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Abstract

Background Salivary gland tumours (SGT) are a relatively rare group of neoplasms with a wide range of histopathological
appearance and clinical features. To date, most of the epidemiological studies on salivary gland tumours are limited for a
variety of reason including being out of date, extrapolated from either a single centre or country studies, or investigating
either major or minor glands only.

Methods This study aimed to mitigate these shortcomings by analysing epidemiological data including demographic,
anatomical location and histological diagnoses of SGT from multiple centres across the world. The analysed data included
age, gender, location and histological diagnosis from fifteen centres covering the majority of the world health organisation
(WHO) geographical regions between 2006 and 2019.

Results A total of 5739 cases were analysed including 65% benign and 35% malignant tumours. A slight female predilection
(54%) and peak incidence between the fourth and seventh decade for both benign and malignant tumours was observed. The
majority (68%) of the SGT presented in major and 32% in the minor glands. The parotid gland was the most common loca-
tion (70%) for benign and minor glands (47%) for malignant tumours. Pleomorphic adenoma (70%), and Warthin’s tumour
(17%), were the most common benign tumours whereas mucoepidermoid carcinoma (26%) and adenoid cystic carcinoma
(17%) were the most frequent malignant tumours.

Conclusions This multicentre investigation presents the largest cohort study to date analysing salivary gland tumour data
from tertiary centres scattered across the globe. These findings should serve as a baseline for future studies evaluating the
epidemiological landscape of these tumours.

Keywords Salivary gland tumours - Salivary gland neoplasms - Head and neck - Multicentre research study -
Demographics - Epidemiology - Site distribution - Histological diagnosis

Introduction approximately 2.5-3.0 per 100 000 people in the Western

world [1].

Salivary gland tumours (SGT) are a heterogeneous group
of neoplasms with a wide range of histological subtypes
making diagnosis challenging for pathologists. Fortu-
nately, they are rare, with an annual estimated incidence of
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Most SGT are benign with ~70% arising in major glands
and ~25% are from the minor glands. Malignant SGT com-
prise approximately 2-6% of all head and neck cancers [1,
2] with 15-35% of parotid gland, 41-45% of submandibu-
lar and 70-90% of sublingual glands tumour being malig-
nant [3]. In comparison, more than half of the minor glands
tumours (including palate, tongue, the floor of the mouth,
retromolar region and lips) are likely to be malignant [3-5].
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Other rare sites for SGT include the larynx, trachea, lacrimal
glands, nasal cavity and heterotopic salivary tissue within
the mandible and the lymph nodes [4]. Tumours involving
minor glands have worse prognosis, higher recurrence rate
and poor outcomes compared to major gland tumours [6].

To date, numerous studies have reported epidemiological
data for SGT. However, they are somewhat out of date or
reflect relatively small datasets from a single centre or local
population only [4, 5, 7-17]. One of the most recent studies
from 2012 reported incidence of these tumours in two distant
geographical locations without detailed comparative analysis
[18]. These shortcomings necessities the need for epidemio-
logical evaluation of SGT from multiple centres preferably
different geographical locations across the world with a view
to analysing the distribution of different subtypes of SGT as
well as identifying trends in the different populations.

Therefore, the aim of this multicentre international study
was to analyse SGT data from numerous tertiary hospitals
across the world with a view to obtaining up to date fre-
quency and distribution of SGT. Further investigation of
demographic and anatomical location of SGT and correla-
tion of findings from different geographical locations was
also performed.

