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Objective: To determine the optimal diagnostic criterion

of dynamic contrast-enhanced MRI (DCE-MRI) for pre-

dicting salivary gland malignancy using a dynamic se-

quence with high temporal resolution, as well as the

accuracy of this technique.

Methods: The DCE-MRI findings of 98 salivary gland

tumours (74 benign and 24 malignant) were reviewed.

MR images were sequentially obtained at 5-s intervals for

370s. Two parameters, peak time and washout ratio

(WR) were determined from the time–signal intensity

curve. The optimal thresholds of these parameters for

differentiating benign and malignant tumours were de-

termined, along with the diagnostic accuracy of the

criterion using these thresholds.

Results: A peak time of 150s and a WR of 30% were

identified as optimal thresholds. As the criterion for

malignancy, the combination of peak time ,150s and

WR ,30% provided a sensitivity of 79% (19/24), spec-

ificity of 95% (70/74) and an overall accuracy of 91%

(89/98). Three of the five false-negative cases were ma-

lignant lymphomas of the parotid gland.

Conclusion: Peak time ,150s with WR ,30% comprised

the optimal diagnostic criterion in predicting salivary

gland malignancy, providing a sensitivity of 79% and

specificity of 95%. The use of high temporal resolution

might improve the accuracy of DCE-MRI.

Advances in knowledge: Although several studies have

reported the usefulness of DCE-MRI in the differential

diagnosis of salivary gland tumours, the specific diag-

nostic criteria employed have differed widely. We de-

termined the optimal criterion and its accuracy using

a dynamic sequence with high temporal resolution.

Salivary gland tumours account for approximately 3%
of all tumours.1 They can arise from any salivary gland,
although the majority occur in the parotid gland.2 Pre-
operative differential diagnosis between benign and ma-
lignant salivary gland tumours is very important because the
results strongly affect surgical treatment planning. Among
various imaging techniques, MRI is now the modality of
choice for evaluation of suspected salivary gland tumours.3,4

Owing to its superb contrast resolution and multiplanar fa-
cilities, MRI can clearly identify a tumour’s exact location
and extent, as well as its relationship with neighbouring
structures. On the other hand, the sensitivity of conventional
MRI in predicting malignancy is known to be quite low.5–7

Several researchers reported that time–signal intensity
curves (TICs) obtained by dynamic contrast-enhanced

MRI (DCE-MRI) were useful in the differential diagnosis
of salivary gland tumours and that the TIC characterized
by early enhancement and low washout was associated with
malignancy.4,8–15

However, the specific criteria involved, that is, the defini-
tion of and thresholds for the time to peak enhancement
and the washout ratio (WR), have varied widely among
studies. Thus, the efficacy of DCE-MRI in the differential
diagnosis of salivary gland tumours has not yet been fully
established. To obtain accurate TICs, a dynamic MRI
sequence with high temporal resolution should be
used.6,16 However, the temporal resolution in most of the
previous studies was relatively low (15–60 s),8–12,14,17–20

which may partly explain the inconsistencies between
reports.
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In this study, we applied DCE-MRI with a temporal resolution
of 5 s to 98 cases with salivary gland tumours. Our aims were to
evaluate the TICs of these cases and to determine the optimal
diagnostic criteria for DCE-MRI as well as its accuracy in dif-
ferentiating benign from malignant salivary gland tumours.

METHODS AND MATERIALS
The protocol of this study was approved by the institutional review
board of Tokyo Dental and Medical University (number 880).

Patients
We reviewed the imaging studies of 98 consecutive patients with
histopathologically confirmed salivary gland tumour who were
evaluated at Tokyo Dental and Medical University Dental Hos-
pital (Tokyo, Japan) with MRI, including DCE-MRI, between
February 2003 and December 2012. The patients comprised 36
males and 62 females with a mean age of 53 years (age range,
17–82 years). After MRI, all tumours were surgically removed and
histopathologically examined. The histopathological diagnosis and
the origin of the 98 tumours are shown in Table 1. 74 cases were
benign, whereas the other 24 were malignant. The former included
seven cases of parotid cyst, because they were clinically in-
distinguishable from parotid gland tumours. The latter consisted
of 21 carcinomas and 3 malignant lymphomas. Concerning the
origin of the tumours, the most common gland was the parotid,
followed by the minor salivary gland in the oral cavity.

