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Objective: The aim of this study was to explore and validate the diagnostic performance of

whole-volume CT texture features in differentiating the common benign and malignant

epithelial tumors of the parotid gland.

Materials and Methods: Contrast-enhanced CT images of 83 patients with common

benign and malignant epithelial tumors of the parotid gland confirmed by histopathology

were retrospectively analyzed, including 50 patients with pleomorphic adenoma (PA) and 33

patients with malignant epithelial tumors. Quantitative texture features of tumors were

extracted from CT images of arterial phase. The diagnostic performance of texture features

was evaluated via receiver operating characteristic (ROC) curve and area under ROC curve

(AUC). The specificity and sensitivity were respectively discussed by the maximum

Youden’s index.

Results: All the texture features were subject to normal distribution and homoscedasticity.

Energy, mean, correlation, and sum entropy of epithelial malignancy group were significantly

higher than those of PA group (P<0.05). There were no statistically significant differences

between PA group and epithelial malignancy group in uniformity, entropy, skewness, kurto-

sis, contrast, and difference entropy (P>0.05). The AUC of each texture feature and joint

diagnostic model was 0.887 (energy), 0.734 (mean), 0.739 (correlation), 0.623 (sum

entropy), 0.888 (energy-mean), 0.883 (energy-correlation), 0.784 (mean-correlation). The

diagnostic efficiency of energy-mean was the best. Based on the maximum Youden’s index,

the specificity of energy-correlation was the highest (97%) and the sensitivity of energy was

the highest (97%).

Conclusion: Energy, mean, correlation, and sum entropy can be the effective quantitative

texture features to differentiate the benign and malignant epithelial tumors of the parotid

gland. With higher AUC, energy and energy-mean are superior to other indexes or joint

diagnostic models in differentiating the benign and malignant epithelial tumors of the parotid

gland. CT texture analysis can be used as a noninvasive and valuable means of preoperative

assessment of parotid epithelial tumors without additional cost to the patients.
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Introduction
The diversity of histological and clinical manifestations is a significant feature of

parotid tumors. The histological diversity combined with the rarity of these tumors

makes it difficult to provide available noninvasive diagnostic recommendations for

each individual histological subtype of parotid tumors.1

Correspondence: Zhuoyue Tang
Department of Radiology, Chongqing
General Hospital, University of Chinese
Academy of Sciences, Chongqing 400014,
People’s Republic of China
Email zhuoyue_tang@ucas.ac.cn

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 2665–2674 2665

http://doi.org/10.2147/CMAR.S245344

DovePress © 2020 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Generally, parotid tumors are present in two forms:

a well-defined and mobile lump or a lump with significant

accompanying symptoms, like pain, rapid growth, facial

paralysis or metastasis. The former features are indications

of benign lesions, while the latter features are indications

of malignancy. However, quite a few malignancies have an

indolent nature and may be clinically indistinguishable

from benign tumors. As indolent lesions may masquerade

as benign tumors, the definitive histology sometimes may

not be available until after surgical resection. At present,

partial parotidectomy or superficial parotidectomy is

usually applied for benign tumors and partial superficial

parotidectomy (PSP) is the most common surgical proce-

dure for PA, while total parotidectomy with or without

facial nerve removal is applied to malignant tumors.2,3

Consequently, preoperative diagnosis of parotid gland

tumors is of great importance in view of optimizing the

individualized surgical plan. Differentiation based on clin-

ical symptoms is difficult because of the obvious overlap

among different tumors.

Ultrasound is useful in the diagnosis of parotid tumors,

but it is difficult to detect masses located in the deep lobe

and the results closely depend on the experience and skill

level of the operator.4 Magnetic resonance imaging (MRI)

seems to have the highest potential to determine different

histological subtypes of parotid tumors noninvasively.

Nevertheless, its disadvantages are limited availability,

high cost and the long time needed. Patients with certain

pacemakers or implanted metals cannot be examined with

MRI.5 Fine-needle aspiration cytology (FNAC) is

a minimally invasive procedure usually used in preopera-

tive diagnosis. However, its result is not always conclusive

due to insufficient specimens.6 Open biopsy is not encour-

aged in apparently benign tumors as it carries a theoretical

risk of seeding, but it sometimes has a role in the frankly

malignant tumors, especially when radical surgery is being

contemplated. Therefore, it is urgently necessary to find an

effective and relatively safe method to characterize parotid

tumors before operation.

