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Objective: The aim of this study was to determine if dynamic contrast-enhanced (DCE)-
MRI can differentiate mucosa-associated lymphoid tissue (MALT) lymphoma from benign
lymphoepithelial lesion (BLEL) in the parotid gland.

Methods: 25 patients with tumour-like BLEL and 20 patients with MALT lymphoma in the
parotid gland confirmed by pathology were examined pre-operatively using routine MR series
and DCE-MRI with a 1.5-T MR unit. The time to peak (TTP), time to start (TTS), Sl
SImax and Slgnging Were measured and the initial slope of increase (ISI) and relative washout
ratio (RWO) were calculated separately from the time-intensity curve (TIC), and the types of
TIC were analysed.

Results: There were significant differences in the TTP and ISI between the two lesions (p <
0.001). The sensitivity, specificity and accuracy of TTP were all more than 90%. TICs were
divided into three types according to the threshold of TTP and ISI: tumour-like BLEL:
gradual type (Type II) and late increase type (Type 11I); MALT lymphoma: rapid increase
and gradual type (Type I).

Conclusions: DCE-MRI contributed greatly to the differential diagnosis between tumour-
like BLEL and MALT lymphoma in the parotid gland.
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Introduction

A normal parotid tissue contains almost no mucosa-
associated lymphoid tissue (MALT). However, in
chronic inflammatory or autoimmune disease of the pa-
rotid gland, such as benign lymphoepithelial lesion
(BLEL), there could be aggregation and proliferation of
the lymphoid tissue, thereby leading to acquired MALT.
Research has found that amongst patients with BLEL,
approximately 4-7% developed lymphomas.' The risk
for the occurrence of lymphoma in this patient group is
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44 times higher than that in the general population, of
which 85% are MALT lymphomas.”> * Therefore, timely
and accurate differentiation between parotid BLEL and
MALT lymphoma is the key to the treatment selection
and prognostic evaluation of patients. Parotid BLELs
are usually categorized as diffused, atrophic, tumour-like
and infectious types.” The diffused, atrophied and in-
fectious types lack solid lumps or nodules; thus, they are
easily distinguished from parotid BLEL based on con-
ventional imaging. However, tumour-like BLEL cannot
be distinguished from MALT lymphoma using conven-
tional CT or MRI morphologically.®’
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Recently, interest has been growing in tumour func-
tional MRI, such as MR spectroscopy (MRS),*’
diffusion-weighted (DW)-MRI'™'! and  dynamic
contrast-enhanced (DCE)-MRL'>'  because of
improvements in the accuracy of detection and char-
acterization. DCE-MRI reflects the density, intensity
and leakiness of the tumour vasculature. The parame-
ters calculated from DCE-MRI are used to assess the
histological properties of the tumour, since vessels
produced by angiogenesis are leaky and incompletely
formed. But, so far, DCE-MRI has not been used to
differentiate between benign parotid tumour-like BLEL
and MALT lymphoma.

This study was to investigate whether DCE-MRI can
add important information to distinguish MALT lym-
phoma from BLEL in the parotid gland. The time—
intensity curve (TIC) and parameters obtained from the
TIC were analysed.

Methods and materials

Ethics statement

This retrospective study was approved by the Ethics
Committee of the Shanghai Ninth Hospital affiliated to
the Shanghai Jiaotong University School of Medicine
(No. 2015-121), and written informed consent were
obtained from all the subjects.

Patients

25 patients with parotid tumour-like BLEL and
20 patients with parotid MALT lymphoma were ad-
mitted and treated in our hospital between January
2003 and November 2013 and were included in
the study.

The chief complaints of the 16 patients with parotid
tumour-like BLEL (64%) and 12 patients with parotid
MALT (60%) were keratoconjunctivitis sicca, xero-
stomia and other symptoms of Sjogren’s syndrome.
20 patients experienced swelling around the parotid
gland, but all were without pain or facial paralysis.
Immobile, moderately firmed, painless and palpable
masses were found during clinical examinations in
10 patients with parotid tumour-like BLEL and
11 patients with MALT lymphoma.

