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Abstract

Objective To assess prospectively the efficacy of arterial spin
labelling (ASL) against conventional and diffusion-weighted
(DW) MR imaging for differentiating parotid gland tumours.
Methods We included 10 pleomorphic adenomas, 12
Warthin's tumours, and nine malignant tumours of the parotid
glands. Only tumours larger than 10 mm were included in this
study. All parotid gland tumours underwent T 1-weighted, T2-
weighted, DW, and ASL imaging. Tumour-to-parotid gland
signal intensity ratios (SIRs) and apparent diffusion coeffi-
cients (ADCs) of solid components were correlated with these
pathologies.

Results SIRs on T2-weighted images and ADCs were higher
in pleomorphic adenomas than in Warthin's tumours (p<.01)
and malignant tumours (p<.01). SIRs on ASL were higher in
Warthin's tumours than in pleomorphic adenomas (p<.01) and
malignant tumours (p<.05). Az value of SIRs on ASL for
differentiating Warthin's tumours from the other pathologies
was 0.982. The sensitivity, specificity, and accuracy of SIRs
on ASL for the diagnosis of Warthin's tumours at an optimal
SIR threshold of over 8.70 were 91.7 %, 94.7 %, and 93.5 %,
respectively.
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Conclusions ASL with SIR measurements could non-

invasively evaluate tumour blood flow of parotid gland tu-

mours and differentiate Warthin's tumours from pleomorphic

adenomas and malignant tumours.

Key Points

* ASL non-invasively evaluates tumour blood flow of parotid
gland tumours

» ASL differentiates Warthin's tumours from pleomorphic ad-
enomas and malignant tumours

* ASL cannot differentiate between pleomorphic adenomas
and malignant tumours

Keywords Arterial spin labelling - Diffusion-weighted
imaging - Parotid gland - Salivary gland tumour - Warthin’s
tumour

Introduction

Salivary gland neoplasms account for approximately 3 % of
all head and neck tumours. Fine needle aspiration cytology
(FNAC) is the most used preoperative examination of salivary
gland tumours due to their superficial nature and easy acces-
sibility. A risk of FNAC is a possible spread of tumour cells,
which can lead to a higher likelihood of local recurrence,
especially in pleomorphic adenomas and malignant lesions
[1]. Additionally, the differentiation of a few benign and ma-
lignant lesions might not only be difficult, but also impossible.
Furthermore, a differentiation between a basal cell adenoma
and a basal cell adenocarcinoma based solely on a FNAC is
usually not possible [1].

Preoperative MR imaging has assumed a major role
in surgical planning to assess the location and malignan-
cy of these tumours. Conventional T1- and T2- weight-
ed MR imaging have been used for the diagnosis of
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salivary gland tumours; the infiltrative margin and
hypointensity on T2-weighted images reportedly indicate
malignancy [2, 3]. Furthermore, several authors have
reported the usefulness of dynamic contrast-enhanced
MR imaging, including the time-intensity curve (TIC),
for the differentiation of salivary gland tumours [4-7].
The magnitude of peak enhancement is representative of
the volume of the extravascular extracellular space, and
the time to peak is representative of the extravascular
extracellular space per contrast agent transfer to the tis-
sue [8]. Recently, apparent diffusion coefficients
(ADCs), calculated from diffusion-weighted (DW) MR
imaging, have been evaluated as a possible biomarker.
Because ADCs provide additional quantitative informa-
tion related to random diffusion of water molecules in
tissues, ADCs have also been reported to be useful in
differentiating salivary gland tumours [9, 10]. However,
ADCs alone did not allow differentiation between be-
nign and malignant salivary gland tumours because
low ADCs of Warthin's tumours can overlap with those
of malignant tumours [9]. Therefore, the combination of
dynamic contrast-enhanced and DW MR imaging could
more accurately diagnose salivary gland tumours [11].

