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Abstract
Objective This study sought to evaluate the worth of the general characteristics of enhanced CT images and the 
histogram parameters of each stage in distinguishing pleomorphic adenoma (PA) and adenolymphoma (AL).

Methods The imaging features and histogram parameters of preoperative enhanced CT images in 20 patients 
with PA and 29 patients with AL were analyzed. Tumor morphology and histogram parameters of PA and AL were 
compared. Area under the curve (AUC), sensitivity, and subject operational feature specificity (ROC) analysis were used 
to determine the differential diagnostic effect of single-stage or multi-stage parameter combinations.

Results The difference in CT value and net enhancement value of arterial phase (AP) were significant (p < 0.05); 
Flat sweep phase (FSP), AP mean, percentiles, 10th, 50th, 90th, 99th and arterial period variance and venous phase 
(VP) kurtosis in the nine histogram parameters of each period (p < 0.05). An analysis of the ROC curve revealed a 
maximum area beneath the curve (AUC) in the 90th percentile of FSP for a single-parameter differential diagnosis to 
be 0.870. The diagnostic efficacy of the mean value of FSP + The 90th percentile of AP + Kurtosis of VP was the best in 
multi-parameter combination diagnosis, with an AUC of 0.925, and the sensitivity and specificity of 0.900 and 0.850, 
respectively.

Conclusion The histogram analysis of enhanced CT images is valuable for the differentiation of PA and AL. Moreover, 
the combination of single-stage parameters or multi-stage parameters can improve the differential diagnosis 
efficiency.
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Introduction
Among the three major salivary glands in the human 
body, the parotid gland, as the largest salivary gland, 
accounts for about 3% of head and neck tumors, most 
of which are benign tumors about 80%, and pleomor-
phic adenoma (PA) and adenolymphoma (AL) are the 
two most common benign tumors, accounting for 80% 
and 10% [1–3], respectively. Although both PA and 
AL were benign tumors, there were large differences in 
their biological behavior, surgical methods, and postop-
erative outcome. About 2 -25% of PA is malignant, If the 
tumor is removed only along the capsule, about 15% of 
cases will relapse, so PA only needs to retain the facial 
nerve during the operation, remove the tumor and the 
involved parotid gland together. However, AL rarely has 
malignant changes, and most of the capsule is complete, 
the tumor only needs to be removed along the capsule. 
Unfortunately both PA and AL exhibit similar clinical 
characteristics, making it difficult to distinguish them. 
Therefore, accurate preoperative differential diagnosis is 
very important for the perioperative preparation, condi-
tion communication and the selection of surgical meth-
ods [4–7].

At present, there are many methods for diagnosing 
and differentiating salivary gland tumors, for example, 
by radiological tests such as computed tomography (CT), 
ultrasonography (US), and magnetic resonance imag-
ing (MR). Among them, the US examination for salivary 
gland tumors has many advantages, including low cost, 
ease of operation, and high safety, but for tumors located 
in the deep lobes, the test results are not very ideal, and 
the quality of the test results is closely related to the per-
sonal level of the physician and his medical experience, 
and different physicians may obtain different results [8]. 
MR is indicated for non-invasive determination of dif-
ferent histological subtypes of parotid gland tumors. 
However, it is not indicated in patients with metal pros-
theses and pacemakers, which may affect the diagnosis, 
be expensive, and take longer [9]. Currently, CT is not the 
preferred test for the evaluation of parotid gland tumors, 
however, CT has high diagnostic value for assessing the 
extent of tumors, especially those located in deep regions, 
and can help clinicians evaluate tumors more accurately, 
and CT can also detect lymphadenopathy to help identify 
benign or malignant tumors for appropriate treatment 
[10]. Contrast contrast-enhanced CT can clearly observe 
the relationship between the lesion and surrounding tis-
sues, organs, and blood vessels, and although there are 
reports that contrast may cause adverse effects, the over-
all prevalence of adverse reactions is about 0.7%, of which 
more than 80% are mild [11]. In the past, there were few 
studies on enhanced CT imaging, and the results were 
not very satisfactory, and no diagnostic system has been 
formed, and CT imaging focuses on the morphological 

characteristics of tumor margin, size, location, and den-
sity [12, 13]. In addition, physicians evaluate CT results 
based on their own skills and clinical experience, so that 
their results are more biased towards supervisor’s judg-
ment than objective indicators.

