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Abstract

Tubarial glands or tubarial salivary glands are recently
reported as a pair of macroscopic salivary glands in the
nasopharynx. The remote location of the glands, the rarity
of major pathologies involved, and non recognized
functional significance might have been the reason for the
non-inclusion before. There are about 500-1000 minor
salivary glands in the body, and most of them are located in
the oral cavity or oropharynx. They are small and
embedded in the aero-digestive tract entrance of the head
and neck region. Minor salivary glands located in the
nasopharynx are relatively less in number and the major
pathologies associated with these glands are rare. This
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review is on the overall current literature of the minor
salivary glands and tubarial glands-the new entity in
question-along  with  their  potential  pathologies.
Nasopharyngeal glandular origin diseases were reported in
general as case reports or as small series. This brief review
is meant to open up interest in these structures, their
pathologies and encourage further characterization of
diseases of the nasopharynx especially the diseases of

salivary gland origin.
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1. Introduction

A pair of macroscopic salivary glands was described
located in the human nasopharynx by a team of researchers
headed by Valstar et al. in 2020. This was following
consistent incidental visualization of organ-like high uptake
areas in the nasopharynx on positron emission
(PET/CT)  with
prostate-specific membrane antigen ligands (PSMA) in

tomography/computed  tomography
cases of prostate and urethral gland cancers. All the major
salivary glands show comparable avid uptake of this
diagnostic material. These findings led to further
characterization of this entity by dissection of cadavers
which demonstrated the presence of these glands in the
human specimens. The potential clinical implications were
also explored especially radiotherapy of the area [1]. Their
retrospective study in patients with head and neck cancer
patients who received unprotected radiotherapy to these
glands were found to cause dose-related xerostomia and
dysphagia. Sparing these glands from the radiotherapy field
was suggested to improve the quality of life of these
patients. There are three pair of major salivary glands and
about 1000 minor salivary glands, which are distributed in
the submucosa of the aero-digestive tract and auditory tube
[1-3]. These glands with their serous, mucous or mixed
exocrine acini produce saliva, which assists in the digestion
of starch, lubrication of food bolus, mastication and
swallowing along with improving taste and oro-dental
hygiene [4-6]. Any of these glands may become a source of

disease including neoplasm [1].

2. Discussion

2.1 Anatomy of the minor salivary glands

On average, there are about 600 to 1000 minor salivary
glands (MSGs) in the oral cavity and oropharynx of a

human. They range in size from 1 to 5 mm and a large
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number of them are seen in lips, tongue, mucosa of the oral
cavity, and palate. They are more concentrated in the labial
mucosa, soft palate, posterior part of the hard palate
including the tonsillar pillars, anterior part of the floor of
the mouth (called minor sublingual glands), and in the
anterior aspect of the ventral surface of the tongue. A small
number are also seen around the tonsils, supraglottis, and
paranasal sinuses. Each of these glands is innervated by
parasympathetic and sympathetic nerve fibers. They are
exocrine glands mostly producing mucous secretions. Some
of them produce mixed secretions [1, 7]. There are some
serous glands called lingual glands of von Ebner's, situated
close to the lingual papilla. Their secretions contain
digestive enzymes and proteins which may improve taste
perception. The secretions of other MSGs also contain
many antimicrobial proteins and immunoglobulins [8].
About 10% of the total saliva is contributed by the minor
salivary glands and the rest is by the three major salivary
glands [1, 9]. Embryological studies showed developed
nasopharyngeal mucous or salivary glands by the 11" week
below the tubal orifice, and then the glands spread to the
entire rhinopharynx. The number increases gradually by 60-
70 glands per week peaking at 23 weeks with about 1100-
1200 glands in the rhinopharynx. The gland density and size
were highest in the fossa of Rosenmiiller, inferior to the

tubal orifice, and the salpingo-pharyngeal fold [10].