MRI
MRI scans were conducted using a 1.5-T unit with a head and
neck array coil. Pre-contrast T1 weighted spin echo images

[repetition time (TR)/echo time (TE), 500–700/14ms] and T2
weighted fast spin echo images (TR/TE, 3000–5000/90ms; echo
train length, 7) with fat suppression were obtained in axial and
coronal planes, with 3–4mm section thickness, 0.3–1.0mm
intersection gap, field of view (FOV) of 1733 230mm and
pixel of 1543 256. DCE-MRI was performed using a two
dimensional-fast flow angle shot sequence (TR/TE, 30/4.1ms;
flip angle, 30°; 5-mm section thickness; FOV of 1883 300mm

Table 1. Histopathological diagnosis and origin of the 98 salivary gland tumours (number of cases)

Diagnosis
Parotid
gland

Submandibular
gland

Sublingual
gland

Minor salivary
gland

Benign 74 40 9 1 24

Pleomorphic adenoma 53 21 9 23

Warthin tumour 10 10

Basal cell adenoma 1 1

Myoepithelioma 3 1 1 1

Lymphoepithelial cyst 7 7

Malignant 24 6 5 2 11

Adenoid cystic carcinoma 8 2 1 1 4

Mucoepidermoid carcinoma 5 1 4

Adenocarcinoma 3 1 1 1

Carcinoma ex pleomorphic adenoma 2 1 1

Epithelial–myoepithelial carcinoma 1 1

Polymorphous low-grade
adenocarcinoma

1 1

Lymphoepithelial carcinoma 1 1

Malignant lymphoma 3 3

Total 98 46 14 3 35

Figure 1. Time–signal intensity curve and the definitions of the

two parameters, peak time and washout ratio. The horizontal

and vertical lines represent the time after contrast material

injection and tumour signal intensity, respectively. SI5min, signal

intensity at 5min; SImax, maximum signal intensity; SIpre, signal

intensity at 0min.
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and pixel of 1363 256). In all cases, gadodiamide hydrate
(0.2ml kg21) was intravenously administered at a rate of 3ml s2
1 using a power injector, followed by a 20-ml saline flush.
Scanning of the section with the maximum tumour diameter
was initiated when the contrast injection was started. The scan
time was 4.2 s, and MR images were sequentially obtained at 5-s
intervals for 370 s. Namely, we applied the fast DCE-MRI
technique with high temporal resolution. After DCE-MRI, post-
contrast T1 weighted spin echo images (TR/TE, 500–700/14ms)
with fat suppression were obtained, with the parameters similar
to those of the pre-contrast imaging.

Data analysis of dynamic contrast-enhanced MRI
An author with 17 years’ experience in MRI interpretation (TK),
who was blinded to the histopathological results, manually drew
a region of interest (ROI) for signal intensity measurement on
DCE-MR images, in a manner similar to that of Yabuuchi et al.8,14

Specifically, when drawing a ROI, the vessels and cystic portions
of the tumour were avoided. We plotted the mean signal intensity
within the ROI against time and constructed a TIC as shown in
Figure 1. In accordance with several previous studies,8–15,20 two
parameters, peak time and WR, were determined from the TIC
in each case. Peak time was defined as the duration corresponding
to the maximum signal intensity (SImax), whereas WR was defined
as follows: [(SImax2 SI5min)/(SImax2 SIpre)]3100 (%). SIpre and
SI5min were the signal intensities at times 0 and 5min after
contrast injection, respectively. Comparing TIC and the histopath-

ological results, we determined the optimal thresholds of the two
parameters for the differential diagnosis of salivary gland tumours.
The accuracy of the diagnostic criteria defined by these thresholds
was also evaluated.

Evaluation of conventional MRI
The same author evaluated T1, T2 and post-contrast T1

weighted MR images of the 98 cases, which were presented
separately from DCE-MR images, with attention to the
presence or absence of MR findings suggestive of malignancy.
Tumours showing ill-defined margins and/or infiltration
into adjacent tissues were diagnosed as malignant, and the
results of conventional MRI were compared with those of
DCE-MRI.

Statistical analysis
The sensitivity, specificity, overall accuracy, and positive- and
negative-predictive values were calculated to evaluate the di-
agnostic accuracy of DCE-MRI in predicting malignant salivary
gland tumours.

RESULTS
Classification of time–signal intensity curves
The distribution of peak times of all lesions, excluding 10 cases
that showed no contrast enhancement, is shown in Figure 2. We
considered peak time of 150 s to be the optimal threshold be-
cause it most accurately discriminated between pleomorphic

Figure 2. The distribution of peak times in salivary gland tumours. A peak time of 150s (dotted line) is considered the optimal

threshold because it most accurately discriminates between pleomorphic adenoma and other tumours.

