
FDG-PET Imaging of Salivary Gland Tumors

Cody R. Larson, MD, and Richard H. Wiggins, MD

The salivary glands are host to a variety of benign and malignant tumors, as well as tumor-like
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conditions. Due to the variable FDG avidity of these lesions on positron emission tomography
(PET) imaging, as well as the complex embryology and physiology that affect normal FDG
uptake, FDG PET imaging of salivary gland pathology can prove challenging for head and neck
imagers. We provide a practical guide for PET imaging of salivary gland tumors, detailing impor-
tant additional diagnostic considerations, such as perineural tumor spread and intraparotid
nodal metastases that are unique subsets related to salivary gland malignancy.
Semin Ultrasound CT MRI 40:391-399 © 2019 Elsevier Inc. All rights reserved.
Introduction

The salivary glands are host to a variety of benign and
malignant pathologies, as well as several congenital and

acquired conditions with associated mass-like lesions. Salivary
gland malignancies are actually relatively rare, representing less
than 10% of all head and neck tumors. Determination of benig-
nity cannot always be ascertained based on imaging features
alone; however, the use of modern imaging techniques including
computed tomography (CT), magnetic resonance imaging
(MRI), positron emission tomography (PET), PET/CT, and PET/
MR can provide increased diagnostic information when faced
with a potential salivary gland mass. Although there is limited
published data on 18F-labeled fluoro-2-deoxyglucose-PET
(FDG-PET) imaging of salivary gland tumors, a few general rules
can be applied to assist with evaluation.
When evaluating a salivary gland mass on FDG-PET imaging,

several questions should be posed for appropriate evaluation:

(1) Does the patient have a known malignancy (ie, is this
an incidentally discovered lesion)?

(2) What are the FDG-PET characteristics of the mass rela-
tive to normal salivary gland parenchyma?

(3) Is the pathology centered within the parotid gland? Or
is the lesion within one of the smaller salivary glands?

The critical evaluation of complex salivary gland lesions can
help to differentiate malignancies from other pathologies that
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may be more common in certain salivary glands. Because of
this complicated imaging evaluation, it is important to under-
stand both the differences in the embryologic development of
these salivary glands, and also to understand how tumors and
other masses can be distinguished on imaging. This chapter
will briefly review the salivary gland embryology and then
review the tumors and other mass-like lesions that occur
within these tissues, focusing on the imaging appearance and
utilization of FDG-PET to distinguish tumors from other
mass-like lesions, as well as primary and metastatic disease.1-3

While FDG-PET imaging may not appear initially useful in
distinguishing some salivary gland pathologies (Fig. 1), it can
be critical in evaluating both the post-therapy cases (Fig. 2)
and in the work-up of possible distant disease (Fig. 3).
Salivary Gland Development
The embryologic development of the parotid glands allows
some unique considerations when a parotid mass is encoun-
tered. The parotid gland anlagen develop early in embryo-
genesis (around 4-6 weeks gestation) and continues until
fascial encasement of the glandular tissue by the deep cervical
fascia after 12 weeks. Through this developmental process,
the parotid glands migrate posteriorly from the initial anlagen
location within the anterior cheek over the masseter muscles
and toward the angle of the mandible. At 6-8 weeks gesta-
tion, during this period of parotid formation, the cervical
lymphatic tissues undergo simultaneous development along-
side the parotid anlagen near the angle of the mandible. This
relatively early development and late encapsulation results in
the inclusion of vascular, peripheral nervous, and lymphatic
tissues within the parenchyma of the parotid glands,
predisposing them to disease processes not seen within the
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Figure 1 A 40-year-old man with a subtle right parotid mass found to be a mucoepidermoid carcinoma on biopsy. Axial
standard algorithm CT (A) shows a subtle mass (arrow) within the deep lobe of the right parotid with density similar to
skeletal muscle. Axial fused FDG-PET/CT (B) shows slight increased uptake in this lesion (arrow), which is more prom-
inent on the axial FDG-PET (C) image (arrow).
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other salivary glands, including pathologies of lymphatic ori-
gin, neurogenic origin, and perineural spread of disease.
Contrary to parotid gland formation, the development of

