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Background: Accurately distinguishing between pleomorphic adenoma (PA) and Warthin tumor 
(WT) is beneficial for their respective management. Preoperative magnetic resonance imaging (MRI) 
can provide valuable information due to its excellent soft tissue contrast. This study explored the value of 
semiquantitative contrast-enhanced MRI parameters in the differential diagnosis of PA and WT.
Methods: Data from 106 patients, 62 with PA and 44 with WT (confirmed by histopathology) were 
retrospectively and consecutively analyzed. The tumor-to-spinal cord contrast ratios (TSc-CR) based on 
the mean, maximum, and minimum signal intensity (T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-
CR, respectively) in the early and delayed phases were calculated on contrast-enhanced T1-weighted images 
as semiquantitative parameters, and then compared between PA and WT. Receiver operating characteristic 
(ROC) curve analysis and areas under the curve (AUCs) were used to determine the performance of these 
parameters in the differential diagnosis of PA from WT.
Results: Except T1-min TSc-CR in the early phase, all semiquantitative MRI parameters differed 
significantly between PA and WT (all P<0.05). T1-max TSc-CR showed higher sensitivity {70.45% [95% 
confidence interval (CI): 0.548–0.832]} and specificity [70.97% (95% CI: 0.581–0.818)] and had a higher 
AUC [0.707 (95% CI: 0.610–0.791)] in the early phase when using a cutoff value of 1.89. T1-max TSc-CR 
showed higher sensitivity [88.64% (95% CI: 0.754–0.962)], specificity [72.58% (95% CI: 0.598–0.831)], and 
AUC [0.854 (95% CI: 0.772–0.915)] in the delayed phase when using a cutoff value of 2.33. The sensitivity, 
specificity, and AUC were improved to 90.91% (95% CI: 0.783–0.975), 93.55% (95% CI: 0.843–0.982), and 
0.960 (95% CI: 0.903–0.988), respectively, after combination of all semiquantitative parameters in the early 
and delayed phases. The two radiologists had excellent interobserver agreement on TSc-CRs [all interclass 
correlation coefficient (ICC) >0.75].
Conclusions: Semiquantitative parameters using TSc-CR are valuable in distinguishing PA from WT, and 
a combination of these parameters can improve the differential diagnostic efficiency.
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Introduction

The two most common benign salivary gland tumors are 
pleomorphic adenomas (PAs; benign mixed tumors) and 
Warthin tumors (WTs) (1). PAs account for most salivary 
gland tumors and are primarily found in the parotid  
gland (2). WTs are the second most common salivary gland 
tumor, and approximately 10–20% are found bilaterally in 
the parotid gland (3).

Appropriate management of WTs and PAs is important. 
PA has the potential for malignant transformation and a 
risk of recurrence, whereas WT is characterized by a slow 
growth rate (4,5). PA requires a partial parotidectomy, 
whereas WTs are treated only with local surgery or 
observation (4,6-8). Guidelines of the French Society of 
Otorhinolaryngology-Head and Neck Surgery (SFORL) 
recommended that complete en bloc tumor resection is 
necessary in case of preoperative suspicion of parotid PA 
(level of evidence, grade C) (9). Fine-needle aspiration 
cytology has been shown to be of considerable value in the 
diagnosis and management of lesions in the salivary gland, 
with high sensitivity ranging from 86% to 100% (10). 
However, fine-needle aspiration is invasive and challenges 
remain; for example, overlapping cytological features and 
multiple head and neck tumors may mislead cytologists (11). 
In addition, tumor recurrence by tumor seeding should be 
considered (12). Accurately distinguishing between WT and 
PA before surgery is beneficial for patients.