2.2 Tubarian salivary gland

An organ is defined as an anatomical area with a definite
shape and structure consisting of more than one kind of
tissue; which performs specific tasks [11]. This definition
was applied for the newly described macroscopic glandular
structure in the posterolateral nasopharygeal submucosa by
Valstar et al. The glands were measured to be of an average

length of 3.9 cm with a flat surface draped around torus
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tubaris and stretching from the base of the skull, area of the
fossa of Rosenmiiller and extending to the nasopharyngeal
wall. These paired structures were shown to contain acini
producing mucous secretion which is believed to moisten
and lubricate the nasopharynx and oropharynx. This
anatomical description together with their functional
significance due to the association of xerostomia and
dysphagia in post radiation patients in the head and neck
region was argued as an inclusion criterion for a new organ
[1]. They proposed this potential “organ 80” to be named as
‘tubarial salivary glands’ or ‘tubarial glands’ to rhyme with
the names of other three pairs of major salivary glands
which are known by their anatomical locations. The
submucosal remote location in the nasopharynx which is
only accessible with nasal endoscopy and the flat nature of
the structure which make it difficult for anatomical
identification by regular cross sectional imaging modalities
like CT and MRI were cited for ignoring their significance
before. Functional imaging like PSMA-ligand uptake
nuclear scans though many times recognized such avid
active area [12], their significance was argued as being
neglected [1].

They further described the tubarial glands as closely mimic
sublingual glands in the density of tracer uptake in PSMA
PET/CT and multiple draining ducts. They are devoid of a
capsule unlike major salivary glands but can be compared
to the unencapsulated part of the sublingual gland that
consists of about 8-30 minor mixed glands [1, 13]. There is
a similarity of the type and frequency of the salivary gland
tumors that occur in the nasopharynx and sublingual glands
as in adenoid cystic carcinoma. Their study and other
evidence [14, 15] show high-dose external radiotherapy
used in the head and neck cancers or brain metastasis causes

toxicity to these salivary glands due to interstitial fibrosis
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and/or acinar atrophy. This can lead to xerostomia and
dysphagia, which can affect the quality of life. So these
authors argue that the tubarian glands may be regarded as a
major gland or as a component of the salivary gland system.
They noted that though palatal MSGs may be located as
clusters, the tubarial glands exhibit significantly more
uptake of PSMA than these glands. They also view that
regardless of the classification of the tubarial glands as
either as a conglomerate of minor glands, a major gland, a
separate organ, or as part of an organ system; these glands
are macroscopic glandular tissue with some clinical
relevance. Therefore, they argue for a specific name and
identity of this structure in clinical practice [1]. Their
original MRI description of the structure was lower signal
intensity on the T2 sequence to a tissue identified on the
medial side of torus tubaris (the cartilaginous structure
supporting the opening of the auditory tube) with small T2-
intense dots within the structure, which may represent the

macroscopic duct openings [1].

It may be debatable on the status of the newly described
entity among researchers. But the structure appears
anatomically coherent and can be identified on diagnostic
imaging. A preliminary retrospective assessment by this
author on a select number of cases of axial T2 weighted
images including spin-echo images and FLAIR can identify
the structure in the anatomical location which is isointense
to the normal parotid gland. It can be otherwise described as
slightly hyperintense to muscle, bone, and cartilage. Their
location as per the original description is marked in Figure 1
and Figure 2. At the same time, routine non-contrast and
contrast CT scans fail to specifically identify the structure
described as tubarial gland (Figure 3 and Figure 4). This
may be due to the limited inherent resolution of

conventional CT images for such small structures. The
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same was true with noncontrast and postcontrast T1
weighted images. Even though the exact size in a normal
individual may be difficult to define by imaging due to the
submucosal location and the similar signal characters as the

overlying mucosa, their presence appears consistent on
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MRI. It may be difficult to identify the structure in children
due to the prominent nasopharyngeal wall mostly due to
large adenoid tissue which has a similar signal character. It
is seen to be non-conspicuous in elderly subjects, may be

related to atrophy or poor contrast with adjacent structures.

Figure 1: Tubarial glands: Axial T2 weighted MR image of the base of the skull region and the nasopharynx showing the

tubarial glands as per the description in the literature [1]. R and L indicate the right and the left tubarial glands which are

posteromedial to torus tubaris (T). Approximate margin of the left gland is marked by a blue line. Note the signal characters of

the right parotid gland (P).