Figure 3. The distribution of washout ratios in salivary gland tumours. A washout ratio of 30% (dotted line) is considered the optimal

threshold because it most accurately discriminates between carcinomas and other tumours.
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adenoma and other tumours. Next, we evaluated the WRs of
all tumours except pleomorphic adenoma. Pleomorphic ade-
nomas were not included in this evaluation because they were
mostly distinguishable from other tumours by peak time

alone. As shown in Figure 3, the optimal WR threshold was
considered to be 30%, as this value most accurately discrim-
inated carcinomas from other tumours. Using these thresholds,
we classified the TICs into the following four types: Type A, gradual

Figure 4. Type classification of the time–signal intensity curves. The time–signal intensity curves are classified into four patterns

(Types A–D) based on the following thresholds: peak time of 150s and washout ratio of 30%.

Table 2. Classification of time–signal intensity curve (TIC) of the 98 salivary gland tumours (number of cases)

Diagnosis
TIC types

Type A Type B Type C Type D

Benign 74

Pleomorphic adenoma 53 51 2

Warthin tumour 10 7 3

Basal cell adenoma 1 1

Myoepithelioma 3 1 2

Lymphoepithelial cyst 7 7

Malignant 24

Adenoid cystic carcinoma 8 8

Mucoepidermoid carcinoma 5 5

Adenocarcinoma 3 3

Carcinoma ex pleomorphic adenoma 2 1 1

Epithelial–myoepithelial carcinoma 1 1

Polymorphous low-grade adenocarcinoma 1 1

Lymphoepithelial carcinoma 1 1

Malignant lymphoma 3 3

Total 98 54 11 23 10
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enhancement with peak time $150 s; Type B, early enhancement
and high washout with peak time ,150 s and WR $30%; Type C,
early enhancement and low washout with peak time ,150 s and
WR ,30%; and Type D, flat (Figure 4).

Differential diagnosis of salivary gland tumours by
time–signal intensity curve
Table 2 shows the classification of the 98 salivary gland tumours
based on TICs. All pleomorphic adenomas but 2 (51/53) showed
Type A pattern (Figure 5), whereas Warthin tumours were either
Type B (Figure 6) or Type D. Seven lymphoepithelial cysts were
all Type D (Figure 7). All carcinomas but 2 (19/21) showed Type C
pattern (Figure 8). By contrast, three malignant lymphomas were
all Type B (Figure 9).

When Type C pattern was used as the criterion for predicting
malignancy, it provided a sensitivity of 79% (19/24), specificity
of 95% (70/74) and an overall accuracy of 91% (89/98)
(Table 3). Three out of the five false-negative results were ma-
lignant lymphomas of the parotid gland.

Comparison of dynamic contrast-enhanced MRI with
conventional MRI
Conventional MR images provided a sensitivity of 50% (12/24)
and specificity of 97% (72/74). Out of 12 malignant tumours
with false-negative results on conventional MRI, 7 were correctly
reclassified on the basis of the above-mentioned criterion of
DCE-MRI.

DISCUSSION
Several conventional MRI findings suggestive of malignancy in
salivary gland tumours have been reported. These include ill-
defined margins, infiltration into adjacent tissues and low signal
intensity on T2 weighted images.5,7,17,21,22 However, this mo-
dality results in considerable overlap between benign and ma-
lignant tumours in terms of imaging appearance.3 Christe et al22

recently reported that the sensitivity and the specificity of the
above-mentioned MRI findings in predicting malignancy were
70% and 73%, respectively. As a result, the validity of conven-
tional MRI in the differential diagnosis of salivary gland tumours
is considered to be limited.

Figure 5. Pleomorphic adenoma in the left palate (50-year-old female). (a) T1 weighted image reveals a hypointense mass (arrow).