Material and Methods

All salivary gland tumours diagnoses between 2006 to 2019
were retrieved from the Pathology databases of the involved
Oral and Maxillofacial/Head and Neck Pathology depart-
ments. The year 2006 was selected in this study as cut-off
year for two main reasons; (1) A number of SGT overviews
were published prior to this including analysis of a large
cohort from the Lead Institute and (2) Since then there have
been significant changes to histological classification of
SGT. The UK centres included Sheffield (School of Clini-
cal Dentistry, University of Sheffield and Sheffield Teaching
Hospitals NHS Foundation Trust), East Grinstead (Queen
Victoria Hospital), Belfast (Belfast Health and Social Care
Trust/Queen’s University Belfast), and two centres in Lon-
don (Royal London Hospital and University College London
Hospital). The international collaborators included centres
from Italy (Department of Pathology, Camposampiero),
Turkey (Department of Tumour Pathology, Istanbul Univer-
sity), Nigeria (including Ibadan, Lagos, Enugu and Port-
Harcourt), South Africa (University of Pretoria), Saudi Ara-
bia (Department of Oral Medicine and Diagnostic Sciences,
College of Dentistry, King Saud University, Riyadh), Bra-
zil (Piracicaba Dental School, University of Campinas, Sao
Paulo State) and Chile (Universidad de Valparaiso, School
of Dentistry) (Fig. 1). These were split into regions for some
of the comparative analysis.
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All primary benign and malignant tumours in major and
minor salivary glands were included. Other mesenchymal
neoplasms and lymphomas were excluded. Clinical infor-
mation about gender and age of the patient as well as the
anatomical site of presentation (major gland or intra-oral
location) was also obtained. Tumours involving the sinona-
sal region, nose and trachea were excluded. The data was
anonymised locally before being shared for analysis. Cases
with incomplete information were excluded after an initial
review and duplicates and recurrences were also removed.
Where possible, the histological diagnosis of the cases was
reviewed (65% of cases). However due to the large number
of cases in the cohort and the resource constraints, this was
not possible for every case. Only the updated diagnosis was
used for these cases and diagnosis concordance or discord-
ance was not recorded as it was not available for all cases
and was deemed beyond the scope of this study. The tumours
were classified according to the 2017 WHO classification of
salivary gland tumours (18). Twelve types of benign SGT
were identified within the cohort, including common enti-
ties such as pleomorphic adenoma, Warthin tumour, basal
cell adenoma and canalicular adenoma etc. For malignant
SGT, 20 different tumour types were identified including
mucoepidermoid carcinoma (MEC), adenoid cystic carci-
noma (AdCC), acinic cell carcinoma (ACC), polymorphous
adenocarcinoma (PAC), carcinoma ex pleomorphic adenoma
(Ca ex PA) and adenocarcinoma NOS (AdNOS). Descrip-
tive statistical analysis of the data was performed using fre-
quencies and percentages of the variables in Microsoft Excel
(2016). Student’s T test was used to determine statistical
significance (where relevant).

Results
Overall

The total number of SGT was 5,739. Of these, 65% were
benign tumours (n=3,751), and 35% (n=1,988) were
malignant (Table 1). There was a slight female predilection
(54%, n=13,093) compared to 46% male patients (n=2,646).
In both benign and malignant tumours, a higher incidence
was noted in patients between the fourth to seventh decade
of life accounting for 69% of the cases (Fig. 2). Most of the
SGT involved the major glands 68% (n=3,910) with 32%
(n=1,829) involving the minor glands. Parotid gland was the
most common site of involvement (59%, n=3,406). Within
the minor glands, the palate was the most common location
(60%, n=1103) (Fig. 3).
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Fig. 1 Geographical map of the centres participating in the study including five from the UK, one from Europe, five from Africa, two from Asia

and two centres from South America

Benign Tumours

The most common benign tumour was pleomorphic ade-
noma accounting for 70% (n=2621) followed by Warthin
tumour (17%, n=623), basal cell adenoma (3%, n=172),
canalicular adenoma (2%, n=96), cystadenoma (2%,
n=2381), myoepithelioma (2%, n=62) and oncocytoma (1%,
n=43). All other rare benign tumours including sebaceous
adenoma, ductal papilloma, sialoadenoma papilliferum and
unclassified salivary tumours comprised 1% (n=53) of
benign tumours (Table 1).

Comparison of the different geographical locations
showed that pleomorphic adenoma was the most common
benign tumour across all centres with a different range of
incidence between centres ranging from 64% in Europe to
87% in South America. Warthin tumour was the second most
common tumour for most of the centres with a range of inci-
dence between 1% (African cohort) to 30% in the data from
Europe. This was followed by basal cell adenoma accounting
for 5% of the UK and 3% of both the European and African
cases (Fig. 4).

Gender Distribution

For benign tumours, there was a slight female predilection
(54%, n=2035) compared to males (46%, n=1716).