Arterial spin labelling (ASL) sequences for perfusion
MR imaging have recently become available for use in
clinical settings, offering a completely non-invasive tech-
nique for the quantitative evaluation of brain perfusion.
This technique has proved reliable and reproducible in the
assessment of cerebral blood flow (CBF) in various central
nervous disorders, including cerebrovascular disease [12,
13], degenerative disease [14], and temporal lobe epilepsy
[15]. Furthermore, this technique requires no extrinsic trac-
er, such as gadolinium chelates or radionuclides. It rather
uses electromagnetically labelled arterial blood water as a
freely diffusible intrinsic tracer. Therefore, it allows repet-
itive examination in patients with renal insufficiency and
contrast media allergy. Subtraction of a control image with-
out prior labelling produces perfusion-weighted images.
Recently developed ASL imaging sequences, incorporating
high-field, parallel imaging, pseudo-continuous labelling,
and 3D imaging with background suppression, now pro-
vide a considerable increase in sensitivity for CBF in com-
parison with prior approaches [16].

Although some clinical studies using ASL have reported
clinical utility in clarifying the differential diagnosis [17-21]
and therapeutic efficacy [22] of brain tumours, the tumour
blood flow (TBF) in patients with head and neck squamous
cell carcinoma [23], and therapeutic response for nonsurgical
treatment in head and neck cancer [24], we were unable to find
any reports assessing the vascularity of salivary gland tumours
using ASL. Therefore, this study aimed to assess the efficacy
of ASL for the differentiation of parotid gland tumours in
comparison with conventional and DW MR imaging.

@ Springer

Materials and methods
Patients

This 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. Furthermore, written informed consent
was provided by all study subjects at enrolment. Between
July 2013 and September 2014, 44 consecutive patients with
suspected parotid gland tumours underwent T1-weighted, T2-
weighted, DW, and ASL imaging using a 3.0-T unit. Howev-
er, five patients with histopathologically undiagnosed parotid
gland tumours, three with small parotid gland tumours less
than 10 mm in size, one with severe artefacts caused by dental
metal, and three with histopathologically proven rare benign
pathologies (one myoepithelioma, one oncocytoma, and one
granulomatous lymphadenitis) were excluded from this study.

Intotal, 31 patients (age range, 34—84 years; mean 63 years;
17 men and 14 women) were included in the study. Among
them, 10 patients had pleomorphic adenomas (age range, 34—
72 years; mean 52 years; five men and five women), 12 had
Warthin's tumours (age range, 42—79 years; mean 68 years;
nine men and three women), and nine had malignant tumours
(age range, 41-84 years; mean 69 years; three men and six
women; three mucosa-associated lymphoid tissue lympho-
mas, two epithelial-myoepithelial carcinomas, one follicular
lymphoma, one salivary duct carcinoma, one carcinoma ex
pleomorphic adenoma, and one small cell carcinoma). Al-
though five patients with Warthin’s tumours and two with
malignant lymphomas had multifocal or bilateral tumours,
only the largest tumours were assessed. Thus, 31 parotid gland
tumours of 31 patients were evaluated in this study.

The final diagnosis of parotid gland tumours was histopath-
ologically performed by surgical resection in 20 patients or by
fine needle aspiration biopsy in 11 patients. All patients
underwent pathological examination within 1 month of their
MR examination. The intervals between MR and pathological
examination ranged from 1 to 30 days (mean, 12.4+7.1 days).

MR imaging

All 31 patients were examined using a 3-T MR imaging sys-
tem (Achieva Quasar Dual 3 T; Philips Medical Systems,
Best, Netherlands). A neurovascular array coil was used to
allow coverage from the skull base to the thoracic inlet. Car-
diac gating and respiratory triggering were not used, nor did
we use an anti-susceptibility pad to reduce artefacts. All im-
ages were obtained in the transverse plane using the parallel
imaging technique. Non-fat-suppressed T1-weighted spin-
echo imaging (TR/TE, 778/15 ms; imaging matrices, 512 x
512; field of view, 20x20 cm; parallel imaging factor, 2.5;
section thickness/gap, 4/1 mm), non-fat-suppressed T2-
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Fig. 1 Flow diagram combining SIRs on ASL and ADCs for the
diagnosis of parotid gland tumours. When SIR on ASL is greater than
8.70, the lesion indicates Warthin's tumour. Among the tumours with SIR
on ASL less than 8.70, when ADC is greater than 1.13 [x10~> mm?/s], the
lesion indicates pleomorphic adenomas. The remaining tumour indicates
malignant tumour

weighted fast spin-echo imaging (TR/TE, 5,710/90 ms; imag-
ing matrices, 512x512; field of view, 20x20 cm; parallel
imaging factor, 2.3; section thickness/gap, 4/1 mm), and
DW single-shot spin-echo echo-planar imaging (EPI) with
fat suppression by using short-tau inversion recovery (STIR)
(TR/TE/TL, 18,580/70/240 ms; imaging matrices, 256 x256;
field of view, 40x40 cm; parallel imaging factor, 2.0; section
thickness/gap, 4/1 mm; b-value, 0 and 1,000 s/mmz) were
performed.