Preoperative magnetic resonance imaging (MRI) can 
provide important information because of its superior 
soft tissue contrast and thus reduce unnecessary biopsy of 
parotid tumors (13). However, conventional T1-weighted 
imaging (T1WI) and T2-weighted imaging (T2WI) is 
not sufficient to distinguish between WT and PA for 
its variability of histological components of PA (14,15). 
Magnetic resonance (MR) techniques such as dynamic 
contrast-enhanced MRI and diffusion-weighted (DW) MRI 
have been used to differentiate parotid neoplasms (16). 
Although researchers have developed a range of methods 
based on MRI to distinguish these two diseases (17,18), 
there is scarce literature reporting the value of early and 
delayed contrast-enhanced MRI in differentiating WT and 
PA. In the present study, we used the relatively stable signal 
intensity of the spinal cord as a reference and calculated 

the tumor-to-spinal cord contrast ratio (TSc-CR) in early 
and delayed phases to establish useful semiquantitative 
parameters and then explored the use of these parameters 
in differentiating PAs from WTs. We present this article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-1445/rc).

Methods

Patients

This study retrospectively and consecutively analyzed the 
clinical data and MRI examination results of 106 patients 
with PA and WT who presented to First People’s Hospital 
of Yunnan Province between January 2015 and October 
2020. All patients underwent MRI examinations, with 
their condition pathologically confirmed following surgical 
resection.

To be eligible for inclusion criteria in this study, patients 
had to meet the following criteria: (I) parotid lesions had 
not been treated with puncture biopsy, radiotherapy, or 
chemotherapy prior to MRI examinations; (II) MRI images 
met diagnostic quality requirements and were complete 
in three directions (transverse, coronal, and sagittal) after 
contrast enhancement; (III) definitive pathological and 
histological findings were available. The exclusion criteria 
are presented in Figure 1.

The present study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the First People’s 
Hospital of Yunnan Province (No. KHLL2022-KY176). 
The requirement for informed consent from all patients was 
waived due to the retrospective nature of this study.

MRI imaging techniques

MRI examinations were performed within 1 month 
before surgery in all patients. Patients were examined 
using a Signa HDxt 3.0T (GE Healthcare, Chicago, IL, 
USA), MAGNETOM Prisma 3.0T (Siemens Healthcare, 
Erlangen, Germany), Siemens Aera 1.5T (Siemens 
Healthcare), or 1.5T Ingenia MRI scanner (Philips 
Medical Systems, Best, Netherlands), with an integrated 
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head and neck coil. All patients underwent preoperative 
conventional MRI scanning; a post enhancement T1WI 
three-dimensional (3D) scan (transverse, coronal, and 
sagittal) was performed after administration of 0.1 mmol/kg  
gadol inium-diethylenetr iamine penta-acet ic  acid  
(Gd-DTPA) at a rate of 2.0 mL/s followed by a 20 mL 
saline flush into the antecubital vein. Acquisition series 
included coronal short tau inversion recovery (STIR) T2WI 
[repetition time (TR), 3,500 ms; time to echo (TE), 80 ms] 
and fast spin-echo (FSE) T1WI (TR, 500 ms; TE, 20 ms), 
and transverse STIR T2WI (TR, 3,500 ms; TE, 80 ms) 
and gradient echo sequences (GRE) T1WI (TR, 6 ms; TE,  
2 ms); enhanced images were scanned with GRE T1WI. 
MRI images were obtained at a section thickness of 4 mm, 
an effective layer interval of 2 mm, a 512×512 matrix, and a 
field of view of 280×280 mm. The early phase was defined 
as the first transverse sequence acquired after injection of 
Gd-DTPA, and the delayed phase was defined as the third 
sagittal sequence acquired after injection of Gd-DTPA (at 
approximately 3 min).