MRI examination
A 1.5-T MR scanner (Sigma MRI, GE Medical System,
Milwaukee, WI) was used in this study, with head and
neck array coils. T} and 7, series consisted of 5-mm
section thickness and 1-mm intersection gap, 228 X 192
acquisition matrix and 24 X 18-cm field of view (FOV).
Transverse T, weighted spin time (SE) sequences were
performed with a repetition time (TR) of 400 ms and
echo time (TE) of 8 ms. Transverse 7, weighted fast
spin-echo (FSE) sequences were performed with a TR of
4.020 ms and TE of 84.8 ms.

Parotid tumours were identified on transverse T
weighted MR images, and three sections (one section
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accounted for the maximum diameter or highest num-
ber of nodules of the tumour) were selected for DCE
imaging. FSE T, weighted images were obtained with
a TR of 400-600 ms and TE of 8-9.9 ms. Gadolinium
diethylenetriamine pentaacetic acid (Gd-DTPA) (Mag-
nevist®, Schering, Berlin, Germany) was administered
intravenously at a rate of 2mls™ ' (total dose, 0.1
mmole per kg of body weight) using a power injector,
followed by a 20-ml saline flush. DCE images were se-
quentially obtained prior to and at 0, 30, 60, 90, 120,
150, 180, 210, 240, 270 and 300 s, following adminis-
tration of contrast material. The total acquisition time
was approximately 8 min.

MRI evaluation

Based on the morphology of the tumour in routine
MRI, parotid tumour-like BLEL and MALT lym-
phoma were classified into solitary-nodule type and
multiple-nodule type. The section with the maximum
diameter or the highest number of nodules was se-
lected as the central section, and additional sections
1.25cm above and below were also selected. The
region of interest was manually depicted by a radi-
ologist (12 years’ experience in head and neck MRI),
who was blinded to clinical information and histo-
pathological results, and determined all relevant
points, and covered the major lesion region as much
as possible.

After the TIC was constructed, raw parameters such
as Sl time to start (TTS), SI,ax, time to peak (TTP)
and Slenging Were measured. Sy, represented the pre-
contrast signal intensity. SI.x was obtained as the
signal intensity at maximal contrast enhancement, and
Slending as the SI of the ending point. SIc, was defined
as the first SI measurement that satisfied the inequality
SI> [0.9 (SIax — Slsar)]* Slgare. TTS and TTP rep-
resented the time that corresponded with the Sl and
Slpeak, respectively. The initial slope of increase (ISI)
and relative washout (RWO) values were calculated
using the following formulas: ISI = (SIpcakc — Slstart)/
(TTP-TTS) and RWO = (Slpax — Slending)/SImax
X 100%.

Statistical analysis

The SPSS® 10.0 statistical software package (IBM
Corp., New York, NY; formerly SPSS Inc., Chicago,
IL: 1999) was used, and the unpaired ¢-test was used to
compare the TIC parameters of BLEL with those of
MALT lymphoma. A probability of p-value <0.05
showed a statistically significant difference. The You-
den Index was used to determine the optimized thresh-
old value, which was further used to calculate the
sensitivity, specificity and accuracy. A global measure
of biomarker effectiveness is the Youden Index, the
maximum difference between sensitivity, the probability
of correctly classifying diseased individuals and 1-spec-
ificity, the probability of incorrectly classifying healthy
individuals.
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Results

Patients

38 patients underwent DCE-MRI successfully, and
7 patients were excluded owing to the tumour being
<10mm in diameter or random movement.
21 patients (2 males and 19 females aged 19-74 years,
mean age of 52.1 years) had parotid tumour-like
BLEL and 17 patients (5 males and 12 females, aged
32-76 years, mean age of 54.7 years) had parotid
MALT lymphoma.

Analysis of measured parameters from TIC (Sly,.,, TTS,
Slyax, TTP and Slpging)

The averaged parameters of Sk, TTS, Sla, TTP
and Slenging measured from the TIC of the parotid
tumour-like BLEL and MALT lymphoma are pre-
sented in Table 1. (1) The Sl of the two groups
showed that parotid tumour-like BLEL parameters
were slightly higher than those of MALT lymphoma,
but the difference was not statistically significant. (2) In
these two groups, TTS indicated that parotid MALT
lymphoma appeared slightly earlier than tumour-like
BLEL; however, both below 60s. The difference was not
statistically significant. (3) SI;,.x revealed that the signal
of the parotid MALT lymphoma was slightly higher
than that of the tumour-like BLEL. The difference was
not statistically significant. (4) The TTP of the parotid
tumour-like BLEL was more than twice as that of the
MALT lymphoma, with statistically significant differ-
ence. (5) Slending showed that there was no significant
difference in these two lesions, and Slcnging of MALT
lymphoma was slightly higher than that of the tumour-
like BLEL.

