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Abstract
Background Recently, semiquantitative time-intensity curve (TIC) analysis based on DCE-MRI and apparent diffusion
coefficient (ADC) value-based diffusion-weighted imaging (DWI) were used to improve the diagnostic efficiency
when diagnosing parotid tumors (PTs). However, quantitative DCE-MRI biomarkers have not been emphasized
previously.
Purpose To explore the diagnostic efficiency of perfusion parameters alone or in combination based on quantitative DCE-MRI
and DWI in the differential diagnosis of PTs.
Methods In total, 112 patients with parotid masses were prospectively recruited in our hospital fromAugust 2013 toMarch 2017.
All patients were evaluated with DCE-MRI and DWI before surgery. TIC and quantitative parameters based on DCE MRI and
ADCs were analyzed. Receiver operating characteristic analysis and linear discriminant analysis (LDA) was used to determine
their diagnostic performance.
Results In total, 87% (27/31) of pleomorphic adenoma (PA) showed typeATIC, 74% (65/88) ofWarthin’s tumors showed type B
TIC, and 95% (19/20) of malignant tumors showed TIC type C. Pearson X2 test showed a significant difference between TIC
patterns in benign and malignant tumors (X2 = 38.78, p < 0.001). ROC analysis revealed that ADC achieved the best
diagnostic performance for distinguishing PA and Warthin’s tumor from others, with area under the curve (AUC)
values of 0.945 and 0.925 (p < 0.01), respectively. Furthermore, the TIC type was the only useful biomarker for
distinguishing malignant from benign PTs, with an AUC of 0.846 (p < 0.01). Concerning the accuracy of the
combined application of multiple parameters of DCE-MRI and ADC values, a combination of TIC pattern and
extracellular volume ratio (Ve) provided the best results among five protocols, producing the highest accuracy of
0.75, followed by the combined use of the TIC pattern and ADC (accuracy was 0.70).
Conclusion TIC pattern in combination with the Ve biomarker based on DCE-MRI could achieve optimal diagnostic accuracy in
the differential diagnosis of PTs.

Keywords Parotid tumor . DCE-MRI . Diffusion-weighted imaging (DWI) . Apparent diffusion coefficients (ADC) . Linear
discriminant analysis (LDA)

Introduction

The characterization of parotid tumors is important for pre-
operative treatment planning. Postcontrast-computed tomog-
raphy and perfusion-computed tomography improved the dif-
ferential diagnosis of parotid tumors [1, 2], but these tumors
are eradicated with radiation exposure and low soft tissue
resolution. Conventional magnetic resonance imaging (MRI)
is valuable for identifying the tumor location, morphology,
extension, relationship with the facial nerve, and inner struc-
ture [3]. However, it is not always possible to establish the
diagnosis with these parameters alone. Dynamic contrast-
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enhanced (DCE) MRI is used to track the path of an exoge-
nous, paramagnetic contrast agent through tissues and has
emerged as a powerful tool in the characterization of tumor
hemodynamics [4]. In recent years, semiquantitative time-
intensity curve (TIC) analysis based on DCE-MRI was used
to improve the diagnostic efficiency of parotid tumors [4, 5].
Previous studies [2, 4–6] showed that time to peak (TTP) was
closely related with microvessel count and wash out ratio
(WR) and accurately reflects the stromal cellularity grade.
However, reports have indicated significant overlap of the
TIC of benign and malignant tumors. Recently, studies have
shown that analysis using TICs and apparent diffusion coeffi-
cients (ADCs) could be potential tools for the differentiation
of tumor types [5, 7]. The single use of these MRI techniques
has yielded acceptable results, but the diagnostic efficacy was
not high. As we know, except for TIC, many perfusion bio-
markers, such as Ktrans (volume transfer constant between
blood plasma and extracellular extravascular space [EES]),
Ve (EES fractional volume), and Kep (flux rate constant be-
tween the EES and plasma), are also available for the quanti-
tative analysis of DCE-MRI and are well correlated with his-
tological findings. However, previous research about these
biomarkers of quantitative DCE-MRI in parotid tumor diag-
nosis is rare, and the diagnostic value of these biomarkers is
unclear. The main objective of this study was to explore
methods to improve the diagnostic efficiency of perfusion
parameters (TIC, Ktrans, Kep, and Ve) alone or in combina-
tion when diagnosing parotid tumors based on quantitative
DCE-MRI.