Age Distribution

The average age for benign tumours was 52 years with a
female average age of 51.7 and male average of 52.4 years.
The age range was very wide (1-98 years). The most com-
monly affected age group was 40-59 which accounted for
38% of benign tumours (n = 1440) comprising 18% of male
(n=692) and 20% female (n=748) patients respectively.
The least affected age group was patients under 18 years of
age who accounted for only 2% (n=82) of benign tumours
(Fig. 5).

Site Distribution

Benign tumours presented in both major and minor glands
with the majority of tumours involving the parotid gland

@ Springer
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Fig.2 Age and gender distribution within the entire SGT cohort
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Fig.3 Anatomical site distribution of SGT. A major and minor gland distribution across the entire cohort. B Benign tumours in all glands. C
Benign tumours in minor glands. D Malignant tumours in all glands. E Malignant tumours in minor glands
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Table 1 Benign and malignant

. ; Diagnosis Number % of group % of all tumours
SGT histological subtype
distribution within the cohort Benign
Pleomorphic adenoma 2621 70% 45%
Warthin tumour 623 17% 11%
Basal cell adenoma 172 5% 3%
Canalicular adenoma 96 2% 2%
Cystadenoma 81 2% 1%
Myoepithelioma 62 2% 1%
Oncocytoma 43 1% 1%
Other 53 1% 1%
Benign total 3751
Malignant
Mucoepidermoid carcinoma 508 26% 9%
Adenoid cystic carcinoma 336 17% 6%
Polymorphous adenocarcinoma 238 12% 4%
Carcinoma ex pleomorphic adenoma 215 11% 4%
Acinic cell carcinoma 185 9% 3%
Adenocarcinoma NOS 145 7% 3%
Salivary duct carcinoma 79 4% 1%
Secretory carcinoma 51 3% 1%
Epithelial myoepithelial carcinoma 47 2% 1%
Myoepithelial carcinoma 42 2% 1%
Basal cell adenocarcinoma 41 2% 1%
Other 101 5% 2%
Malignant total 1988
A B
. ) 8%
18% 30%
88% S 87% 1%
67% 64% 10%
22%
UK EUROPE AFRICA ASIA SOUTH AMERICA UK EUROPE AFRICA ASIA SOUTH AMERICA
mPA sWT =BCA s MEC mAdCC mPAC mCaExPA =ACC

Fig.4 Geographic comparison of the most common benign and
malignant SGT. A benign tumours: PA-Pleomorphic adenoma, WT-
Warthin tumour, BCA-Basal cell adenoma. B malignant tumours:

(70%, n=2582), followed by minor glands (23%, n=899),
submandibular gland (7%, n=265) and less than 1% (n=15)
involving the sublingual gland. Within the minor glands,
the palate was the most common location (58%, n=519).

MEC mucoepidermoid carcinoma, AdCC adenoid cystic carcinoma,
PAC polymorphous adenocarcinoma, Ca ex PA carcinoma ex pleo-
morphic adenoma, ACC Acinic cell carcinoma

followed by upper lip (20%, n=178) and buccal mucosa
(12%, n=104). Other sites included the floor of mouth, gin-
giva, lower lip, tongue and labial mucosa which altogether
comprised 10% (n=98) of benign tumours (Fig. 3).

@ Springer
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Fig.5 Age and gender distribution for benign salivary gland tumours

The majority of pleomorphic adenomas involved the
parotid gland (67%, n=1736), followed by minor glands
(25%, n=645) and submandibular gland (8%, n=217).
Only four cases (less than 1%) were identified in the sublin-
gual gland. In the minor glands, (67%, n=433) of the pleo-
morphic adenomas involved the palate, followed by upper
lip and buccal mucosa (12%, n=77, 11%, n=69) respec-
tively. Warthin tumours were exclusive to the parotid gland
(n=623). Most of the basal cell adenomas were reported in
minor glands (55%, n=95), followed by parotid gland (40%,
n=69) and submandibular gland (5%, n=_8). In the minor
glands, the upper lip was the most common minor gland site
for basal cell adenomas (49%, n=47) (Fig. 6).

