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Abstract

Objectives: Major salivary gland carcinoma (MSGC)

comprises a morphologically diverse group of rare tu-

mours with different clinical behaviours, and epidemi-

ology findings in the literature substantially vary by

geographic location. The aim of this study was to conduct

a comprehensive analysis of the incidence rates,

anatomical sites, and histological subtypes of different

salivary gland malignancies in the population of KSA.

Methods: This retrospective cohort study included pa-

tients diagnosed with MSGC in KSA from 2008 to 2017,

on the basis of the demographic characteristics and his-

tological data retrieved from the Saudi Cancer Registry

database. Malignant lesions were identified according to

the International Classification of Diseases for Oncology,

Third Edition (ICD-O-3) codes.

Results: Salivary gland malignancies were diagnosed in

571 patients (50.10% males and 49.90% females) over the

course of 10 years. The parotid gland was the site of

origin in 69.9% of cases. The most common histological
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type was mucoepidermoid carcinoma (29.1%). Over a

decade, the incidence rate ranged from (0.15e0.24) per

100,000 inhabitants. The peak incidence of salivary gland

malignancies was observed in the fourth, fifth, and sixth

decades of life (17.5%, 18.2%, and 16.8%, respectively).

Conclusion: Compared with that in other parts of the

world, the incidence ofMSGC is significantly lower inKSA,

with 0.15e0.24 cases per 100,000 people each year. How-

ever, the clinical manifestations of carcinoma of the salivary

glands in KSA are similar to those described worldwide.

Keywords: Epidemiology; Incidence rate; KSA; Neoplasm;

Salivary malignancies

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

Primary salivary gland tumours (SGT) are a morpho-
logically diverse group of neoplasms that may present
considerable management challenges to surgeons and on-

cologists. The global incidence rate of SGTs ranges from 0.4
to 13.5 per 100,000 people per year. Approximately 80% of
all SGTs are benign, and malignant SGTs are very rare, with

reported incidences of only 0.9e2.6 cases per 100,000, rep-
resenting less than 5% of all head and neck malignancies.1

According to published data, the median age of diagnosis

is 47, and the sex distribution is equal.2 Furthermore, the
rarity and diversity of salivary gland carcinomas hinder
epidemiological studies.

The 2017 World Health Organization classification com-
prises 31 SGT subtypesd11 benign and 20 malig-
nantdconstituting approximately 0.3%of all human tumours
and 1e7% of all head and neck tumours.3 However, the rarity

andheterogeneity of these salivary glandneoplasmsmake their
diagnosis problematic. In addition, the anatomical location in
which salivary gland malignancies develop varies according to

multiple factors, including age, sex, race, and geographic area.
These factors contribute to the development of different
malignant histopathological subtypes.4

Interestingly, a study conducted in India by Subhashraj
et al. has indicated a male predominance in the incidence of
both benign and malignant tumours; moreover, benign tu-

mours tend to evolve earlier in life and peak in the 5th decade
of life, whereas malignant tumours tend to evolve later and
peak in the 6th decade of life.5

In the Middle East, a descriptive study conducted in

Jordan has indicated that malignant salivary gland neo-
plasms account for 6% of all malignant neoplasms of the
head and neck. In the study, 51% of SGTs were located in

the parotid gland, 21% were located in the submandibular
gland, and 28% were located in the minor salivary glands.
Thus, the absence of sublingual tumours confirms the rarity

of tumour development in the Middle East compared with
Western countries. In contrast to many other studies
worldwide, the study reported a female predominance, with a
male-to-female ratio of 1:1.2.6
Given the limited knowledge and data, understanding of
the risk factors, incidence rate, age and sex distribution for

malignant SGT in KSA is insufficient. To our knowledge,
related studies are particularly lacking in the Middle East.
Therefore, this study was aimed at providing data for com-

parison with other studies worldwide, to gain a better un-
derstanding of the characteristics of these tumours. Incidence
rate, age, sex distributions, site of origin, mortality, and

histological type, including grading and staging, were
assessed in malignant SGTs in KSA.

