects of the study were 272 patients who
exhibited focal 18F-FDG uptake of the parotid gland. Sixty-
eight pathologically confirmed parotid lesions from 67
patients were included. The maximum SUV (SUVmax),
uptake patterns (homogeneous vs. heterogeneous), size
measured by CT, maximum Hounsfield units (HUmax)
and margins on CT (well vs. ill defined) of each parotid
lesion on PET/CT images were compared with final
diagnoses.
Results Thirty-two parotid lesions were histologically proven
to be malignant. There were significant differences in uptake
patterns (cancer incidence, heterogeneous:homogeneous0
79.2%:29.5%, p<0.0001) and margins on CT (cancer inci-
dence, ill:well defined084.4%:13.3%, p<0.0001) between
benign and malignant lesions. The cancer risks of parotid
lesions were 89.5% with heterogeneous uptake and ill-
defined margins, 70.6% with heterogeneous uptake or ill-
defined margins (no overlap in subjects) and 9.3% with ho-
mogeneous uptake and well-defined margins (p<0.0001).
When any lesion with heterogeneous uptake or ill-defined

margins was regarded as malignant, the sensitivity, specificity,
positive predictive value, negative predictive value and accu-
racy were 90.6% (29/32), 80.6% (29/36), 80.6% (29/36),
90.6% (29/32) and 85.6% (58/68), respectively. For predicting
malignancy, combined PET/CT criteria showed better sensi-
tivity, NPV and accuracy than PET-only criteria, and had a
tendency to have more accurate results than CT-only criteria.
There were no significant differences in SUVmax, size or
HUmax between benign and malignant lesions.
Conclusion Uptake patterns and margins on CT are useful
PET/CT diagnostic criteria for differentiating benign from
malignant lesions.
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Introduction

Parotid gland neoplasms are rare, accounting for less than
3% of head and neck neoplasms [1]. Approximately one-
fourth of all parotid tumors are malignant [2]. Many parotid
neoplasms are considered to be borderline tumors, since
they vary widely in histopathological appearance [3]. The
complexity of parotid gland tumors is well described by the
second revision of the WHO classification of salivary gland
tumors, which includes almost 40 different types of epithe-
lial tumors [4]. Parotid neoplasms exhibit a wide range of
morphologies among individual tumors as well as with-
in individual tumor masses. Therefore, it is difficult to
make precise diagnoses by small incisional biopsies, and it
is necessary to correlate clinical and radiological features [5].

18F-Fluorodeoxyglucose PET/CT (18F-FDG PET/CT) is
highly sensitive for the diagnosis of head and neck neo-
plasms, especially squamous cell carcinoma. However, there
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is controversy about the diagnostic value of 18F-FDG PET
or PET/CT to classify parotid gland neoplasms as benign or
malignant, because benign as well as malignant parotid
tumors frequently have high 18F-FDG uptake [6–9]. In
addition, diffusely and bilaterally increased 18F-FDG uptake
of the parotid glands on PET/CT could either be a normal
variant or may signify underlying inflammation [10].

To overcome these disadvantages, a recent study demon-
strated that combined noncontrast CT is essential for im-
proving the diagnostic accuracy of PET/CT for parotid
masses [11]. However, the resulting low sensitivity and
positive predictive values of less than 60% were problematic
for routine clinical use. Therefore, the optimal PET/CT
criteria for differentiating benign from malignant parotid
lesions have yet to be established. The aim of the present
study was to identify the specific PET/CT criteria that can
help differentiate benign from malignant parotid lesions
with focal 18F-FDG uptake.

Subjects and Methods

Subjects

We conducted a database search of medical records in our
institution to identify patients with focal parotid uptake. A
total of 32,477 patients were evaluated with whole-body
18F-FDG PET/CT from April 2003 to May 2009, including
28,772 patients (88.6%) who were evaluated for assessment
of known or suspected malignancy and 3,705 healthy sub-
jects (11.4%) who received PET scans for cancer screening.
Of the 32,477 patients, 272 (0.8%) had focal 18F-FDG
uptake of the parotid gland. Among these, patients with
previous surgical history because of parotid tumors or with-
out subsequent histological confirmation of focal parotid
uptake were excluded from the analysis. Finally, 68 patho-
logically confirmed focal parotid lesions from 67 patients
(47 men, 20 women; mean age, 61.1±12.8 years; age range,
19–84 years) by aspiration biopsy in 34, gun biopsy in 1,
excision biopsy in 2 and parotidectomy in 31 patients were
included in this study. Among them, 22 underwent PET/CT
studies for suspected parotid tumors. In the remaining 45
patients, focal 18F-FDG uptake of the parotid gland was
incidentally found (44 suspicious or known cases of non-
parotid cancer, 1 for cancer screening). The ethics committee