The histogram analysis method provides more and 
more detailed quantitative information on image hetero-
geneity by quantifying the grayscale information of lesion 
images, calculating the characteristic parameters of ROI 
in the image, evaluating the relationship and distribu-
tion of ROI gray intensity, and providing more detailed 
quantitative information on image heterogeneity, which 
has the advantages of simple operation process, objective 
data quantification and strong reproducibility of results 
[14, 15]. So far, many research results have shown that 
histogram analysis has high medical value for diagnos-
ing benign and malignant tumors, evaluating treatment 
effects, and predicting prognosis [16–18]. In this study, 
the imaging features and the histogram parameters of PA 
and AL were analyzed to explore the feasibility and value 
of enhanced CT lesion imaging features and histogram 
analysis in identifying PA and AL.

Materials and methods
Patient selection
This study collected 243 patients with parotid gland 
tumors who visited the First Affiliated Hospital of Shi-
hezi University School of Medicine from January 2014 to 
November 2020. Each patient was carefully screened to 
exclude 96 patients (tumours malignant or controversial), 
and the remaining patients were diagnosed with PA or 
parotid AL and met the inclusion criteria. Each patient 
was screened for preoperative parotid gland contrast CT, 
and 89 patients without preoperative contrast CT were 
excluded. The remaining patients with contrast-enhanced 
CT were analyzed and nine patients were excluded due 
to unclear contrast-enhanced CT images. In the end, 49 
patients remained. A total of 49 patients were included 
in this study (Fig. 1). Patients who met the inclusion cri-
teria were divided into two groups, 20 in the PA group 
(11 males and 9 females) and 29 in the AL group (27 
males and 2 females). The Ethics Committee of the First 
Affiliated Hospital of Shihezi University School of Medi-
cine approved the study. As the study was retrospective 
and non-interventional, written informed consent was 
waived.

Enhanced CT examination
A Philips Brilliance 16 row CT scan (Discovery CT750 
HD, GE Medical Systems, Waukesha, WI, USA) ranged 
from the external ear foramen to the lower margin of the 
mandible. Scanning parameters: 200mAs, 120KV, matrix 
512, the reconstruction layer thickness of 1  mm. Con-
ventional flat sweep phase (FSP) images were acquired 
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before performing enhanced CT examinations. doxitol 
(1.5ml/Kg, Iopamidol, Jiang Su Heng Rui Pharmaceutical, 
Jiangsu, China) was injected through the antecubital vein 
at a flow rate of 2.5 ml/s, and 25ml of saline at the same 
flow rate, arterial phase(AP) and venous phase(VP) scans 
after 30-35s and 55- 60s delay, respectively.

Image acquisition and analysis
The common characteristics of parotid gland lesions 
during FSP were analyzed by the chief physician of oral 
and maxillofacial surgery and experienced physicians, 
jointly, and it was ensured that neither physician looked 
at the pathological diagnosis of the disease during the 
analysis. The following FSP CT image features of tumor 

morphology in the 49 lesions were analyzed: (1) Bound-
ary, classified as clear (with complete capsule echo) or 
unclear (blurred with surrounding parotid tissue, no 
obvious capsule echo). (2) Shape, classified as regular 
(parotid gland tumor lesions clearly demarcated from 
surrounding normal parotid tissue) or irregular (parotid 
tumor lesions with blurred demarcation from surround-
ing parotid tissue). (3) The homogeneity of the focal 
area, characterized as homogeneous (uniform grayscale 
within parotid tumor lesions) or heterogeneous(uneven 
grayscale within parotid tumor lesions with high- or low-
density imaging). (4) Calcifications, classified as (high-
density shadow) or absence (low-density shadow). They 
jointly measure the CT value of the tumor parenchyma 

Fig. 1 The recruitment pathway of patients in this study
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area, and calculate the double-stage CT net enhancement 
value (net enhancement value = enhancement CT value - 
FSP CT value).