Materials and Methods

Design and setting

The study was a nationwide epidemiological retrospective
cohort study including patients diagnosed with primary ma-

jor salivary gland carcinoma (MSGC) from 1 January 2008
to 31 December 2017, according to the STROBE guidelines
published by the international EQUATOR association.

Data sources, participants, and variables

The data were obtained from the Saudi Cancer Registry
(SCR), which collects tumour data from all private, mili-

tary, and Health Ministry hospitals in KSA through five
regional offices., Data analysis and periodic reporting are
conducted at the headquarters in Riyadh. The information

in the SCR databases includes medical data and de-
mographic characteristics of the patients, particularly sex,
age, place of residence, tumour site of origin, histological
subtype, tumour behaviour, tumour grade, tumour

extension, tumour laterality, the basis for the diagnosis,
and survival status. Diagnoses are coded according to
the International Classification of Diseases for Oncology,

Third Edition (ICD-O-3). The group under study was
defined as patients diagnosed with MSGC between
2008 and 2017. In addition, the “summary stage” codes

from the Surveillance, Epidemiology, and End Results
(SEER) database were used to classify the extent of
tumour spread.

Statistical analysis

Data analysis was performed in the Statistical Package for
the Social Sciences, SPSS version 23. Frequencies and per-

centages were used to display categorical variables. Mean,
standard deviation, minimum, and maximum were used to
present continuous variables. The chi-square test was used to

test for associations across categorical variables. ANOVA
was also used to test for association, and was followed by a
Tukey post-hoc test to determine exact differences between
groups. The threshold for statistical significance was set at

p < 0.05.

Results

Demographic characteristics of patients

This study included 571 patients, of whom 285 (49.90%)
were male, and 286 (50.10) were female. Table 1 displays the

http://creativecommons.org/licenses/by/4.0/


Table 2: Tumour profile (n [ 571).

Figure 1: Tumors incidence across decades of life.
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socio-demographic profile of the patients. The age was
46.53 þ 19.62 years on average, ranging from 1 to 122 years.

Moreover, 42 (7.4%) were of paediatric age. All patients
were Saudi residents, except two (0.4%) participants from
outside the country. The central region had the highest

prevalence of malignant SGTs (196 participants; 34.3%),
and was followed by the western region (176 participants;
30.8%).
Table 1: Socio-demographic profiles of the participants

(n [ 571).

Demographical characteristics n %

Sex

Male 285 49.90

Female 286 50.10

Age group

0e19 years 42 7.40

20e29 years 78 13.70

30e39 years 100 17.50

40e49 years 104 18.20

50e59 years 96 16.80

60e69 years 73 12.80

70 years or older 78 13.70

Place of residency

Unknown 5 0.90

Central region 196 34.30

Eastern region 112 19.60

Northern region 23 4.00

Western region 176 30.80

Southern region 57 10.00

Out of the country 2 0.40

Age

Mean 46.53

Standard deviation 19.62

Minimum 1

Maximum 122
Age-specific incidence of major salivary gland carcinoma

Figure 1 shows the incidence of MSGC by decade of life.

The peak incidence of SGTs was observed in the fourth, fifth,
Question n %

Primary site

Parotid gland 399 69.9

Submandibular gland 108 18.9

Sublingual gland 10 1.8

Major salivary gland, non-otherwise specified 54 9.4

Morphology

Mucoepidermoid carcinoma 166 29.1

Adenoid cystic carcinoma 92 16.1

Acinar cell carcinoma 65 11.4

Adenocarcinoma non-otherwise specified 60 10.5

Others 188 32.9

Extension

Localized 271 47.5

Regional: direct extension 68 11.9

Regional: lymph node 67 11.7

Regional: dir ext and lymph node 31 5.4

Regional NOS 1 0.2

Distant metastasis 57 10

Unknown 76 13.3

Lateralization

(Unknown) 44 7.7

Right 273 47.8

Left 228 39.9

Paired 26 4.6

Basis of diagnosis

DCO (death certificate) 2 0.4

Medical imaging (X-ray, US) 1 0.2

Cytology/haematology 57 10

Histology of metastases 10 1.8

Histology of primary 499 87.4

Unknown 2 0.4



Table 2 (continued )