the submandibular, sublingual, minor salivary, and lacrimal
glands is a much simpler process. These glands do not
undergo significant spatial migration. The fascial encasement
of these glandular tissues tends to be much more rapid, pre-
venting the inclusion of simultaneously forming tissues, as is
seen with the parotid glands.
Developmental Lesions
The parotid glands can host a variety of developmental
lesions that may mimic tumors on FDG-PET imaging. As the
glandular tissue migrates from its origin near the buccal
mucosa to the region of the mandibular angle, the parotid
parenchyma overlying the masseter muscle regresses, leaving
behind the parotid duct. Incomplete involution of this
Figure 2 Parotid mucoepidermoid carcinoma, post-treatment sur-
veillance. Axial postcontrasted CT image (A) through the level of
the mandible posterior body shows abnormal heterogeneous den-
sity (arrow) within the deep lobe of the right parotid near the site of
the original lesion in Figure 1, greater than 5 years after the initial
surgery and radiation therapy. Axial fused FDG-PET/CT image
through the same level (B) shows significant increased uptake con-
sistent with recurrence of mucoepidermoid carcinoma (arrow).
glandular tissue may result in small nodules of parotid paren-
chyma along the course of the parotid duct, mimicking a
mass within the parotid and/or masticator spaces on clinical
examination. The parotid parenchyma may also be entirely
found superficial to the masseter muscle, anterior to the
expected parotid bed location.

Anomalous formation of the paired first and second bran-
chial cleft/pouch can leave residual cysts within the parotid
glands, mimicking a primary parotid mass. Less commonly,
fistulae and/or sinus tracts associated with branchial malfor-
mation results in abnormal intraparotid anatomy. The inclu-
sion of malformed mesenchymal tissues within the salivary
glands can result in a variety of benign congenital masses,
including lipomas and low-flow (eg, venolymphatic) vascular
malformations, which can also mimic tumors on imaging.

Encephalotrigeminal angiomatosis (Sturge-Weber syn-
drome), one of the congenital phakomatoses, results from
malformation of embryologic capillaries and venous struc-
tures with subsequent abnormal development of the cerebral
and facial soft tissues. The findings in this syndrome are typi-
cally unilateral and may include hemihypertrophy of the sali-
vary glands without focal mass development.
Lymphatic Metastases and
Primary Lymphatic Lesions
Unique to the parotid gland, intraglandular lymphatic tissue
predisposes these salivary glands to pathologies not seen in
the other salivary glands. Up to 10% of patients with HIV will
develop lymphatic abnormalities within the parotid glands,
including lymphadenopathy and lymphoepithelial cysts. The
cervical lymphatic tissue contained within the parotid glands
serves as the primary drainage pathway for the anterior parie-
tooccipital scalp, cheek, buccal mucosa, pinna, and parotid tis-
sue. Therefore, intranodal metastasis from primary skin cancer
(typically squamous cell carcinoma, basal cell carcinoma, or
melanoma) may be seen within the parotid glands, and
accounts for up to 10% of all salivary gland malignancy1,2,4

(Fig. 4). Less commonly, metastases from distant primary neo-
plasms including thyroid, breast, and lung malignancy may



Figure 3 Parotid mucoepidermoid carcinoma, post-treatment surveillance. Axial lung algorithm CT images (A and C)
and correlating axial FDG-PET images (B and D) demonstrate distant metastatic disease (arrows) found over 5 years
later in the same patient as Figures 1 and 2.
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present as intraparotid lymphadenopathy. FDG-PET imaging
can assist not only in imaging metastatic disease from a sali-
vary gland malignancy,3 but can also be utilized in the workup
evaluation of distant metastatic disease to a salivary gland.4

