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Abstract

Objective: To retrospective analysis of the epidemiological and clinical character-

istics of parotid gland tumors, and to explore the value of ultrasound in the dif-

ferentiation of benign and malignant parotid gland tumors.

Methods: The clinical data of 350 patients with parotid gland tumors in our hospital

from 2002 to 2022 were retrospectively analyzed. These patients were examined

by ultrasound. The postoperative pathological test results were used as the “gold

standard” to verify and analyze the value of color Doppler ultrasound in the dif-

ferential diagnosis of benign and malignant parotid tumors (PT).

Results: The male‐to‐female ratio of 350 patients with parotid gland tumors was

1.16:1. The age of patients ranged from 12 to 87 years old. Patients aged 40–

65 years accounted for 54.6%, which was the most common age of parotid gland

tumors. Among 350 cases, 259 were benign and 91 were malignant. The top three

benign PTs were pleomorphic adenoma, Warthin tumor, and basal cell adenoma.

The top three malignant tumors were mucoepidermoid carcinoma, acinar cell car-

cinoma, and adenoid cystic carcinoma. The specificity, sensitivity, accuracy, positive

predictive value, and negative predictive value of ultrasonography in the diagnosis

of benign and malignant parotid masses were 96.53%, 69.23%, 89.43%, 87.50%, and

87.72%, respectively.

Conclusion: The pathological types of parotid gland tumors are complex and

diverse. Ultrasonography has high accuracy in the diagnosis of PT, which can pro-

vide important evidence for the differentiation of benign and malignant PT, and

then assist in the clinical selection of individualized surgical programs.
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INTRODUCTION

Salivary gland tumors are relatively uncommon, with parotid gland

tumors being the most prevalent, accounting for 70%–80% of salivary

gland tumors, 2%–3% of head and neck tumors, and 0.6% of all tumors

[1]. The World Health Organization (WHO) 2017 classification rec-

ognizes a wide range of histological types for salivary gland tumors,

encompassing 20 malignant tumors and 11 benign tumors. Pleomor-

phic adenoma is the most frequently occurring benign parotid gland

tumor, followed by Warthin tumor. On the other hand, mucoepi-

dermoid carcinoma is the most prevalent malignant tumor of the pa-

rotid gland, followed by adenoid cystic carcinoma [2]. The etiology and

pathogenesis of these tumors remain unknown. Parotid tumors (PT)

typically manifest as masses under the earlobe, in the preauricular

region, or behind or within the lower part of the parotid gland. Clini-

cally, facial paralysis is rarely observed in benign parotid gland tumors,

even when they are large. In contrast, malignant parotid gland tumors

tend to exhibit rapid growth and invasiveness, potentially affecting the

facial nerve and causing abnormal nerve function, such as varying

degrees of facial paralysis, pain, and numbness of the tongue, thereby

significantly impacting the patient's quality of life. Nonetheless, the

clinical manifestations of certain parotid gland malignancies resemble

those of benign tumors, posing challenges for preoperative diagnosis

[3]. Currently, surgical resection is the primary treatment for PT, and

the choice of surgical approach and extent largely depends on the

benign ormalignant nature of the tumors [4]. Early identification of the

tumor's nature and the implementation of individualized treatment

programs are critical to improving the patient’s quality of life. Color

Doppler ultrasound is typically the preferred diagnostic method for

parotid gland tumors [5]. Therefore, this study aims to review and

analyze the clinical data from parotid gland tumor patients admitted in

recent years, to summarize the incidence and clinical characteristics of

the patients, and to discuss the value of color Doppler ultrasound in

the identification of benign and malignant PT. The findings of this

study can serve as a valuable reference for clinical diagnosis and

treatment.

CASES AND METHODS

Source of case data

The data of patients with parotid gland tumors who were admitted to

Beijing Tongren Hospital from 9 January 2002 to 24 February 2022

were collected.

Inclusion criteria

All patients included in the study underwent ultrasound examinations

at our hospital. Surgical resection was performed under general

anesthesia with tracheal intubation for all cases. The inclusion criteria

required patients to be older than 3 years old, admitted for initial

surgical treatment, and had postoperative pathology confirming the

presence of benign or malignant parotid gland tumors. Cases of focal

malignancy were classified as malignant tumors.

Exclusion criteria

Patients with incomplete clinicopathological data, unknown surgical

records, and uncertain pathological results were excluded.