Question n %

Patient status

Alive 525 91.9

Dead 44 7.76

Unknown 2 0.4

Year of diagnosis

2008 45 7.90

2009 63 11.00

2010 54 9.50

2011 52 9.10

2012 58 10.20

2013 64 11.20

2014 47 8.20

2015 52 9.10

2016 68 11.90

2017 68 11.90

NOS ¼ non-otherwise specified.
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and sixth decades of life (17.5%, 18.2%, and 16.8%,
respectively). In contrast, the incidence rate was lowest in

the first decade of life (2.3%), and in the tenth decade and
beyond (1.3%).
Figure 2: Incidence of salivary glan
Tumour profile and morphology

Table 2 presents the tumour profiles of the participants.

Most tumours were found in the parotid gland (n ¼ 399,
69.9%), followed by the submandibular gland (18.9%) and
the sublingual gland (1.8%). Regarding tumour
morphology, mucoepidermoid carcinoma was the most

common subtype (n ¼ 166, 29.1%), followed by adenoid
cystic carcinoma (n ¼ 92, 16.1%), acinic cell carcinoma
(n ¼ 65, 11.4%), and adenocarcinoma not otherwise

specified (NOS) (n ¼ 60, 10.5%), and 188 (32.9%) had
various other morphologies. A total of 271 (47.5%) patients
had localized tumours, 67 (11.7%) had regional lymph node

extension, and 57 (10%) had distant metastases. In addition,
273 (47.8%) of the participants had right lateralization, 228
(39.9%) had left lateralization, and 26 (4.6%) had paired

site tumours (bilateral). In most cases (499; 87.4%), the
diagnosis was based on the histology of the primary tumour.

Incidence of salivary gland tumours per 100,000 inhabitants
over time

Figure 2 illustrates that the overall pattern of SGT
incidence was irregular, lacked a clear pattern (in terms of
d tumors per 100,000 by Year.



Table 3: Variations in participant characteristics and tumour characteristics by morphology of major salivary gland malignancy.

Factor Morphology P-value

Mucoepidermoid carcinoma Adenoid cystic carcinoma Acinar cell carcinoma Adenocarcinoma NOS

Age 41.81 þ 18.32 47.47 þ 16.12 38.49 þ 18.46 54.5 þ 17.63 <0.001a

Sex 0.005a

Male 89 (48.9%) 39 (21.4%) 20 (11%) 34 (48.7%)

Female 77 (38.3%) 53 (26.4%) 45 (22.4%) 26 (12.9%)

Primary site <0.001a

Parotid gland 137 (82.5%) 53 (60.2%) 59 (90.8%) 43 (71.7%)

Submandibular gland 17 (10.2%) 30 (34.1%) 2 (3.1%) 15 (9%)

Major salivary gland, NOS 12 (7.2%) 5 (5.7%) 4 (6.2%) 8 (13.3%)

Grade <0.001a

Grade I (well differentiated) 36 (26.7%) 9 (31%) 11 (45.8%) 4 (12.1%)

Grade II (moderately differentiated) 65 (48.1%) 15 (51.7%) 7 (29.2%) 8 (24.2%)

Grade III (poorly differentiated) 18 (13.3%) 5 (17.2%) 3 (12.5%) 16 (48.5%)

Grade IV (undifferentiated anaplastic) 16 (11.9%) 0 (0%) 3 (12.5%) 5 (15.2%)

Extension 0.026a

Localized 89 (58.9%) 50 (60.2%) 36 (67.9%) 20 (40%)

Regional: direct extension 19 (12.6%) 15 (18.1%) 5 (9.4%) 5 (10%)

Regional: lymph node 24 (15.9%) 7 (8.4%) 6 (11.3%) 9 (18%)