�Fig. 1 Fused PET/CT image of a 59-year-old female patient with a
mass and pain in the left parotid area demonstrated a hypermetabolic
mass in her left parotid gland (SUVmax04.3) (a). The mass had an ill-
defined margin on the CT image and the border was blurred, and it was
not finely distinguished from normal parotid gland (arrow) (b), and
heterogeneous uptake on PET image (c), which was proven to be
mucoepidermoid carcinoma via left total parotidectomy
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of our institution reviewed and approved the protocol of this
retrospective study.

PET/CT Imaging

All subjects fasted for at least 6 h before PET/CT scans.
Blood glucose levels at the time of injection of 18F-FDG
were lower than 200 mg/dl in all patients. PET/CT scans
were performed on two different dedicated PET/CT scanners
(Discovery LS or Discovery STe, GE Healthcare, Milwaukee,
WI, USA). Among the 67 patients, scans in 42 patients were
performed using the Discovery LS PET/CTscanner, and scans
in 25 patients were performed using the Discovery STe PET/
CT scanner. No intravenous or oral contrast materials were
used. In the Discovery LS scanner, whole-body CT was
performed by a continuous spiral technique using an 8-slice
helical CT (140 KeV, 40–120 mAs adjusted to the patients’
bodyweight, section width of 5 mm) 45min after the injection
of ∼370 MBq 18F-FDG. After the CT scans were complete,
emission scans were obtained from thigh to head for 4 min per
frame in 2D mode. Attenuation-corrected PET images
(voxel size04.3×4.3×3.9 mm) were reconstructed using
CT data by an ordered-subsets expectation maximization
algorithm (28 subsets, 2 iterations). In the Discovery STe
scanner, whole-body CT was performed by a continuous
spiral technique using a 16-slice helical CT (140 KeV, 30–
170 mAs with an AutomA mode, section width of
3.75 mm) 60 min after the injection of 18F-FDG
(5.5 MBq/kg). After the CT scans were complete, emis-
sion scans were obtained from thigh to head for 2.5 min
per frame in 3D mode. Attenuation-corrected PET images
(voxel size03.9×3.9×3.3 mm) were reconstructed using
CT data by a 3D ordered-subset expectation maximization
algorithm (20 subsets, 2 iterations). Commercial software
(Xeleris, GE Healthcare) was used to accurately coregister
the separate CT and PET scan data.

Image Analysis

PET/CT images were visually and semi-quantitatively inter-
preted by two nuclear medicine physicians who reached con-
sensus. We reviewed PET/CT images focusing on abnormal
focal 18F-FDG uptake in the parotid gland. Image interpreta-
tions of focal parotid lesions concentrated on maximum SUV
(SUVmax) and 18F-FDG uptake patterns on the PET images
and size, maximum Hounsfield units (HUmax) and margins
on noncontrast CT images. In this study, focal parotid lesions

�Fig. 2 Incidental focal 18F-FDG uptake (SUVmax018.8) in the left
parotid gland was found in a 75-year-old female subject undergoing
PET/CT for the metastatic evaluation of her stomach cancer (a). The
hypermetabolic parotid mass had a well-defined margin on CT image
(b) and homogeneous uptake on PET image (c), and was proven to be
Warthin’s tumor via fine-needle aspiration biopsy
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were defined as focally increased 18F-FDG uptake on PET
images that could be distinguished from background parotid
gland tissues. SUVmax measurements were acquired
according to attenuation-corrected images, amounts of
injected 18F-FDG, the body weight of each patient, and
cross-calibration factors between the PET and the dose
calibrator. 18F-FDG uptake patterns were defined as homoge-
neous or heterogeneous with SUV 5.0 as an upper window
threshold. Margins were evaluated as well- or ill-defined. If
the focal parotid lesions showed spicular margins, indistinct
borders or invasion into adjacent tissues, they were considered
to have ill-defined margins. If margins clearly showed either
nodular or lobular shapes, they were considered to have well-
defined margins with none of the findings of ill-defined mar-
gins (Figs. 1, 2).