Research methods

The study retrospectively analyzed clinical data from 350 pa-

tients diagnosed with parotid gland tumors, and the disease charac-

teristics, age, gender, tumor site, surgical methods, and pathological

results were summarized for statistical analysis. The diagnostic per-

formance of ultrasound in differentiating between benign and ma-

lignant parotid masses was assessed by comparing the ultrasound

results with postoperative pathological examination results, which

served as the “gold standard" for pathological classification based on

the 2017 WHO histological classification of salivary gland tumors.

The statistical measures of specificity, sensitivity, and accuracy were

employed to evaluate the diagnostic efficacy.

The following statistical methods were utilized for specificity,

sensitivity, and accuracy calculations:

Ultrasound

Postoperative pathology

TotalMalignant Benign

Malignant a b a þ b

Benign c d c þ d

Total a þ c b þ d n

Sensitivity¼ a= ða þ cÞ � 100%;

Specificity¼ d= ðb þ dÞ � 100%;

Accuracy¼ ða þ dÞ =n � 100%;

Statistical analysis

Data analysis was conducted using SPSS 23.0 statistical software.

Count data were expressed as percentages (%), and comparisons

were performed using the chi‐square test. A p‐value less than 0.05

was considered statistically significant.

RESULTS

Pathogenetic characteristics

Gender and age distribution at onset

Among the 350 collected patients with parotid gland tumors, 188

were male and 162 were female, resulting in a male to female ratio of
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1.16:1. The age of the patients ranged from 12 to 87 years old, with a

median age of 50 years and a mean age of 48.9 years. The highest

incidence of parotid gland tumors occurred in the age group of 30–

69 years, accounting for 80.9% of cases. Within this age group, the

peak incidence was observed among individuals aged from 50 to

59 years old, accounting for 22.3% of the cases. The number of male

cases increased significantly from 40 to 49 years old, while female

cases showed a significant increase from 30 to 39 years old (Figure 1).

Age distribution of benign and malignant parotid
tumors

Among the 350 cases of parotid gland tumors, 259 cases were benign

and 91 cases were malignant. For patients with benign PT, the

average age was 49.3 years old and the highest incidence was

observed in the age range of 30–69 years old (214 cases, accounting

for 82.6%), with a peak incidence between 50 and 69 years old.

Among patients with parotid gland malignancies, the peak onset

occurred between the ages of 40 and 59 years, with an average age

of 51.7 years (Figure 2).

Pathogenetic side (tumorous position)

Among the 350 collected patients with parotid gland tumors, 170

cases (48.6%) were located on the left side, 164 cases (46.8%) on the

right side, and 16 cases (4.6%) exhibited bilateral tumors with the

same pathological type affecting both sides (Figure 3).

Disease progression

Among the 350 patients with parotid gland tumors, the duration from

tumor discovery to the first visit ranged from 2 days to 50 years. A

total of 107 cases (30.6%) had a disease duration of less than 3months

and 95 cases (27.1%) had a disease duration exceeding 3 years.

Auxiliary examination

Color Doppler ultrasound was the primary choice for preoperative

examination, followed by CT and MRI to further assess the tumor's

extent and to determine the appropriate surgical method. Based on

clinical examination and related imaging findings, the preoperative

examination reports showed that 273 cases (78.0%) had tumors

originating from the superficial lobe of the parotid gland, 62 cases

(17.7%) had tumors originating from the deep lobe of the parotid

gland, and 15 cases (4.3%) had tumors originating at the junction

between the deep and superficial lobes (Figure 4).

F I GUR E 1 Relationship between gender and age of 350
patients with parotid gland tumor.

F I GUR E 2 The relationship between benign and malignant and
age in 350 patients with parotid gland tumor.

F I GUR E 3 Sites of parotid gland tumor in 350 cases.

F I GUR E 4 Constituent ratio of depth in 350 patients with
parotid gland tumors.
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Surgical methods

All 350 patients with parotid gland tumors underwent surgical

treatment. Among the 259 cases of benign parotid gland tumors, 255

cases underwent partial parotidectomy with facial nerve preserva-

tion, while 4 cases underwent total parotidectomy with facial nerve

preservation. Among the 91 cases of malignant parotid gland tumors,

62 cases underwent total parotidectomy with facial nerve preser-

vation, and 29 cases underwent total parotidectomy with facial nerve

preservation and ipsilateral selective neck deep lymph node dissec-

tion due to malignant tumor invasion of the cervical lymph nodes.