After downloading the images through the picture 
archiving and communication systems (PACS) and 
selecting transaxial CT images of the largest level of the 
tumor in each case, a physician well-experienced in CT 
diagnosis and a chief physician in oral and maxillofacial 
surgery who both physicians were blinded to the patho-
logical diagnoses of the tumors used Mazda4.6 software 
(http://www.eletel.p.lodz.pl/mzada/) [19] together to 
complete the histogram texture analysis. Before texture 
feature extraction, all images were standardized their 
gray scale level in the range of [µ-3δ, µ + 3δ](µ andδare 
mean gray value and standard deviation, respectively) to 
reduce the influence of contrast and brightness changes. 
Duo to analyse histograms, region of interest (ROI) was 
drawn along the edge of the parotid tumors and a con-
sensus was reached on the most appropriate ROI for each 
lesion by 2 fore-mentioned physicians. Histogram data 
were automatically generated by used Mazda for each 
ROI, and the following parameters were derived: mean, 
variance, skewness, kurtosis, and the 1st, 10th, 50th, 
90th, and 99th percentiles (perc1st, 10th, 50th, 90th and 
90th). Mean was defined as the average value of pixel 
intensity (i.e., echogenicity on gray scale ultrasound) 

ranging from 1 (black on gray scale ultrasound) to 256 
(white on gray scale ultrasound images). variance was the 
variance of pixel intensity. Skewness was a scale of asym-
metry based on the mean. (The skewness for the sym-
metric distribution is zero. Negative values of skewness 
indicate data that are skewed left, meaning that the left 
tail is long relative to the right tail.) Kurtosis was peak-
edness indicative of whether the histogram distribution 
was concentrated into an average value. (Positive kurto-
sis indicates a peaked distribution, and negative kurtosis 
indicates a flat distribution). The parameters of perc1st, 
10th, 50th, 90th and 90th were derived for the cumulative 
histogram (The nth percentile was the point at which n% 
of the voxel values that form the histogram were found to 
the left), [20] as shown in Figs. 2 and 3.

Statistical analysis
Using SPSS 22.0 (SPSS Inc., Chicago, IL, USA), a statisti-
cal analysis of the data was conducted. A chi-square test 
was employed to quantify the count data (Employ the 
Fisher exact probability method or the continuous cor-
rection method that does not meet the requirements of 
the chi-square test), To assess normality and homogene-
ity of variance, numerical data is employed, if all are met, 
an independent-sample t-test and a nonparametric rank 
sum test are performed. The chi-square test was used to 

Fig. 2 Left pleomorphic adenoma (A) ROI in FSP of Enhanced CT; (B) The histogram of ROI in FSP of Enhanced CT; (C) ROI in AP of Enhanced CT; (D) The 
histogram of ROI in AP of Enhanced CT; (E) ROI in P of Enhanced CT ; (F) The histogram of ROI in VP of Enhanced CT
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compare the difference of boundary, shape, homogene-
ity, and Calcification among PA and AL. Due to the small 
numbers of expected frequencies in some cells, the Con-
tinuity Correction was used to compare the difference 
of homogeneity and Calcification among PA and AL. 
GraphPad Prism7.0 (San Diego,California USA) was used 
to plot the ROC curves of single statistically significant 
histogram parameters and pairwise joint model, with the 
sensitivity as the ordinate and 1-specificity as the abscissa 
[21, 22]. The AUC was calculated, and then analyzing its 
diagnostic effect. P-values less than 0.05 are considered 
statistically significant.

Results
Comparison of Tumor morphology and CT values for each 
phase
The boundary, shape, homogeneity, and calcification of 
the PA and AL lesions were not significantly different 
between the two groups (p > 0.05). Table 1 demonstrated 
that the AP CT and net reinforcement values of the AL 
group were superior to those of the PA group, and the 
statistical significance was significant (p < 0.05).

Comparison of histogram parameters for each phase
The mean, 10th, 50th, 90th, and 99th percentiles of the 
AL group in FSP were all greater than those of the PA 
group, with statistically significant differences (Fig. 4).The 

Table 1 Comparison of tumor morphology and CT values for 
each phase
Parameters PA AL F/X2 Pairwise
Boundary Clear 14 22 0.090 0.648

Unclear 6 7
Shape Regular 8 11 0.021 0.884

Irregular 12 18
homoge-
neity

Ho-
moge-
neous

17 20 1.646 0.200

Het-
eroge-
neous

3 9

Calcification Yes 3 4 0.014 0.609
No 17 25

Mean CT value of FSP 26.85 ± 12.41 41.58 ± 11.45 0.102 0.751
Mean CT value of AP 42.50 ± 18.89 81.38 ± 31.89 5.106 0.029*
Mean CT value of VP 50.25 ± 17.25 67.24 ± 21.23 0.217 0.644
Net reinforcement 
value of AP

15.65 ± 13.00 39.79 ± 25.84 13.894 0.001*

Net reinforcement 
value of VP

23.40 ± 14.13 25.66 ± 14.62 0.049 0.825

*, Statistically significant difference. P < 0.05 for pairwise comparisons

AL, adenolymphoma; PA, pleomorphic adenoma; FSP, flat sweep phase; AP, 
arterial phases; VP, venous phases