Malignant Tumours

The most common malignant tumour was mucoepidermoid
carcinoma accounting for 26% of the malignant diagno-
ses (n=508) followed by adenoid cystic carcinoma (17%,
n=336), polymorphous adenocarcinoma (12%, n=238),
carcinoma ex pleomorphic adenoma (11%, n=215), acinic
cell carcinoma (9%, n=185), adenocarcinoma NOS (7%,
n=145), salivary duct carcinoma (4%, n=79), secretory
carcinoma (3%, n=51), epithelial myoepithelial carci-
noma (2%, n=47), myoepithelial carcinoma (2%, n=42)
and basal cell adenocarcinoma (2%, n=41). All other rare
malignant tumours including, carcinosarcoma, clear cell
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carcinoma, cystadenocarcinoma, intraductal carcinoma,
lymphoepithelial carcinoma, neuroendocrine carcinoma,
oncocytic carcinoma, poorly differentiated carcinoma, seba-
ceous carcinoma, sialoblastoma and squamous cell carci-
noma accounted for 5% of malignant tumours collectively
(n=101) (Table 1).

Mucoepidermoid carcinoma was the most common
malignant tumour in the majority of centres. The only excep-
tion was Africa, where adenoid cystic carcinoma was the
most common tumour. Overall, adenoid cystic carcinoma
was the second most common malignant SGT for most of
the centres with a range of incidence of 10% in UK and 33%
in African centres. (Fig. 4).

Gender Distribution

There was a slight female predilection for malignant SGT
(53% of malignant cases, n=1,058) compared to males
(47%, n=930).

Age Distribution

The average age for malignant tumours was 56 years with a
female average of 54.4 and male average age of 57.4 years.
As for benign tumours, the age range was very wide (1 to
106 years). The average age for malignant tumours was sig-
nificantly higher than benign tumours (p <0.00001). The
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Fig.6 Anatomical site distribution of the most common benign SGT. Pleomorphic adenoma (PA), Warthin tumour (WT) and basal cell ade-

noma (BCA)

most affected age group was 60 to 79-year-old accounting
for 36% (n=708) of malignant tumours, comprising 17%
male (n=340) and 19% female (n=368) patients respec-
tively. Similar to the benign tumours, the least affected
age group was patients under 18 years of age (4%, n=69)
(Fig. 7).

Site Distribution

Minor glands were the most common site for malignant
tumours (47%, n=930), followed by parotid gland (42%,
n=828), submandibular gland (10%, n=189) and sublin-
gual gland (2%, n=41). Within the minor glands, the pal-
ate was the most common location (63%, n=584) followed
by buccal mucosa (12%, n=114), gingiva (8%, n=78) and
tongue (6%, n=>51). Other rare sites included the floor of the
mouth, labial mucosa, upper and lower lip, which accounted
altogether for 11% of malignant diagnoses (n=103) (Fig. 3).

The majority of mucoepidermoid carcinomas involved
the minor glands (56%, n=285), followed by the parotid
gland (34%, n=173), submandibular glands (7%, n=36)
and sublingual glands (3%, n=12). In the minor glands,
60% (n=172) of the mucoepidermoid carcinomas occurred
in the palate. Most of the adenoid cystic carcinomas (60%,
n=203) involved the minor glands, followed by parotid
(26%, n=87), submandibular (10%, n=233) and sublin-
gual (4%, n=13) glands. Within the minor glands, 70% of
adenoid cystic carcinomas presented in the palate (n=141).
Most polymorphous adenocarcinomas presented in the
minor glands (98%, n=234), with occasional cases in the

parotid gland (2%, n=4). In the minor glands, the palate was
the most common site for the polymorphous denocarcino-
mas accounting for (72%, n=170). The majority of carci-
noma ex pleomorphic adenomas involved the minor glands
(61%, n=132), followed by the parotid gland (32%, n="70),
submandibular gland (7%, n=13) and only one case was
reported in the sublingual gland. In the minor glands, 62%
(n=282) of carcinoma ex pleomorphic adenomas occurred in
the palate. Parotid gland was also the most common site for
acinic cell carcinoma (65%, n=120), followed by the minor
glands (23%, n=42), submandibular gland (9%, n=17)
and sublingual gland (3%, n=15). The palate was the most
common minor gland site for acinic cell carcinomas (50%,
n=21) (Fig. 8).