Figure 2: Tubarial glands: Axial T2 weighted image at the nasopharynx and the palate level showing tapering gland on right

(R)) and left (L) side. An outline of the gland is marked as per the literature description [1] on the left side mirror image.
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Figure 3: CT image of nasopharynx: Post contrast axial CT image at the level of nasopharynx. T indicates the left torus

tubaris, F indicates the right fossa of Rosenmdiller and A indicates the right auditory tube.

Figure 4: Noncontrast CT image of the torus tubaris: Axial noncontrast CT image of 62 year old male showing a prominent

nasopharyngeal lumen with clear demarcation of torus tubaris (white star).No demonstrable glandular elements could be noted

around it.

Just like the recent discovery of the mesentery as the body’s
79" organ by J. Calvin Coffey [16] as recently in 2017 and
subsequent endorsements including in anatomy textbooks
like Gray’s Anatomy, this potential ‘organ 80’ may be
endorsed later by the medical community [17]. Some

researchers challenged the status of the newly described
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tubarial glands by citing the long history of known minor
salivary glands in the nasopharynx. They contest this
labeling of a macroscopic gland and maintain that these
glandular elements merely indicate aggregation of many
minor salivary glands in the area [18]. They maintain that

an aggregate uptake of prostate-specific membrane antigen
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ligands in PET/CT scan alone may not be sufficient to
attribute a major organ status. Some of the claims in the
article of Valstar et al. were contested by some authors
especially on overlooking several descriptions of the minor
salivary glands around the auditory tube as early as 1837.
They question the status of tubarial glands as the fourth pair
of the major salivary gland but agree in designing
radiotherapy fields to avoid these glands to preserve
salivary function [19]. More research must be needed to
settle these controversies and to formulate a consensus.
Literature is scant in this field as the entity is just recently
described. This author, however views that the description
of this gland as tubarial gland is worthy and descriptive,
whether as an aggregate of minor glands or as a major
salivary gland. The pathologies of this entity may be

discretely identified on imaging.

2.3 Minor salivary gland pathologies

Hundreds of scattered minor salivary glands (MSGSs) in the
head and neck region are a source of lubrication of their
adjacent mucosa and immunity defense system; MSGs are
also involved in a wide variety of pathologies. They are also
an important source of diagnosing many diseases as many
substances are actively secreted by the glands [5]. They are
an important tissue source for diagnosing many oral and
non-oral pathologies. Ease of excision of these glands and
their negligible impact on the normal secretion capability of
the salivary gland system are important benefits for such
diagnostic tests. These glands are the site of several non-
neoplastic pathologies including developmental, reactive,
metabolic, inflammatory, immunologic diseases, iatrogenic
causes, and conditions of unknown etiology [20]. Some of
the common non-neoplastic conditions of MSGs are

summarized in Table 1.
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Demonstration of glandular amyloid deposits in the minor
salivary gland by biopsy is valuable to confirm the
diagnosis (sensitivity of 75%) of familial amyloidotic
polyneuropathy [21]. Minor salivary gland biopsy (often
from the labial area) is also valuable for the diagnosis of
neonatal hemochromatosis [22], impaired lipid metabolism
[23], scleroderma/systemic  sclerosis [19], Sjogren
syndrome [24], sarcoidosis [25] and 1gG4-related disease
[20, 26] in symptomatic patients. It is a less invasive
procedure, safe, and easy to execute with minimal
discomfort to the patient [22]. Van der Woude syndrome,
Acute necrotizing sialometaplasia, Allergic sialadenitis,
Orofacial granulomatosis, and Cheilitis glandularis are rare
pathologies involving minor salivary glands [20]. Systemic
diseases like graft versus host disease, 1gG4-related disease,
sarcoidosis, scleroderma/systemic sclerosis, and Sjogren
syndrome may involve minor salivary glands which may

cause xerostomia [20, 27].