Image analysis

MRI data were transferred to a syngo.via workstation (Client 
4.2; Siemens Healthineers, Erlangen, Germany). Images 
were reviewed by two experienced radiologists (BW and 

JLZ, with 26 and 5 years of MRI diagnostic experience in 
the head and neck, respectively). The mean, maximum, and 
minimum signal intensity of the tumor and spinal cord at 
the same level were measured on contrast-enhanced T1WI. 
Regions of interest (ROIs) were drawn freehand as large as 
possible, including the solidly enhancing component of the 
tumor, in PA and WT lesions, avoiding necrotic cystic areas 
and larger vessels. The ROI size was adjusted to ensure that 
it could cover the tumor and the selected ROIs were kept as 
consistent as possible. The central canal was avoided when 
measuring the signal intensity of the spinal cord. Based on 
the mean, maximum, and minimum signal intensity, TSc-
CRs were calculated (T1-mean TSc-CR, T1-max TSc-CR, 
and T1-min TSc-CR, respectively) in the early and delayed 
phases. Interobserver consistency analysis of TSc-CRs 
measured by two radiologists was performed. The mean 
value of TSc-CRs was used for further analysis.

Statistical analysis

All statistical analyses were performed using MedCalc 
18.2.1 (MedCalc Software Ltd., Ostend, Belgium; https://
www.medcalc.org/). The normality of data distribution was 
checked using the Kolmogorov-Smirnov test. Data that 
were normally distributed were presented as the mean ± 
standard deviation (SD) and compared using Student’s t-test. 
Data that were not normally distributed were presented as 
the median with interquartile range and were compared 
using the Mann-Whitney test. Receiver operating 
characteristic (ROC) curve analysis and areas under the 
curve (AUCs) were used to determine the performance 
of the parameters (TSc-CRs) in differentiating PAs from 
WTs. DeLong test was used to compare performance 
differences between ROCs. The sensitivity, specificity, and 
accuracy for differentiating PAs and WTs were calculated. 
A two-tailed P<0.05 was considered statistically significant. 
Inter-observer agreement of TSc-CRs measured by two 
radiologists were evaluated by the interclass correlation 
coefficient (ICC) analysis, ICC value >0.75 was considered 
a mark of excellent reliability.

Results

Clinical data

Of these 106 patients, 62 (21 males, 41 females) had PA and 
44 (43 males, 1 female) had WT. The mean age of patients 
with PA was 39.7 years (range, 16–75 years), and the disease 

PA (n=62) WT (n=44)

Between January 2015 and October 
2020, patients with suspected 
parotid tumors underwent MRI

Exclusion:
(1) Treated with puncture biopsy, 

radiotherapy, or chemotherapy 
before MRI examinations;

(2) Incomplete MRI data;
(3) Pathological and histological 

results were not available

106 patients included in 
this study

Figure 1 Flowchart of case selection and distribution in this study. 
MR, magnetic resonance; MRI, magnetic resonance imaging; PA, 
pleomorphic adenoma; WT, Warthin tumor.

https://www.medcalc.org/
https://www.medcalc.org/
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Table 1 Clinical data for patients in the PA and WT groups

Characteristics
Histopathologic diagnosis

t/χ2 P value
PA (n=62) WT (n=44)

Gender 43.866 <0.001†

Male 21 (33.87) 43 (97.73)

Female 41 (66.13) 1 (2.27)

Age (years) 39.69±14.78 55.70±9.21 6.856 <0.001‡

Smoking history 7 (11.29) 40 (90.91) 66.105 <0.001†

Location 4.391 0.111†

Deep lobe 2 (32.25) 0 (0.00)

Superficial lobe 40 (64.52) 22 (50.00)

Across deep and superficial lobes 20 (32.26) 22 (50.00)

Shape 13.989 <0.001†

Regular 53 (85.48) 23 (52.27)

Irregular 9 (14.52) 21 (47.73)

Longest diameter 2.763 0.096†

<30 mm 60 (96.77) 39 (88.64)

≥30 mm 2 (3.23) 5 (11.36)

High signal on T2WI 32 (51.61) 40 (90.91) 18.241 <0.001†

Delayed enhancement capsular 61 (98.39) 2 (4.55) 94.001 <0.001†

Local T2WI low signal 5 (8.06) 6 (13.64) – 0.520§

Number of lesions 4.211 0.040†

Single lesion 42 (67.74) 20 (45.45)

Multiple lesions 20 (32.26) 22 (50.00)