The aggressive nature of the underlying metastatic disease may
result in varying appearances, from focal metastatic adenop-
athy to ill-defined infiltrative appearing processes. FDG-PET
imaging has also been described in the literature for further
differentiation of a synchronous unrelated salivary gland lesion
found during a malignancy work-up.5 (Fig. 5).
Primary Salivary Gland
Malignancy
As detailed previously, the prevalence of salivary gland neo-
plasm is roughly related to the salivary gland size, in
Figure 4 FDG-PET/CT for staging of melanoma of unknown p
rithm CT image (A), and correlating axial fused FDG-PET/CT
right superficial parotid mass (A, arrow) with increased FDG u
be a metastatic melanoma focus of unknown primary.
decreasing order: parotid glands (most common), subman-
dibular glands, minor salivary glands, and sublingual glands
(least common) (Fig. 6). Accounting for the bulk of all sali-
vary gland masses, benign primary parotid gland neoplasms
include pleomorphic adenoma (benign mixed tumor) (69%),
papillary cystadenoma lymphomatosum (or Warthin tumor,
if you like to name stuff after dead people) (25%), oncocy-
toma (1%), and other various benign tumors (5%). Malig-
nant parotid gland neoplasms include mucoepidermoid
carcinoma (29%), adenocarcinoma not otherwise specified
(22%), acinar cell carcinoma (16%), adenoid cystic carci-
noma (14%), carcinoma ex pleomorphic adenoma (5%), and
other malignant neoplasms (14%).1,4,6 In these complex
cases, FDG-PET imaging can be extremely helpful in the
work-up of possible distant metastatic disease (Fig. 7).

A potential dilemma in FDG-PET imaging of the head and
neck is the presence of a salivary gland mass which may or
rimary. A 55-year-old man with an axial standard algo-
image (B), and axial FDG-PET image (C) show a dense
ptake (B and C, arrows), which was found on biopsy to



Figure 5 A 65-year-old man with a small mass within the superficial left parotid (arrows) on axial postcontrasted stan-
dard algorithm CT (A) with correlating fused axial FDG-PET/CT (B) and axial FDG-PET (C). This patient was being
evaluated for an unrelated upper aerodigestive tract primary and this lesion was found incidentally. Subsequent biopsy
found papillary cystadenoma lymphomatosum (Warthin tumor), a benign tumor that may show marked FDG avidity.

Figure 6 A 70-year-old woman with a right parotid mass (arrows) and unilateral facial palsy on clinical evaluation. The
mass is nicely demonstrated on axial postcontrasted standard algorithm CT (A, arrow), and the correlating axial FDG-
PET/CT (B), and axial FDG-PET (C) show increased FDG uptake. Biopsy demonstrated salivary duct carcinoma.

Figure 7 During the workup for the parotid salivary duct carcinoma in Figure 6, the same patient was found to have an
unsuspected metastatic focus (arrows) in the lumbar spine. Axial bone algorithm CT (A) and the correlating axial fused
FDG-PET/CT (B) and axial FDG-PET (C) images readily identify the osseous metastatic focus.
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may not be related to the patient’s known malignancy, the
so-called “incidentaloma.” Several studies have evaluated
parotid gland incidentalomas with FDG uptake greater than
the surrounding parotid tissue with conflicting conclusions.
The presence of malignancy in these masses has been found
to range from 4% to 50%.7,8 Despite this incongruity, there
seems to be agreeance that FDG-avid parotid gland masses in
patients with known history of lymphoma or melanoma
should be considered highly suspicious for metastatic
disease.1,4,6
It is critical for interpreting radiologists to remember that
FDG avidity is simply a marker of cellular glucose metabo-
lism. While many aggressive neoplastic and non-neoplastic
processes may demonstrate hypermetabolism with FDG-
PET, Warthin tumors are a very common benign salivary
neoplasm which demonstrates increased FDG uptake.5 Con-
versely, low-grade malignant tumors may have relatively low
glucose metabolism and appear “cold” (hypometabolic) on
FDG-PET imaging. Despite its limitations in situations such
as these, the use of FDG-PET/CT can assist greatly with