Discussion

SGT are rare and our study is one of the most extensive
recent reports investigating the incidence and demograph-
ics of these tumours from multiple centres and the major-
ity of the WHO geographical regions. We collected 5739
cases from pathology centres across the world and found that
benign tumours accounted for the majority of SGT (65%)
compared to malignant tumours (35%). This finding is con-
sistent with the existing literature [10, 14, 19-21]. There
was a slight predilection for females in our study, which has
also been reported by some other studies [4, 18, 21-23].
However, some single centres studies have reported a higher
incidence of salivary gland tumours in males or an equal
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Fig.7 Age and gender distribution for malignant tumours
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Fig.8 Anatomical site distribution of the most common malignant SGT. Mucoepidermoid carcinoma (MEC), adenoid cystic carcinoma (AdCC),
polymorphous adenocarcinoma (PAC), carcinoma ex pleomorphic adenoma (Ca ex PA) and acinic cell carcinoma (ACC)
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gender involvement [9, 10, 12, 13]. Furthermore, we found
a peak incidence of SGT between the fourth to seventh dec-
ades of life (approximately 69% of cases) which is similar to
findings previously reported in the literature [4, 10, 18, 23].

Overall, the parotid gland was the most common location
for SGTs accounting for (59%) followed by minor (32%)
and submandibular (8%) salivary glands similar to older and
similarly large SGT demographical studies [10, 18-24]. Our
study shows low prevalence of sublingual tumours (46 out
of 5739), similar to findings reported by Satko et al. and
Eveson and Cawson [20, 24].

Benign SGT

Our results show that pleomorphic adenoma was the most
common benign tumour; this is consistent with prevalence
rates reported in the literature [4, 5, 8, 10, 12, 14, 18, 21].
Comparison of incidence between centres showed pleomor-
phic adenoma to be the most common benign tumour in all
geographical locations included in the study ranging from
64% in Europe to 87% in South America. Warthin tumour
was the second most common benign tumour which is also
similar to earlier demographical studies [8, 11, 18, 23-25].
The present study shows that basal cell adenoma was the
third most common benign tumour; however accurate com-
parisons between previous studies of basal cell and canalicu-
lar adenomas is difficult as older studies tended to combine
these into a single group of monomorphic adenomas [7, 21,
26]. Curiously no basal cell adenomas were reported in Asia
and South America, whereas they comprised 5% of benign
SGT in the UK and 3% in both European and African cen-
tres. This could be related to the smaller number of cases
gathered from these centres or the lower incidence as previ-
ous studies have shown that basal cell adenoma is not within
the most common five benign tumours in these regions [22,
23, 27]. The possibility of variation in diagnostic criteria can
also not be excluded.

In the literature, benign tumours have been reported to
occur more in younger and female patients [23]. Our study
shows a similar finding where benign tumours appeared to
be more common in female patients; however, the average
ages were quite similar (51.7 years in female compared to
52.4 in male patients).

The majority of the benign tumours were located in the
parotid gland (70%), followed by minor [23%] and subman-
dibular (7%) glands. We found only five benign cases (less
than 1%) involving the sublingual gland. Similar findings
were seen in other older SGT studies with some variations
in distribution across different anatomical sites [4, 10, 14,
18, 21, 23].

The most common location for the pleomorphic adenoma
was the parotid gland (67%), followed by minor glands and
the submandibular gland (25% and 8% respectively. This

observation was consistent with previous reports [4, 11, 13,
18, 23]. Warthin tumour was seen exclusively in the parotid
gland (100%). This observation is similar to other studies
suggesting that this tumour exclusively involves parotid
gland [11, 13, 23]. Basal cell adenomas were reported in
minor glands in 55% of the cases and about 40% were seen
in the parotid gland. Accurate comparison with the literature
was not possible due to the small number of reported studies
and cases.