Accompanied by pain 5 (8.06) 1 (2.27) 0.397§

Unless indicated otherwise, data are given as the mean ± SD or n (%). †, χ2 test; ‡, Student’s t-test; §, Fisher’s exact test. PA, pleomorphic 
adenoma; WT, Warthin tumor; T2WI, T2-weighted imaging; SD, standard deviation.

durations ranged from 1 week to 20 years. The mean age of 
patients with WT was 59.7 years (range, 36–76 years), and 
the disease durations ranged from 10 days to 20 years. All 
patients presented with painless progressive enlargement 
of the mass clinically, except for 3 patients with pain; 40 
patients had a history of smoking. As indicated in Table 1,  
compared with PA patients, WT patients were older, more 
likely to be male, and more likely to have a history of 
smoking (all P<0.05). PAs were more likely to have a regular 
shape, show delayed capsular enhancement (a circular, 
homogeneous, and highly enhanced linear enhancement 
around the lesion in the delayed phase), and consist of a 
single lesion (all P<0.05), whereas high signal on T2WI 

was often seen in WTs (P<0.05). There were no significant 
differences in lesion location or longest diameter, the 
number of patients with local T2WI-low signals patients, 
or the localized pain symptoms between the two groups (all 
P>0.05; Table 1).

Comparison of semiquantitative MRI parameters between 
the PA and WT groups

The two radiologists demonstrated excellent interobserver 
agreement on T1-max TSc-CR [early phase: ICC =0.994, 
95% confidence interval (CI): 0.991–0.996; delayed phase: 
ICC =0.996, 95% CI: 0.994–0.997], T1-mean TSc-CR 
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(early phase: ICC =0.995, 95% CI: 0.994–0.997; delayed 
phase: ICC =0.998, 95% CI: 0.997–0.998), T1-min TSc-CR 
(early phase: ICC =0.986, 95% CI: 0.979–0.990; delayed 
phase: ICC =0.990, 95% CI: 0.986–0.993). There were 
significant (P<0.05) differences in all semiquantitative MRI 
parameters between the PA and WT groups, except for  
T1-min TSc-CR in the early phase (P=0.401; Table 2, Figures 
2A-2E,3A-3E).

ROC curve analysis of MRI parameters in the early phase

When early phase parameters were used alone to identify 
the two diseases, significant differences were found for 
T1-mean TSc-CR and T1-max TSc-CR (P=0.0126 and 
P=0.0001, respectively). The sensitivity (81.82%) and 
specificity (88.71%) increased after combination of the 
three parameters, with a Youden index of 0.7053. The AUC 
(0.912) was improved, and there was a significant difference 
between the PA and WT groups using the combination of 
T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-CR 
in the early phase (P<0.001; Table 3, Figure 4).

ROC curve analysis of MRI parameters in the delayed 
phase

Individually, all MRI parameters in the delayed phase 
differed significantly (P<0.05) between the two diseases. 
After the combination of the three parameters, the 
sensitivity (81.82%) decreased compared with T1-mean 
TSc-CR and T1-max TSc-CR, the specificity (83.87%) 

increased, and the Youden index was 0.6569. The AUC 
improved [0.892 (95% CI: 0.817–0.944)] and there was a 
statistically difference with T1-mean TSc-CR (P=0.0059; 
Table 4, Figure 5).

Diagnostic efficiency of the combination of all MRI 
parameters

As shown in Figure 6, when all early and delayed phase 
semiquantitative parameters were combined, the diagnostic 
efficacy was better than the combination of early or 
delayed MR parameters alone [sensitivity 90.91% (95% CI:  
0.783–0.975), specificity 93.55% (95% CI: 0.843–0.982), 
Youden index 0.8446]. In ROC curve analysis, the AUC was 
0.960 (Z=25.504, P<0.0001, 95% CI: 0.903–0.988; Figure 5), 
with a significant difference compared with the combination 
of only early phase MRI parameters (P=0.0495) or delayed 
phase MRI parameters (P=0.0068, DeLong test).