Regional: direct and lymph node extension 9 (6%) 2 (2.4%) 2 (3.8%) 4 (8%)

Distant metastasis 10 (6.6%) 9 (10.8%) 4 (7.5%) 12 (24%)

Lateralization 0.967

Right 81 (51.9%) 40 (45.5%) 31 (50%) 27 (49.1%)

Left 68 (43.6%) 43 (48.9%) 29 (46.8%) 25 (45.5%)

Paired 7 (4.5%) 5 (5.7%) 2 (3.2%) 3 (5.5%)

Status 0.034a

Dead 10 (6.1%) 2 (2.2%) 1 (1.6%) 7 (11.7%)

Alive 155 (93.9%) 90 (97.8%) 63 (98.4%) 53 (88.3%)

a Significant at 0.05, NOS ¼ non-otherwise specified.
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Table 4: Worldwide distribution of major salivary gland malignant tumours reported within the same period.

Country Primary tumour siteAuthor Study period N of cases

Parotid (%) Submandibular (%) Sublingual (%) Not

otherwise

specified

(%)

Incidence (per

100,000)

Most common malignant

tumours

KSA Present study 2008e2017 571 69.9 18.9 1.8 9.4 0.15 to 0.24 MEC > ACC

China Gao et al.,

20177
1963e2012 1430 70.2 17.8 12 NR MEC > ACC

Turkey Kizil et al.,

201311
1984e2012 97 82.5 16.5 1 NR MEC > ACC ¼ AC

Poland _Zurek et al.

202118
2010e2019 6844 65.3 NR NR 1.78 NR

Iran Taghavi

et al., 201619
2000e2015 22 63.7 22.7 13.6 NR MEC > AC

UK Bradley

et al., 201317
1988e2007 108 71.3 23.1 5.6 0.67e0.98 MEC > ACC

Denmark Westergaard-

Nielsen et al.,

20209

1990e2015 1066 77.6 19.2 2.8 0.4 0.9e1.6 ACC > AcCC

Nigeria Lawal et al.,

201520
1994e2013 77 74 19.5 6.5 NR MEC > ACC

USA Boukheris

et al. 200916
1992e2006 5370 79.4 15.8 1 3.8 1.2 MEC > SCC

India Subhashraj

et al. 20085
1991e2006 203 79.3 19.7 1 NR ACC > MEC

Brazil da Silva,

20178
1997e2017 371 78.7 18.1 3.2 2.1 MEC > ACC

United Arab

Emirates

AlSarraj,

201512
1998e2014 83 76 18 1 5 NR MEC > ACC

Abbrev.: MEC ¼ mucoepidermoid carcinoma; ACC ¼ adenoid cystic carcinoma; AC ¼ adenocarcinoma not otherwise specified; AcCC ¼ acinic cell carcinoma; SCC ¼ squamous cell

carcinoma; NR ¼ not reported.
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Table 5: Relative proportion of the five major subtypes of major salivary gland carcinoma (MSGC) among studies worldwide within the

same period.

Country Author MSGC morphology

MEC (%) ACC (%) AcCC (%) AC (%)

KSA Present study 29.1 16.1 11.4 10.5

China Gao et al., 20177 27.3 23.8 8.25 10

Turkey Kizil et al., 201311 17.5 13.4 7.2 13.4

Iran Taghavi et al., 201619 40.9 13.6 4.5 27.2

UK Bradley et al., 201317 27.7 24 11.1 20.3

Denmark Westergaard-Nielsen et al., 20209 11.9 20.4 13.5 9.7

Nigeria Lawal et al., 201520 44.1 31.1 6.4 9

USA Boukheris et al. 200916 28.9 13.2 14.3 11.9

India Subhashraj et al. 20085 19.2 20.1 8.8 10.8

Brazil da Silva, 20178 32.6 21 7.8 14.8

UAE AlSarraj, 201512 34.9 18.1 10.8 2.4

Abbrev.: MEC ¼ mucoepidermoid carcinoma; ACC ¼ adenoid cystic carcinoma; AcCC ¼ acinic cell carcinoma; AC ¼ adenocarcinoma

not otherwise specified; NR ¼ not reported.
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increasing or decreasing over time), and displayed a

fluctuating pattern. Both mucoepidermoid and adenoid
cystic carcinoma showed a semi-consistent incidence
pattern over time, whereas both acinar cell carcinoma and

adenocarcinoma NOS showed an irregular fluctuating
pattern. The highest incidence of SGTs (0.24 per 100,000)
was observed in 2009, whereas 2014 had the lowest incidence
(0.15 per 100,000). Table 2 demonstrates patient status: 525