The perfusion imaging for the multi-phase signal
targeting with alternating radio frequency ASL with the
gradient echo type single-shot echo-planar imaging (MP-
EPISTAR) were performed with following parameters (TR/
TE , 250/15 ms; flip angle, 40°; imaging matrices, 80 x80;
field of view, 25 %25 cm; parallel imaging factor, 2.3 ; echo-
planar imaging factor, 37; section thickness/gap,
5/0.5 mm). There were eight slices per phase of MP-
EPISTAR, and the centre of the eight slices was located in

the centre of the parotid gland tumours. The cycle duration
of multi-phase was 4 s. The multi-phase acquisition was
performed without a time interval between eight phases
using Look-Locker readout of gradient echo EPI, with var-
ious delay times from 50 ms to 1,800 ms, with a constant
interval of 250 ms. There were 30 acquisitions, resulting in
a total acquisition time of 248 s. The label thickness was
13 cm and the position of the labelling plane was located
2 cm below the lowest imaging slices.

Image assessment

An experienced neuroradiologist (15 years of post-training
experience of head and neck imaging), unaware of patient
histories or pathology, reviewed all images. The reviewer
measured the maximum diameter and signal intensity of pa-
rotid gland tumours by placing the largest possible regions of
interest (ROIs) to encompass the solid components, while
taking care to avoid cystic components and necrotic areas by
referring to T2-weighted images. The reviewer also measured
signal intensities of the contralateral normal parotid gland pa-
renchyma at the same level as the tumours but excluded large
vessels such as the retromandibular vein and the external ca-
rotid artery. Thus, the tumour-to-parotid gland signal intensity
ratios (SIRs) of T1-weighted, T2-weighted, DW, and ASL
imaging were calculated. SIRs on ASL were defined as the
maximum SIRs in 8 phases of MP-EPISTAR. ADCs
[x10~* mm?/s] were also measured on ADC maps by placing
ROIs over solid components of parotid gland tumours. For all
ROI placements, the size, shape, and position of the ROIs
were kept constant for all sequences by applying a copy-
and-paste function at the workstation.

Statistical analyses

All statistical analyses were performed using SPSS version
18.0 (SPSS Inc, Chicago, IL, USA). The Welch test and

Table 1 Quantitative
measurements of the parotid

Pleomorphic adenoma Warthin’s tumour Malignant tumour

gland tumours
Maximum diameter (mm)

Tumour-to-parotid gland signal intensity ratios

T1-weighted images
T2-weighted images
Diffusion-weighted images
ASL

ADC values (x10~ mm?/s)

26.9+17.1 21.1£7.7 31.4£123
0.68+0.09 0.67+0.17 0.67+0.15
1.50+0.55* 0.65+0.13 0.80+0.22
4.69+3.00 4.01+1.84 3.82+3.23
1.81+0.89 41.74£36.7%* 5.09+5.27
1.70+0.38* 0.78+0.18 0.88+0.32

Note — Data are shown as the mean=+1 standard deviation

* The values of pleomorphic adenomas were significantly higher than those of Warthin's tumours (p<.01) and

malignant tumours (p<.01)

** The values of Warthin’s tumours were significantly higher than those of pleomorphic adenomas (p<.01) and

malignant tumours (p<.05)

@ Springer



3250

Eur Radiol (2015) 25:3247-3254

Tukey/Games—Howell post hoc test were used to compare the
maximum diameters and SIRs between pleomorphic adeno-
mas, Warthin's tumours, and malignant tumours. P values<
0.05 were considered significant. Receiver operating charac-
teristic (ROC) curve analysis was used to determine the per-
formance when differentiating Warthin's tumours from the
other pathologies by SIRs on ASL. The sensitivity, specificity,
and accuracy when diagnosing Warthin's tumours by SIRs on
ASL were calculated. ROC curve analysis was also used to
determine the ADC threshold when differentiating pleomor-
phic adenomas from the other pathologies by ADCs. The
sensitivity, specificity, and accuracy when diagnosing
Warthin's tumours, pleomorphic adenomas, and malignant tu-
mours by using the combination of SIR threshold on ASL and
ADC threshold were calculated. Figure 1 shows a flow dia-
gram combining SIRs on ASL and ADC:s for the diagnosis of
parotid gland tumours.