Fig. 3 Left adenolymphoma (A) ROI in FSP of Enhanced CT; (B) The histogram of ROI in FSP of Enhanced CT; (C) ROI in AP of Enhanced CT; (D) The histo-
gram of ROI in AP of Enhanced CT; (E) ROI in P of Enhanced CT ; (F) The histogram of ROI in VP of Enhanced CT
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mean, variance, 10th, 50th, 90th and 99th percentiles of 
the AL group in AP were greater than the PA group, with 
statistically significant differences (Fig. 5).In the VP, only 
the kurtosis values in group AL was greater than that 
in the PA group, and none of the remaining parameters 
were statistically significant (Fig. 6).

ROC analysis
The AUC of the mean CT value of AP was 0.795. The 
AUC of the AP net reinforcement value was 0.787. The 
maximum AUC of 90th in the FSP parameter was 0.869, 
and when the cutoff was 118.504, the sensitivity, specific-
ity, and Jordan index were 0.704, 0.904, and 0.602, respec-
tively. The maximum AUC of 90th in the AP parameters 
was 0.838, and when the cut-off value was 135.505, the 
sensitivity, specificity, youden index were 0.774, 0.804, 
0.577, respectively. Only the kurtosis values in the VP was 
statistically significant between the two groups, with an 
AUC of 0.710, and when the cut-off value was 1.710, the 
sensitivity, specificity, youden index were 0.735, 0.654, 
0.384, respectively (Table  2). The multi-parameter com-
bined diagnostic ROC curve showed the best diagnostic 
efficacy of Mean of FSP + The 90th percentile of AP + Kur-
tosis of VP with an AUC of 0.937 and a sensitivity and 
specificity of 0.902 and 0.851, respectively (Table 3).

Discussion
The most prevalent benign parotid gland tumor, PA, is 
more prevalent in females than males, with a more pain-
less growth rate and a prolonged illness. 15% of cases 
had a postoperative risk of recurrence, with uniform or 
uneven CT plain density, and well-demarcated [23–25]. 
AL, also known as Voxinoma, is more common in mid-
dle-aged and elderly men with smoking. The risk of 
malignant change is less than 1% and rarely postoperative 
recurrence. Its CT plain scan is less uniform and slightly 
dense and with clear edge [26–28]. In this study, the gen-
eral characteristics of the two lesion images and the CT 
values of each period were compared, and we found that 
only the CT values of AP and the net enhancement value 
of AP were statistically different between the two groups, 
and both had certain differential diagnostic efficacy, 
which was basically consistent with the research conclu-
sion of Seung Hoon Woo et al [26].

At present, the differentiation of PA and AL is mainly 
through the above imaging features, which is the key 
diagnostic mode, however, based on the analysis of phy-
sicians is subjective and often affected by many factors, 
such as the size of the lesion, the clarity of the image, and 
the physician’s personal ability and experience, this study 
based on the average CT value and AP net enhancement 
value to distinguish the AUC of PA and AL is 0.79 and 
0.78, respectively. The accuracy of traditional imaging 
features still needs to be improved to distinguish between 
the two.

Texture analysis is different from the competent image 
feature analysis, which quantifies the grayscale informa-
tion of the image, reflects the microstructure and inter-
nal biological indicators of tumor tissue with objective 
indicators, provides more tumor heterogeneity infor-
mation that cannot be observed by the naked eye, and 

Fig. 6 Histogram comparison of histogram parameters for Enhanced CT 
VP between PA and AL groups

 

Fig. 5 Histogram comparison of histogram parameters for Enhanced CT 
AP between PA and AL groups

 

Fig. 4 Histogram comparison of histogram parameters for Enhanced CT 
FSP between PA and AL groups
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distinguishes malignant tumors from normal tissues 
or benign lesions mainly through tumor heterogeneity 
[14, 15]. Histogram analysis is a useful texture analysis 
method that the main parameters include the mean, vari-
ance, skewness, scale and the 1st, 10th, 50th, 90th and 
99th percentiles [19]. The parameters of the histogram 
can reflect the structure and heterogeneity of tumor tis-
sue to a certain extent, and the average value can reflect 
the central trend and average level of the data. The vari-
ance is used to describe the degree of dispersion of gray 
values, that is, it can reflect the heterogeneity of the 
lesion components, the larger the variance, the more 
the data deviate from the mean, the stronger the hetero-
geneity; The skewness value is an indicator to measure 
the asymmetry of the gray value, the larger the absolute 
value of the skewness, the more asymmetric the distribu-
tion; The kurtosis value indicates that compared with the 
normal distribution, it can reflect the relative steepness 
of the distribution, the smaller the kurtosis value, the 
flatter the gray value distribution, and the more complex 
the tumor tissue components. The percentile reflects the 
structure of the grayscale histogram and quantifies the 
intra-tumor heterogeneity [29, 30]. This study is based 
on CT texture analysis, and aims to investigate the value 
of the general features of enhanced CT images and the 