Mucocele is a common lesion of the MSGs which present
as a benign mucus-containing cyst directly under the
mucosa. They can be a mucus extravasation cyst or a mucus
retention cyst. Mucocele occurs due to rupture or blockage
of a salivary gland duct. Common locations of mucocele are
the lower lip, tongue, floor of the mouth (called ranula), and
the buccal mucosa. Being a common benign pathology, they
may need to be differentiated from more serious pathologies
and mimics [28, 29]. Adenomatoid hyperplasia of the minor
salivary gland is a rare non-neoplastic hyperplastic lesion
frequently seen in the palate and rarely in the buccal
mucosa. It is an asymptomatic tumor-like mass present as a
mucosal swelling, often showing bluish color, and is due to
localized hyperplasia of the minor salivary gland with

normal glandular tissue on microscopy. The etiology of the
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entity is unknown and can clinically mimic salivary gland
neoplasm [30].

Apart from the usual location of MSGs in the head and neck
region which are scattered in the oral cavity, sinonasal
cavities, oropharynx, larynx, and trachea; heterotopic minor
salivary glands can also occur at many uncommon sites like
lymph nodes, the capsule of the thyroid gland, facial bones
or in the adenohypophysis. Any type of salivary gland
tumors, either benign or malignant, can occur at any of
these sites, including the heterotopic locations. Unlike the
major salivary glands where approximately 80% of tumors
are benign, malignant tumors are more common in minor
salivary glands with reported incidences ranging from 40%
to 80% [31-35]. Tumors of MSGs origin are uncommon,
accounting for 23% of all malignant neoplasm of the upper
aerodigestive tract and less than 20% of all salivary gland
tumors [35].

The majority of MSGs are concentrated at the junction of

the hard and soft palate. Thus, this region is the most
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common site for minor salivary gland tumors. 55% of
tumors occur in the palate while the upper lip accounts for
15% of such tumors. The rest is distributed among the other
glands in the floor of the mouth, retromolar region, cheek,
tongue, peritonsillar area. Uncommonly, tumors may occur

in the mandible apparently as intraosseous growth [33, 36].

Other benign tumors of minor salivary glands include
Warthin's tumor, monomorphic adenomas, basal cell
adenoma, and canalicular adenoma [37]. WHO recognized
benign epithelial tumors of salivary glands [38] are
summarized in Table 2. Pleomorphic adenomas carry a risk
for malignant transformation (5-15%) and rarely with basal
cell adenomas and Warthin tumors, while the other benign
tumors in the list never develop into a malignancy.
Pleomorphic adenoma has a rather high risk for recurrence
which is extremely rare in other benign tumors of MSGs
[31]. Swelling is the most common sign of MSGs tumors.
Ulceration, ill-fitting dentures, difficulty of speaking, and

pain are other presentations [39, 40].

Developmental pathologies

Familial amyloidotic polyneuropathy
Neonatal hemochromatosis

Van der Woude syndrome

Reactive lesions

Acute necrotizing sialometaplasia

Mucoceles

Metabolic

Altered lipid metabolism

Inflammatory/ immunologic

Allergic sialadenitis
Graft versus host disease

IgG4-related disease

conditions Orofacial granulomatosis
Scleroderma /systemic sclerosis
Sjogren syndrome

latrogenic Hyaluronic acid foreign body reaction

Journal of Radiology and Clinical Imaging
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Unknown/Undefined etiology
Cheilitis glandularis

Sarcoidosis

Adenomatoid hyperplasia

Table 1: Common non-neoplastic benign conditions affecting the minor salivary glands: Based on the probable etiology.

Pleomorphic adenoma myoepithelioma

Basal cell adenoma (membranous, solid, trabecular and tubular types; often mixtures thereof) Warthin tumor

Oncocytoma

Lymphadenoma (sebaceous and non-sebaceous lymphadenoma) cystadenoma

Sialadenoma papilliferum

Ductal papilloma (intraductal and inverted ductal papilloma) Sebaceous adenoma

Canalicular adenoma

Table 2: Benign minor salivary gland tumors: WHO classification of the benign epithelial salivary gland tumors [32, 39].