Some recent studies have demonstrated the potential

value of texture features, which are significantly associated

with the pathology of tumors and the prognosis of

patients.7,8 Texture features can be extracted from many

kinds of medical images and provide quantitative informa-

tion we need.9 A great deal of quantitative information is

contained in medical images, which is far beyond what is

currently used for routine interpretation. Consequently,

more and more interest is focused on the evaluation of

tumors on medical images though a variety of advanced

software with the purpose of acquiring additional, clini-

cally relevant information, such as texture analysis.

Texture analysis has been used to predict several clinical

issues, like tumor heterogeneity, patient prognosis,

response to therapy, and so on.10,12 In this study, texture

features were extracted from contrast-enhanced CT images

for characterizing epithelial tumors of the parotid gland.

As far as we know, very few data on the texture

features derived from malignant epithelial tumors and

PAs, which is the most common benign epithelial tumor,

have already been analyzed. Consequently, this study

focused on differentiating benign from malignant epithe-

lial neoplasms of the parotid gland by texture analysis.

Materials and Methods
Patient Selection
This retrospective study was approved by the local Ethics

Committee, and all patients data were maintained with

confidentiality, in accordance with the Declaration of

Helsinki. Between January 2016 and December 2017,

patients with PA or malignant epithelial tumors who

underwent surgery were eligible and identified from the

institution’s database. The clinical information of patients

in the PA group and malignant epithelial tumor group is

shown in Table 1.

The inclusion criteria were as follows: (1) PA or malig-

nant epithelial tumors of the parotid gland confirmed by

postoperative pathology; (2) complete CT contrast-

enhanced images of neck obtained within two weeks

prior to surgery; and (3) maximum diameter of lesions

≥2.0 cm in the cross section. The exclusion criteria were

as follows: (1) CT images with obvious artifacts, such as

false teeth artifacts, motion artifacts, etc.; and (2) lesions

with scarcely solid components which are difficult for

texture analysis. As a result, a total of 149 patients were

identified, and 66 patients were excluded (Figure 1). The

final study population was comprised of 83 patients.

Image Acquisition
CT scans were performed using 64/128-multidetector scan-

ners (LightSpeed VCT; GE Healthcare, Waukesha, WI, USA)

with the parameters as follows: tube voltage, 120 kVp; tube

current, 150 mA; section thickness, 5 mm; section interval,

5 mm. The scanning ranged from the base of the skull to the

inlet of thorax. The enhanced images were obtained after

intravenous injection of 80–100 mL of nonionic iodinated
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contrast material (320 mg/mL; Iopamidol, Shanghai Bracco

Sine Pharmaceutical Co., Ltd., Shanghai, China) at an injec-

tion rate of 3.0 mL/s, followed by 50 mL of saline solution

via a power injector. The contrast-enhanced CT images were

obtained at 35 and 120 seconds after contrast material injec-

tion in arterial phase and balanced phase, respectively.

CT Texture Features
All CT images of arterial phase were stored in Digital

Imaging and Communications in Medicine (DICOM) for-

mat and uploaded to ITK-SNAP software for three-

dimensional manual segmentation of the region of interest

(ROI). ROI of each case was manually drawn by a head and

Table 1 Baseline Patient Characteristics in PA Group and Malignant Epithelial Tumor Group

Characteristics Pleomorphic Adenoma (N=50) Malignant Tumor (N=33) P value

Agea (year) 47.820±12.605 47.424±13.730 0.893

Genderb Male 13(26%) 24(72.7%) <0.01

Female 37(74%) 9(27.3%)

Clinical presentationb (+) 1(2%) 7(21.2%) 0.006

(−) 49(98%) 26(78.8%)

Disease durationc (month) 12.000(4.000, 39.000) 8.000(4.500, 21.000) 0.093

Lymphadenopathy 0(0%) 4(12.1%) 0.022

Notes: aData: Mean ± SD. bData: No. (percentage). cData: M. (Q1, Q3).

Abbreviations: PA, pleomorphic adenoma; N, number.

Figure 1 Recruitment pathway of patients in this study.
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neck radiologist who did not have any knowledge about the

clinical information of patients, and then the segmentation

was checked by a senior radiologist. Areas of tumor hetero-

geneity, including cystic change or necrosis, were not

excluded, for the information captured with texture analysis

could potentially contribute to tumor discrimination and

classification. Meanwhile, the delineation should be as

close as possible to the edge of the lesion by 1–2mm, so as

to avoid drawing too much parotid parenchyma or posterior

mandibular vein into the lesion, which may lead to

a misunderstanding of the internal structure of the tumor

and affect the accuracy of texture analysis. An in-house

software, Matlab2017b (Mathworks, Natick, MA, USA),

was used to extract the texture parameters automatically.