(91.9%) were alive, 44 (7.76%) were dead, and 2 (0.4%)
did not have a documented status. All patients who died
had cancer-associated causes of death.

Variations in participant and tumour characteristics by
morphology

As shown in Table 3, age was significantly associated with
MSGC type (p < 0.001). Tukey post-hoc test revealed that
the patients with adenocarcinoma NOS were significantly

older than those with mucoepidermoid carcinoma and acinar
cell carcinoma (p < 0.05). Moreover, patients with adenoid
cystic carcinoma were significantly older than those with
acinar cell carcinoma (p < 0.05). Sex was also significantly

associated with MSGC type (p ¼ 0.005). Females had a
significantly higher incidence of acinar cell carcinoma than
males (22.4% vs 11%), whereas males had a significantly

higher incidence of mucoepidermoid carcinoma than females
(48.9% vs 38.3%). Although the parotid gland was by far the
most common site of origin for all types of SGTs, a signifi-

cant difference in the primary site of the tumour was
observed across MSGC types (p < 0.001); acinar cell carci-
noma had a relatively lower rate of the submandibular gland

as the primary site, whereas adenoid cystic carcinoma had a
relatively higher rate. No patients with adenoid cystic car-
cinoma had grade IV tumours (p < 0.001), whereas other
types had varying rates of grade IV tumours. In addition,

patients with adenocarcinoma NOS had a higher incidence
of grade III tumours than patients with other types. MSGC
type was also significantly associated with extension

(p ¼ 0.026) and mortality (p< 0.001): adenocarcinoma NOS
had the highest rates of both metastasis and regional (direct
and lymph node) extension, as well as the highest mortality
rate. The correlation between lateralization and SGT type

was not statistically significant.

Discussion

The presented epidemiological analysis of major salivary
gland malignancies in KSA provides extensive and compre-
hensive data from the past decade. Unfortunately, despite

the tremendous advances in health care, little information is
available on the clinical presentation of tumours of the head
and neck in KSA.

During this 10-year study, we reviewed 571 patients with
MSGC; tumours were found across all age groups (ages 1e
122 years), and a similarly wide range has been reported in

other studies.5,7e9 MSGC are extremely rare in children.
Epidemiological research based on the North American
population-based SEER database identified 12,834 cases
registered from 1973 to 2006, with a 2% rate of paediatric

cases across the entire study group.10 Similarly, low rates of
2e6% have been reported in studies from Turkey, India, and
Brazil.5,8,11 In our study, a higher percentage of tumours was

found in the paediatric age group, with 42 patients in the
children and adolescents group and a 7.4% paediatric
incidence rate. Moreover, on the basis of the analyses

performed regarding the mean age of occurrence of various
salivary gland pathologies, differences were observed
according to lesion type and the years in the period
analysed. For example, the mean age of patients with

adenocarcinoma NOS was significantly greater than that of
patients with mucoepidermoid carcinoma and acinar cell
carcinoma (p < 0.05). Similarly, one study (Gao et al.,

2017) has reported a high median age over 50 years for
patients with adenocarcinoma NOS, salivary duct
carcinoma, and squamous cell carcinoma.7

No sex predominance was observed: 285 (49.90%) cases
were in males, and 286 (50.10%) cases were in females. In
Canada and the United Arab Emirates, however, the MSGC

incidence is higher among men, ranging from 59% to
61%.12,13 Nevertheless, our data indicated a significant
association with MSGC type (p ¼ 0.005): females had a
higher rate of acinar cell carcinoma than males (22.4% vs
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11%), and males had a higher rate of mucoepidermoid
carcinoma than females (48.9% vs 38.3%).