Histopathological types

Among the 350 cases of parotid gland tumors, 259 cases were benign

and 91 cases were malignant (Table 1). The top three benign PTs

were pleomorphic adenoma (132 cases, 51.0%), Warthin tumor (87

cases, 33.5%), and basal cell adenoma (30 cases, 11.6%). The top

three malignant PTs were mucoepidermoid carcinoma (32 cases,

35.2%), acinar cell carcinoma (13 cases, 14.3%), and adenoid cystic

carcinoma (10 cases, 10.9%). In terms of gender distribution within

the benign tumors, both pleomorphic adenoma and basal cell ade-

noma were found to be more prevalent in females, with male‐to‐
female ratios of 1:1.75 and 1:3.28, respectively. Conversely, War-

thin tumor exhibited a higher incidence in males, with a male‐to‐
female ratio of 9.9:1. Among the malignant tumors, mucoepi-

dermoid carcinoma and adenoid cystic carcinoma were more com-

mon in females, with male‐to‐female ratios of 0.88:1 and 0.7:1,

respectively. It is important to note that the number of cases for

other histopathological types was insufficient to draw meaningful

comparisons or establish reference significance.

Comparison of the predicted results of color
ultrasound examination and postoperative
pathological results

Based on postoperative pathological results considered the “gold

standard”, a total of 259 cases of benign tumors and 91 cases of

TAB L E 1 Constituent ratio and gender distribution of 350 cases of parotid gland tumors.

Histologic types

Gender

Total Percentage (%)Male Female

Benign 139 120 259

Pleomorphic adenoma 48 84 132 51.0

Whartin's tumor 79 8 87 33.5

Basal cell adenoma 7 23 30 11.6

Oncocytoma 0 2 2 0.8

Myoepithelioma 1 0 1 0.4

Sebaceous adenoma 1 0 1 0.4

Others 3 3 6 2.3

Malignant 49 42 91

Mucoepidermoid carcinoma 15 17 32 35.2

Acinic cell carcinoma 3 10 13 14.3

Adenoid cystic carcinoma 5 5 10 10.9

Intraductal carcinoma 5 1 6 6.6

Sebaceous carcinoma 4 1 5 5.5

Adenocarcinoma 4 0 4 4.4

Pleomorphic adenocarcinoma 3 1 4 4.4

Squamous cell carcinoma 2 2 4 4.4

Secretory carcinoma 3 1 4 4.4

Myoepithelial carcinoma 1 1 2 2.2

Carcinosarcoma 1 0 1 1.1

Lymphoma 3 2 5 5.5

Others 0 1 1 1.1

Total [n (%)] 188 (53.7) 162 (46.3) 350
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malignant tumors were pathologically diagnosed among the 350

patients. Ultrasound diagnosis accurately identified 250 out of 259

cases of benign PT (sensitivity: 96.53%) and 63 out of 91 cases of

malignant PT (sensitivity: 69.23%). The specificity, sensitivity, and

accuracy were calculated according to the method described in

Section 1.4 (Research Methods). The specificity, sensitivity, accuracy,

and positive and negative predictive value for ultrasound diagnosis of

benign and malignant parotid masses were 96.53% (250/259),

69.23% (63/91), 89.43% (313/350), 87.50% (63/72), and 87.72%

(250/285), respectively (Table 2).

Ultrasound features of parotid gland tumors

This study compared and analyzed 259 benign tumors and 91 ma-

lignant tumors based on characteristics such as boundary, shape,

echo distribution, and blood flow. The observed differences were

found to be statistically significant (p < 0.05). However, there was no

significant difference in the internal echo (whether the tumor was

hypoechoic or not) between the two groups (p > 0.05), as outlined in

Table 3. Notably, malignant tumors are characterized by unclear

boundaries, irregular shapes, uneven internal echoes, and prominent

blood flow signals under ultrasound examination (p < 0.05), dis-

tinguishing them from benign tumors.

DISCUSSION

The parotid gland, which is the largest among the three salivary

glands, serves as a primary site for salivary gland tumors. It consists

of the parenchyma and stroma. Approximately 64%–80% of all pri-

mary salivary gland tumors involve the parotid gland, with the ma-

jority originating in the superficial lobe [6]. Parotid gland neoplasms

can occur in both men and women, spanning various age groups. Yu

Guangyan et al. [7], a Chinese scholar, collected a large number of

clinical data and found that the male‐to‐female morbidity ratio was

about 1.1:1, and the age of onset was concentrated between 20 and

70 years old. Our research yielded similar results. In our study, the

male‐to‐female ratio was 1.16:1, and the onset age of parotid gland

tumors was concentrated between the ages of 30 and 69, accounting

for 80.9%. According to relevant literature, benign tumors tend to

manifest at an earlier age compared to malignant tumors [8–10].