Only TTP had a significant difference among the five
groups, and the area measured under the receiver-
operating characteristic (ROC) curve was 0.987.
According to the Youden Index, the optimal threshold
was 79.65s (Figure la). According to this threshold,
tumour TTP value greater than 79.65s indicated parotid
BLEL (negative), and tumour TTP value below 79.65s
indicated MALT lymphoma (positive). The negative
rate calculated for parotid tumour-like BLEL was
95.2% (20/21 patients), and only 1 patient presented
a TTP value greater than 79.65s (false positive). The
positive rate of parotid MALT lymphoma was 94.1%,
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and only one patient presented a TTP value greater than
the threshold value (false negative). Based on this TTP
threshold value, the sensitivity rate, specificity rate and
accuracy rate of differential diagnosis was 94.1%, 95.2%
and 94.7%, respectively, between parotid tumour-like
BLEL and MALT lymphoma.

Analysis of the initial slope of increase and relative
washout ratio

Parameter analysis indicated that the average ISI value
of parotid MALT lymphoma was 1.67, which was much
larger than that of BLEL (ISI = 0.465). There was sig-
nificant difference between the two groups. (p < 0.001)
(Figure 2a). The average RWO value of the parotid
MALT lymphoma (9.4%) was greater than that of the
tumour-like BLEL (6.1%). The difference between the
two groups was not statistically significant (p = 0.254,
p > 0.05) (Figure 2b).

The ROC curve of ISI exhibited that the area under
the curve was 0.950. The optimal threshold value
prompted according to the Youden Index was 0.807
(Figure 1b). Based on this threshold, it was assumed
that ISI> 0.807 indicates parotid MALT lymphoma
(positive) and ISI<0.807 indicates tumour-like BLEL
(negative). Among the 21 cases of patients with parotid
tumour-like BLEL, the ISI values of 5 patients were
greater than the threshold value, which indicated false
positive. Among the 17 cases of patients with parotid
MALT lymphoma, the ISI values of 3 cases were lower
than the threshold value, which indicated false negative.
When the ISI threshold value was 0.807, the sensitivity
rate was 82.3%, specificity rate was 76.2% and accuracy
rate was 78.9%.

Analysis of time—intensity curve types

Only two parameters (measured TTP and calculated
ISI) achieved statistical significance. The threshold
value of TTP was 79.65s and that of ISI was 0.807.
According to these two optimal threshold values, we
proposed that the TIC should be divided into three
types: Type I (rapid increase and gradual type), TTP
<79.65s, ISI> 0.807 (Figure 3, a-b); Type II (gradual
type), TTP> 79.65s, ISI <0.807 (Figure 4a-b); and
Type III (late increase type), TTP> 79.65s, ISI> 0.807
(Figure 5a-b). Parotid tumour-like BLEL mainly pre-
sented as Type II and Type III, mainly as Type II (16/
21 patients, 76.2%); parotid MALT lymphoma mainly

Table 1 The parameters of Sy, TTS, Slyax, TTP, Slending, ISI and RWO from TIC

BLELIMALT lymphoma Slare TTS(s) SLax TTP(s) SLodine IS1 RWO
Average value

BLEL 49.0 239 100.4 157.3 93.6 0.5 6.1

Mean £ SD

MALT lymphoma 46.1 24 .4 109.3 65.4 98.6 1.7 9.4
BLEL 49.0+ 6.1 239+7.5 100.4+14.0 157.3+44.3 93.6+ 14.1 0.5+0.3 6.1+11.8
MALT lymphoma 46.1+ 10.5 244+31 109.3+21.5 65.4+10.1 98.6+18.2 1.7£0.7 9.4+438
p-value 0.293 0.807 0.154 <0.001 0.356 <0.001 0.254