Discussion

Age, gender, and smoking history in WT and PA patients 
showed statistical differences, but were not sufficient to 
distinguish the two diseases (19). In the present study, 
the age, number of male patients, and number of patients 
who smoked were higher in the WT than PA group  
(Table 1), findings that are similar to those reported by 
Luers et al. (5) On MRI, most PA are solitary, round, and 
well circumscribed with a smooth but sometimes lobulated 
surface. They have homogeneous bright and high-intensity 

Table 2 Comparison of semiquantitative MRI parameters between the PA and WT groups

Semiquantitative MRI parameters PA (n=62) WT (n=44) Z P value

Early phase

T1-mean TSc-CR 1.722 (1.467–2.191) 1.490 (1.325–1.839) −2.411 0.016

T1-max TSc-CR 2.160 (1.767–2.864) 1.706 (1.469–2.018) −3.616 <0.001

T1-min TSc-CR 1.281 (1.097–1.642) 1.292 (1.179–1.624) −0.840 0.401

Delayed phase

T1-mean TSc-CR 2.320 (1.872–3.066) 1.473 (1.282–1.796) −6.072 <0.001

T1-max TSc-CR 2.709 (2.093–3.478) 1.626 (1.441–1.962) −6.181 <0.001

T1-min TSc-CR 1.758 (1.523–2.216) 1.269 (1.114–1.590) −4.988 <0.001

Unless indicated otherwise, data are given as the median (interquartile range). Comparisons were made using the Mann-Whitney test. 
The semiquantitative parameters were based MRI and included the TSc-CR based on the mean, maximum, and minimum signal intensity  
(T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-CR, respectively). MRI, magnetic resonance imaging; PA, pleomorphic adenoma; WT, 
Warthin tumor; TSc-CR, tumor-to-spinal cord contrast ratio.
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A B

C D E

Figure 2 Typical images of the ROIs in a patient with PA. This patient was a 42-year-old woman in whom parotid nodules had gradually 
increased in size over a period of 3 years. (A,B) The imaging findings were isointensity on non-contrast T1-weighted images (A; arrow) and 
hyperintensity on T2-weighted images (B; arrow). (C-E) ROIs were placed in the parotid lesion and spinal cord on early (C) and delayed (D,E) 
phase MR images, and semiquantitative parameters were calculated, namely the TSc-CR based on the mean, maximum, and minimum signal 
intensity (T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-CR, respectively). (C) In the early phase, the T1-mean TSc-CR was 1.50, 
T1-max TSc-CR was 2.08, and T1-min TSc-CR was 0.70. (D,E) In the delayed phase, T1-mean TSc-CR was 2.06, T1-max TSc-CR was 2.61, 
and T1-min TSc-CR was 1.06. ROI, region of interest; SD, standard deviation; PA, pleomorphic adenoma; MR, magnetic resonance; TSc-
CR, tumor-to-spinal cord contrast ratio.

signals, with localized bright signals representing myxoid 
tissue on T2WI (20). MRI features, such as low signal 
intensity on T2WI represent highly cellular tumors, with 
multiple and bilateral lesions, well-circumscribed or 
partly solid lesions, and a location in the tail of parotid 
gland, being considered as the characteristic features (21). 
However, PA and WT cannot be distinguished on the basis 
of conventional T2WI signals alone (15) (Figures 2A-2E, 
3A-3E). The variable amounts of extracellular stoma, epithelial 
cells, and myoepithelial cells, constitutes the histological 
manifestation of PA, but overlaps with other benign and 
malignant parotid neoplasms in MRI findings (14).

Noninvasive medical imaging techniques are essential for 
distinguishing between parotid tumors. MRI is widely used 
in the differentiation of parotid gland tumors because of its 
high soft tissue resolution. Contrast-enhanced MRI enables 
additional evaluation of the perineural spread of aggressive 
lesions along the facial nerve (22). Multiparametric MRI and 

dynamic contrast-enhanced MRI can be used to distinguish 
between malignant and benign parotid tumors (23,24).