Methods and materials

Patients

This prospective study was approved by the institutional re-
view board (Ethics committee of Foshan First People’s
Hospital and Ethics committee of Shantou Central Hospital)
and performed between August 2013 and March 2017.
Informed consent was obtained from all individual partici-
pants included in the study. DCE-MRI and ADC were pro-
spectively performed on consecutive patients with clinically
suspected primary parotid tumors. Exclusion criteria were as
follows: (1) Presence of hemangioma, lymphangioma,
lipomyoma, or cyst was reliably diagnosed by clinical and
radiological methods. (2) Lesions after treatment and recurrent
lesions were both removed. (3) Patient contraindications (such
as claustrophobia or many fixed dentures). (4) Patients who
were not suitable forMRI examination (patients with head and
neck disease requiring postoperative stent placement). All pa-
tients underwent surgery, and histopathologic diagnosis was
based on findings in specimens obtained by surgical resection.

Finally, 112 patients with 148 parotid masses confirmed by
surgical pathology were included.

Routine MR imaging and DCE-MRI

MR imaging was performed on a 3.0 T superconducting MR
imaging system (Siemens MAGNETOM Verio 3.0 T,
Germany) with head and neck array coils. Routine MR se-
quences included tra-T1W (TR/TE, 550 ms/8.7 ms), tra-
T2W (TR/TE, 5500 ms/95 ms), and cor-T2W-tirm (TR/TE/
TI, 3000 ms/39 ms/220 ms). DCE-MRI was performed with a
T1-weighted 3D spoiled gradient echo sequence (3D volume
interpolated body examination, 3D-vibe; TR/TE, 5.08 ms/
1.74 ms; flip angle 15°). The contrast agent Gd-DTPA
(Magnevist, Schering, China) was injected after fourth dy-
namic sequence acquisition at a rate of 2.0 ml/s via the right
antecubital vein. The contrast agent was administered at a
concentration of 0.2 mmol/kg body weight. After contrast
agent injection, a 20-mL saline flush at the same injection rate
was immediately performed. In total, 35 dynamic sequence
acquisitions with 20 dynamic images per sequence were per-
formed with a total scan time of 5 min and 20 s. Prior to
dynamic image acquisitions, pre-contrast images were obtain-
ed with two flip angles of 2° and 15° for T1 mapping.

Diffusion-weighted MR imaging

Diffusion-weighted MR imaging was performed by using a
multislice echo-planar (EPI) single-shot spin-echo sequence,
in the transverse plane (TR/TE = 3200/118 ms, FOV = 20–
25 cm, matrix = 128 × 128, section thickness = 5 mm and
interslice gap = 2 mm). Three diffusion gradients were applied
sequentially in the x, y, and z directions with b values of 0, 500,
and 1000 s/mm2. The acquisition time was 48 s. The ADC
maps were automatically generated.

Image analysis

Image analysis was performed by 1 radiologist (S.S.), who is
an expert in MR imaging, has 18 years of experience, and was
blinded to the clinical diagnosis. The sequential dynamic MR
images were transferred in a Digital Imaging and
Communications in Medicine (DICOM) format onto a
postprocessing workstation and were subsequently analyzed
by using ImageJ (NIH) and Mathematica (Wolfram Research)
software. To ascertain the accuracy of TIC and perfusion bio-
markers analysis, ROIs were drawn to avoid the vascular and
cystic parts of the tumors. When contrast enhancement was
heterogeneous, the signal intensities of multiple areas were
measured. In addition, the area with maximal enhancement
was selected for ROI location, and the corresponding ROIs
for ADC measurements were drawn. Semiquantitative analy-
sis of DCE-MRI was based on TIC. Each of the obtained TICs
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was automatically classified based on the increment ratio, the
time to peak enhancement (Tpeak), and the washout ratio
(WR) into four (A–D) types according the process described
by Takashi Nakamura [8]. Quantitative analysis of DCE-MRI
was based on the automatic generalized mode. In this model,
the contrast agent movement between tissue compartments is
related to three physiologically based parameters: K-trans,
Kep, and Ve.