Ten frequently-used texture features obtained from the gray-

level histogram and gray level co-occurrence matrix were

included in the study, namely uniformity (uniformity of

gray-level distribution), mean (average pixel value), energy

(homogeneity in an image), skewness (asymmetry of the

histogram), and kurtosis (flatness of the histogram), contrast

(difference moment of the matrix), correlation (measure-

ment of gray-tone linear dependencies), entropy (irregularity

of gray-level distribution), difference entropy, and sum

entropy.13 An overview of the texture features extraction

process and analysis is shown in Figure 2.

Data Analysis
Data management and statistical analysis were conducted by

IBM SPSS Statistics package (version 25, SPSS Inc.,

Chicago, IL, USA). Kolmogorov–Smirnov test was used for

intra-group normality test, and Levene test was used for intra-

group variance homogeneity test. Parameters with normal

distribution and homogeneity of variances were expressed as

mean±standard deviation, and independent-samples t test was

adopted for data analysis. Parameters that did not satisfy

normal distribution and uneven variance were expressed by

median and interquartile spacing. The two-independent-

samples Mann–Whitney U-Test was used for data analysis.

Qualitative data were presented as ratios, which were ana-

lyzed by chi-square test. The diagnostic performance of single

index and pairwise joint model were tested via receiver oper-

ating characteristic (ROC) analysis. Cutoff values were estab-

lished by calculating the maximal Youden index (Youden

index=sensitivity+specifcity-1). A two-tailed P value of less

than 0.05 was considered statistically significant.

Results
Patient Characteristics
Malignant epithelial tumors of the parotid gland were more

common in males, while PAs were more likely in females.

Statistically significant difference of gender was found

between the two groups (P<0.01). Meanwhile, significant

differences were found in clinical presentation and lympha-

denopathy between the two groups (P<0.05). No statistically

significant differences of age and disease duration were

found between the two groups (P=0.893 and P=0.093,

respectively). All the selected patient characteristics of the

two groups are shown in Table 1. The histological subtypes

of malignant epithelial tumors included mucoepidermoid

carcinoma (n=10), adenoid cystic carcinoma (n=7), salivary

duct carcinoma (n=4), squamous cell carcinoma (n=3), aci-

nic cell carcinoma (n=3), epithelial myoepithelial carcinoma

(n=3), basal cell adenocarcinoma (n=2), and lymphoepithe-

lial carcinoma (n=1). Mucoepidermoid carcinoma and ade-

noid cystic carcinoma were the two most common subtypes.

Malignant epithelial tumors were seldom accompanied by

clinical presentation and lymphadenopathy (Table 2).

Texture Features
The energy, mean, correlation, sum entropy of malignant

epithelial tumors group were significantly higher than

those of PA group (all P<0.05). No statistically significant

Figure 2 Flowchart illustrating the texture analysis in this study. The original CT images obtained from a patient with mucoepidermoid carcinoma in the right parotid gland.

3D ROIs were segmented manually and reconstructed. Texture features were generated automatically and analyzed by ROC curves.
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differences of uniformity, entropy, skewness, kurtosis, con-

trast, and difference entropy were found between the two

groups (all P>0.05) (Table 3). TheAUCof each texture feature

and joint diagnostic model was 0.887 (energy), 0.734 (mean),

0.739 (correlation), 0.623 (sum entropy), 0.888 (energy-mean)

, 0.883 (energy-correlation), 0.784 (mean-correlation),respec-

tively. The diagnostic efficiency of energy-mean was the best.

According to the maximum Youden’s index, the specificity of

energy-correlation was the highest (97%). The sensitivity of

energy was the highest (97%) (Tables 4 and 5). The ROC

curve analysis of energy,mean, correlation, and sum entropy is

shown in Figure 3, and the ROC curve analysis of energy-

mean, energy-correlation, mean-correlation is shown in

Figure 4.

Discussion
This study aimed to demonstrate whether CT texture ana-

lysis could facilitate distinction between parotid PA and

malignant epithelial tumors. We calculated the AUC, sen-

sitivity and specificity of different texture features. Our

results indicated that CT texture features might be helpful

to diagnose patients with parotid PA and malignant epithe-

lial tumors.