BLEL, benign lymphoepithelial lesion; ISI, initial slope of increase; MALT, mucosa-associated lymphoid tissue; RWO, relative washout ratio;
SD, standard deviation; Slenging, SI of ending point; TTP, time to peak; TTS, time to start.
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Figure 1 (a) The receiver-operating characteristic (ROC) of time to peak; the area under the ROC curve was 0.987. (b) The ROC of the initial

slope of increase; the area under the ROC curve was 0.950.

presented as Type I (16/17 patients, 94.1%). In 1 case of
parotid tumour-like BLEL, TIC presented as Type 1
(1/21 patients, 5%). One case of parotid MALT lym-
phoma presented as Type II (1/17 patients, 6%). It was
assumed that Type I of TIC was parotid MALT lym-
phoma (positive) and Type II or Type III was parotid
tumour-like BLEL (negative). The sensitivity rate was
94.1%, specificity rate was 95.2% and accuracy rate
was 94.7%. The assumed hypothesis that TTP lower
than threshold indicated parotid MALT lymphoma
was confirmed.

ISI

T T
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Discussion

Analysis of the application of dynamic contrast-enhanced
MR in the tumour of the salivary gland

At present, the clinical application of MRI has out-
grown the simple use of basic information such as lo-
cation, shape and signal intensity to evaluate the
nature of the lesion. The employment of functional
MRI technology for the evaluation of disease is ma-
turing, and the clinical application is becoming more
and more common.'> ' DCE-MRI is one of the most
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Figure 2 There was a significant difference in the initial slope of increase (ISI) (a) (p < 0.001) and no significant difference in the relative washout
ratio (RWO) (b) (p > 0.05) of two lesions. B, benign lymphoepithelial lesion, M, mucosa-associated lymphoid tissue lymphoma.
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Figure 3 Case 1: Mucosa-associated lymphoid tissue lymphoma in a 51-year-old female analysed by dynamic contrast-enhanced MRI. (a)
Transverse T, weighted spin time MRI showing heterogeneously hyperintense multiple nodules in the parotid gland bilaterally (arrows). The
region of interest was chosen in the section with the highest number of nodules in the right side, and the whole gland was included. (b)
Time-intensity curve shown as Type I, rapid increase and gradual type.

widely used and most developed functional MRI The literature review?' >* showed that: malignant

techniques and is also among the most mature ones  tumour and normal tissue of the head and neck could be
in the field of exogenous tracer perfusion imaging  distinguished; malignant lymphoma and other lymph
technologies.’ nodes could be differentiated.
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Figure 4 Case 2: Tumour-like benign lymphoepithelial lesion in a 27-year-old female analysed by dynamic contrast-enhanced MRI. (a)
Transverse 7, weighted spin time MRI showing heterogeneously hyperintense multiple nodules in the parotid gland bilaterally (arrows). The
features of routine MRIs are similar between Case 1 and Case 2. The region of interest was chosen in the section with the highest number of
nodules in the right side, and the whole gland was included. (b) Time-intensity curve shown as Type II, gradual type.
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Figure 5 Case 3: Tumour-like benign lymphoepithelial lesion in a 49-year-old female analysed by dynamic contrast-enhanced MRI. (a)
Transverse 7, weighted spin time MRI showing a heterogeneously hyperintense solitary nodule in the left parotid gland (arrow). (b)

Time-intensity curve shown as Type III, late increase type.

During the DCE-MR inspection of the primary head
and neck tumour, it was found that the TIC of malig-
nant lymphoma was wash-in and washout type, and it
was proposed that this feature of the curve was in fa-
vour of being distinguishing from the other primary
head and neck tumours. Asaumi et al** found that the
squamous-cell carcinoma (SCC) had a shorter peak
time and higher Sl,;,x than the malignant lymphoma in
the head and neck, with statistically significant differ-
ences. The incidence of malignant lymphoma is in-
creasing among malignant tumours in the head and
neck, and it is important to make a different diagnosis
in order to make a proper treatment plan. Yabuuchi
et al® discovered that malignant tumour and parotid
Warthin’s tumour had the same TIC type (wash-in and
washout type), and peak times were not statistically
different. Although it is difficult to distinguish between
malignant tumour and Warthin’s tumour on the basis of
TICs alone, these features can help in distinguishing
them from other tumours.