In our study, the incidence of MSGC in the fourth, fifth,
and sixth decades of life was 17.5%, 18.2%, and 16.8%,
respectively, and peaked during the fifth decade. Other

epidemiological studies have reported similar results.8,12,14

However, the highest incidence of mucoepidermoid and
acinic cell carcinomas occurred in the third and fourth

decades, in agreement with findings from other studies.14

The annual incidence rates of MSGC range from slightly
less than 2 to greater than 0.05 per 100,000 population
worldwide.15 During the past decade, the annual incidence

of MSGC in KSA ranged between 0.15 and 0.24 per
100,000 people (Figure 2). Thus, malignant SGTs are
relatively rare: in a population of 35 million, only 52e84
new cases of salivary gland cancer are expected each year
(Table 2). This finding clearly calls for subspecialization in
managing this disease, even within cancer centres.

However, studies conducted on European, North, and
South American populations have shown a higher
incidence of malignancies and suggest geographic variation
in the frequency of these tumours.8,9,16e18 In our study, the

overall pattern of malignant SGT incidence was irregular,
and no discernible pattern of increase or decrease over time
was observed. In contrast to our findings, the national

statistics for malignant parotid neoplasms in England
(1997e2006) have indicated a rise in the number of cases
from 1.1/100,000 in 1997 to 1.3/100,000 in 2006.17

According to the literature, the parotid gland is the most
frequent anatomical site for MSGC.5,8,9,12,16 In the present
study, the parotid gland was the most common primary

tumour site and constituted (69.9%), or 36e58 new cases
per year, and was followed by the submandibular and
sublingual glands, which accounted for 18.9% and 1.8%,
respectively. All large worldwide series of MSGC have

shown a similar distribution.5,8,9,12,16 However, the
sublingual gland involvement was significantly higher in
studies from the UK, Africa, China, and the Middle East

(5.6%, 6.5%, 12%, and 13.6%, respectively).7,17,19,20

Table 4 demonstrates the worldwide distribution of major
salivary gland malignancies reported within the same period.

Mucoepidermoid carcinoma was the most common his-
tological type (29.1%), which was followed by adenoid cystic
carcinoma (16.1%) and acinar cell carcinoma (11.4%).

Mucoepidermoid carcinoma has been reported as the pre-
dominant histological subtype among different
populations.7,8,11,12,17,21,22 However, research conducted in
Denmark and India has revealed that adenoid cystic

carcinoma is the most prevalent disease.5,9 Our data
revealed that adenocarcinoma NOS was the histological
type associated with the greatest mortality and spread of

disease: 18e26% nodal metastases and 24% distant
metastasis were observed, thus indicating high-grade tu-
mours with imprecise clinical behaviour; the mortality rate

was 11.7% (Table 3).14 Table 5 demonstrates the relative
proportion of major salivary gland malignancies subtypes
among studies worldwide.

The strength of this study is that, compared with other

salivary gland carcinoma epidemiological studies in the
literature, we describe one of the largest population-based
cohorts from the Middle East. In this study, we analysed

the epidemiology of MSGC among Saudis, on the basis of
extensive and comprehensive data gathered over a decade,
which may be used in the prognosis and planning of medical

services and serve as a foundation for future research. To our
knowledge, this is the largest national series of MSGC.
Moreover, we compared our data with other worldwide se-

ries. In addition, this study demonstrated that Saudis have a
lower incidence of MSGC than the rest of the world, thus
suggesting that further research is warranted to investigate

whether environmental, behavioural, and genetic factors
have roles in determining MSGC risk.

The study was limited by its retrospective design and some
limitations associated with the lack of clinical data, such as

symptomatology, stage of malignant lesions, and treatment,
which are not reported in the SCR and thus could not be
included in the study. The reason for these limitations is that

the SCR database data are recorded primarily for adminis-
trative purposes rather than research.