Statistical analysis and linear discriminant analysis

All statistical analyses were performed by using the Statistical
Package for Social Sciences, Version 17.0 (SPSS 17.0).
Pearson X2 was used for comparison of TIC types among
different histological types of parotid gland tumors. DCE-
MRI quantitative parameters (Ktrans, Kep, and Ve) were
assessed among different histologic types of parotid gland
tumors based on the Kruskal-Wallis H test and Mann-
Whitney U test. p < 0.05 was considered statistically signifi-
cant. TIC types and threshold values for various parameters
were determined by receiver operating characteristic curve
(ROC)-based tests. Sensitivity, specificity, accuracy, and pos-
itive and negative predictive values for DCE-MRI in diagnos-
ing malignant parotid tumors were calculated. Linear discrim-
inant analysis (LDA) was used to evaluate the separability of
different histological types of the parotid gland tumors of the
testing set using TIC types, ADC, and perfusion parameters
(Ktrans, Kep and Ve). Half of the tumors in each group tumor
were selected as the training set, and the remaining half cases
were used as the testing set. In total, 100 operations were
performed randomly. The accuracy of different composite

indexes for different histological types of tumor identify was
evaluated.

Results

Clinical and histopathologic results

A total of 112 patients (62 men and 50 women) qualified for
the final analysis of the study. The patients’ age ranged be-
tween 16 and 84 years (mean, 58 years). The final patholog-
ical diagnosis of parotid tumors was as follows: PAs (n = 31),
Warthin’s tumor (n = 52), malignant tumors (n = 20) (includ-
ing squamous cell carcinoma (n = 7); acinic cell carcinoma
(n = 3); lymphoepithelial carcinoma (n = 3); adenoid cystic
carcinoma (n = 2); lymphoma (n = 1); mucoepidermoid carci-
noma (n = 2); duct carcinoma (n = 1); basal cell adenocarci-
noma (n = 1)), and other benign tumors (n = 9) (including
basal cell adenoma (n = 5); oncocytic adenoma (n = 1); mono-
morphic adenoma (n = 2); facial nerve schwannoma (n = 1)).

DCE-MRI and ADC analysis

TIC types of different histopathologic tumors are shown in
Fig. 1a. Type D TIC was not present in this study. The great
majority of PAs and Warthin’s tumor exhibited type A TIC
(Fig. 2) and type B TIC (Fig. 3), respectively, accounting for
87% (27/31) and 74% (65/88), respectively. However, 95%
(19/20) malignant tumors exhibited type C TIC (Fig. 4). Type
A TIC was absent in Warthin’s tumor and malignant tumors,
whereas type B TIC was absent in PAs. Pearson X2 test
showed a significant difference in TIC patterns between
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Fig. 1 Characterization of TIC types, multiparametric biomarkers, and ADC values of parotid tumors in different histopathologic groups
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benign and malignant tumors (X2 = 38.78, p < 0.001). Type A
TIC and type B TIC indicated benign lesions, whereas type C
TIC strongly indicated malignancy.

Mean quantitative parameter values (Ktrans, Kep, and Ve
of DCE-MRI and ADC) of different histopathologic parotid
tumors are shown in Table 1. The mean Ktrans of PAs was
lowest with slightly different from that of Warthin’s tumor
(p = 0.05) (Fig. 1b). The mean Kep of PAs and Warthin’s
tumor was lowest and highest, respectively. In addition, the
mean Kep was significantly different (p < 0.01) between each
other in malignant tumors, PAs, andWarthin’s tumor (Fig. 1c).
The mean Ve of Warthin’s tumor was lowest (p < 0.01) (Fig.
1d). The mean ADC of PAs was highest, followed by other
benign tumors, malignant tumors, and Warthin’s tumor, and
was significantly different between any two tumor types (Fig.
1e). Additionally, large overlap was observed in Ktrans and
Kep among all different histopathologic parotid tumors.