histogram parameters of each stage to identify PA and 
AL.

In the current study, the enhanced CT data of 20 PAs 
and 29 ALs were retrospectively analyzed, obtained the 
histogram characteristic parameters of the largest ROI of 
the tumor lesion, and found statistical differences in the 
mean, 10th, 50th, 90th, 99th percentile of AP and FSP 
and variance of AP and kurtosis of VP. We found that the 
mean, 10th, 50th, 90th, 99th percentile of AL was higher 
than the PA during FSP and the different parameters 
increase the variance during AP. We speculate that the 
histologic differences between the two kinds of tumors 
were reflected on these histogram parameters differ-
ences. As the name implies, PA is also known as mixed 
tumor, and the tumor composition is often composed of 
a mixture of two different germ layer tissues, with a rich 
and diverse tissue structure, the basic structure includes 
glandular epithelium, myoepithelium, mucus, mucus tis-
sue [31]. Low HU on early CT images of PA may be due to 
the abundance of mucus-like or fibrous matrix elements 
and low microvascular density, which is largely consistent 
with earlier findings [20, 23, 25]. In contrast, high HU on 
early WT CT images may be due to histological features 
consisting of epithelial, simple, predominantly cancer 
cell components, and lymphoma stroma with a higher 

Table 2 ROC analysis of solitary parameters to diagnose PA, and AL
Parameters AUC(95%CI) sensitivity specificity Youden index Optimal cutoff value P
Mean CT value of AP 0.795(0.673–0.917) 0.671 0.954 0.623 71.501 0.000
Net reinforcement value of AP 0.787(0.663–0.910) 0.632 0.852 0.483 28.504 0.001
The mean of FSP 0.832(0.713–0.951) 0.670 0.954 0.626 108.520 0.000
The 10th percentile of FSP 0.694(0.546–0.842) 0.634 0.752 0.383 94.504 0.021
The 50th percentile of FSP 0.820(0.693–0.947) 0.836 0.802 0.634 106.506 0.000
The 90th percentile of FSP 0.869(0.776–0.972) 0.704 0.904 0.602 118.504 0.000
The 99th percentile of FSP 0.838(0.725–0.951) 0.933 0.603 0.532 118.507 0.000
The value of mean of AP 0.795(0.673–0.917) 0.706 0.807 0.504 117.054 0.000
Variance of AP 0.695(0.540–0.850) 0.973 0.455 0.423 57.580 0.021
The 10th percentile of AP 0.747(0.610–0.883) 0.671 0.858 0.524 105.507 0.003
The 50th percentile of AP 0.779(0.652–0.907) 0.532 0.955 0.486 133.502 0.001
The 90th percentile of AP 0.828(0.714–0.941) 0.774 0.804 0.577 135.505 0.000
The 99th percentile of AP 0.786(0.662–0.909) 0.601 0.857 0.152 153.506 0.001
Kurtosis of VP 0.710(0.565–0.855) 0.735 0.654 0.384 1.710 0.013
FSP, flat sweep phase; AP, arterial phases; VP, venous phases

Table 3 ROC analysis of multiple parameters to diagnose PA, and AL
Parameters AUC(95%CI) sensitivity specificity Youden 

index
Opti-
mal 
cutoff 
value

P

The mean of FSP + The 90th percentile of FSP + The 99th percentile 
of FSP

0.867(0.768–0.965) 0.930 0.703 0.630 0.473 0.000

The mean of AP + The 90th percentile of AP + The 99th percentile 
of AP

0.843(0.780–0.943) 0.808 0.807 0.606 0.602 0.000

The mean of FSP + The 90th percentile of AP + Kurtosis of VP 0.937(0.873-1.000) 0.902 0.851 0.750 0.542 0.000
FSP, flat sweep phase; AP, arterial phases; VP, venous phases
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internal microvascular density [24, 26–28]. In addition, 
the study also found that only kurtosis showed a differ-
ence during VP. We tried to explain this conclusion using 
its histopathological features and vascular structure [32]. 
Histopathology, ALs have a high microvascular count 
and high cellularity, in contrast, PAs are with a large 
amount of mucinous matrix and rare epithelial compo-
nents. Characteristic dynamic CT of ALs presents with 
rapid contrast enhancement at AP, decreased enhance-
ment at VP, and shows slow flushing and shows steady 
horizontal enhancement, while PA gradually increases, 
which we speculate may be due to slow leakage of con-
trast medium from a small amount of microvascular into 
the vascular space and mucus-like matrix.