Figure 8 A 55-year-old man with a history of lymphoma found to have multiple masses within the bilateral parotid
glands on axial standard algorithm CT (A, arrow), with correlating increased FDG uptake on axial fused FDG-PET/CT
(B, arrow) and axial FDG-PET (C, arrow).
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known hypermetabolic neoplasms when evaluating the
extent of metastatic disease for patient staging and treatment
planning6,7 (Fig. 8).
Given their relatively large size, the parotid glands account

for most salivary gland tumors, both benign and malignant.
Approximately 70% of all salivary gland tumors arise from
Figure 10 Same patient as in Figure 9 with nasopharyngeal car
ropharyngeal pathologic lymph node. Note an ipsilateral left-s
postcontrasted CT (A, arrow), correlating axial fused FDG-PET

Figure 9 A 25-year-old man with nasopharyngeal carcinoma d
the deep lobe of the left parotid seen on axial postcontrasted s
FDG-PET/CT (B, arrow), and axial PET (C, arrow).
the parotid glands. The presence of nodes within the parotid
can also be confusing with adjacent aggressive pathologies
(Figs. 9 and 10). The relative frequency of salivary gland
tumors subsequently decreases based on gland size, as fol-
lows: submandibular glands (most common), sublingual
glands, and finally, minor salivary glands (least common). In
cinoma was found to have a contralateral right sided ret-
ided pathologic intraparotid lymph node found on axial
/CT (B, arrow), and axial PET (C, arrow).

emonstrating aggressive lateral spread (arrows) toward
tandard algorithm CT (A, arrow), correlating axial fused



Figure 11 A 55-year-old man with right submandibular gland mass shown on axial postcontrasted standard algorithm
CT (A, arrow), correlating axial fused FDG-PET/CT (B, arrow), and axial PET (C, arrow). Upon exploration, this was
found to be squamous cell carcinoma from adjacent mucosal disease invading the submandibular gland.
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adults, the vast majority of parotid gland tumors are benign
in etiology. Of note, pleomorphic adenoma accounts for
65% of all parotid gland tumors. Interestingly, an inverse
relationship exists for salivary gland size and incidence of
malignant neoplasms.The incidence of primary epithelial
salivary gland malignancy in the parotid, submandibular,
sublingual, and minor salivary glands are 30%, 40%, 90%,
and 50%, respectively.1,4 Infrequently, there can also be
invasion of salivary glands by adjacent aggressive neo-
plasms, which can be better evaluated with FDG-PET imag-
ing (Figs. 11 and 12).
Perineural Tumor Spread
When evaluating malignant salivary gland neoplasms, particu-
larly adenoid cystic carcinoma, the diagnostic radiologist must
closely evaluate for evidence of perineural tumor spread, as
this portends a poor prognosis.9 Intracranial spread of tumor
along the cranial nerves may result in alteration of surgical
approach or an alternative treatment approach altogether.
Figure 12 Submandibular gland mucoepidermoid carcinoma. A
ing axial fused FDG-PET/CT (B), and axial PET (C) demonstr
mandibular gland with subtle peripheral increased FDG u
mucoepidermoid carcinoma on biopsy.
Linear areas of FDG avidity along the expected course of one
or more cranial nerves are highly suspicious for perineural
tumor spread. Given the superior tissue contrast resolution of
MRI relative to CT, FDG-PET/MRI may serve as a particularly
attractive tool for evaluating perineural tumor spread com-
pared to FDG-PET/CT (Fig. 13). Unfortunately, the availability
of hybrid PET/MRI systems is currently limited in the United
States, therefore limiting the practicality of this new imaging
modality for the commonplace clinical evaluation of patients
with suspected perineural tumor spread.
Predicting Post-Treatment
Outcomes
Post-treatment imaging of salivary gland malignancies fol-
lowing chemotherapy and/or radiotherapy should be delayed
6-8 weeks after cessation of therapy to prevent confusion of
FDG-avid post-treatment changes with that of residual/recur-
rent tumor. Several small studies have shown potential
advantages of FDG-PET imaging when it comes to predicting
xial postcontrasted standard algorithm CT (A), correlat-
ate a low density (A, arrow) lesion within the right sub-
ptake (B and C, arrows), which was found to be a