Statistical Analysis

Statistical analyses were performed using a commercial soft-
ware program (PASW Statistics 18, IBM Corp., Somers, NY,
USA). Pearson’s chi-square tests and Mann–Whitney tests
were used to compare PET/CT findings between benign and
malignant focal parotid lesions. P values<0.05 were con-
sidered statistically significant. Numerical data were
expressed as mean ± SD.

Results

Among the 68 focal parotid lesions from the 67 patients, 32
lesions (47%) from 32 patients were histologically proven to
be malignant (metastatic carcinoma in 11, mucoepidermoid
carcinoma in 8, salivary ductal carcinoma in 3, adenocarci-
noma in 3, adenoid cystic carcinoma in 2 and other in 5).
The remaining 36 lesions (53%) from 35 patients were
histologically proven to be benign (Warthin’s tumor in 24,
pleomorphic adenoma in 4, inflammation in 4 and other in
4).

Table 1 compares the clinical and PET/CT findings
between benign and malignant focal parotid lesions.
There were significant differences in 18F-FDG uptake patterns
and margins on CT between benign and malignant parotid
lesions. However, there were no significant differences in
SUVmax, size by CT, and HUmax between benign and ma-
lignant parotid lesions. The risks of malignancy for focal
parotid lesions with heterogeneous 18F-FDG uptake were
higher than homogeneous 18F-FDG uptake [79.2% (19/24)
vs. 29.5% (13/44)], and those for ill-defined CT margins were
higher than for well-defined CT margins [84.4% (27/32) vs.
15.6% (5/32)]. By combining these two PET/CT findings, the
risk of malignancy for focal parotid lesions with both hetero-
geneous 18F-FDG uptake and ill-defined CT margins was
89.5% (17/19), for either heterogeneous FDG uptake or ill-

defined CT margins was 70.6% (12/17), and for both homo-
geneous 18F-FDG uptake and well-defined CT margins was
9.3% (3/32) (p<0.001).

Based on these results, heterogeneous 18F-FDG uptake or
ill-defined CT margins of focal parotid lesions were adopted
as combined PET/CT criteria for diagnosing malignancy. In
four cases, whose CT margins were impossible to evaluate
because of beam-hardening artifact, the 18F-FDG uptake cri-
terion only was applied for the differential diagnosis. When
using these criteria, PET/CT showed a sensitivity of 90.6%
(29/32), specificity of 80.6% (29/36), positive predictive value
of 80.6% (29/36), negative predictive value of 90.6% (29/32)
and accuracy of 85.6% (58/68), respectively, for predicting
malignancy, which showed better sensitivity, NPV and accu-
racy than PET-only diagnostic criteria with sensitivity of
59.4% (19/32, p00.002), NPV of 70.5% (31/44, p00.033)
and accuracy of 73.5% (50/68, p<0.001). There were no
significant differences in specificity (80.6% vs. 86.1%, p0
0.5) and PPV (80.6% vs. 79.2%, p00.895) between combined
PET/CT criteria and PET-only criteria. For predicting malig-
nancy, our combined PET/CT criteria had the tendency to be
more accurate than CT-only diagnostic criteria (85.6% vs.
79.4%, p00.062). There were no significant differences in
sensitivity (90.6% vs. 84.4%, p00.5), specificity (80.6% vs.
84.4%, p00.25), PPV (80.6% vs. 84.4%, p00.68) and NPV
(90.6% vs. 84.4%, p00.45) between combined PET/CT cri-
teria and CT-only criteria.

Table 1 Comparisons of clinical and PET/CT findings between benign
and malignant focal parotid lesions detected on 18F-FDG PET/CT

Benign
(n036)

Malignant
(n032)

P
value

Odds
ratio

Age (years) 65.4±11.3 58.6±11.9 NS

Sex (male/female) 28/8 20/12 NS

Maximum SUV 11.0±7.5 9.1±7.7 NS

Uptake pattern

Homogeneous/
heterogeneous

31/5 13/19 <0.001 9.1

Size by CT (mm) 16.8±7.8a 23.7±1.8b NS

Maximum
Hounsfield units

66.9±1.4c 88.6±7.2d NS

Margin on CT

Well/ill defined 27/5e 5/27 <0.001 35.1

NS not significant
a Seven cases were excluded because of beam-hardening artifacts or
non-visualization on CT
b Three cases were excluded because of beam-hardening artifacts
c Thirteen cases were excluded because of beam-hardening artifacts or
non-visualization on CT
d Seven cases were excluded because of beam-hardening artifacts
e Four cases were excluded because of beam-hardening artifacts or
non-visualization on CT
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We detected three false-negative cases and seven false-
positive cases when applying our combined diagnostic PET/
CT criteria. All of the false-negative cases were metastatic
parotid lesions from other primary malignancies (liver, pan-
creas and lung). The seven false-positive cases included one
abscess, three pleomorphic adenomas and three Warthin’s
tumors. Table 2 shows the 18F-FDG PET/CT findings of
these false-positive cases.