The application of DCE-MR in cases of parotid
primary tumours has previously been reported. Taka-
shima et al’® divided TICs into five types according to
the Tpcai after injection of the contrast agent. Tsushima
et al indicated that the SI of seven cases of pleomorphic
adenoma (PLA) and two cases of adenoid cystic carci-
noma (ACC) presented gradually enhanced after 260s,
the SI of Warthin’s tumour decreased significantly after
fast enhancement in 20s, the SI of malignant tumour
clearly enhanced after 20s, then gradually decreased or
continued enhancing. Therefore, DCE-MRI may be
useful to distinguish between PLA and Warthin’s
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tumour; however, it cannot be useful to differentiate
PLA from ACC or Warthin’s tumour from malignant
tumour. In addition, using Tpe. and combined with
other multiTIC parameters, Yabuuchi et al*’ diagnosed
and analysed primary benign and malignant parotid
tumour. They found that the parotid PLA and malig-
nant tumour could be differentiated when Tpe.c was
120s (assumed as PLA, T, >120s). However, parotid
Warthin’s tumour could not be distinguished from
malignant tumour only by Tpc.. The washout ratio
(WR) of Warthin’s tumour was significantly higher than
that of malignant tumours, and the difference between
them was statistically significant. Therefore, through the
combination of Tpeac and WR, differential diagnosis of
parotid PLA, Warthin’s tumour and malignant tumour
could be made. Longer T, indicated PLA, shorter
Tpeax With higher WR indicated Warthin’s tumour and
shorter Tpeac With lower WR indicated malignant tu-
mour. However, the differences of enhancement ratio
(ER) in tumours were not statistically significant and
were useless for differential diagnosis. After analysis
and research of TIC types and parameters of parotid
tumour, Hisatomi et al'’> concluded that DCE-MR
parameters could provide important information for the
differential diagnosis of parotid primary benign and
malignant tumours, and the combination of Ti,,x and
WR had the largest significance in differential diagnosis
between the tumours. Matsuzaki et al*® reported that
DCE-MRI parameters had less significance in the dif-
ferential diagnosis of small salivary gland tumours than
in that of large salivary gland tumours. In the differ-
ential diagnosis of various types of small salivary gland
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tumours, 7., had larger significance in the differential
diagnosis of benign and malignant tumours. Based on
the literature review above as well as the results of the
present study, we selected TTP and ISI to conduct dif-
ferential diagnosis between parotid tumour-like BLEL
and MALT lymphoma and analysed the significance of
these two parameters in the differential diagnosis.

Parameter analysis of Sly,.,, TTS, SI,.., TTP

and Slending

Maybe it is hard to make the consistent and repeatable
definition, the application of Sl for differential di-
agnosis of tumours has not been reported yet. Gener-
ally, Slgar 1s set to the lowest point of the enhancing
peak. This study found that the difference in Sl and
TTS was not statistically significant between parotid
tumour-like BLEL and MALT lymphoma and could
not contribute any useful information. The mean TTS
values of parotid tumour-like BLEL and MALT lym-
phoma were both less than 30s; but, for four tumour-
like BLEL and only one MALT lymphoma’s, TTS were
longer than 30s. The difference of Sl;,x and Slending Was
not statistically significant in parotid tumour-like BLEL
and MALT lymphoma, which indicated that SI,,,,, and
Slending could not provide insight for the differential
diagnosis of the two lesions.

The mean TTP value of parotid MALT lymphoma
was only 65.4s, while that for tumour-like BLEL, it was
157.3s, more than twice as large as the former.
Yabuuchi et al?’ discovered that mean the TTP value of
PLA was greater than 210s; TTP values were often less
than 60s for Warthin’s tumour and malignant lym-
phoma. Early enhancing performance of the tumours is
related to their degrees of vascularization. The malig-
nant tumours, with higher degree of vascularization,
usually present as early strengthening. The TTP value of
parotid MALT lymphoma was 56.4s, in accordance
with its low-grade malignant feature pathologically.
The TTP value of parotid tumour-like BLEL was 157.3s
(>120s), generally considered as late strengthening, and
could be differentiated from malignant tumours and the
PLA (210s). Thus, TTP can provide important in-
formation for the differential diagnosis of parotid
tumour-like BLEL and MALT lymphoma, which can
reflect the pathological features of the benign and ma-
lignant lesions, respectively.