ROC analyses were performed for the ability of these 
parameters with statistically significant differences, indi-
vidually and combined, to discriminate between PA and 
AL. The AUC of the mean CT value of AP was 0.79. The 
AUC of the AP net reinforcement value was 0.78. The 
maximum AUC of 90th in the FSP parameter was 0.87. 
The maximum AUC of 90th in the AP parameters was 
0.83, and only the kurtosis values in the VP was statis-
tically significant between the two groups, with an AUC 
of 0.71. The multi-parameter combined diagnostic ROC 
curve showed the best diagnostic efficacy of Mean of 
FSP + The 90th percentile of AP + Kurtosis of VP with an 
AUC of 0.93 and a sensitivity and specificity of 0.90 and 
0.85, respectively.

It is of certain value to make the differential diagnosis 
of PA and AL by enhancing the maximum-level texture 
histogram analysis of CT images without extending the 
patient examination time and increasing the economic 
burden, and it can provide new ideas for clinical and 
imaging diagnosis. Limitations of this study: First, this 
study is retrospective, the sample size is small, there 
is a certain selectivity bias, and the sample size of the 
included studies between groups varies greatly, which 
may lead to error in the results. Although the sample size 
was small, we still found a strong association between 
texture features and the diagnosis of PA and AL, and we 
should proceed to investigate the association of broader 
radiological features with parotid gland tumors in a mul-
ticenter large sample. Second, although the ROI of tumor 
lesions is outlined with the participation of radiologists 
and oral and maxillofacial surgeons with extensive diag-
nostic experience, the selection of ROI is done manually, 
which leads to sampling bias. Third, this study only ana-
lyzes the first-order parameters of the most commonly 
used texture analysis method, histogram analysis, and 
the second-order parameters and high-order parameters 
have not yet been included in the study, and the later 
research will be further explored by algorithms such as 
auto-segmentation of radiomics and volume integration 
neural network.

Conclusions
In conclusion, our findings indicate that enhanced CT 
combined with texture analysis provides more quantita-
tive and reliable indicators for the differential diagnosis of 
PA and AL, which has certain value for the preoperative 
differential diagnosis of parotid gland tumors, and pro-
vides new ideas and methods for the further preoperative 
accurate differential diagnosis of parotid gland tumors in 
clinical work without increasing the economic burden of 
patients.

Authors’ contributions
All authors contributed to the study conception and design and all authors 
read and approved the final manuscript. Feifei Xia and Foqing Guo are 
responsible for the development or evolution of the overall research 
objectives and objectives and the first draft: preparation, creation, and 
presentation of published works, especially the writing of the first draft 
(including substantive translation), management and coordination, 
responsible for the planning and execution of research activities. Zhe Liu and 
Jie Zeng were responsible for data collection, data analysis and processing, 
and verification of the reproducibility of the research results. Xuehua Ma 
and Chongqing Yu were responsible for consulting, sorting out relevant 
literature, reviewing and writing, controlling and supervising the stage of 
research activities, recording the key points of each discussion, and making 
timely rectification. Changxue Li provided the necessary resources and other 
analytical tools and was responsible for financial support of the research 
project.

Funding
Not funding.

Data Availability
Datasets used and/or analysed during the current study may be obtained 
from corresponding authors upon reasonable request.