Malignant SGT

Mucoepidermoid carcinoma was the most common malig-
nant salivary gland tumour accounting for 26% of diagno-
ses; this is in agreement with previously reported prevalence
rates worldwide [4, 8, 21, 23]. We found that mucoepider-
moid carcinoma was the most common tumour in all centres
except Africa where adenoid cystic carcinoma (33%) was
the most common malignant diagnoses. Bello et al., 2012,
reported somewhat similar findings with adenoid cystic
carcinoma as the most common malignant tumour in their
2012 study [18]. However, this was limited to data from two
centres and did not examine the geographical differences in
depth. The second most common malignant diagnosis for
most of the centres in our study was adenoid cystic car-
cinoma accounting for 17% of all malignancies similar to
other reports [5, 8, 11, 12, 21, 23] although some variations
in its incidence have been reported. For mucoepidermoid
carcinoma and adenoid cystic carcinoma molecular tech-
niques such as FISH, PCR and NGS can help with the final
diagnosis however, these tests are not widely available and/
or affordable around the world [28]. Even in the UK, rou-
tine testing for MAML?2 rearrangement in mucoepidermoid
carcinoma has been the norm only since 2015-2016 with
FISH the most widely available test, whereas MYB testing in
adenoid cystic carcinoma is still only available in a handful
of specialist centres. This is shown by the fact that within
our cohort, a limited number of cases (2015 onwards) were
tested (50 mucoepidermoid carcinomas and 15 adenoid
cystic carcinomas). The next most common diagnoses were
polymorphous adenocarcinoma and carcinoma ex pleo-
morphic adenoma accounting for 12 and 11% of diagnoses
respectively. In fact, there is significant variability in the
literature about the incidence of these two entities which is
perhaps related to small and unicentric cohorts. Similarly,
acinic cell carcinoma was the fifth most common diagnosis
(9%) although, some studies have reported it as the third
most common malignant SGT [4, 5] however these find-
ings were also based on a small cohort size from only one
centre. Adenocarcinoma NOS was the next most common
diagnosis accounting for 7% of cases which may not reflect
the exact incidence of this entity as development of ancil-
lary molecular and sequencing techniques has led to more

@ Springer



Head and Neck Pathology

specific diagnoses and reduction in the use of this diagnosis
[29].

Malignant SGT are more likely to occur in older patients
[22, 23]. Our study shows similar results where the aver-
age age for malignant tumours was significantly higher than
benign tumours (p <0.00001). Malignant SGT involved
the parotid gland in about 42% of cases, which aligns with
known literature [11, 14]. The incidence of malignant
tumours in minor salivary glands was slightly higher than
the parotid gland (i.e. 47%), highlighting the importance of
considering malignant SGT in differential diagnoses [14,
30]. In the present study, 42 out of 46 cases involving the
sublingual gland were malignant tumours, which is similar
to Tian et al.’s findings from 2010 where they reported 95%
of sublingual tumours to be malignant [10].

The most common location for mucoepidermoid carci-
noma was minor glands (56%), followed by parotid, subman-
dibular and sublingual (34%, 7% and 3% respectively) glands
which is in agreement with the findings of Jones et al.,2008
but in disagreement with other reports which have found
parotid to be the most common site [11, 13, 23]. This could
be due to the fact that a number of these cases were reported
in specialist oral and maxillofacial pathology units (some
of which usually only report intra-oral specimens) although
many of the included centres also have expertise in head and
neck (H&N) pathology.

Understanding the epidemiological landscape and distri-
bution of histological subtypes of salivary gland tumours
is crucial for a better diagnosis of this diverse and complex
group of tumours. It would be useful for future studies to
include more geographical locations as well as other H&N
and ENT centres. It would also be useful to establish inter-
national datasets of these tumours for use by other research-
ers (whole slide image or research repositories) including
histological reassessment and classification according to the
most recent WHO criteria.

Conclusions

Salivary gland tumours are rare, but show a gradual increas-
ing incidence over the last decade and a half. We report the
largest multicentre investigation of SGT to date showing
that the majority are benign (65%), with a slight predilec-
tion for females (54%). Approximately 69% of SGT occur
in patients between the fourth to seventh decade of life with
a significant difference between the average age for benign
and malignant tumours. Pleomorphic adenoma was the most
common benign and mucoepidermoid carcinoma the most
common malignant tumour. The majority of SGT presented
in the major glands (68%), with the parotid gland being the
most common location (70%) for benign and minor glands
(47%) for malignant tumours. More extensive studies of SGT
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need to be conducted to understand and update the epide-
miological landscape of these tumours and correlate it with
prognosis.
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