Multiple studies indicate that the mean age of malignant tumors

(about 55 years) is higher than that of benign tumors (about 45 years)

[8,9,11]. In the study conducted by Senol Comoglu et al. [12], the

mean age of PT was reported as 47.7 years, with 47.0 years for

benign PT and 50.7 years for malignant PT. In our retrospective

analysis, we observed a mean age of onset of 49.3 years in patients

with benign PT and 51.7 years in patients with malignant tumors,

which closely aligns with findings from other literature. Williams et al.

reported that benign tumors were commonly diagnosed between the

ages of 20 and 70, while most malignant tumors were identified

TAB L E 2 Comparison of ultrasound prediction with

postoperative pathology (n).

Ultrasound

Postoperative pathology

TotalMalignant Benign

Malignant 63 9 72

Benign 28 250 285

Total 91 259 350

TAB L E 3 Comparison of ultrasound features between benign and malignant parotid tumors.

Ultrasound features

Benign or malignant

X2 pBenign (n = 259) Malignant (n = 91)

Boundary 58.10 0.000

Clear 237 51

Unclear 22 40

Shape 25.11 0.000

Regular 164 30

Irregular 95 61

Internal echo 0.30 0.586

Hypoecho 180 66

Non hypoechoic 79 25

Homogeneous echo 32.71 0.000

Yes 150 21

No 109 70

Apparent blood flow 5.709 0.017

Yes 116 54

No 143 37
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between the ages of 40 and 70 [13], which is consistent with our

findings (Figure 2). As shown in Figure 1, the onset age of females

appears to be earlier than that of male. This difference may be

attributed to the increasing life and work pressures faced by women

in modern society, leading to more frequent instances of staying up

late. Additionally, women may experience higher levels of negative

emotions, such as tension, anxiety, loneliness, depression, and irri-

tability compared to men. Disturbances in the body's circadian

rhythm, endocrine imbalances, internal environment disruptions, and

weakened immunity can also contribute to the development of

tumors.

The latest histological classification of salivary gland tumors ac-

cording to the WHO 2017 version identifies 20 types of malignant

tumors and 11 types of benign tumors. Current literature reports

suggest that approximately 80% of parotid gland tumors are benign

[14], while malignant tumors account for about 15%–30% of parotid

gland tumors. Among benign PT, pleomorphic adenoma is the most

common type, followed by Warthin tumor [10]. In contrast, the most

common malignant parotid tumor is mucoepidermoid carcinoma,

followed by adenoid cystic carcinoma [2]. The common pathological

types observed in benign tumors were consistent with the results of

our study. However, the results of malignant tumors differ from

those reported by other research teams, which can be attributed to

the small sample size of malignant tumors in this study.

Moreover, there exists a certain correlation between gender and

both benign and malignant PT. Several studies on salivary gland tu-

mors have shown a higher prevalence of females compared to males,

both benign and malignant [8,13]. Ito et al. [10] found that females

accounted for a larger proportion of patients with benign PT (58.5%),

while males were more predominant among those with malignant

tumors (52.2%). Moreover, patients with benign PT were generally

young women, while patients with malignant tumors were typically

older men [10]. Gender differences in histopathological types are also

evident in parotid gland tumors. For example, Warthin tumors exhibit

a significant male predominance (Table 1), which De Ru and Laurence

et al. believe may be associated with long‐term smoking [15,16].

Pleomorphic adenoma and basal cell adenoma were more frequently

observed in women. Among malignant tumors, mucoepidermoid

carcinoma and adenoid cystic carcinoma showed a higher incidence

in women (Table 1).