Declarations

Ethics approval and consent to participate
The need for informed consent was waived by the Biomedical Research 
Ethics Committee of the First Affiliated Hospital of Shihezi University School of 
Medicine. because of the retrospective nature of the study. The retrospective 
data collection and all experimental procedures were approved by the 
Institutional Review Board (IRB) of the First Affiliated Hospital of Shihezi 
University School of Medicine. All methods were carried out in accordance 
with relevant guidelines and regulations or the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 March 2023 / Accepted: 18 October 2023

References
1. Thielker J, Grosheva M, Ihrler S, Wittig A, Guntinas-Lichius O. Contemporary 

Management of Benign and malignant parotid tumors. Front Surg. 2018;5:39.
2. Larian B. Parotidectomy for Benign Parotid tumors. Otolaryngol Clin North 

Am. 2016;49(2):395–413.
3. Shao S, Mao N, Liu W, Cui J, Xue X, Cheng J, Zheng N, Wang B. Epithelial sali-

vary gland tumors: utility of radiomics analysis based on diffusion-weighted 
imaging for differentiation of benign from malignant tumors. J Xray Sci 
Technol. 2020;28(4):799–808.



Page 9 of 9Xia et al. BMC Medical Imaging          (2023) 23:169 

4. Espinoza S, Felter A, Malinvaud D, Badoual C, Chatellier G, Siauve N, Halimi 
P. Warthin’s Tumor of parotid gland: Surgery or follow-up? Diagnostic 
value of a decisional algorithm with functional MRI. Diagn Interv Imaging. 
2016;97(1):37–43.

5. Liu Y, Zheng J, Lu X, Wang Y, Meng F, Zhao J, Guo C, Yu L, Zhu Z, Zhang T. 
Radiomics-based comparison of MRI and CT for differentiating pleomorphic 
adenomas and Warthin tumors of the parotid gland: a retrospective study. 
Oral Surg Oral Med Oral Pathol Oral Radiol. 2021;131(5):591–9.

6. Zhang D, Li X, Lv L, Yu J, Yang C, Xiong H, Liao R, Zhou B, Huang X, Liu X, et al. 
A Preliminary Study of CT Texture Analysis for characterizing epithelial tumors 
of the parotid gland. Cancer Manag Res. 2020;12:2665–74.

7. Kato H, Kanematsu M, Mizuta K, Aoki M. Imaging findings of parapharyngeal 
space pleomorphic adenoma in comparison with parotid gland pleomorphic 
adenoma. Jpn J Radiol. 2013;31(11):724–30.

8. Gerwel A, Kosik K, Jurkiewicz D. US in preoperative evaluation of parotid 
gland Neoplasms. Otolaryngol Pol. 2015;69(2):27–33.

9. Yabuuchi H, Matsuo Y, Kamitani T, Setoguchi T, Okafuji T, Soeda H, Sakai S, 
Hatakenaka M, Nakashima T, Oda Y, et al. Parotid gland tumors: can addi-
tion of diffusion-weighted MR imaging to dynamic contrast-enhanced 
MR imaging improve diagnostic accuracy in characterization? Radiology. 
2008;249(3):909–16.

10. Urquhart A, Hutchins LG, Berg RL. Preoperative computed tomography scans 
for parotid Tumor evaluation. Laryngoscope. 2001;111(11 Pt 1):1984–8.

11. Cha MJ, Kang DY, Lee W, Yoon SH, Choi YH, Byun JS, Lee J, Kim YH, Choo KS, 
Cho BS, et al. Hypersensitivity reactions to Iodinated contrast media: a Multi-
center Study of 196 081 patients. Radiology. 2019;293(1):117–24.

12. Yerli H, Aydin E, Coskun M, Geyik E, Ozluoglu LN, Haberal N, Kaskati T. 
Dynamic multislice computed tomography findings for parotid gland 
tumors. J Comput Assist Tomogr. 2007;31(2):309–16.

13. Jin GQ, Su DK, Xie D, Zhao W, Liu LD, Zhu XN. Distinguishing benign from 
malignant parotid gland tumours: low-dose multi-phasic CT protocol with 
5-minute delay. Eur Radiol. 2011;21(8):1692–8.

14. Lubner MG, Smith AD, Sandrasegaran K, Sahani DV, Pickhardt PJ. CT texture 
analysis: definitions, applications, Biologic correlates, and challenges. Radio-
graphics. 2017;37(5):1483–503.

15. Ganeshan B, Miles KA. Quantifying tumour heterogeneity with CT. Cancer 
Imaging. 2013;13:140–9.

16. Xu F, Liang YY, Guo Y, Liang ZP, Wu M, Chen S, Zeng XW. Diagnostic perfor-
mance of whole-lesion apparent diffusion coefficient histogram analysis 
metrics for differentiating benign and malignant breast lesions: a systematic 
review and diagnostic meta-analysis. Acta Radiol. 2020;61(9):1165–75.