Preoperative differentiation between PA and WT 
is necessary because of differences in the malignant 
transformation potential and treatment of these two diseases. 
Liu et al. (25) reported that FSE diffusion-weighted imaging 
(DWI) with periodically rotated overlapping parallel lines 
with enhanced reconstruction was helpful in distinguishing 
PA from WT with less distortion of the tumors, but the 
signal-to-noise ratio and AUC were lower than those 
of single-shot echo-planar DWI. DWI and apparent 
diffusion coefficient (ADC) are potentially useful to 
evaluate salivary tumors, however, the mean ADCs between 
salivary gland tumors still have some overlap (26-28).  
In another study, Wang et al. (18) developed a WT scoring 
system by combining the mean and SD of the ADC of 
tumors, patient age, and patient sex to differentiate WTs 
from other parotid PAs and carcinomas. Their scoring 
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Table 3 Diagnostic efficiency of the TSc-CR in the early phase to differentiate PAs and WTs

Semiquantitative MRI 
parameters

T1-mean TSc-CR T1-max TSc-CR T1-min TSc-CR
Combination of all 3 

parameters

Sensitivity (%) (95% CI) 70.45 (0.548–0.832) 70.45 (0.548–0.832) 77.27 (0.622–0.885) 81.82 (0.673–0.918)

Specificity (%) (95% CI) 66.13 (0.530–0.777) 70.97 (0.581–0.818) 40.32 (0.281–0.536) 88.71 (0.781–0.953)

Youden index 0.3658 0.4142 0.1760 0.7053

Cutoff value 1.62 1.89 1.16 –

ROC curve analysis

AUC (95% CI) 0.638 (0.539–0.729) 0.707 (0.610–0.791) 0.547 (0.448–0.644) 0.912 (0.841–0.958)

SE† 0.0553 0.0516 0.0563 0.0274

Z 2.494 4.004 0.843 15.014

P value 0.0126 0.0001 0.3994 <0.0001
†, DeLong test. The AUC for the combination of the TSc-CR based on the mean, and maximum, minimum signal intensity (T1-mean TSc-
CR, T1-max TSc-CR, and T1-min TSc-CR, respectively) compared with the AUC for each parameter alone differed significantly (P<0.0001). 
TSc-CR, tumor-to-spinal cord contrast ratio; PA, pleomorphic adenoma; WT, Warthin tumor; MRI, magnetic resonance imaging; ROC, 
receiver operating characteristic; AUC, area under the curve; SE, standard error; CI, confidence interval.

A B

C D E

Figure 3 Typical images of the ROIs in patient with WT. This patient was a 65-year-old man who had had painless parotid nodules for  
1 year. (A,B) The imaging findings showed slight hyperintensity on non-contrast T1-weighted images (A; arrow) and hyperintensity on  
T2-weighted images (B; arrow). (C-E) ROIs were placed in the parotid lesion and spinal cord on early (C) and delayed (D,E) phase MR 
images and semiquantitative parameters were calculated, namely the TSc-CR based on the mean, maximum, and minimum signal intensity 
(T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-CR, respectively). (C) In the early phase, the T1-mean TSc-CR was 1.49, T1-max 
TSc-CR was 2.12, and T1-min TSc-CR was 0.85. (D,E) In the delayed phase, the T1-mean TSc-CR was 1.31, T1-max TSc-CR was 1.98, 
and T1-min TSc-CR was 1.03. ROI, region of interest; SD, standard deviation; WT, Warthin tumor; MR, magnetic resonance; TSc-CR, 
tumor-to-spinal cord contrast ratio.
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Table 4 Diagnostic efficiency of the TSc-CR in the delayed phase in differentiating PAs from WTs

Semiquantitative MRI 
parameters

T1-mean TSc-CR T1-max TSc-CR T1-min TSc-CR
Combination of all 3 

parameters

Sensitivity (%) (95% CI) 86.36 (0.726–0.948) 88.64 (0.754–0.962) 65.91 (0.501–0.795) 81.82 (0.673–0.918)

