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1 | INTRODUCTION
Ultra-small superparamagnetic iron oxide (USPIO) com-
pounds are used to detect nodal metastases. A benign mixed
tumor was evaluated with MRI including USPIO before sur-
gery. USPIOs were significantly concentrated in the lesion.
The ability to concentrate USPIO may help to differentiate
benign mixed tumors from other types of parotid tumors.
Benign mixed tumors (BMT) and Warthin's tumors are the
two most common tumors of the parotid glands.l’2 Although
the gold standard in lesion identification is histopathology,
magnetic resonance imaging (MRI) is the preferred noninva-
sive method for evaluation of parotid gland tumors. On MRI,
BMTs typically appear as homogeneous, T2-hyperintense,

types of parotid tumors.

Historically USPIO has been used to help with nodal staging but not in primary tu-
mors. The ability to concentrate USPIO may help to differentiate BMT from other

MRI, parotid, pleomorphic adenoma, ultra-small superparamagnetic iron oxide

well-circumscribed lesions with solid contrast enhancement.’
Warthin's tumor, the second most common tumor of the pa-
rotid gland, typically appears as a low- to intermediate-inten-
sity lesion on T1-weighted imaging with focal heterogeneous
internal hyperintensities on T2 images. Warthin's tumors
do not typically enhance.* Classically appearing BMT and
Warthin's tumor can often be differentiated with a high de-
gree of accuracy on MRI; however, the imaging appearance
of these two lesions does overlap. Atypical appearances of
these two parotid lesions also considerably overlap with
other, less common lesions of the parotid gland, including
metastatic nodal disease, mucoepidermoid carcinoma, and
primary squamous cell carcinoma. In addition to MRI eval-
uation, computed tomography (CT), ultrasonography, and
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positron emission tomography (PET) each play a role in the
noninvasive evaluation of parotid tumors.’

The information provided by MRI is routinely enhanced
by the use of gadolinium chelates as a contrast agent. Newer
MRI contrast agents include the ultra-small superparamag-
netic iron oxide (USPIO) compounds. Several different
preparations of USPIO are approved by the US Food and
Drug Administration (FDA) and are available for clinical use,
including ferumoxytol, ferumoxtran-10, and ferumoxides.
These contrast preparations have different molecular weights,
biologic half-lives, and tissue distributions.’ Ferumoxytol is
commercially available and FDA approved for the treatment
of iron deficiency anemia. Thus, its use for diagnostic imag-
ing is an off-label use. After intravenous injection, USPIOs
are taken up by macrophages or histiocytes of the reticulo-
endothelial cells and appear as T2 shortening on MR images
because of the local magnetic susceptibility effects of these
particles. Typical imaging applications of these agents in-
clude imaging of elements of the reticuloendothelial system
within the gastrointestinal system, liver, spleen, and lymph
nodes.’

Here, we describe the characteristics of USPIO imaging
of a pathology-proven BMT that was discovered incidentally
during the patient's evaluation for tonsillar squamous cell car-
cinoma. Our case is the first, to our knowledge, to report on
the MRI findings with a USPIO agent in this tumor type.

2 | CASE DESCRIPTION

A 61-year-old white male with a past medical history of
chronic obstructive pulmonary disease/emphysema pre-
sented with concerns of sore throat, trismus, dysphagia, and a
right tonsillar mass requiring further management. His initial
CT examination revealed a 2.6 X 2.1 X 1.9-cm left parotid
mass along with the incident right tonsillar lesion and right
cervical lymphadenopathy. There was no evidence of left-
sided lymphadenopathy, and the major salivary glands were
otherwise normal (Figure 1).

Results of an ultrasound study of the neck (Figure 2) and a
fine needle aspiration (FNA) biopsy of the parotid mass were
consistent with a diagnosis of BMT. Analysis of the FNA bi-
opsy specimen of the nodal disease in the contralateral (right)
neck confirmed squamous cell carcinoma. Staging PET/CT
confirmed the local disease extension but showed no evi-
dence of distant metastasis (Figure 3). The patient underwent
a baseline 3 tesla MRI study of the neck with and without
gadolinium-based contrast, which showed a T2-hyperintense,
heterogeneously enhancing lesion in the left parotid gland
measuring 25 X 17 mm (Figure 4). A follow-up 3 tesla MRI
scan of the neck performed the following day with ferumoxy-
tol revealed the development of well-defined areas of T2
signal hypointensity within the tumor. An 8-mm-diameter

FIGURE 1
adenoma) of the left parotid gland. Initial CT of the neck with contrast

61-y-old man with benign mixed tumor (pleomorphic

reveals a heterogeneously enhancing, relatively hypointense, well-
defined lesion in the left parotid gland measuring 2.6 X 2.1 X 1.9 cm

region of interest placed within the lesion on an axial T2*
gradient recalled-echo image revealed a decrease in mean
signal intensity from 3716 (MRI signal intensity units are
measureless) prior to ferumoxytol administration to 2028
(45% decrease) shortly after ferumoxytol administration and
then to 1494 (60% decrease from baseline) approximately
24 hours after ferumoxytol administration. Signal intensity
decreases within the left parotid gland and skeletal muscle at
approximately 24 hours were 24% and 18% (Figure 5).