(b) T2 weighted image with fat suppression reveals a mass with inhomogeneous high signal intensity. (c) Post-contrast T1 weighted

image with fat suppression reveals slightly inhomogeneous tumour enhancement. (d) The time–signal intensity curve has Type A

pattern (peak time of 290s).
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Several studies have recently reported the usefulness of TIC
obtained via DCE-MRI in differentiating malignant from
benign salivary gland tumours. In these reports, malignant
tumours were characterized by early enhancement and low
washout, whereas benign pleomorphic adenomas demon-
strated gradual enhancement, and Warthin tumours exhibited
early enhancement and high washout.8–15 However, the def-
initions and thresholds of peak time and WR, which were
used to classify TICs into such patterns, differed considerably
among the studies. Specifically, whereas peak time was most
commonly defined as the time required to reach maximum
tumour enhancement after contrast material administration,
Yabuuchi et al8,14 defined it as the time required to reach 90%
of maximum tumour enhancement. The threshold of peak
time that discriminated between malignant tumours and
pleomorphic adenomas also varied among the studies and
included 120,8,13–15 16520 and 210 s.12 Furthermore, the
definition of WR, which represents the degree of signal

intensity decline at a certain time point after contrast material
administration, also differed among the studies. Although some
studies defined WR at 5min after contrast administration,8,12,14,20

others defined it at 3–4min.9–11,13,15 The WR thresholds
reported in past studies include 10%,12 20%,15 30%8–11,13,14

and 40%.12

As mentioned above, the efficacy of DCE-MRI in differentiating
malignant from benign salivary gland tumours has not yet been
fully established. One of the reasons for the inconsistencies
among past studies might be their small sample sizes; with one
exception,6 each analysed only 20–50 cases.8–15,17–20 Another
reason may be the differences in imaging protocols used to
obtain DCE-MRI data sets. For obtaining accurate TICs,
dynamic sequences with high temporal resolutions should be
applied.6,16 Furthermore, evaluating differences in WR
among different types of tumours requires a sufficiently long
total scan time.16 However, in most of the past studies on

Figure 6. Warthin tumour of the left parotid gland (69-year-old male). (a) T1 weighted image reveals a hypointense mass (arrow).

(b) T2 weighted image with fat suppression reveals a mass with intermediate-to-high signal intensity. (c) Post-contrast T1 weighted

imagewith fat suppression reveals slight tumour enhancement. (d) The time–signal intensity curve has Type B pattern [peak time of

35 s and washout ratio (WR) of 55%].
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DCE-MRI of salivary gland tumours, the interval between
sequential MR images ranged from 15 to 60 s.8–12,14,17–20

Although this duration was 10 s in a few studies,6,13,15 which,
to our knowledge, was the shortest interval employed, the
total scan time in these studies was quite short, at 1006 or
180 s.13,15 By contrast, we applied fast DCE-MRI with high
temporal resolution and sufficient examination time to
98 cases with salivary gland tumours. Specifically, MR images
were sequentially obtained at 5-s intervals for 370 s. Fur-
thermore, in all cases, contrast material was administered at
a rate of 3 ml s21 using a power injector, followed by a 20-ml
saline flush. Use of a power injector would be expected to
reduce or eliminate the potential variability in injection rate
that occurs during manual administration of contrast
material.

As shown in Figures 2 and 3, the optimal threshold of peak time
defined in this study, 150 s, most accurately discriminated between
malignant tumours and pleomorphic adenomas. Furthermore, the

optimal threshold of WR at 5min was 30%, and this most accu-
rately discriminated between malignant and Warthin tumours.
Using these thresholds, we defined Type C pattern, with early en-
hancement with low washout, as having peak time of ,150 s and
WR of ,30%. When Type C pattern was used as the criterion for
malignancy, it provided a sensitivity of 79% (19/24), specificity of
95% (70/74) and overall accuracy of 91% (89/98). In the study by
Yabuuchi et al,14 in which the images were obtained at 30-s
intervals, the sensitivity, specificity and overall accuracy of DCE-
MRI were 71% (10/14), 86% (31/36) and 82% (41/50), re-
spectively. Thus, the diagnostic accuracy in our study using fast
DCE-MRI might be slightly higher than that in their study. In
our series, we found that peak times in some cases of carcinomas
and pleomorphic adenomas were distributed around the
threshold of 150 s (Figure 2). Similarly, WRs in some cases of
carcinomas and Warthin tumours were distributed around the
threshold of 30% (Figure 3). These cases might have been
misclassified if we did not apply fast DCE-MRI with a temporal
resolution of 5 s. Thus, we believe that the use of a dynamic

Figure 7. Lymphoepithelial cyst of the right parotid gland (51-year-old female). (a) T1 weighted image reveals a hypointense mass

(arrow). (b) T2 weighted image with fat suppression reveals a mass with homogeneous high signal intensity. (c) Post-contrast T1

weighted image with fat suppression reveals no enhancement of the mass except for the wall. (d) The time–signal intensity curve

has Type D pattern.
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sequence with high temporal resolution will improve the di-
agnostic accuracy of DCE-MRI in the differential diagnosis of
salivary gland tumours.