Ultrasound is most commonly used in parotid tumor

diagnosis and its usefulness has been improved by elastogra-

phy gradually.14 However, elastography had several disad-

vantages including high operator dependence in terms of

compression and absence of sufficient quantitative

information.15 FNAC has been proved to be an effective

and reliable tool in the preoperative diagnosis of parotid

gland tumors. However, the variegated cytomorphology of

parotid gland tumors may lead to an error in interpretation

and intratumor heterogeneity from a single or limited tumor-

biopsy sample can be underestimated.16,17 A study showed

that sensitivity, specificity, and positive and negative predic-

tive values of FNAC were 84.61%, 91.66%, 91.6%, and

85%, respectively, in benign salivary gland lesions, but

84.61%, 86.48%, 68.75%, and 94.11%, respectively, in

malignant salivary gland lesions. There were no differences

in sensitivity, but specificity and the positive predictive

values were higher in the benign salivary gland lesions

while the negative predictive value was higher in malignant

lesions.18

Previous CT imaging-based research was focused on

the morphological characteristics of parotid lesions, such

as location, shape, size, margin, density, and enhancement,

but results were inconsistent and no diagnostic strategy has

been established for the diagnosis of benign and malignant

tumors.19 MRI has been used to distinguish parotid malig-

nancy from benign tumors.5 Nevertheless, its obvious dis-

advantages include limited availability, high cost and the

long waiting and examining time. Certain pacemakers,

implanted metals and the like, are the contraindications

for MRI examination. Dynamic contrast-enhanced MRI

(DCE-MRI) has been proved to be useful for characteriz-

ing parotid gland tumors, but the intravenous use of con-

trast media may lead to some clinical problems.20,21 Some

previous studies reported that diffusion-weighted imaging

(DWI) and its derived apparent diffusion coefficient

(ADC) could provide high diagnostic accuracy in charac-

terizing parotid gland tumors, but there was significant

overlap in ADC values among different tumors.22–24

Therefore, there is still no consensus on the role of DWI

in characterizing parotid gland tumors.

Texture features can be derived from CT, MRI, or

positron emission tomography (PET) without modification

of the acquisition protocols and extra cost to the

patients.25,26 Recently, texture analysis is principally

applied to evaluate the therapeutic effect and prognosis

of liver cancer, colorectal cancer, lung cancer, and so

on.27–29 But it is rarely applied to parotid lesions, except

for several reports focusing on the alterations of parotid

Table 2 Basic Characteristics of Patients with Parotid Epithelial Malignancy

Malignant Tumors Number Clinical Presentation Lymphadenopathy

Mucoepidermoid carcinoma 10 2 1

Adenoid cystic carcinoma 7 1 0

Salivary duct carcinoma 4 1 2

Squamous cell carcinoma 3 0 0

Acinic cell carcinoma 3 1 0

Epithelial myoepithelial carcinoma 3 1 0

Basal cell adenocarcinoma 2 0 0

Lymphoepithelial carcinoma 1 1 1
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morphology and secretion function induced by

radiotherapy.30,31 However, to the best of our knowledge,

there is a paucity of studies to date about the potential

diagnostic value of CT texture analysis in parotid epithe-

lial tumors.

In addition to some features on plain CT, contrast-

enhanced CT can also reflect some heterogeneous features

on tumor blood supply.32 Parotid gland tumors are domi-

nated by arterial blood supply, so texture features were

extracted from CT images of arterial phase in this study.

Because of the heterogeneity of tumors, the lesion often

has different texture features in different CT scanning

sections. Therefore, the three-dimensional structure

instead of single cross-sectional image was studied in

this research in order to reduce the random error, although

this method may dramatically increase the workload.

We selected 10 frequently-used texture features, among

which the energy, mean, correlation, and sum entropy in

malignant epithelial tumors were significantly higher than

those in PA. The greater energy, mean, correlation, and

sum entropy in epithelial malignancy may be related to the

greater heterogeneity than benign tumors like PA, although

they may appear to be uniformly solid lesions on CT

images. These differences in internal density homogeneity

are not detected by conventional visual assessments, like

CT or MRI.

According to the ROC curve, and comprehensive ana-

lysis of AUC, sensitivity, and specificity, it could be con-

cluded that energy and energy-mean were the ideal texture

parameter or joint diagnostic model to identify parotid PA

and malignant epithelial tumors because of their good

diagnosis efficiency, with the AUC of 0.887 and 0.888,

respectively. The sensitivity of energy was the highest

(0.970), and the specificity of energy-correlation was the

highest (0.970).The energy represents the stability of the

lesion texture gray scale change and reflects the gray scale

distribution uniformity and texture thickness. The higher

the energy is, the more regular and stable the current

texture change becomes. In this study, the energy of par-

otid epithelial malignancy was statistically higher than that

of PA. This may be closely related to the histopathological

characteristics of PA, such as complicated histological

structure and diverse cell types, including glandular

epithelium, myoepithelium, mucus, mucoid tissue, and

chondroid tissue.