Table 3 shows the differences between primary parotid
malignancies and metastatic parotid lesions; it was signifi-
cantly different in 18F-FDG uptake patterns, size, HUmax
and margins on CT. Among 11 cases of metastatic parotid
lesions, there were no significant differences in SUVmax
(10.2±11.7 vs. 6.4±3.1) and size (15.2±6.9 vs. 11.2±2.0)
between true-positive and false-negative cases according to
our combined diagnostic PET/CT criteria. Our combined
PET/CT criteria are more sensitive in primary parotid malig-
nancies than in metastatic parotid lesions.

Discussion

This study demonstrated that both uptake patterns of 18F-FDG
and margins of focal lesions on CT were essential diagnostic
criteria for differentiating benign from malignant parotid
lesions on PET/CT. Using these combined diagnostic criteria,
PET/CT showed a good diagnostic accuracy of 85.6%, which
was better than PET-only or CT-only diagnostic criteria.

Several studies have addressed the use of 18F-FDG PET for
the differential diagnosis of parotid lesions [6, 7, 9, 11, 12].
However, when PET was used with SUV-based diagnostic
criteria, there was so much overlap between the benign and
malignant lesions that it failed to play a significant role in the
differential diagnosis of benign frommalignant parotid lesions
because of low specificity (31-66%), positive predictive value
(19.1-60%) and accuracy (33-69%) even though sensitivity
was relatively high (75–100%).

This is the first study evaluating the use of both 18F-FDG
uptake patterns and CT margins of focal parotid lesions on
PET/CT for differentiating benign from malignant parotid
lesions. Focal parotid lesions with heterogeneous 18F-FDG
uptake were more likely to be malignant than those with
homogeneous 18F-FDG uptake. The uptake patterns may
change according to the window threshold SUVs of monitors.
For the objective evaluation of uptake patterns, we used a
fixed upper window threshold SUV of 5.0, which is the
standard upper window threshold SUV for routine clinical
PET interpretation in our institute. Intra-tumor 18F-FDG up-
take in cancer cells may be heterogeneous due to several
physiologic parameters such as perfusion, cell proliferation,
tumor viability, aggressiveness, hypoxia or tumor necrosis
[13, 14]. This may explain the good diagnostic results of
uptake patterns observed in our study.

Focal parotid lesions with ill-defined margins on CT
appeared to have higher risks of malignancy than lesions
with well-defined margins on CT, in agreement with the
results of another recently reported study [11]. Infiltrative
growth to surrounding tissues is a hallmark of cancer,
which corresponds to ill-defined margins on CT [15].
Although CT alone may not be able to differentiate
between benign and malignant parotid lesions [16], the

Table 2 18F-FDG PET/CT
findings of seven false-positive
cases

Pathology CT margin Uptake pattern Size (cm) SUVmax

Abscess Ill defined Heterogeneous 6 15.3

Pleomorphic adenoma Ill defined Homogeneous 0.5 3.8

Pleomorphic adenoma Well defined Heterogeneous 3 6

Pleomorphic adenoma (containing necrosis) Ill defined Heterogeneous 3.5 5.6

Warthin’s tumor Ill defined Homogeneous 1.1 14.7

Warthin’s tumor Well defined Heterogeneous 3.2 19.3

Warthin’s tumor Well defined Heterogeneous 3.3 17.5

Table 3 Comparisons of PET/CT findings between primary parotid
malignancies and metastatic parotid lesions detected on 18F-FDG
PET/CT

Primary
(n021)

Metastasis
(n011)

P
value

Odds
ratio

Maximum SUV 9.1±6.5 9.5±10.5 NS

Uptake pattern

Homogeneous/
heterogeneous

4/17 9/2 0.001 12.35

Size by CT (mm) 29.5±10.3a 14.1±6.2 <0.001

Maximum Hounsfield
units

91.9±58.3b 84.5±90.0 0.003

Margin on CT

Well/ill defined 1/20 4/7 0.037 35.1

Sensitivity of combined
PET/CT criteria

100% (21/21) 72.7%
(8/11)

0.012 6.32

NS not significant
a Three cases were excluded because of beam-hardening artifacts or
non-visualization on CT
b Seven cases were excluded because of beam-hardening artifacts or
non-visualization on CT
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results of our study suggest that information about CT
margins improves diagnostic efficacy when combined
with uptake patterns of 18F-FDG.