In a large series (of 426 oral minor salivary gland tumors),
Waldron et al. reported 57.5% benign and 42.5% malignant
or potentially malignant tumors in their series. The mean
age of all tumors was 50-60 year age group. The palate was
the most common site followed by the upper lip and the
buccal mucosa together accounted for 76.1% of all cases.
The commonest benign tumor was pleomorphic adenoma
(41% of all cases and 71% of all benign tumors) followed
by monomorphic adenoma of the canalicular and basal cell
subtypes (10% of all tumors and 18.9% of benign lesions)
[37]. In another series, Wei-Yung et al. reported 119 minor
salivary gland tumors, of which 56% were benign and 44%
malignant. Pleomorphic adenoma was the commonest
benign tumor (78%), followed by canalicular adenoma
(21%). Mucoepidermoid carcinoma (45%), adenoid cystic
carcinoma (23%), and low-grade adenocarcinoma (19%)

were common malignancies [41].

Pleomorphic adenoma is the most common benign salivary
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gland tumor (60%) of major and MSGs. The common site
of MSGs involvement is the palate, followed by the upper
lip and buccal mucosa. Other unusual sites are sinuses,
larynx, epiglottis, trachea, tongue, soft palate, uvula,
external auditory canal, etc. Clinically patient may present
with a painless, slow-growing, well-circumscribed lump.
Large tumors can cause mechanical symptoms depending
on their location like dyspnoea, dysphagia, acute airway
obstruction, and obstructive sleep apnea, epistaxis, nasal
obstruction, etc [42-44]. Imaging with ultrasound, MRI, or
computed tomography (CT) may be used depending on the
site and size of the tumor [43]. They may appear as a well-
defined, multilobulated mass on CT, and MRI. Calcification
may be noted in CT images. On MRI, they are T2
hyperintense tumors with nodular enhancement and often
with a T2 dark rim [43, 45]. Cytology and biopsy typically
show a tumor of mixed epithelial cells and mesenchymal
elements predominantly myoepithelial cells with no

pseudocapsule.  Differentiation from adenoid cystic
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carcinoma and polymorphous low-grade adenocarcinoma
may be difficult with FNAC alone in some cases [44, 45].

Warthin tumors are commonly seen in the parotid tail
region with occasional case reports of involvement of
MSGs. They are associated with smoking and can be
multiple. They are cystic, solid, or mixed slid-cystic tumors
with very high metabolic activity on 18-fluorodeoxyglucose
(18FDG)-PET and can mimic

Approximately 80% of basal cell adenomas (BCAs) occur

malignancy  [45].

in major salivary glands and some cases in the oral cavity.
Monomorphic adenomas are rare in MSGs. In a non-Asian
population, canalicular adenoma is the most common

adenoma of the benign tumors, with an incidence similar to
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myoepithelioma, 5-12%, of all benign tumors. Incidence
varies widely with study location [31].

All salivary gland carcinomas constitute only 3-5% of head
and neck malignancies. But they are the most diverse group
of malignancy in the region with about 24 different WHO
(World Health Organization) recognized types [46, 47] and
are summarized in Table 3. The rarity combined with this
enormous diversity of the tumor types and the in general
unpredictability in the long-term outcome of these tumors
poses a significant challenge in the management of salivary
gland malignancies [48]. For formulating prognosis and
treatment, unified clinical and pathologic parameters and

meaningful therapeutic categorization are needed [49].

Low risk

High risk

Acinic cell carcinoma

Sebaceous carcinoma and lymphadenocarcinoma

Adenocarcinoma NOS and Cystadenocarcinoma, low grade

Adenocarcinoma and cystadenocarcinoma, NOS, high

grade

Basal cell adenocarcinoma

Small cell carcinoma

Clear cell carcinoma

Squamous cell carcinoma

Carcinoma ex pleomorphic adenoma (intracapsular/minimally

invasive or with low grade histology

Carcinoma ex pleomorphic adenoma(widely invasive or

high grade histology)

Epithelial-myoepithelial carcinoma

Adenoid cystic carcinoma

Low grade salivary duct carcinoma (low grade cribriform

cystadenocarcinoma)

Large cell carcinoma

Low grade mucoepidermoid carcinoma

High grade mucoepidermoid carcinoma

Oncocytic carcinoma

Metastasizing pleomorphic adenoma

Polymorphous low grade adenocarcinoma

Mucinous adenocarcinoma

Sialoblastoma

Carcinosarcoma

Myoepithelial carcinoma

Lymphoepithelial carcinoma

Table 3: Malignant minor salivary gland tumors: WHO recognized salivary gland malignancies based on the risk potential.
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2.4 Potential tubarial gland pathologies