Most parotid gland tumors are benign (80%), while about

20% of them are malignant.33 A parotid lump is the first sign

in most cases. Appearance of malignant tumors may be quiteT
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similar to benign tumors, such as growing slowly, mobility

and displacement instead of infiltrating neighboring struc-

tures. In this study, the average disease duration of PA and

malignant epithelial tumors was 12 months, and 8 months,

respectively. There is no statistically significant difference of

disease duration between the two groups. Only about one third

of the malignant parotid tumors present initially with skin

infiltration, facial palsy, or lymphatic metastasis as typically

clinical signs of malignancy.34 In the malignant epithelial

tumors group of this study, 21.2% (7/33) of them appeared

the clinical signs, which was roughly in accordance with the

previous report. While few patients in the PA group accom-

panied clinical presentation. It has been reported that the lymph

node metastasis rate is approximately 28.2% in parotid

malignancies.35 In this study, the lymph node metastasis rate

was 12.1%, which was lower than reported. On the one hand,

Table 4 Diagnostic Performance of CT Texture Features in PA Group and Malignant Epithelial Tumor Group

Index AUC P value 95% CI Cutoff Value Sensitivity Specificity

Energy 0.887 <0.01 0.820–0.955 14,772,788.000 0.970 0.620

Mean 0.734 <0.01 0.620–0.848 67.785 0.667 0.780

Correlation 0.739 <0.01 0.631–0.847 0.422 0.788 0.700

Sum entropy 0.623 0.059 0.502–0.744 1.994 0.879 0.380

Abbreviation: AUC, area under the ROC curve.

Table 5 Diagnostic Performance of Joint Model of CT Texture Features in PA Group and Malignant Epithelial Tumor Group

Index AUC P value 95% CI Sensitivity Specificity

Energy-mean 0.888 <0.01 0.820–0.955 0.880 0.727

Energy-correlation 0.883 <0.01 0.812–0.954 0.660 0.970

Mean-correlation 0.784 <0.01 0.687–0.881 0.580 0.939

Abbreviation: AUC, area under the ROC curve.

Figure 3 ROC curves for distinguishing PA from malignant epithelial tumor based on CT texture features.
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it may be related to the exclusion of the non-epithelial malig-

nancies, like lymphoma, metastasis, and on the other hand it

may be due to the small sample size.36 Meanwhile, it is

necessary to recognize that other non-neoplastic lesions of

the parotid gland may also be accompanied by lymphadeno-

pathy, such as kimura’s disease and tuberculosis.37

At present, PSP is the most common surgical procedure

for PAs. While malignant epithelial tumors often need facial

nerve rehabilitation management performed together with

the oncological surgery.38Moreover, manymalignant tumors

of the parotid gland need adjuvant radiotherapy.39,40 Given

the different surgical plans of malignant epithelial tumors and

PA, it is hoped that CT texture analysis could improve the

diagnostic efficiency and augment the ability for treatment

decision-making. In this study, Our findings show that with

minimal cost and no additional imaging burden, texture

analysis of routine contrast-enhanced CT imaging before

surgery may provide useful information for patients with

parotid malignant epithelial tumors and PA undergoing dif-

ferent surgical resection. As we know more about the CT

texture analysis, it may provide more insights into the differ-

ent kinds of parotid tumors.

However, the present study still had several limitations.

Firstly, the sample size was relatively small. Despite a small

sample size, we still found a strong association between

texture features and the diagnosis of parotid PA and malig-

nant epithelial tumors. We should investigate the associa-

tion of a wider range of radiomic features with parotid

tumors in a larger sample size. Secondly, since parotid

gland tumors are relatively rare diseases in clinical work,

and tumor subtypes are characterized by diversity, there is

a lack of prospective trials currently. We should conduct

prospective studies in the future. Thirdly, cyst adenolym-

phoma, which is the second most common benign tumors of

the parotid gland, was not included in this study, so it will be

included in our further study. Finally, there is a lack of

understanding on the underlying relationship between tex-

ture features and pathology of parotid epithelial tumors,

which requires further work.

Conclusions
In conclusion, we propose and validate the feasibility of CT

texture analysis to predict histology of parotid epithelial

tumors in this study. Our investigation demonstrates success-

ful application of 3D CT texture analysis for histological

classification of the benign and malignant epithelial tumors,

which lays a foundation for the future study of texture ana-

lysis in other pathology within or outside the head and neck.

Figure 4 ROC curves for distinguishing PA from malignant epithelial tumor based on joint diagnostic models of CT texture features.
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