In our series, all but 2 of the 21 carcinomas showed Type C
pattern (the exceptions were carcinoma ex pleomorphic ade-
noma and polymorphous low-grade adenocarcinoma). On the
other hand, three malignant lymphomas all were Type B, with
early enhancement and high washout, and none was Type C.
Thus, malignant lymphomas accounted for three of five false-
negative cases. All these occurred in the parotid gland, and
histopathologically were diffuse large B-cell lymphoma (one

case) and mucosa-associated lymphoid tissue lymphomas (two
cases). Concerning the TIC parameters, it was previously
reported that WR reflected tumour cellularity, whereas peak
time correlated with vascularity.8,13 This is probably because
tumours with a large extracellular space and fibrous stroma
can retain contrast material for a period of time, while
tumours with high cellularity-stromal grades, including War-
thin tumours, will retain less contrast material and have a high
WR.8 Histopathologically, malignant lymphoma is known to
have more cellularity and less extracellular space than do head
and neck carcinomas23,24 and is considered to primarily
exhibit Type B pattern. Asaumi et al,25 reported that 14 out

Figure 8. Epithelial–myoepithelial carcinoma of the left parotid gland (62-year-old female). (a) T1 weighted image

reveals a hypointense mass with a well-defined border (arrow). (b) T2 weighted image with fat suppression reveals a mass with

high signal intensity. (c) Post-contrast T1 weighted image with fat suppression reveals almost homogeneous tumour enhancement.

(d) The time–signal intensity curve has Type C pattern [peak time of 60s and washout ratio (WR) of 25%].
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of 17 head and neck lymphomas showed early enhancement
and high washout on TIC. Similar results were also reported
by other studies.13,15 Thus, we consider that it may be im-
possible to differentiate between malignant lymphomas of
the parotid gland and Warthin tumours by DCE-MRI alone.

It is an important concern to compare the diagnostic accuracy of
DCE-MRI with that of other diagnostic modalities. Fine-needle
aspiration cytology (FNAC) is a widely recommended modality
for characterization of salivary gland tumours, although it is not
routinely applied in Tokyo Medical and Dental University Dental

Hospital. The accuracy of FNAC is dependent on availability
of expertise and is known to be quite high when it is performed
by experienced clinicians and pathologists.4,7,26 Namely, Inohara
et al7 reported that the sensitivity, specificity and accuracy of FNAC
in detecting salivary gland malignancy were 90%, 95% and 94%,
respectively. Kraft et al26 evaluated the combination of FNAC and
ultrasonography and reported that it provided the sensitivity of
100% and accuracy of 99%. Although DCE-MRI could correctly
reclassify 7 out of 12 malignant tumours with false-negative results
by conventional MRI in our study, it should not be considered as an
alternative to FNAC.

Figure 9. Malignant lymphoma of the left parotid gland (62-year-old female). (a) T1 weighted image reveals a hypointense

mass with a relatively well-defined border (arrow). (b) T2 weighted image with fat suppression reveals a mass

with homogeneous high signal intensity. (c) Post-contrast T1 weighted image with fat suppression reveals almost

homogeneous tumour enhancement. (d) The time–signal intensity curve has Type B pattern [peak time of 35 s and washout

ratio (WR) of 39%].
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There are some limitations to our study. First, we did not perform
multisection dynamic MRI and scanned only the sections show-
ing the maximum tumour diameters. Thus, for tumours with

heterogeneous internal structures, it is possible that other sections
showed a different TIC pattern. Second, although our study in-
cluded 98 cases, a relatively large number, malignant tumours
comprised only 25% of these (24 cases), whereas pleomorphic
adenomas comprised .50% (53 cases). Thus, the composition of
our study population may have affected the results.

In conclusion, our study revealed that a peak time of 150 s and
a WR of 30% were the most suitable thresholds for TIC obtained by
DCE-MRI of salivary gland tumours. When the pattern of early
enhancement with low washout (peak time,150 s and WR,30%)
was used as the criterion for malignancy, DCE-MRI provided
a sensitivity of 79%, specificity of 95% and an overall accuracy of
91%. A dynamic sequence with high temporal resolution might
improve the diagnostic accuracy of DCE-MRI, although its useful-
ness in differentiating malignant lymphoma from Warthin tumour
is considered limited.
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