Diagnostic efficiency of multiple parameters
of DCE-MRI and ADC values

ROC curves (Fig. 5) showed that ADCwas the best parameter
for distinguishing PA from others, with an AUC of 0.945
(p < 0.01), followed by TIC types, with an AUC of 0.81

(p < 0.01). In addition, ADC was also the best parameter for
distinguishing Warthin’s tumor from others with an AUC of
0.925 (p < 0.01), followed by VE and Kep, with AUC values
of 0.882 and 0.812, respectively (p < 0.01). Furthermore, TIC
type was the only useful biomarker for distinguishing malig-
nant from benign lesions with an AUC of 0.846 (p < 0.01).
Compared with the accuracy of the combined application of
multiple parameters of DCE-MRI and ADC values for differ-
ential diagnosis, TIC-Ve was the best biomarker for
distinguishing parotid tumors, demonstrating the highest ac-
curacy of 0.75, which was followed by TIC-ADC, with an
accuracy of 0.70 (p = 0.034) (Fig. 6).

Discussion

The main finding of our study is that the combination of TIC
pattern and Ve provided the best results among the five pro-
tocols, producing the highest accuracy of 0.75, which was
followed by the combination of TIC pattern and ADC, yield-
ing an accuracy of 0.70. Although some studies indicated that
the combined use of contrast-enhanced (DCE) MRI and
diffusion-weighted imaging (DWI) achieved the optimal di-
agnostic performance for the diagnosis of parotid tumors [6, 9,
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10], significant overlaps between the ADC maps of benign
and malignant salivary gland tumors have also been reported
[4, 6, 11–13]. In addition, certain TIC pattern (type C) strate-
gies yield high sensitivity but relatively low specificity. In our
study, we compared the diagnostic efficiency of the use of
perfusion parameters (TIC types, Ktrans, Kep and Ve) alone
or in combination based on quantitative DCE-MRI and DWI
in differential diagnosis of parotid tumors, demonstrating that
the combined use of semiquantitative (TIC types) and quanti-
tative techniques based on DCE-MRI was significantly better
than the combination of TIC pattern and ADC or other perfu-
sion parameters.

To our knowledge, TIC patterns are different for benign and
malignant tumors. Specifically, the signal intensity curve grows
rapidly in the first phase after contrast injection and decreases
gradually in the next phase, whereas TIC curves of benign tu-
mors exhibit an increasing trend [14]. Our result is consistent
with this theory, indicating that TIC type is the only useful bio-
marker for distinguishing malignant from benign parotid tumors.
In addition, ADC values calculated from DWI provided addi-
tional quantitative information through Brownian motion of wa-
ter molecules in tissues. Previous reports revealed that the pre-
dictive value significantly improved with the addition of ADC
values when evaluating patients with type B or C tumors [9, 10,
12, 15]. Likewise, our study confirmed that ADC achieved the
best diagnostic performance for distinguishing PAs and
Warthin’s tumor from others, with area under the curve (AUC)
values of 0.945 (p < 0.01) and 0.925 (p < 0.01), respectively. The
mean ADC values of malignant tumors were significantly lower

than PAs and significantly higher than Warthin’s tumor. Our
result was consistent with that of Yabuuchi’s study. They attrib-
uted this result to different tissue cellularity among PAs,
Warthin’s tumor, and malignant tumors [15]. However, given
the lymphoid accumulation of Warthin’s tumor resembling lym-
phoma demonstrated by Habermann et al [13], the provided
ADC value for Warthin’s tumor overlapped with examined ma-
lignant lesions, proving a limited value of ADC-based tumor
differentiation focused onWarthin’s tumor in an individual case.
Despite limited temporal resolution of DCE-MRI, however, the
spatial resolution is higher, which makes DCE more accurate in
mixed lesions. A previous study validated that the Tpeak and
WR derived from TICs at DCE MR correlate well with histo-
pathologic findings. Specifically, Tpeak correlated closely with
microvessel count, and the washout ratio (WR) accurately
reflected the stromal cellularity grade [16]. Based on the article
by Yabuuchi [15], we chose a Tpeak of 120 s and a WR of 30%
and categorized time-intensity curve (TIC) patterns into 4 types.
Consistent with previous studies [9, 12, 14], our series revealed
that 87% (27/31) of PAs presented type ATIC, and 74% (65/88)
of Warthin’s tumor presented type B TIC. Type C curves pre-
dominated malignant lesions with the exception of one single
case. TIC types A, B, and D indicated benignancy, and type C
indicated malignancy; these results yielded high sensitivity but
relatively low specificity when malignancy was considered a
positive result due to the inclusion of benign cases.