17. Zhou N, Guo T, Zheng H, Pan X, Chu C, Dou X, Li M, Liu S, Zhu L, Liu B, et al. 
Apparent diffusion coefficient histogram analysis can evaluate radiation-
induced parotid damage and predict late xerostomia degree in nasopharyn-
geal carcinoma. Oncotarget. 2017;8(41):70226–38.

18. Zhang H, Graham CM, Elci O, Griswold ME, Zhang X, Khan MA, Pitman K, 
Caudell JJ, Hamilton RD, Ganeshan B, et al. Locally advanced squamous cell 
carcinoma of the head and neck: CT texture and histogram analysis allow 

Independent prediction of overall survival in patients treated with induction 
chemotherapy. Radiology. 2013;269(3):801–9.

19. Szczypinski PM, Strzelecki M, Materka A, Klepaczko A. MaZda–a software 
package for image texture analysis. Comput Methods Programs Biomed. 
2009;94(1):66–76.

20. Roy R, Ghosh S, Ghosh A. Clinical ultrasound image standardization using 
histogram specification. Comput Biol Med. 2020;120:103746.

21. Le NQK, Ho QT, Nguyen VN, Chang JS. BERT-Promoter: an improved 
sequence-based predictor of DNA promoter using BERT pre-trained model 
and SHAP feature selection. Comput Biol Chem. 2022;99:107732.

22. Kha QH, Ho QT, Le NQK. Identifying SNARE proteins using an alignment-
free Method based on Multiscan Convolutional Neural Network and PSSM 
profiles. J Chem Inf Model. 2022;62(19):4820–6.

23. Lev MH, Khanduja K, Morris PP, Curtin HD. Parotid pleomorphic adenomas: 
delayed CT enhancement. AJNR Am J Neuroradiol. 1998;19(10):1835–9.

24. Choi DS, Na DG, Byun HS, Ko YH, Kim CK, Cho JM, Lee HK. Salivary gland 
tumors: evaluation with two-phase helical CT. Radiology. 2000;214(1):231–6.

25. Kim H, Kim SY, Kim YJ, Ko JM, Park MJ, Kim JH, Hah JH, Kwon TK, Kim KH, Sung 
MW. Correlation between computed tomography imaging and histopa-
thology in pleomorphic adenoma of parotid gland. Auris Nasus Larynx. 
2018;45(4):783–90.

26. Woo SH, Choi DS, Kim JP, Park JJ, Joo YH, Chung PS, Kim BY, Ko YH, Jeong HS, 
Kim HJ. Two-phase computed tomography study of warthin Tumor of parotid 
gland: differentiation from other parotid gland tumors and its pathologic 
explanation. J Comput Assist Tomogr. 2013;37(4):518–24.

27. Freedman LS, Oberman B, Sadetzki S. Using time-dependent covariate analy-
sis to elucidate the relation of Smoking history to Warthin’s Tumor risk. Am J 
Epidemiol. 2009;170(9):1178–85.

28. Lee JY, Kim HJ, Kim YK, Cha J, Kim ST. Basal cell adenoma and myoepithelioma 
of the parotid gland: patterns of enhancement at two-phase CT in compari-
son with Warthin Tumor. Diagn Interv Radiol. 2019;25(4):285–90.

29. Kerut EK, Given M, Giles TD. Review of methods for texture analysis of myo-
cardium from echocardiographic images: a means of tissue characterization. 
Echocardiography. 2003;20(8):727–36.

30. Nam SJ, Yoo J, Lee HS, Kim EK, Moon HJ, Yoon JH, Kwak JY. Quantitative evalu-
ation for differentiating malignant and benign thyroid nodules using Histo-
gram Analysis of Grayscale Sonograms. J Ultrasound Med. 2016;35(4):775–82.

31. Mark HF, Hanna I, Gnepp DR. Cytogenetic analysis of salivary gland type 
tumors. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1996;82(2):187–92.

32. Xu ZF, Yong F, Yu T, Chen YY, Gao Q, Zhou T, Pan AZ, Wu RH. Different histo-
logical subtypes of parotid gland tumors: CT findings and diagnostic strategy. 
World J Radiol. 2013;5(8):313–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Enhanced CT combined with texture analysis for differential diagnosis of pleomorphic adenoma and adenolymphoma
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Enhanced CT examination
	Image acquisition and analysis
	Statistical analysis

	Results
	Comparison of Tumor morphology and CT values for each phase
	Comparison of histogram parameters for each phase
	ROC analysis

	Discussion
	Conclusions
	References