The patient later underwent a left total parotidectomy with
excision of the deep lobe tumor and transposition of the fa-
cial nerve. Pathologic analysis of the parotid lesion revealed
a typical BMT with clean margins. Multiple follow-up CT
scans of the neck, including an examination 16 months after
surgery, have shown no evidence of tumor recurrence. At this
writing, it has been 19 months since the patient's surgery, and
he has no evidence of recurrent disease.

3 | DISCUSSION

The parotid glands are the largest of the salivary glands and
have a high density of lymph nodes within and around them in
superficial and deep layers.7 BMT is the most common tumor
of the parotid gland, accounting for 65% of all parotid gland
masses.® BMT usually presents as a slow-growing asympto-
matic swelling in the mandibular region. BMT is classified
pathologically into myxoid (stroma-rich), cellular (cell-rich),
and classic (balanced epithelial cells and stroma) types. The
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FIGURE 2 61-y-old man with benign
mixed tumor (pleomorphic adenoma)

of the left parotid gland. Ultrasound

of the left parotid lesion reveals a

slightly heterogeneous echotexture but a
predominantly hypoechoic lesion with well-
defined borders and mild posterior acoustic
enhancement. The lesion size measured with
ultrasound, 2.6 X 2.1 X 1.9 cm, agreed with
the size measured with CT

FIGURE 3 61-y-old man with benign mixed tumor (pleomorphic
adenoma) of the left parotid gland. Fluorodeoxyglucose-PET imaging
approximately 1 h following radiotracer injection reveals modest lesion
metabolism compared to background structures, with a maximum
standardized uptake value of 2.9

myxoid type, as seen in this case, is the most common (51%
of cases), followed by the cellular (35%) and classic (14%)
types; almost 80% of the total tumor volume of myxoid tu-
mors consists of mesenchymal-like tissue. This classification
is essential for the management of these tumors, as almost
two-thirds of myxoid tumors lack a surrounding capsule, and
in such cases, enucleation or local dissection can be insuf-
ficient surgical management.9 Both CT and MRI are used to
diagnose and stage BMT.'*!! MRI has an advantage in that it
can clearly identify the lesion's margin from the surrounding
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parenchyma and is more useful for staging the rare but sig-
nificant finding of the perineural spread of disease.

Ultra-small superparamagnetic iron oxide agents are
taken up by macrophages and histiocytes in the reticuloen-
dothelial system, which is concentrated in organs such as the
liver, spleen, and lymph nodes. The relatively high local con-
centration of these iron particles creates T2 and T2* shorten-
ing.6 Ultra-small superparamagnetic iron oxide compounds
are also helpful in differentiating normal and reactive lymph
nodes from metastatic nodes. Normal and reactive nodes
accumulate USPIO compounds because of their normal re-
ticuloendothelial systems and therefore show characteristic
T2 changes. In contrast, metastatic nodes lose their ability to
accumulate these compounds because their normal reticulo-
endothelial system is replaced by the cancerous cells.

In our case, the detection of heterogeneous T2 and T2* hy-
pointensity in a BMT after the administration of USPIO was
an unexpected finding, but it demonstrated that this ability to
concentrate USPIO could potentially differentiate BMT from
other types of parotid tumors. If this concept were supported
in future studies, it would make the diagnostic use of USPIO
a useful adjunct imaging technique for salivary gland tumors.’

A potential explanation for this finding of heteroge-
neous iron particle uptake is that BMTs are considered the
“heroes of a thousand faces” in pathology. No two BMTs
look exactly alike under the microscope; for that reason,
BMT was traditionally called pleomorphic adenoma, al-
though in this context the term pleomorphic refers to the
variability of cells within the tumor (a feature often seen in
malignancies), not the variability of entire tumors. BMTs
consist of both ductal and myoepithelial cells and run a
gamut from very cellular (with both cell types or predom-
inantly myoepithelial cells) to very cell-poor and mostly
composed of stroma, and the same tumor can have different
areas at different spots on this spectrum. We suspect that
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FIGURE 4 61-y-old man with benign
mixed tumor (pleomorphic adenoma) of

the left parotid gland. MRI of the neck with
and without gadolinium-based contrast
reveals a well-defined, T2-hyperintense (A),
heterogeneously enhancing (B) lesion in the
left parotid gland. Minor T2-hypointense

septa are noted within the lesion

FIGURE 5 61-y-old man with benign mixed tumor (pleomorphic adenoma) of the parotid gland. Axial T2* gradient recalled-echo images
obtained before ferumoxytol administration (A), 30 min after ferumoxytol administration (B), and 24 h after (C) ferumoxytol administration reveal
heterogeneously decreased signal within the tumor. More conspicuous areas of hypointensity are noted within the central portion of the lesion

(arrows in B and C)

this variability may explain the heterogeneous uptake of
USPIO.

Another possible explanation, in our case, is that the parti-
cles are taken up by macrophages, which were present as part
of chronic inflammation following tissue injury caused by the
FNA biopsy conducted before the baseline MRI. However,
the biopsy was done 40 days ahead of the USPIO MRI scan,
and chronic inflammatory cells are typically cleared from an
FNA site within that time span.

4 | CONCLUSION

Our case serves as a guide for future clinical research to study
the role of USPIO agents in imaging parotid and other sali-
vary gland tumors. Further work is needed to confirm these
findings in a larger series including varied types of salivary
gland tumors.
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