Multiparametric analysis is an optimal approach to improve
differentiation of parotid tumors. In this study, we analyzed quan-
titative parameters values (includingKtrans, Kep, andVe) among
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Table 1 Quantitative DCE-MRI
parameters and ADC values of
different histopathologic parotid
tumors

Ktrans (min−1) Kep (min−1) Ve ADC (× 10−3 mm2/s)

Malignant tumors 0.327 ± 0.030 0.784 ± 0.064 0.445 ± 0.025 0.858 ± 0.253

Pleomorphic adenomas 0.217 ± 0.036 0.567 ± 0.048 0.549 ± 0.278 1.367 ± 0.376

Warthin’s tumor 0.464 ± 0.036 1.806 ± 0.111 0.272 ± 0.013 0.669 ± 0.126

Other benign tumors 0.663 ± 0.092 1.358 ± 0.205 0.528 ± 0.431 1.036 ± 0.168
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different pathologic types of parotid tumors and compared the
diagnostic ability among different protocols. The results showed
that the mean Kep values of Warthin’s tumor were significantly
higher than those of PAs and malignant tumors, whereas the
mean Ve value of Warthin’s tumor was significantly lower than
that of malignant tumors and PAs. One possible explanation for
the high Kep and low Ve value for Warthin’s tumor may be
related to the limited extracellular and extravascular space of
these tumors [17]. The mean Ktrans of PAs was slightly lower
than that ofWarthin’s tumor and malignant tumors; however, the
difference did not reach statistical significance. Concerning the
diagnostic accuracy of the perfusion parameters (TIC, Ktrans,
Kep, and Ve) alone or combined with quantitative parameters
and DWI in the differential diagnosis of parotid tumors, we
found that the combination of TIC pattern and Ve gave the best
results among the five protocols, achieving the highest accuracy

of 0.75, followed by the combined use of the TIC pattern and
ADC. In our study, Ve values were superior to ADC values.
Given that the overlap of ADCs between Warthin’s tumor and
malignant tumors has been previously revealed, we postulate that
it may be attributed to the fact that there is less overlap between
Ve values for parotid tumors. Furthermore, by performing a lon-
gitudinal study investigating salivary DCE-MRI changes, Ger
et al. [18] demonstrated that Ve was the only parameter that
had a consistently significant longitudinal difference, suggesting
that Ve may be a more sensitive indicator when compared with
other perfusion parameters and ADCs.

There were several limitations in the current study. First,
the sample size, especially for the malignant group included in
this study, was relatively small, which may result in an over-
estimation of the diagnostic accuracy. Second, potential bias
within the manual definition ROI is inevitable, which might
increase the variability of quantitative measurements. Finally,
ADC was generally deemed to be an imaging biomarker that
was inversely correlated with tumor cellularity, but no corre-
lation was observed between Ve and ADC in glioblastoma and
breast cancer. Therefore, the actual physiological meaning of
Ve needs to be clarified.

Conclusion

Our results showed that ADC was the best parameter for
distinguishing PAs andWarthin’s tumor from others, followed
by TIC type (p < 0.01). However, TIC type is the only useful
biomarker for distinguishing malignant from benign lesions,
with anAUC of 0.846 (p < 0.01). Comparedwith the accuracy
of combined application of multiple parameters of DCE-MRI
and ADC values for differential diagnosis, the combination of
TIC pattern and Ve biomarker based on the DCE-MRI can
achieve optimal diagnostic accuracy in the differential diag-
nosis of parotid tumors.
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