Analysis of calculated parameters (initial slope of
increase and relative washout ratio)

The difference in ISI of parotid tumour-like BLEL and
MALT lymphoma was statistically significant. It was
smaller in BLEL (ISI = 0.464) while larger in MALT
lymphoma (ISI =1.671), which indicated that the
strengthening speed of MALT lymphoma was much
greater than that of tumour-like BLEL. ISI also reflects
the enhancing degree of lesions in the early stage, as well
as perfusion information. The lesion with high degree of
vascularization and rich perfusion performs a steep
slope and early peak in TIC; otherwise, it shows little
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slope and late peak. The steep slope and early peak of
parotid MALT lymphoma reflected its features as high
degree of vascularization and rich perfusion of vascular,
which could differentiate it from tumour-like BLEL and
had great diagnostic significance.

Yabuuchi et al”> found that RWO could provide
important information for differential diagnosis in pa-
rotid tumours (PLA, Warthin’s tumour and malignant
tumour). WR3po of PLA was <10%, Warthin’s tumour
was >40%, while malignant tumours ranged from 10%
to 30%. Late stage of enhancement was usually corre-
lated with vascular permeability and the osmotic pres-
sure difference between tumour and stroma. Stronger
vascular permeability and larger osmotic pressure led to
greater RWO value of malignant tumours. The study
found that RWO values of the parotid tumour-like
BLEL and MALT lymphoma were both small (<10%).
This phenomenon might be related to the low-grade
malignant feature of MALT lymphoma pathologically.
Continuing and slowly strengthening, a common fea-
ture of benign tumours, turned out minus RWO in four
cases of parotid tumour-like BLEL.

Analysis of time—intensity curve types and

the multiparameters

Yabuuchi et al* divided the parotid tumours into three
categories: Tpa> 210s and WR;3y < 10% (PLA),
Tax<60s and WR3y, > 40% (Warthin’s tumour) and
60s < Tpax<100s and 10% < WRj3p < 30% (malig-
nant tumour). The TIC characteristics of PLA indicated
late enhancing and continued growth type. Warthin’s
tumour presented early enhancing rapid declining and
continued declining type. Malignant tumours presented
as early enhancing and continued declining type. The
degree of declining of Warthin’s tumour was more than
that of malignant tumour. Thus, according to TIC
features and a comprehensive analysis of multiple
parameters, PLA, Warthin’s tumour and malignant
tumour could all be differentiated.

According to the threshold values of TTP and ISI,
this study divided TICs of parotid tumour-like BLEL
and MALT lymphoma into three types: Type I (rapid
increase and gradual type): TTP <79.65s, ISI> 0.807;
Type II (gradual type): TTP> 79.65s, ISI <0.807; and
Type III (late increase type): TTP> 79.65s, ISI> 0.807.
Parotid tumour-like BLEL mainly presented as Type II
(dominantly, 76.2%) and Type III, according to the
characteristics of benign lesion. Five cases with the TICs
of Type III might infer the evolution from tumour-like
BLEL to MALT lymphoma. Parotid MALT lym-
phoma mainly presented as Type I (94.1%), in accor-
dance with the characteristics of malignant tumour as
high density of lymphoma cells. No significant differ-
ence in the late stage of enhancement (both draining out
lightly) pathologically indicated the benign feature of
tumour-like BLEL and a low-grade malignant feature
of MALT lymphoma. Therefore, the characteristics of
TIC, TTP and ISI had important significance in the
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differential diagnosis of parotid tumour-like BLEL and
MALT lymphoma.

The shortage of dynamic contrast-enhanced MR

The results showed that TTP, ISI and TIC types could
provide important information for differential di-
agnosis. However, owing to the small amount of sam-
ples, we could not further analyse the clinical
significance of four cases with TTS >30s in parotid
tumour-like BLEL. We were also unable to further
confirm the relationship between the TIC types and the
evolution from parotid tumour-like BLEL to MALT
lymphoma. A larger group of patients is needed for
further analysis.

Conclusions

This study analysed five measured parameters (Slgart,
TTS, Skpax, TTP and Slepging), two calculated parame-
ters (ISI and RWO) and TIC types in differential di-
agnosis between parotid tumour-like BLEL and MALT
lymphoma. The results of this study are as follows: (1)
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