Conclusion

This retrospective study of MSGC showed that KSA had
a relatively low incidence rate, with only 0.15 to 0.24 cases

per 100,000 person-year, with respect to those in other parts
of the world. Thus, management in highly specialized cancer
treatment centres is required. Although MSGC is rare in
adults and highly infrequent in children, Saudi children/ad-

olescents have a slightly higher incidence rate than that re-
ported in the literature. The rest of our results are consistent
with those reported by previous population studies.

Furthermore, continuous studies reporting the incidence and
characteristics of these lesions will be essential to keep phy-
sicians and surgeons updated and have a low detection

threshold, thus substantially influencing tumour prognosis.

Source of funding

This researchdidnot receiveany specific grant fromfunding

agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors have no conflict of interest to declare.

Ethical approval

Ethics approvalwas exemptedbyThe InstitutionalReview

Board (IRB) of King Abdullah International Medical
ResearchCenter (KAIMRC),Riyadh,KSA (date of approval
3 August 2021, reference number NRC21R/085/03).

Consent

The need for informed consent was waived, because no

information identifying individual people was included.

Authors’ contribution

Concept and design: AAA and MSA. Literature search,
data acquisition, data analysis, statistical analysis, interpre-

tation of data, and initial drafting of the manuscript: MSA,



Major salivary gland carcinoma in KSA1156
AFA, BJY, RKA, and SAA. Project administration: MSA
and AFA. Revision, editing, and drafting of the final

manuscript: AAA. Critical revision of the manuscript for
important intellectual content: AAA, MAA, and MME. All
authors were involved in critically revising the manuscript

for important intellectual content. All authors gave final
approval of the version to be published. All authors agree to
be accountable for all aspects of the work. All authors have

critically reviewed and approved the final draft and are
responsible for the content and similarity index of the
manuscript.
Acknowledgment

The authors thank the Saudi Cancer Registry for
providing access to the data for research purposes.

References
1. Wang XD, Meng LJ, Hou TT, Huang SH. Tumours of the

salivary glands in northeastern China: a retrospective study of

2508 patients. Br J Oral Maxillofac Surg 2015; 53(2): 132e137.

https://doi.org/10.1016/j.bjoms.2014.10.008.

2. Cruz A, Magalhães H, Pereira FF, Dinis J, Vieira C. A 10-year

review of primary major salivary gland cancers. Ecancermedi-

calscience 2020; 14: 1055. https://doi.org/10.3332/ecancer.

2020.1055.

3. El-Nagger AKCJ, Grandis JR, Takata T, Slootweg PJ. WHO

classification of head and neck tumours. Lyon: International

Agency for Research on Cancer (IARC); 2017.

4. Jones AV, Craig GT, Speight PM, Franklin CD. The range and

demographics of salivary gland tumours diagnosed in a UK

population. Oral Oncol 2008; 44(4): 407e417. https://doi.org/

10.1016/j.oraloncology.2007.05.010.

5. Subhashraj K. Salivary gland tumors: a single institution

experience in India. Br J Oral Maxillofac Surg 2008; 46(8):

635e638. https://doi.org/10.1016/j.bjoms.2008.03.020.

6. Al-Khateeb TH, Ababneh KT. Salivary tumors in north Jor-

danians: a descriptive study. Oral Surg Oral Med Oral Pathol

Oral Radiol Endod 2007; 103(5): e53ee59. https://doi.org/

10.1016/j.tripleo.2006.11.017.

7. Gao M, Hao Y, Huang MX, Ma DQ, Chen Y, Luo HY,

Gao Y, Cao ZQ, Peng X, Yu GY. Salivary gland tumours in a

northern Chinese population: a 50-year retrospective study of

7190 cases. Int J Oral Maxillofac Surg 2017; 46(3): 343e349.

https://doi.org/10.1016/j.ijom.2016.09.021.

8. da Silva LP, Serpa MS, Viveiros SK, Sena D, de Carvalho
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