Results

Quantitative measurements of maximum diameters and the
SIRs of pleomorphic adenomas, Warthin's tumours, and ma-
lignant tumours are summarized in Table 1. P values between
the parotid gland tumours are also shown in Table 2. No sig-
nificant differences in maximum diameters were observed be-
tween pleomorphic adenomas (26.9+17.1 mm) and Warthin's
tumours (21.1£7.7 mm; p=0.539), pleomorphic adenomas
and malignant tumours (31.4+12.3 mm; p=0.718), and
Warthin's tumours and malignant tumours (p=0.171).

SIRs on T2-weighted images were higher in pleomorphic
adenomas (1.50+0.55) than in Warthin's tumours (0.65+0.13;
p<.01) and malignant tumours (0.80+0.22; p<.01), but no
significant difference was found between Warthin's tumours
and malignant tumours (p=0.188). Similarly, ADCs were
higher in pleomorphic adenomas (1.70£0.38x 10> mm?/s)
than in Warthin's tumours (0.78+0.18x 10> mm?/s; p<.01)

Table 2 P values between the parotid gland tumours

and malignant tumours (0.88+0.32x 10> mm?*/s; p<.01), but
no significant difference was found between Warthin's tu-
mours and malignant tumours (p=0.701) (Fig. 2a). On the
other hand, SIRs on ASL were higher in Warthin's tumours
(41.7+36.7) than in pleomorphic adenomas (1.81+0.89;
p<.01) and malignant tumours (5.09+5.27; p<.05), but no
significant difference was found between pleomorphic adeno-
mas and malignant tumours (p=0.215) (Figs. 2b, 3, 4 and 5).
No significant differences in SIRs on T1-weighted images
were observed between pleomorphic adenomas (0.68+0.09)
and Warthin's tumours (0.67+0.17; p=0.990), pleomorphic
adenomas and malignant tumours (0.67+0.15; p=0.979),
and Warthin's tumours and malignant tumours (p=0.997).
Similarly, no significant differences in SIRs on DW images
were observed between pleomorphic adenomas (4.69+3.00)
and Warthin's tumours (4.01+1.84; p=0.828), pleomorphic
adenomas and malignant tumours (3.82+3.23; p=0.762),
and Warthin's tumours and malignant tumours (p=0.985).

The AUC analysis to evaluate the diagnostic accuracy of
SIRs on ASL for differentiating Warthin's tumours from the
other two pathologies was 0.982. The sensitivity, specificity,
and accuracy of SIRs on ASL for the diagnosis of Warthin's
tumours at an optimal SIR threshold of over 8.70 were 91.7 %,
94.7 %, and 93.5 %, respectively.

The sensitivity, specificity, and accuracy using the combination
of an optimal SIR threshold on ASL of 8.70 and an optimal ADC
threshold of 1.13 [x10> mm?s] for the diagnosis of Warthin's
tumours were 91.7 %, 94.7 %, and 93.5 %, respectively; those for
the diagnosis of pleomorphic adenomas were 100.0 %, 90.5 %,
and 93.5 %, respectively; and those for the diagnosis of malignant
tumours were 55.6 %, 95.5 %, and 83.9 %, respectively.