When parotid lesions with ill-defined CT margins or
heterogeneous 18F-FDG uptake were identified as malignant
according to our combined diagnostic PET/CT criteria, we
detected three false-negative cases and seven false-positive
cases. All false-negative cases were metastatic parotid
lesions, which seemed to show relatively smaller size
(9.2–13.2 mm) and lower SUVmax (3.3–9.5) than those of
true-positive metastatic parotid lesions without statistically
significant differences, partly because of the small number
of subjects. Table 3 suggests that our combined diagnostic
PET/CT criteria were more suitable for detecting primary
parotid malignancies than metastatic parotid lesions because
of high sensitivity of 100%.

Among the seven false-positive cases, five showed
heterogeneous 18F-FDG uptake, and all of these lesions
were larger (≥3 cm) than false-positive cases with homo-
geneous 18F-FDG uptake. Although abscesses are benign
parotid lesions, they were observed to have ill-defined
CT margins in our study, which is in accordance with the
results of a previous study indicating that parotid gland
inflammation was also characterized by ill-defined mar-
gins on CT or MRI in 46.2% (6/13) of cases [12].
Although only 12.5% of Warthin’s tumors (3/14) were
identified as false positives using our combined PET/CT
criteria, 75% of pleomorphic adenomas (3/4) showed
false-positive results. This finding suggests that pleomor-
phic adenoma is the main cause of false-positive results
when using our combined PET/CT criteria.

Among the 67 patients with pathologically confirmed
focal parotid lesions, focal parotid lesions were incidentally
found in 44 patients with suspicious or known non-parotid
cancers. Among these, 13 patients (29.5%) were proven to
have clinically unexpected malignant parotid lesions. This
finding suggests that 18F-FDG PET/CT may be useful for
screening cancer patients for unexpected malignant parotid
lesions, which supports the results of a previous study
suggesting that 18F-FDG PET/CT is useful for screening
patients for second primary cancers or clinically unexpected
distant metastases [17].

In accordance with the results of previous studies [6–8, 15],
SUVmax was not useful for differentiating benign from malig-
nant parotid lesions because of the wide range of SUVmax and
high SUVmax of benign as well as malignant parotid lesions
such as Warthin’s tumor (mean SUVmax011.8±5.0, SUVmax
range05.1-19.3) and mucoepidermoid carcinoma (mean
SUVmax05.7±4.7, SUVmax range02.6-16.8). Although the
nature and variation of 18F-FDG uptake in benign parotid
tumors remain unclear, high 18F-FDG uptake may be related
to high mitochondrial content and activity, especially for War-
thin’s tumors [15].

This study had several limitations. Because of its retro-
spective design, not all subjects with focal hypermetabolic
parotid lesions underwent histological confirmation. This
may have caused referral bias inflating the proportion of
malignant parotid lesions in the sample (47%) [2]. Secondly,
the CT margins of focal hypermetabolic parotid lesions were
not evaluated in some patients because of beam-hardening
artifacts of dental structures or non-visualization on non-
contrast CT, which raises the potential of selection bias. The
final possible limitation was the use of two different kinds of
scanners and acquisition protocols, and the accompanying
uncertainty of whether or not SUVmax measurements were
consistent between the two scanners. However, when we
analyzed SUVmax, 18F-FDG uptake patterns and margins
on CT between benign and malignant parotid lesions,
there were no significant differences in SUVmax values
according to scanner, and the 18F-FDG uptake patterns
and margins on CT still significantly differed in both
scanner groups (Supplementary Table 1 and Table 2).

In conclusion, both 18F-FDG uptake patterns and margins
of focal parotid lesions on CT are useful PET/CT diagnostic
criteria for differentiating benign from malignant lesions.
18F-FDG PET/CT scans using these combined criteria may
be helpful to identify patients with focal parotid lesions who
require pathological confirmation because of their high sen-
sitivity and negative predictive value.
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