Specificity (%) (95% CI) 72.58 (0.598–0.831) 72.58 (0.598–0.831) 80.65 (0.686–0.896) 83.87 (0.723–0.920)

Youden index 0.5894 0.6122 0.4655 0.6569

Cutoff value 1.95 2.33 1.44 –

ROC curve analysis

AUC (95% CI) 0.848 (0.765–0.910) 0.854 (0.772–0.915) 0.783 (0.693–0.857) 0.892 (0.817–0.944)

SE† 0.0378 0.0365 0.0452 0.0325

Z 9.205 9.680 6.269 12.081

P value <0.0001 <0.0001 <0.0001 <0.0001
†, DeLong test. The AUC for the combination of the TSc-CR based on the mean, maximum, and minimum signal intensity (T1-mean TSc-
CR, T1-max TSc-CR, and T1-min TSc-CR, respectively) compared with the AUC for T1-mean TSc-CR differed significantly (P=0.0059). TSc-
CR, tumor-to-spinal cord contrast ratio; PA, pleomorphic adenoma; WT, Warthin tumor; MRI, magnetic resonance imaging; ROC, receiver 
operating characteristic; AUC, area under the curve; SE, standard error; CI, confidence interval.
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Figure 4 ROC analysis of MRI parameters in the early phase. The 
AUC improved (0.912) after combination of the early phase TSc-
CRs based on the mean, maximum, and minimum signal intensity 
(T1-mean TSc-CR, T1-max TSc-CR, and T1-min TSc-CR, 
respectively). TSc-CR, tumor-to-spinal cord contrast ratio; AUC, 
area under the curve; ROC, receiver operating characteristic; MRI, 
magnetic resonance imaging.
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Figure 5 ROC curve analysis of MRI parameters in the delayed 
phase. The AUC improved (0.892) after combination of the 
delayed phase TSc-CRs based on the mean, maximum, and 
minimum signal intensity (T1-mean TSc-CR, T1-max TSc-CR, 
and T1-min TSc-CR, respectively). TSc-CR, tumor-to-spinal 
cord contrast ratio; AUC, area under the curve; ROC, receiver 
operating characteristic; MRI, magnetic resonance imaging.
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system was shown to have a high differential diagnostic 
performance, with high sensitivity (85.7%), specificity 
(100.0%), and accuracy (93.4%) (18). Nevertheless, the 
low sample size (78 patients in total, including 42 WTs,  
30 PAs, and 20 carcinomas) may limit the generalizability 
of their conclusions (18). MRI-based radiomics and texture 
analysis has become an area of intense research interest and 
shows considerable application prospects (29-31). Gabelloni  
et al. (29) used a support vector machine classifier to 
differentiate between malignant and benign parotid 
neoplasms on T2WI, with high sensitivity (0.8695), 
specificity (0.9062), and accuracy (0.8909) in distinguishing 
PA from WT. However, the application of radiomics or 
deep learning is complicated and large datasets are required; 
image segmentation was based on visual inspection and 
manual delineation was time-consuming and laborious 
(32,33). The widespread application of radiomics in clinical 
practice needs to be further optimized.

There is a paucity of literature on semiquantitative 
parameters to differentiate PA from WT. In this study, 
we set the spinal cord signal at the same level for internal 
reference because the solidly enhanced components of the 
spinal cord were easy to acquire, there was smaller human 
measurement error, and signal interference from fat tissue 
in the parotid gland itself could be avoided (34). Relatively 
stable semiquantitative parameters can be obtained even 
if different MRI scanners are used, and misinterpretation 
caused by personal subjective experience may also be 
avoided to the greatest extent. In the present study, all 

semiquantitative parameters, except T1-min TSc-CR in the 
early phase, were higher in PAs than in WTs (all P<0.05), 
with the difference being more pronounced in the delayed 
phase (Table 2). This is possibly caused by the rapid wash-
in and wash-out pattern of WTs, whereas a slow and 
progressive wash-in pattern is seen in Pas (21,22,35). The 
enhancement pattern ultimately resulted in a higher TSc-
CR in PAs than in WTs. In the delayed phase, the difference 
between the slow progressive wash-in of PAs and the rapid 
wash-out of WTs became more pronounced, increasing the 
difference in TSc-CR between the two tumor types.