Discussion

In our results, ASL could differentiate Warthin's tumours from
the other two pathologies. Because malignant transformation

Pleomorphic adenoma vs.
Warthin’s tumour

Warthin’s tumour vs.
malignant tumour

Pleomorphic adenoma vs.
malignant tumour

Maximum diameter (mm) 0.539

Tumour-to-parotid gland signal intensity ratios
T1-weighted images 0.990
T2-weighted images 0.002*
Diffusion-weighted images 0.828
ASL 0.008*

ADC values (x10” mm?/s) 0.000*

0.718 0.171
0.979 0.997
0.008* 0.188
0.762 0.985
0.215 0.014**
0.000* 0.701

* P value was less than .01
** P value was less than .05
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Fig. 2 Box and whisker plots showing quantitative measurements of
ADCs and SIRs on ASL of three pathologies. Boundary of boxes
closest to zero indicates 25th percentile, /ine 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, ADCs were higher in pleomorphic adenomas (1.70
+0.38% 10> mm?/s) than in Warthin's tumours (0.78+0.18 x 10> mm?/s;

is extremely rare, occurring in only 0.3 % of all Warthin's
tumours [25], a limited partial parotidectomy is the recom-
mended treatment for Warthin's tumour. If the preoperative
diagnosis of Warthin's tumours is reliable, conservative obser-
vation is also a reasonable management option. In contrast,
malignant transformation of pleomorphic adenomas is not
rare, with the incidence of malignancy being correlated with
their duration. In addition, pleomorphic adenomas appear as
round masses with protrusions into surrounding tissue. If pleo-
morphic adenomas are treated by enucleation, the protrusions

p<.01) and malignant tumours (0.880.32x 10> mm?/s; p<.01), but no
significant difference was found between Warthin's tumours and
malignant tumours (p=0.701). b, SIRs on ASL were higher in
Warthin's tumours (41.7+£36.7) than in pleomorphic adenomas (1.81+
0.89; p<.01) and malignant tumours (5.09+5.27; p<.05), but there was
no significant difference in SIRs on ASL between pleomorphic adenomas
and malignant tumours (p=0.215)

remain. Because of the risk of recurrence and malignant trans-
formation, radical surgical excision is required for pleomor-
phic adenomas as with malignant salivary gland tumours.
Therefore, the ability to differentiate Warthin's tumours from
these pathologies is important when deciding the appropriate
treatment strategy in parotid gland tumours.

Dynamic contrast-enhanced MR imaging using TIC as-
sessments is useful in differentiating salivary gland tumours
[4—7]. In most pleomorphic adenomas, TIC shows a continu-
ously and gradually increased enhancement, and the time of

Fig. 3 A 34-year-old man with a pleomorphic adenoma of the right
parotid gland. a, T2-weighted fast spin-echo MR image (TR/TE, 5,710/
90 ms) shows a lobulated, well-demarcated, and markedly hyperintense

lesion (arrow) in the right parotid gland. b, ADC map shows high ADC
value (2.09% 10 mm?/s) (arrow). ¢, ASL image shows low SIR value
(1.67) (arrow)
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Fig. 4 A 62-year-old man with Warthin's tumours of the bilateral parotid
glands. a, T2-weighted fast spin-echo MR image (TR/TE, 5,710/90 ms)
shows the largest lesion (arrow) with well-demarcated margin and
hypointensity in lower pole of the right parotid glands. b, ADC map

peak enhancement is typically longer than 120 s [4—7]. Histo-
pathologically, pleomorphic adenomas comprise the
mesenchymal-like components of mucoid/myxoid, cartilagi-
nous, or hyalinized materials as products of myoepithelial
cells. The tumour areas with myxomatous or fibrous connec-
tive tissues have tended to exhibit gradual enhancement with a
prolonged time of peak enhancement [5]. In some pleomor-
phic adenomas, the time of peak enhancement is shorter than
120 s and weak washout is observed due to the
hypercellularity of epithelial components [4, 5]. In any case,
because pleomorphic adenomas are hypovascular tumours,
SIRs on ASL in pleomorphic adenomas were lowest among
three pathologies in our series.

In Warthin’s tumours, TIC generally shows rapid enhance-
ment with high washout. The time of peak enhancement is
definitely shorter than 120 s [4-6], typically shorter than
60 s [7]. The washout ratios determined from the TIC of
Warthin’s tumours are generally greater than 30 % [4, 5, 7].
Histopathologically, Warthin’s tumours comprise varying pro-
portions of oncocytic epithelium and lymphoid stroma. The

shows low ADC value (0.70x 10~ mm?/s) in the right parotid gland
lesion (arrow). ¢, ASL image shows high SIR value (87.45) in the right
parotid gland lesion (arrow)

dense lymphoid stroma often looks similar to a normal lymph
node, complete with lymphoid follicles and germinal centres.
The tumour areas of hypercellularity, such as the densely
packed lymphoid tissue of Warthin’s tumours, exhibit rapid
enhancement with high washout [5]. As with these published
data on TIC assessments, SIRs on ASL in Warthin’s tumours
were significantly greatest in our series due to the
hypervascular nature.