Figure 13 FDG-PET/MRI for assessment of perineural tumor spread. Axial T1-weighted (T1WI) postcontrast fat-satu-
rated MRI (A) in a patient with squamous cell carcinoma shows invasion of the infrazygomatic masticator space (white
arrow) and pterygopalatine fossa. Axial ADC map (B) shows reduced diffusivity of the tumor (white arrow), indicating
high cellularity. Axial fused FDG-PET/MRI T1WI (C) shows the mass to have marked FDG avidity (white arrow). Note
linear FDG uptake (black arrow) corresponding with perineural tumor spread along cranial nerve V2.
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disease response to radiotherapy. For example, salivary gland
carcinoma, a particularly aggressive primary salivary gland
tumor, with higher SUV values (greater than or equal to 7.4)
is associated with lower rates of recurrence and improved
overall survival rates.10 Interestingly, from a preoperative
perspective, higher background metabolic rates (based on
SUV values) within the parotid glands has been shown to
correspond with lower risk of xerostomia following radio-
therapy of head and neck neoplasms.11
Other Salivary Gland Pathology
Elevated FDG uptake within the parotid and submandibular
glands has been documented in the setting of IgG4 sclerosing
sialadenitis, with up to 98% of patients demonstrating ele-
vated submandibular gland uptake and 35% within the
parotid glands. There is also a propensity for this disease to
demonstrate bilaterality with up to 89% of patients showing
bilateral submandibular gland uptake. Other pathologies
such as dendritic (Langerhans) cell histiocytosis may also
Figure 14 A 20-year-old patient with biopsy-proven dendriti
glands. Axial noncontrast CT (A) shows bilateral enlargement
lating increased uptake on axial fused FDG-PET/CT (B, arrows
show bilateral impressive increased uptake of the salivary
glands on FDG-PET imaging (Fig. 14).
Conclusion
While traditional cross section imaging with CT and MRI are
often utilized for evaluating salivary gland malignancy, FDG-
PET/CT and FDG-PET/MR imaging can assist with lesion
evaluation. Recent publications have demonstrated the
power of diffusion weighted imaging apparent diffusion coef-
ficient values as a rough marker of cellularity for pathologies
throughout the head and neck (Fig. 13), but FDG-PET imag-
ing has been found most useful in whole body evaluation for
salivary gland malignancies to distant sites, as well as distant
primary metastases to the salivary glands (Figs 15 and 16).
Although there is a paucity of published literature on the use
of FDG-PET imaging for salivary gland tumors relative to
other primary malignancies within the head and neck, there
are common clinical circumstances when FDG-PET imaging
can greatly assist in these complex patients, potentially signif-
icantly changing therapy.
c (Langerhans) cell histiocytosis of the submandibular
of the submandibular glands (white arrows) with corre-
) and axial PET (C, arrows).



Figure 15 A 30-year-old woman with a right submandibular gland mass (arrows) seen on axial postcontrasted standard
algorithm CT (A) and correlating increased uptake on axial fused FDG-PET/CT (B) and axial FDG-PET (C), found to
be adenoid cystic carcinoma on biopsy.

Figure 16 Distant metastatic disease found in the same patient as Figure 15 with sagittal bone algorithm CT reconstruc-
tion demonstrating a vertebral body metastatic focus (A, arrow), and bilateral lung metastatic disease found on axial
lung algorithm windows (B and C, arrows).
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