Wei et al. (17) also used TSc-CR to differentiate PA, WT, 
and malignant parotid tumors, and showed that the TSc-CR 
of WT was higher than that of PA, but they only measured 
semiquantitative MRI parameters on nonenhanced T1WI. 
Matsusue et al. (34) investigated the differences in ADC and 
TSc-CR among PA, WT, and parotid malignant tumors on 
T1WI, T2WI, and Gd-enhanced T1WI, also showing that 
the TSc-CR of PA on Gd-enhanced MRI was higher than 
that of WT, similar to the findings in the present study. 
However, Matsusue et al. (34) only enrolled 15 patients 
with PA and 17 patients with WT in their study, and the 
parameters of contrast-enhanced MRI were not abundant, 
meaning that their conclusion requires further validation 
through other studies. To obtain better parameters to 
distinguish between PA and WT, we focused on measuring 
the signal intensity ratio of all semiquantitative parameters 
to that of the spinal cord on enhanced MRI. In most 
cases, the TSc-CRs in PA and WT differed significantly. 
Since these parameters can be easily and rapidly measured 
in clinical practice, they could provide valuable clinical 
information.

This study further explored the diagnostic performance 
of semiquantitative MRI parameters in differentiating PA 
from WT. The results showed that the TSc-CR measured 
from the T1-max value in the early or delayed phase had 
a high differential diagnostic efficiency (AUC 0.707 and 
0.854, respectively). When all TSc-CRs in the early phase 
were combined, the diagnostic efficacy was improved, with 
a sensitivity, specificity, and AUC of 81.82%, 88.71%, 
and 0.912, respectively. The diagnostic efficacy of the 
combination of all delayed phase TSc-CRs was also 
improved, with a sensitivity, specificity, and AUC of 81.82%, 
83.87%, and 0.892, respectively (Tables 3,4, Figures 4,5).  
When all early and delayed TSc-CRs were combined, the 
sensitivity, specificity, and AUC of the ROC curve were 
improved to 90.91%, 93.55%, and 0.960, respectively 
(Figure 5). These results indicate that semiquantitative MRI 
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Figure 6 The ROC curve had an AUC of 0.960 after combination 
of all early and delayed phase semiquantitative MRI parameters. 
AUC, area under the curve; ROC, receiver operating characteristic; 
MRI, magnetic resonance imaging.
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parameters can be used to characterize PA and WT.
This study had several limitations. First, the sample size 

was small, only patients with PA and WT were included, and 
malignant parotid neoplasms were not analyzed due to its 
low incidence and wide variety; the study results may have 
been different if parotid malignancies had been included. 
Second, we used the signal intensity of the spinal cord as a 
reference, which may not yield reliable results in patients 
with spinal cord disease or in those with contraindications 
to the use of Gd-DTPA. Third, a standard neck contrast-
enhanced MRI protocol was used instead of dynamic 
contrast-enhanced MRI or isotropic high-resolution post-
contrast sequences, and the TSc-CRs of nonenhanced MRI, 
T2WI, and DWI were not measured or analyzed. However, 
based on the above limitations and advantages, this study 
could be considered a preliminary pilot study because it 
introduces a set of semiquantitative parameters obtained 
using standard Gd-enhanced MRI sequences. In addition, 
the determination of these semiquantitative parameters is 
feasible and easy to implement in clinical practice, making 
them conducive to clinical application.

Conclusions

TSc-CRs on Gd-based contrast-enhanced MRI in the 
early and delayed phases are valuable for the differential 
diagnosis of PA and WT. The combined application of all 
semiquantitative parameters improves differential diagnostic 
performance.
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