Because malignant salivary gland tumours include various
histological subtypes and grades, malignant salivary gland
tumours do not have uniform imaging findings. The TIC of
adenoid cystic carcinomas show a similar pattern to pleomor-
phic adenomas, because adenoid cystic carcinomas also have
an increased interstitial space with extracellular mucin [6]. On
the other hand, the TIC of acinic cell carcinomas show rapid
enhancement with high washout similarly to Warthin’s tu-
mours because of their high cellularity [11]. However, in most
malignant salivary gland tumours, the time of peak enhance-
ment is shorter than 120 s and the washout ratios are less than
30 % [4-7]. In our series, SIRs on ASL in malignant salivary

Fig. 5 A 77-year-old man with a mucosa-associated lymphoid tissue
lymphoma of the left parotid gland. a, T2-weighted fast spin-echo MR
image (TR/TE, 5,710/90 ms) shows a partially ill-demarcated, isointense
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gland tumours ranged in values, and SIRs on ASL in some
malignant tumours overlapped with those of Warthin’s tu-
mours. However, mean SIRs on ASL in malignant tumours
were significantly lower than those of Warthin’s tumours.

Recently, the usefulness of DW imaging with ADC mea-
surement has been reported using a 3-T MR unit [26]. As with
our results, they reported that mean ADCs of Warthin’s tu-
mours were significantly lower than those of pleomorphic
adenomas [26]. However, they could not differentiate between
benign and malignant tumours due to the overlap of ADCs
between Warthin’s tumours and malignant tumours [26]. Our
results also showed no significant differences of ADCs be-
tween Warthin’s tumours and malignant tumours. This is a
clinical dilemma because Warthin’s tumours require the less
aggressive surgical approach, whereas malignant tumours re-
quire superficial or total parotidectomy with or without facial
nerve resection. The main aspect and gain of our study is the
differentiation potential of ASL between Warthin’s tumours
and malignant tumours.

ASL technique has been successfully used to evaluate var-
ious central nervous disorders, including cerebrovascular dis-
ease, degenerative disease, and temporal lobe epilepsy, but
ASL recently has applied for the head and neck region [23,
24]. ASL has been reported to be a useful tool for non-
invasive assessments of the TBF in patients with head and
neck squamous cell carcinoma [23] and those of therapeutic
response for nonsurgical treatment in head and neck cancer
[24].

The present study has several limitations. First, because the
study was conducted at a single institution, the cohort was
small. The number of malignant tumours is especially small.
Thus, we propose that a multi-centre study be conducted to
clarify the clinical impact across a larger and more represen-
tative cohort. Second, we could not measure the perfusion
parameters of TBF and time to peak (TTP) because we did
not obtain the true signal data as an equilibrium magnetiza-
tion. If we calculated this signal data from signal intensity of
blood-filled voxel in internal carotid vein at the last phase, the
calculated signal data would be lower than true signal data
because we used Look-Locker method. Third, because dy-
namic contrast-enhanced MR imaging was not performed,
we could not compare its diagnostic accuracy against ASL,
which will require further investigation.

In conclusion, SIRs on ASL were significantly higher for
Warthin's tumours when compared to both pleomorphic ade-
nomas and malignant tumours. However, there was no signif-
icant difference in SIRs on ASL between pleomorphic adeno-
mas and malignant tumours. Although it has been difficult to
differentiate between Warthin's tumours and malignant tu-
mours by using DW imaging with ADC measurement, we
demonstrated the high diagnostic accuracy of ASL for differ-
entiating Warthin's tumours from malignant tumours, which
we assumed to be due to the hypervascular nature of Warthin's

tumours. Our results also suggest that the combination of ASL
and DW imaging offers a high potential for differentiating the
three most important groups of parotid gland tumours (pleo-
morphic adenomas, Warthin’s tumours, and malignant tu-
mours) non-invasively.
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