Both major and minor salivary glands produce similar
pathologies including neoplasm. Hence, similar diseases
may be expected in the case of tubarian glands. Most
tumors arising in the nasopharynx are malignant with only
rare benign nasopharyngeal tumors. Otitis media with
effusion is very common with such malignant tumors but
rare in benign tumors of the nasopharynx [50]. A
retrospective analysis of a select few reported cases of
MSGs origin tumors of the nasopharynx may give a
glimpse of the pathology of this unsettled anatomical entity.
More such research may be initiated once the status of the

tubarian gland is settled.

Srinivas et al. reported a large nasopharyngeal benign minor
salivary gland tumor characterized as pleomorphic
adenoma. It was a 5.8 x 5.1 x 3.9 cm sized nasopharyngeal
mass obliterating the fossa of Rosenmuller on the left side
and causing severe narrowing of the nasopharynx. It was a
solid enhancing mass with nodular calcifications. On
retrospective analysis, this author believes that the tumor is
located exactly in the expected location of the tubarial gland
which extends from the base of skull level inferiorly [51]. A
similar case of nasopharyngeal pleomorphic adenoma was
reported by Garcia in a 61-year-old man, which was
initially misdiagnosed as nasopharyngeal carcinoma. A
review of the description and imaging features by this
author can trace the epicenter of the mass as the right
tubarial gland. This patient was evaluated by PET/CT
which identified the right side nasopharyngeal tumor due to
a larger and high intense area of uptake. Uptake of tracer
was noted on the left side of the nasopharynx in proportion
to the expected size of a normal tubarial gland, which was

disregarded and reported as no uptake [52].
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Jin et al. reported a small nasopharyngeal basal cell
adenocaricinoma [53] in a 57-year-old man, which was the
first of its kind reported in the area [53, 54]. It was a small
infiltrating solid enhancing mass in the posterior
nasopharynx anterior to torus tubaris measuring about
2.0 x 1.5 x 2.0 cm with a right retropharyngeal lymph node.
The tumor extended across the right parapharyngeal space
and infiltrated the medial pterygoid muscle and skull base.
The case was managed by biopsy (which did not identify
any salivary gland elements), followed by radiotherapy. On
retrospective analysis, this author believes that the tumor is
located exactly in the expected location of the tubarial gland
which just expanded outside its normal boundary engulfing
the gland. The tumor was originally attributed as of minor
salivary gland origin. Basal cell adenocarcinoma (BCAC)
of the minor salivary gland is an extremely rare malignancy
with about 72 cases reported in the literature [53, 54].
Distant metastasis is rare (about 10%) with reports of liver
metastasis [55]. Hwang et al. in 2020 reported a case of
large, bilateral oncocytic cysts in the nasopharynx of minor
salivary gland origin, which caused eustachian tube
obstruction and chronic otitis media with effusion. It
showed a bilateral lobulated submucosal cystic mass in
front of torus tubaris obstructing the Eustachian tube
opening [56]. Review of the available MRI images of the
case by this author can be reinterpreted as enlarged bilateral

tubarial glands affected by oncocytic cysts.

An extensive retrospective review of old cases of reported
minor salivary was avoided for this unsettled entity.
Establishing the status of the new gland in the description
may broaden the understanding and characterize the lesions
of the nasopharynx. Imaging changes of this gland with age,
physiological changes, and post-radiation changes are also

to be refined.
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4. Conclusion

Identification of the nasopharyngeal salivary gland as a
specific entity of the tubarial gland seems significant. This
may be worthy to initiate more studies on the structure,
importance, and diseases. This descriptive term may be a
worthy addition to existing practice, till a consensus is
reached on the status of the tubarian gland, either as a new
organ, a new pair of major salivary gland, a part of the
salivary gland system, a specific aggregate of
nasopharyngeal minor salivary glands collectively labeled
as tubarial glands or maintaining the status quo just as any
other minor salivary gland. Understanding the role of the
minor salivary gland seems important to preserve their

function as that can be hampered in radiotherapy or surgery.
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