The clinical characteristics of parotid gland tumors primarily

manifest as local masses in the parotid region. Patients typically do not

experience significant subjective symptoms, and most of the tumors

are often discovered incidentally during physical examinations or by

patients themselves inadvertently, occasionallywith symptoms suchas

pain and facial nerve paralysis [17]. According to the Maahs GS team

[4], in 93.9% of the cases they studied, themass was identified through

physical examination by palpating the parotid region. The history and

symptoms of the patients are of certain value in the diagnosis of benign

and malignant PT. Benign tumors tend to be concealed and exhibit

slow, painless growth with good mobility, no adhesion to the sur-

rounding tissues, and have smooth or nodular surfaces. Malignant tu-

mors tend to exhibit rapid growth, invasive characteristics, or adhesion

to surrounding tissues. They can significantly invade nerves, leading to

neurological dysfunction, pain, facial paralysis, tongue numbness, and

other symptoms. At the initial visit, a slow‐growing tumor is generally

considered benign, such as pleomorphic adenoma. However, certain

low‐grademalignant tumorsmay initially exhibit slowgrowth similar to

benign tumors, making it more challenging to differentiate them from

benign tumors as the disease progresses. Therefore, while medical

history and physical examination can be used for preliminary identifi-

cation of tumors, their value is limited [18]. Comprehensive consider-

ation, in combination with imaging examination and intraoperative

rapid frozen pathology, is necessary for accurate diagnosis and treat-

ment planning.

For patients, early diagnosis and early treatment are crucial to

improve their physical health and the quality of life. The continuous

advancements in ultrasound technology have significantly enhanced

its resolution and diagnostic capabilities. Ultrasound offers several

advantages, including its cost‐effectiveness, convenience, rapidity,
high repeatability, and absence of radiation exposure. It enables cli-

nicians to identify the presence of space‐occupying lesions in the

parotid gland, distinguish between cystic and solid components, and

evaluate the extent of the lesion, tumor morphology, and boundaries.

Additionally, color Doppler imaging can be used to observe the edge

and internal blood flow of the lesion. Ultrasound has emerged as the

preferred diagnostic tool in the differential diagnosis of parotid

masses [19]. According to literature reports, the detection rate of

parotid mass using ultrasound is 100% [20]; thus. Ultrasonic diag-

nosis provides a significant reference for clinical diagnosis and

treatment. This study concludes that four ultrasonic features, namely

tumor boundary, shape, echo distribution, and the presence of

obvious blood flow signals hold high diagnostic value in distinguishing

between benign and malignant PT. The specificity, sensitivity, and

accuracy of color ultrasound in distinguishing between benign and

malignant tumors were found to be 96.53% (250/259), 69.23% (63/

91), and 89.43% (313/350), respectively, which were similar to the

results of Rzepakowska A et al. [21]. In clinical practice, if ultrasound

reveals malignant signs in a parotid gland tumor, such as unclear

boundary, irregular shape, calcification, and obvious blood flow sig-

nals, a high suspicion of malignancy should be raised. Generally,

enhanced CT or enhanced MRI combined with ultrasound is required

to improve the accuracy of preoperative examinations and provide

guidance for clinicians' decision‐making before surgery. In addition,

intraoperative rapid frozen pathology is currently considered the

most effective method for rapid intraoperative diagnosis of PT. Its

accuracy surpasses that of a clinical examination, imaging tests, and

fine‐needle aspiration biopsy. Intraoperative rapid frozen pathology

provides rapid and valuable assistance in determining the benign or

malignant nature of the parotid gland tumor, thus aiding clinicians in

formulating individualized surgical programs. However, it is impor-

tant to note that there is still a small probability of diagnostic devi-

ation, which underscores the need for close communication between

surgeons and pathologists.

Surgery remains the primary treatment approach for parotid

gland tumors. For benign tumors, partial parotidectomy with facial
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nerve preservation is commonly performed. If the tumor tissue is

large or involves the deep lobe of the parotid gland, complete

removal of the parotid gland may be necessary to ensure adequate

surgical boundaries and minimize the risk of capsule rupture, thus

reducing the likelihood of tumor recurrence. Capsular rupture

during surgical resection and positive surgical margins can increase

the risk of tumor recurrence. For parotid gland malignancies, the

primary surgical objective is complete tumor resection. Due to the

often incomplete capsule of malignant tumors, simple tumor

resection can lead to residual tumors and small metastases.

Therefore, complete parotidectomy or subtotal parotidectomy is

typically performed. Depending on the specific situation, post-

operative radiotherapy and chemotherapy may be recommended to

improve the chances of cure and extend survival time. Adjuvant

radiotherapy has been shown to be effective in improving local

control and overall survival rates [22].

CONCLUSION

In conclusion, parotid gland tumors exhibit complex biological char-

acteristics, and comprehensive consideration of their pathogenic

characteristics, clinical features, and imaging findings is crucial for

accurate diagnosis. Color Doppler ultrasonography plays a significant

role in diagnosing PT with its high diagnostic accuracy, thus providing

valuable evidence for differentiating between benign and malignant

PT and aiding in the clinical selection of individualized surgical

programs.
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